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1k heb nt Gerard es2roken en lets wij7reworden
Wat s —.

<1--fif l5upportUsts--’. <!--[endif]-->tJit wetenschappeIije wetencciappeIijk ondorzoek van
het KNMI is gebleken dat er mogetijk sprakc is van afwijkende waarden als evu1g vn cci
verkeerde instellirg i-i de mttapp atuur (iets me: een auzomatische correctietactot voor
gemeten signalen). mm ddeTs is dit door het KNMJ zeif verholpen;

<!--[if !suppotLists--’. <!—tendifl-->Oe caag van SODM nu is wat ht effect op de met’ngen
is geweest van de?e vereerde correctieacotr (aid) er waacorn z hierover niet erder zijn
geInformee rd.

Gerard he&t met de IGSDDMfKockeIkoren)deafsp-aakpemaaktdato uitnodiging van EZK
halveiwege volgende week een overleg plaatsvndt met EKI rs A A en KNMI.
dan ook de CO:IlJI:!’”’

KNNI
t’lInistre van IflIrastructuur en Waterstaat
Utrechcweg 297 3731 GA De OIt
PostOus 201 I 3730 AE De Bi!t

Hal,

ts dit helder genoeg? Als je nag preciezer wil weten wat het technische euvel nou was, dan moet
1k Uaar nag even achteraan. Magclijk heb ik hetnet helemaa correct gereproduceetd.

/
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Verzanden: vriidap 15 februari pg

Aan:
Ond.twerp: Contact over meting KNM1 in (3toningn

Geachte heer Dronkers,

Deze week hebben wlj vernomen dat er door Kt1MI fouten zljn gemaakt met ondetgrondse metingen In Groningen.
Er zIJn mogelijk fgrote) gevolgen op terrein van schade en versterken In Groninçen. Dat wordt momenteel
onderzocht. Vervelend In deze kwestie Is bovendlen dat KNMI at sinds de natomer op de hoogte Is van de tout In
de metlngen meat ons dear niet eerder van In kennis heeft gesteld.

Afhankelijk van de omvang van de gevolgen zet volgende week de Tweede Kemer moeten worden IneHcht.
Mogetijk Is een brief van lenW als cigenear van KNMI, neck namens de mirister van EZK, cen optic die we
moeten overwegen. 1k iou tiler greag mel u, of met een beleldsverantwoordelijke directeur. over van gedachten
wisseten.

HartellJk dank en met vriendehjke groet,

Es:her Pus

atlier ?j
Oirecteur Gastransitie Grorungen

Projectdirectie Gastransitie Groningen

Minlstene van Economische Zaken en Klimaat

Bezuidenhoutseweg 73 2594 AC Den Haag

Secretaresse

0

Van:
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Mm

Ondwerp:
Datum;

Hai

Nadat jij ons vrijdag hebt geinformeerd hebi over Ue vraen random metingen va bevrngen, is
er niet stil gezeten. Zojuist intern oierteg gehad en het leek me goed om ou daarover ook even
te informeren:
• Er is afgesproken dat er op kort termijn (hopelijk morgen, wordt nu gepland) eec fsoraak

komt met EZK, 50DM (en mogclijk de NAM) on-i tekst en uitleg te geven over de wat et
speelt, op welke wije dat metingen wel of niet heeft beInvloed (heel technisch verhal) en
w&ke conclusies daaruit al eecder getrokken zn door K!Ml

• Er komt een neuwsbericht op de website van het KNMI fwordt tandaag gemaakt) maar pas
geplaatst na overleg met EZK (geen verrassingon) en een woordvoerinslijn (er is al oak
contact geweest met de woordvoersler van EZK)

• (ierard van der Steenhoven belt vandaag met 060 m aan te geven hoe de
route in de komende dagen gat lopen en wat de woordvoeringslijn is

• Gerard info-meert op korte termijn ook ‘var de gemaakte afspraken {ze heben
elkaar afgclopen vrijdag ook al gesproken)

Wordt vast nog vervolgd, maar dan ben je op de hoogte.

KNUI
Ministerie van Intrastructuur en Watertt
Utrechtseweg 297 I 3731 GA De But
Postbus 201 I 3730 AE De But

voortgang vrgen m.b.t. S mologisde metfr.gen
maandag 18 (ebuari 2019 10:26:53



Van

Ortderwerp I iii c metrngen
Datum maand 16 lebruari 2019 1Q:3:00

I I
Orndt ik 2en brcht khj da. afwezig is, b dze ock het ondetstaande her icht
naarjou, Mogelijk ben je wel ot nie de .iogte rnaar er ever bij Ef K vrag&n over rnngefljke
afwijkingen ir een deelset van seismolDgisrhe metinger. yr jdag jt zijn WI] daarover
geinfomerd en er zin inmiddels aspraken gemaakt OVer ce aanpak. Omdat Gerard afgelopen
vrijdag ook door gebeld leek he: me coed even :erLg te en wat de stand
van zaken is. Gerard n top korte termn in eder geva ook )5jk nog.

Mochtje hierover nhoudelijke wagen hebben, mail of bel dan cok voor even met een van
onze woordvoerciers________________________ 1k ben vanmiddag afwezig.

C Groet



Van Pjs, Urs. E.W.E. (Esther)
Verzonden: maandag 18 februari 2019 11:47
Aan: Steenhoven van der, Gerard (KNMI)

derwerp: Foutieve metingen accelerometers KNMI en bestuurhjk overleg daarover

Geachte heer Van der Steenhoven,

Afgelopen vrijdag heb 1k contact met u opgenomen omdat medewerkers van mijn directie eerder die week vernomen
hadden dat er in Groningen Vouteve metingen ziJn verricht door het KNMI met de accelerometers. EZK maakt zich
grate zorgen am de gevolgen van die foutieve metingen en het felt dat de fout al sinUs de nazomer bekend was bij
KNMI maar niet met ons gedeeld is. 1k stel het op prijs dat u tijdens ons telefoongesprek excuses heeft aangeboden
evenals de volledige medewerking die u heeft toegezegd cm vast te stellen wat er exact is mis gegaan en wat de

implicaties zijn. 1k ben blij met Ueze toezegging omdat het belangnjk is dat de Tweede Kamer en betrokkenen zo snel

mogelijk geInformeerd worden indien de Implicaties daar oak maar enigszins aanleiding toe geven.

Zoats 1k vrljdag al aankondigde wordt er een bestuurHjk overteg gepland op woensdag 20 februari am dit te

bespreken. U ontvangt daarvoor flog cen uitnodiging. U bent van hafte uitgenodigd om de hee mee te nemen,

zoals we tetetonisch at even wisselden.

Met vriendehjke groet,
Esther Pijs

E3sUier Pjs
Directeur Gastransitie Groningen

[Page #]
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&
Van;
Mn:
Cc
Ond,werp:
Datuni;

Dank voor de info, ook net over de telefoon.

1k ga even na hoe de afspraak van woe nsdag bijn de agenda kan warden çepast. Mls5chien
oi goed am nog even contact te I. r we er kan aanchuiven zadat er een goede
terugkoppeling korni vn atptdken Jik,

En Iijn als e ook mijn OBO-coNega (cc) in de toDp wit houden.

Groeten,

maandag 16 tcbnjarl 2019 13;06:29



Goedemiddag Esther

Dhr. Dronkers komt bJ je terug op aanwezigheid bij bet bestuurlijk overleg dt gepandworth. Voor afsmrning van debriefkri contact worden opgenomen me:Zij ondersteunt dhr. Drnkers in zijn rai aI &genaar vn bet KNMI. 1k neernaan dat erdaarnaast ook direct contact is rne het KNMI ovar de mcer technische kn van bet verhaal,
Vñendelijke roet,

Directie Bestuursondersteuning
Ministerie van 1:nI’ractruituur en WaterstaatRijn.ctraat B I 2StS X j Dcn Haag
Postbiis 2OO1

I

5,

l1_
I

-‘ 1

I..,. .55
54

4

-5

‘55 4.5.4
‘55- 55.

2’ 45

.:. ,.
.. :.:-

Verz or don:

_________I-

U’dQ
aar;d 1 fetruri 2019 i[

CCD 5.5i-s, J.H. (.1 J<-DBO
Ondcrwerp: RE: Contaci ever meting K.5 tin Gcninger



Van:
A.n;
Ord.rwerp:
Datum:

Besti

1k kreeg je naam van mjn directcur[ ‘bctrcft de KarnerbñeI over de KNMI-metingen
die donderdag gestuurd moet wor .. -.. .. e daat morgenochtend even contact over
kunnen hebben?

Dank alvast,

Met vticndclijkc cr”

Mrnisterle van Eonomsche Zaken en Klmaat
Qirectie Gastransitic Groningen
Sezuidnhoutcewg 73 ?S94 AC I De, Haag

Postbus 20401 I 2500 [K 1 Den Haag

I
Dit bericht kan iriforgiacie bevaiten die niet voor u is bestemd. fndien u
niet de geadresseerde bent of dit bericht abusievelijk aan u is gezonden.
wordt u verzocht dat aan de afzender te melden en het bericht te
verwijderen.
De Staat aanvaardt geen aansprakelijkheid voor sehade, van welke aard
ook, die verband houdt met risicos verbonden aan het eektronisch
verzendeti van berichten.

This message may contain information that is not intended for you. if you
are not the addressee or if this message was sent to you by mistake, you
are rcquestcd to inform the sender and delete the message.
The State accepts no liability for damage of any kind resulting from the
risks inherent in the electronic transmission of messages.

Ott benit hr Infornate beia:tei iie flit vow u is bostcmd Indian u net ce gead-es5eere bent of dit her.ct aOus evijk an u is
toeezcndei Ordt U erzocht dat aan de afzeoder te m&deii en hot barich? t vrwijderen De Sinai nanunardi gean
aansprn&rtched voor schade van welke card ook die verband hoidi net iss uertonden nan hetetetronrscn verze.iden von
be,ctiter
This message may conian tnfcrmattor that is not intended for you It you are not th dreseen or if tl s mase wn cant in you
y mrs1ne ‘ou are ceiestad to inforni the sender and detete the rnessae The Siate accepts co liability ft damage of any kind
esu ttn tir.ou tt risks nherent ri he lectronc traunhiss or ol iressages

maandaq 18 brjati 2019 17:03:31



mndç 18 febwañ 2019 17.0640

Gcachte merou

Hart&ijk dank. Zij kan contact opnemcn me
do bricf. I 1ij staat in cc.

Met vriendelijke groet.
Esthcr Pijs

Vcrswurd anafmijn iPhone

Vdn:
An:
Cc.
Onderwrp:
Datum:

IHij xerkt anuit E7K aan



Steenhoven van der, Gerard fKNM1)
maandag 18 februari 2019 18:14

Onderwerp: AtwUkende metingen acc&erometers KNMI en bestuurlijk overleg daarover

Ctegoreën: Ye!ow Category

Geaclite rnevrauw Pijs,

Dank voar uw e-rnairberich. Wij zul en op woensdae aanWeZg zin bij het overIe9 bij EZr<. D heer
:ekgroep-maager sa[srnoogie, en mevrouvi senior

comrnunicatieadviseur, zuflen mij vergezellen. Zoals we vrfjdaq &s bespraken hebben wij materical in
voorbereiding met inIcrmate over de problematiek: zowel aen korta toegankefljke samerwatting as een
document van can peer pagina’s met meer technische deafls.

is misschien goad am op te meker dat het gaat am can instellingsprobeern va-i de techniek dat goed
begrepen is en inmiddels is verholpea. Er zijn geen rneetgegevens verloren gegan c-i ze zijn a’Iema&
nag steeds qoed bru1kbaer, Dat neemt niet wea dat wij de gang van zaken uiteraard betreuren.

Met vriendelrjke groat.

Gerard

Gerord wcn dec5teenho,er
Hoofdd recteu K.VM

Van:
Verzonden:
Aan:
cc:



Mn:
Cc
Ondwerp:
Datu

Hi

Gerard heelt neti K ge5prcken en bijgepraat over wat €1 tetelijkdan de hand is en he
dat op dit moment wordt voorbereid.

— en
vlogehjk

terug te voren op een comminicatieprobleem.

De-stukken worden variddg verstuurd, oak aa Vanuit het KNMI zullen 3 mensen
deelnerrien aan het oierleg fdhKNMI, haofd seisrnologe en woordvoerder), 1k zal Et niet bij zijn.
Dus het Iijkt me goed ais juIe zelf afwegen wie er van de ant van IenW bij zit voor
terugkoppeling. Eens?

iortatig vragen m.b.t eiicbgisthe
knsdeg 19 ftbcuar 2019 0&15:11
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I

Van;
Verzonden:
Aan:

CC:

Onderwerp:
BijIayen;

Categorleen:

Steenhoven van der, Gerard (KNMO

Beste collega’s,

Morgen treften we elkaar tijdens het ingelaste bestuurlijk overleg duiding van de geconstteerde afwijking plaats. In de
ge treft u alsast meet informatie aan. Onderwerpen die wat het KNMI betreft aan bod komen:

• Duiding van de geconstateerde afwijking
• Zorgen en gedeeld beeld overdo ernst
• Opvotging en proces

1k hoop samcn metu tot goode afspraken te komen.

Met vriendelljke groet,

Gerard an der Steenhoven
Hoofddireceur KNMI

Smenvatting en technische details _rnemoKNMLdocx

Yellow Category

Eeage #3



Koninktijk Nederlands
Meteorologisch Insthuut
Ministerie van lnfrasrrucruuren Watersraae

KNUI

Bezoekarec
Utrechtseweg 297
3731 GA De BUt
Pcstbus 201
3730 AE De BUt
1030-2206911
www.knmi.nI

ING Bank NV

me rn C)
IBAN NL 05 LNGB 0705000877
t.n.v. Man. IenM 181 KNMI
BIC INGBNL2A

Het KNMI betreurt de ontstane situatie. Goed en nuttig om in het geplande
bestuurlijk overleg van woensdag 20 februari duiding van de geconstateerde 2019
afwijking te kunnen geven en de zorgen en bet proces met elkaar te bespreken.

Afdeflng

Onderwerpen die wat bet KNMI betreft aan bod komen:
• Duiding van de geconstateerde afwijking Bljlage(n)

• Zorgen en gedeeld beeld over de ernst
• Opvolging en proces

Een korte samenvatting van de problematiek is alvast hieronder beschreven. Met
in de bijiage meet technische details.

Technische afwijking in meten grondversnelling
Geen gevolgen voor geregistreerde aardbevingen

Seismologen van het KNMI hebben de afgelopen maanden een afwijking ontdekt
In de versnellingsmeters in het netwerk in de provincie Groningen.
Versnellingsmeters leggen de grondversnelling vast die optreedt bij een
aardbeving. Het euvel had geen invloed op bet bepalen van de kracht van een
aardbeving, de magnitude. De magnitude wordt geregistreerd door een separaat
netwerk van seismologische meetstations.

Informatie over de grondversnelling levert extra informatie over de intensiteit van
een beving aan het aardoppetvlak. Het probleem was vooral een
instellingsprobleem van de techniek. Er is geen sprake geweest van onjuiste
meldingen van opgetreden aardbevingen, niet In aantal, tijdstip, locatie of
magnitude.

Na de ontdekking hebben de seismologen de afst&ling bijgesteld. Op dit moment
vindt op basis van de aangepaste versnellingsdata doorrekening plaats voor de
nieuwe hazardmap die elk jaar verschijnt. Daarin wordt bet aduele maximale
dreigingsniveau weergegeven. De nieuwste editie van de hazardmap verschijnt dit
voorjaar.

Pagna I van 4



BULAGE

Technische toellchting

Samenvafting
Het KNMI meet aardbevingen met een netwerk van versnellingsmeters en
seismometers In Nederland. In Groningen betreffen dit seismometers in een
boorgat en versnellingsmeters aan het aardoppervlak. Tijdens onderzoek voor het
nieuwe ondergrondmodel zijn Inconsistenties in de fabrieksettings van de
versnellingsmeters geconstateerd. De gevoeligheid van versnellingsmeters in
Groningen is hiervoor in december 2018 aangepast. Deze aanpassingen hebben
geen effect op de aardbevingsdetectie. Het aantal, de magnitude en locatie van
aardbevlngen blljven ongewijzigd. Nieuwe dreigingsberekenlngen (hazardmaps)
op basis van het ondergrondmodel zullen medio 2019 beschikbaar komen, waarin
de aanpassingen van de fabrieksinstellingen verwerkt zullen zi)n. De verwachte
verschillen met de vorige versie van het ondergrondmodel zijn klein.

Introductie 0
Het KNMI opereert een netwerk van versnelllngsmeters en seismometers in
Nederland. In Groningen worden grondversnellingen vanaf 2013 met een netwerk
van 18 versnellingsmeters gemeten, het zogenaamde B-netwerk. Hier zijn sinUs
2014 80 versnelllngsmeters aan toegevoegd, als onderdeel van het G-netwerk,
dat elnd 2017 compleet was (zie flguur 1).

Versnellingsmeters zijn van belang om de Impact van een beving te kunnen
bepalen aan het opperviak. Grondversnelling is een maat voor de intensiteit van
een beving. Magnitude daarentegen is een maat voor de kracht van een beving en
wordt met seismometers bepaald. Voor de Intensiteit aan het oppeMak zljn onder
andere de diepte van de beving en de samenstelling van de ondiepe ondergrond
van belang.

Zoals uit onderstaande tijdlijn blijkt, zijn in augustus 2018 verschillen in
amplituden, de waarden van de grondversnelllngen, geidentiflceerd. In november
was de oorzaak van de verschillen bekend. Het G-netwerk had andere hardware-
settings dan het B-netwerk. In december 2018 zijn de bijbehorende digitale
aanpassingen doorgevoerd.

62 [á1} 0
- •2015

a 63 4?

: ;
a

360 a a :\
a a c Ia

a
a

360 —i--- ---- ---- ‘—----•- -— -- —

210 220 230 240 230 260 270
X (kml

Flguur 1: Het versnellingsmetemetwerk in Groningen. Het B-netwerk wordt weergegeven
door vierkanten die met een B gemarkeerd zIJn, de andere vormen het G-netwerk. De kleur
representeert het jaar van installatle.
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Impact
— De gerappofteerde locatle en magnitudes van de aardbevingen warden niet
beInvloed door verschillen in het B- en G-netwerk. De magnitude van bevingen
wordt bepaaid met de seismometers op 200m diepte, die in Groningen
beschikbaar zijn. De locatie en het tijdstip van de beving blijven oak onveranderd.
Hiervoor worden zowel seismometers als versnellingsmeters gebruikt. De
aankomsttijd van de aardbevingsenergie op de meter is hierbij van belang en die
is niet affiankelijk van de amplituden.

— Het Ground Motion Model (GMM) beschrijft tot welke trillingen aan het
aardoppervlak een aardbeving op diepte ieidt. Dit model wordt ontwikkeld door de
Universiteit van Liverpool, Imperial College, Virginia Tech, de NAM, Deltares en
het KNMI. Sinds vorig jaar wordt gewerkt aan versie 6 (v6), die in april 2019
beschikbaar komt. Hierin zuflen de juiste amplituden van het B- en G-netwerk
verwerkt zijn. Met het GMM warden berekeningen van de seismische dreiging en
risico uitgevoerd. Tijdens de ontwikkeling van het GMM v6 kwamen de verschilien
tussen het B- en G-netwerk aan het iicht. De onderzoekers schatten het effect van
de verschillen in amplituden als klein in. Dit komt mede doordat in het model
alleen aardbevingen met een magnitude van 2,5 en hager relevant zijn1 (figuur
2). Deze zijn met name door het B-netwerk opgetekend. Verschillende malen
gedurende de ontwikkeling is herbevestigd door de onderzoekers en de NAM dat
het effect klein is. Er wordt geschreven: “Overall the simulation inputs (and
outputs - on cursory inspection of log plots) do not change significantly from V5 —

V6, suggesting we have a stable model.”.

- Voor de bepaling van de seismische dreiging, i.e. hazard, is het GMM nodig. De
aanpassing van de amplituden van de versnellingsmeters zal mogelijk zichtbaar
worden op grotere afstanden van de aardbeving. Dit komt doordat het G-netwerk
een grotere ruimtelijke verspreiding heeft, dan het B-netwerk (zie figuur 1). Het
zljn dus mede de gemeten amplituden van het G-netwerk die bijdragen aan
kennis over de dreiging op die afstanden. Dit kan leiden tot een lichte verhoging
van de dreiging. Echter is er ook een tegenwerkend effect. Omdat de metingen
over het totale netwerk nu minder spreiding veftonen, neemt de onzekerheid af.
Deze afname Ieidt weer tot een lagere hazard. Als het GMM gereed is, kunnen de
implicaties voor de hazard gekwantificeerd worden.

1 In totaai zijn er 38 aardbeving geweest met een magnitude van 2,5 of hoger sinUs 1991
(zie flguur 2), 28 hlervan zijn met versneiiingsmeters opgenomen en dragen bij aan het
GMM. Hiervan zijn er 22 met alieen het 8-netwerk opgetekend. Twee aardbevingen zfjn met
het B- en een kieln deel van het G-netwerk opgenomen, 4 zijn met B- en grotendeels het G
netwerk opgenomen.

0

235 240 245 250 255 260 265

Figuur 2: Aardbevingen met een magnitude van 2,5 en hoger sinds 1991.
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TijdIijn
Augustus 2018:
De verschHlen van amplituden In het B- en G-netwerk worden opgemerkt bi] de
voorbereiding van het nieuwe Ground Motion Model (versie 6). Drie acties worden
uitgezet: (1) een systematisch vergelijk van de verschillende typen meetstations
en (2) het opvragen van de hardware-settings bij de fabrikant (Kinemetrics) en/of
de installateurs (Antea Group) en (3) inspectie van de versnellingsmeters in het
veld.

November 2018:
De oorzaak van het probleem is geIdentWiceerd. De hardware-settings van de
versnellingsmeters van het G-netwerk zijn anders dan die van het 8-netwerk. Er
worden tests uitgevoerd op instrumentatie uit het veld. Van de 80
versnellingsmeters van het G-netwerk hebben 70 instellingen die te Iaag (2x) en
10 te hoog (2x) zi]n. Door de response van de versnelllngsmeters in de database
aan te passen zullen de problemen opgelost zijn.

December 2018:
De corredies in de response van de versnellingsmeters zijn digitaal doorgevoerd.
Gebruikers die vanaf dat moment meetgegevens van het KNM] downloaden
krijgen de juiste amplituden voor oude en toekomstige meetgegevens.

In april 2019 wordt de nieuwe versie (v6) van het Ground Motion Model verwacht,
waarin naast de aanpassing van de fabrieksettings van het G-netwerk ook de
jongste meetgegevens en nieuwste kennis over de ondergrond zullen worden
doorgevoerd. De betrokken onderzoekers verwachten geen grote verschillen
omdat het model al stabiel is dankzij alle metingen en kennisontwikkeling in
eerdere jaren.
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Van: Pus, drs. EWE. (Esther)
Verzondep:

Ondrwerp:

Beste Jan Hendrik,

dinsdag 19 februaci 2019 16:48

bestuurrijk overleg en briet

Fijo dat je morgen ruimte in je agenda hebt gemaakt am bij bet overteq te zijn. Het vindt paats bij &W. Is het
daarom can idee cat jij hat voorzlt, oak vanuit de rol van eigenaar? Of vind je het prettig dat 1k dat doe? Dat is
oak geen probteeni.

Qua agenda stei 1k bet volgende voor, gebaseerd op het voorstel dat Gerard vanmiddag rondstuurde:
- Duiding geconstateerde afwljking
- Duiding impticatie scbade en versterken, potitieke impact
- Besprekin9 concept Karnerbrief - wat weten we wel en niet
- Commutilcatie a, vervolgproces

Met vriendelijke groet en graag tot morgan, Esther

Verstuurd vanaf mijn iPad

Aan;

Verrer bob 1k do indnik d

rIIaIca’L.4 W.tL1ii1if.I.et44CNard.
S.JT niorgen ag nogmaais op wijzen. Tk



Op verzoek lilerbj nog een korte samenvatting van de gebeurtenissen m.b.t. de accelerometers:

• [let helejaar door wordt ersystematische gewerkt aan verbeteringen van het model van de
ondergrond dat gebrulkt wordt voor de berekening van de Hazard Map die jaarlijks in april/mel
wordt uitgebracht. In deze Hazard Map (of Dreiging) staan contouren van maximaal te verwachten
grondversneilingen, die de basis vormen voor de bepaling van de versterkingsoperatie.

• In 2014-2017 Is een nleuw netwerk geinstalleerd, aanvuiiend op het cude reeds bestaande
netwerk, onder verantwoordelijkheid van de NAN. Daarna zijn deze overgedragen aan bet KNMI.
Met deze overdracht aanvaardt het KNMI de voile verantwoordelijkheid voor alle metingen die
verricht ziJn met het nieuwe netwerk.

In augustus 2018 is in bet nieuwe netwerk een anomalie in de data geconstateerd door KNMI
medewerkers In de meetgegevens van de grondversnelh ngsmeters (accelerometers).

• Onderzoek in de maanden sept-nov heeft laten zien dat do oorzaak van de afwijkingen gelegen is
In een afwijkende fabrieks-instelling van de accelerometers van het nieuwe netwerk, Somrnige
gaven een hogere en andere een lagere versterking dan aangenomen werd In bet model.

• Dit probleem is gecorrigeerd in december 2018. Ondat de NAM steeds betrokken is geweest bij de
ontwikkeling van het nieuwe model, zijn zij steeds op de hoogte geweest. Hoewel het de intentle
was dlt te cornmuniceren met SODM en EZK is dit helaas net gebeurd.

• De geconstateerde technische afwijking van de accelerometers heeft geen invloed op de registratie
van de locatie, sterkte of frequentie van aardbevingen. Deze dataset, die beschikbaar is op de
KNMI website, Ic onveranderd.

• De geconstateerde afwijking kan invloed hebben op de nieuwe hazardmap (die in april/mel 2019
zal worden uitgebracht) moar de verwachting is echter dat bet effect daarvan klein zal zIJn omdat:

o de uitkomsten van bet ondergrondmodel vooral bepaald worden door de sterkste (N > 2,5)
aardbevingen die vrijwel uitsluitend (circa 80%) door bet oude netwerk zijn geregistreerd;

o het nieuwe netwerk een grotere ruimtelijke spreiding heeft dan bet al langer oude netwerk
dat geplaatst is het gebied met de meeste aardbevingen;

o bet nieuwe netwerk pas enigejaren in gebruik, waardoor de bijdrage aan de hazard of
dcelgfng daarvan 00k beperkt is;

o voor de bepaling van de hazard ook andere kennis wordt benut waardoor sprake is van een
stabiel model, waardoor experts slechts een kleine invloed verwachten van de
accelerometers met een afwijkende fabrieksi nstelling.

Van:
Verzonden:
Aan:
cc

19 februati 1qJ7•

Onderwerp:

Categorieen:

Ko. ..e annotatie a

Yellow Category

; Steenhoven van der, Gerard fKNMO;i
(KNM] •DBO’

meters sei_

[Pg #]



• Mitigerende maatregelen: hoewel de ontbrekende communicatie in december als Incident

beschouwd moet worden, kan een frequent (kwartaal) overleg tsen alle betpkkenen heIperIde

kans op communicatiefouten te voorkomen.

Met vrlendelljke groet en tot morgen,
we • ...

.
Gerard van derSteenhaven :

Hoafddirecteur KNMI

ct..

0

0
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From:
Sent: 19 feb. 2019 18:16
To: “Steenhoven van der, Gerard (KNM I)” <gerard .van.der.steenhoven@ krimi.ril>
5ubject; RE: Schriftelijke samenvatting technische details versnelllngsmeters seismologie

Dag Gerard,

Dank je wel voor dit memo, waarin je & ebeurtenlssen toelichi: die sinds augustus vorig jaar tot nu zich hcbbcn
opgevolgd. Met
contact hadden

ten Vtdd wordt nog niet beantwoord in dit memo. SoUM heeft de issues met de rnetingen moeten vernemen als
gevoig van een tweetal KEM onderweken die eveneens de afwljkingen hadden geconstateerd. Argelopen week bracht
een sessie met de onderzoekers, KNMI, 50dM en a

ti.,... vriendel,,.ce groet,
T)or-Kce+kren.



Van
Verzonden: dinsdag 19 februari 2019 22:2?
Aan:

- SK; fKNMI)
Onderwerp Kamerbrief metingen

Wat later dan gepland lieb 1k toch hietoij eeij eerste opzet van de Kamerbrief. Deze moet nog verder gepolijtwarden, meat dit geeft een lndwk van de lijn die wij voigen. Bedeeling is om morgen ‘oor het overleg een versierand te sturen, die we den kunnen bespreken. Comrnentaar rnorgenochtend is uiteraard welkom, dan kunnen wehopelijk zoveel mogelijk voor het overleg at afsteni men.

Met vtiendefike groe:,

Ministerie an Economische Zaken en klimat
Diredie Gastansitie Groninqen
Uezaidenhoutswey 73 24 AC I Den Haag
Posbu 20401 2500 EK Den Haag

t bericht kin informatie bevaften die niet voor u is bestemd. Indien u
iuet de geadresseerde bent of dit bericht abusicvelijk aan u is gezonden.
wordt u verzecht dat aan dc afzender te melden en het bericht te
verwijderen.
De Staat aanvaardt geen aansprakelijkheid voor schade, van welke aard
oak, die verband houdt met risico’s verbonden aan her elektronisch
verzendert van berichten.

This message may contain information that is not intended for you. If you
are not the addressee or if this message was sent to you by mistake, you
are requested to inform the sender and delete the message.
The State accepts no liability for damage of any kind resulting from the
risks inherent in the electronic transmission of messages.

Dit berieht kan Thloimatie bevatten die niel voor us beatemd. Indien n nit de 1ressnrde bcnt ct dit bcicht obusievcljk eon u is tuey ndin wud U - -verzoctit dat aan do aIzender te metden en het bedcht te veiviijderen. De Stoat aanuaatdt geen nspraketkhord ioor scade Ca i&e aord ook dr vetbendhudt me riscos verbonden ean [eL etekttonsoti verzendon van t2ehchten
THIS messoqe may contain nfotrnatin tht ts not tntendd for you. If you oro not the addresaee or if this Itiesage was seit to you by mistake YOU ate requestedto inform the sender and detOtO the mEssage The State aecapte no liability for damage o any kind msiilhng frcm th€ ntek inherent in the cIcctrnic transmissonof iesages.
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C

Verstuurdvanatmr) IPad

Op 19 feb. 2019 am 300 heeft’

De5te mevrouw Pus,
He1as isvanmlddag de onderstaande mail nLet naar het]ulste ernailadresgestuurd. Excuses
daarvoor. Hopekjk bereikt deze maflci nag op tijci voor hetgesptak van mvrgen.
Met vr’

bet volgende gecchrven

KNMI
Ministerle van lntrastructuur en Waterstaat
Utrechtseweg 297 3731 6A De Slit
Postbu5 207 1 3730 AE De But

www.knmLnl



Ha Ho

Bijgaand de -‘l door EZK. Lukt het nog cm deze vcorafgaand aan he[ gprek
met EZKaanI te geven?

roet,

Aan
cc:
DBO
Onderwerp FW: Kamerbcief metingen



Van:
Verzonden:
Aah:
cc:
Onderwerp:

PUs. drs. E.W.E. (Esther)

Beste mevrouw

Hartelijk dank voor de nazending. Een van de andere geadresseerden had hem ook al aan me doorgestuurd, dus

geen probleem hoot. fk zal voorafgaand aan het overleg nag even contact opnemen met de heer Van der

Steenhoven.

Met vriendelijke groet,
Esther Pijs

I
Re: Schriftejke samenvatting technische detai’s versnellingsmeters seism&ogie

Verstuurd vanaf mijn iPad



Van:
Aan:
Cc:
Onderwerp: RE: Kamerbrief metingen
Datum: woensdag 20 rebruan 2019 08:58:40
Prioriteit: Hoog

Graag even overleg over de route van deze brief.

o Optie 1 Brief aan TK:

• Optie 2 Brief en nieuwsbericht KNMI website

• Optie 2 Brief aan Wiebes: ultieg over wat er aan de hand is, afzender KNMI (of eigenaar) en

toezegging dat als er impact op de hazardmaps en daarmee op de versterkingsoperatie is.
Wiebes kan deze brief doorsturen naar de TK en toezeggen dat hij in mei/aprfl de 1K zal

informeren indien er inderdaad sprake is van een bijstetling. Intussen op kotte termijn ook

nieuwsbericht op KNMI-website. Deze optie moet uiteraard in samenwerking met EZK.

Vragen kornen dan in eecste instantie bij KNMI binnen

blijven benadrukken dat het uverleg van vanmiddag ook leidend is.

Even betlen?

Gr Marieke



Van; KNMI)
Aan:
Cc;
Ondeiwerp: RE: Kamerbrief metingen
Datum: woensdag 20 tèbruarl 2019 09:49:53

— Hi

1k heb gesproken, voot flu duidelijk hoe we het doen (momentopname):
a

a We geven technisch commentaar op de brief, die sturen we ook aan jullie (vanmorgen aan
Suzanne/JHD)

I

I

• Gerard zal flog ri : tcrimen wie de optie 3 ter sprake brengt en wanneer in

het overleg

Mochtje mij willen betlen, dan kan dat uiteraardl

Tot zover,

Gro



Van: (KNMI)
Ve” “- ‘1 2019 11:33
Aan .J.,- D50; - BSK
CC: [KNMI)
Ondenwerp: i .....Jngen KiI bij Kamerbrief metingen

Hierbij onze opmerkingen bij de concept-kamerbrief van EZK. Zoals eerder aangegeven en besproken opteren wij voor

optie 3, daar kunnen we deze week ook uitvoering aan geven. [let overleg van vanmiddag moet uitwijzen wat hiervan

de uitkomst is.

We hebben de opmerkingen (nog) niet gedeeld met EZK DBO, dat doen we indien het overleg daar aanleiding toe geeft

aisnog. Voo — ‘belangrijk am te benadrukken:

• [let gaat niet om foutieve metingen maar afwijkingen, dat hebben we overal aangepast

• De NAM is vanaf het allereerste begin op de hoogte geweest van de afwijkende fabrieksinstelling

• NAM onderkent ook dat vur’ --afwi ten tot een klein effect in de modellen leidt

I

Kun je hiermee ult de voeten?

Groet



. JVIU IIUHILI / WUVIJVJI U

KNMI
Minkterie van Thfrstructuur en Waterstaat
Utrecitseweg 297 1 3/31 GA Oe But
Postbus 201 J 3730 AE Dc But

Van:
Aan:

Cc:
Ondeiwerp:
Datum: woensda 20 lebrudri 2019 11:Sl:05

We hebben tie brief getezen, zien feitelijke (EZK is opdrachtgever by nie: tie NAM) en
technische onjuitheden maar wachten van middag even het gesprek af.

Tot dadehjk.

Vriendelijke grDe:,

t



1

Categorieèn

Beste coUega’s,

T.b.v. van ons overleg om 3 uur stuur 1k Nerbij ceo coricept-Kd tbrief ter bespreking. Het Iijkt me ceti goed ideeorn het KNNI-memo hier als bijiage aan te toe te voegen, ter bespreking.

zouden graag de volgende agenda voorstellen (eert rets uftgebreidere versie van de agenda die Gerard van der
i... eenhoven gisteren rondstuurde):

- fJuiding geconstateerde afiijking
Duiding impticaties schade en versterken, politieke impact

- Bespreking concept KamerbrieI - wat weten we wel en niet
- Communtcatle en vervolgproccs

Tot straks,

Ministerfe van Eta nomische Zak-ti en Klimaat
Directie Gastransitie GronHQen

73 I 4C O
Pstc. 2)4): 23c1 EK

Dii berjcht kan informatie beatten die nict voor u is bestemd. Indien u
niet de geadrcsseerde bent of dit bericht abusieelijk aan u is gezonden.
worth u terzocht dat aan de afzender te melden en het bericht te
;ervijderen.
Dc Staat aan’iaardt geen aanspmkelijkheid oor schade tan weike aard
ook. die erband houdt met risico’s ‘erbonden aan bet eleklronisch
ter7nden van berichten.

This message tna contain information that is not mtended for you. If tou
are not the addressee or if this message tas sent to you b) mistake. ou
are requested to inform the sender and delete the message.
The State accepts no liability for damage of an kind resulting from the
risks inherent in the electronic transmission of messages.

; 1 ;. - :;=-:- •.; :
— ;e .i -.ek:s•c -r :- —

:-: .-

--

Onderwerp;
- .. .,.. overleg KNMI-metingen

ijIagen: Kametbrief KNML DCCX

Y&Iow Category

t.!et ie-d-jke q-e,

(Page ]



QJ

Becte

Bijgaand de alinea voor de nota ad 5tas.

Groet.

Het KNMI voert maatwerk uit voor EZK op het gebied van geInduceerde aardbevingen ir Nederland. Hiervoor beheert

het KNMI een netwerk van seismische nieetapparatuur. Met rift netwerk worden geInduceerde aardbevinBen
detecteerd en gerapporteerd. Daa rnaast wordt onderzoek gedaan naar de seismische dreiging. Het rnaa:werk voor

LZK wotdt volgens een jaarlijks werkplan uitgevoerd.

Delivered to you by KNMI Mobi’e environment

0

Van:
Veaonden;
Aan
Onderwerp:

Categorieën Yellow Category

[Paqe N]



Onderwetp:
Bijiagen:

Catgorin:

Steen hoven van der, Gerard tKNMI);
fKNMJ); - ESK
Brief KNMT aan Wiebes over afwijking grondersnellinsmetingen versiel
KNMJ grondversnelling versie ldccx

Yellow Category

BeLe

Hierbij ontvang je de conceotbrief aan Wiebes zoels vanmiddag afgesproken. Graag je commentaar rnorgenochtend,
zodat we deze daarna near sunnen sturen voor doorg&eiding naat Wiebes en via jot.i, nar onze
stas.

1rk voor aHe moelte vanmiddag, wordt vervolgd.

KUMI
MnIsterIe van Intrastructuur en Waterstaat
Utrcchtscwc 297 I 3731 GA De Bilt
Posthus 2fl1 I 3730 AE De But

0

Van:
Verzonden; woensdag 2D februari 2019 18:44
Aan: - DO
CC;

0 0



‘l

Hierbij de nietiwe versie van de brief die wij nay het ovccicg van vanmiddag hebben ge5chreven. De beJd
bewindspersonen spreken ekaar ncg over wie de bnefgaat/gaan verzcnden. In deze brief L’ebben we de variant vancen qeamenftjke brief gekozen, maar dat kan dus nog wijzig-i.

Graag juIe reectie voor 22:15 vur vanavond. De minstet wI er morgenochtend om 8:30 over spreken. Vij kunnen‘ie opmerkingen dan nog meenemen. Deze graag in concrete tekstvoorsteflei an mu, ‘ie cc.

edankt en met vriendelijke groet,
Esther

Dit bericht kan inforrnatie bevanen die niet toot u is bestemd. Indien u
niet de geadresseerde bent of dit bericlit abusie etijk aan u is gezonden.
wordt is verzocht dat aan de afzender te meldea en het bericht te
venvijderen.
De Staat aant aardt geen annsprakelijkheid ‘oor schade. t an eIke aard
ook. die verband houdt niet risico’s verbondeu aan het e1ektrnisch
verzenderj ‘ an bericliten.

This message may contain information that is not intended for nu. If you
are not the addressee or if this message was sent to ou by mistake. ou
are requested to inform the sender and delete the message.
The State accepts no liabiit for damage ofan kind resulting from the
risks inherent in the electronic transmission of messages.

r cr ce, .r: -s :e’:, fre’ — .. 5 W(
2— .. ci •.‘,, , .C Cr Tth:ri; a- :rs ;r’i

:::ir rzrs’c i .. ;:-( &. Fii; -: &;- r--. v. 2- :Z;c---;-e&ie —er: c .—;sJ1rGr— -e rr- e 5irr S

CC:
On denwerp:
Bijiagen:

Dag Gerard,

Vane
Verzan den:
Aan:

PUS, dr. EW.E. (Esther)
woensdeg 20 februari 2019 2i2
Steenhoven van der, Gerard (KNMP,

..t_K merrief
20190220_ConcepLkamerbrief.docx

Categorieön: Ye1ow Category

[Page ]



Verzondet,:
Aan:
CC:

Onderwerp:
BijIagn:

Pijs, Uts. E.W.E. (Esther)

7fl

Naar aanl&dng van bet overleg van vanmiddag hebben wij de conept Kamerbrief aangepast. Onze minister wI
er mc,rgenachtend om 8:30 over spreken. 1k stuur hem alvast ter inforrnatie naar je toe. We hebben hem
voorgelegd aan KNMI en 50dM, en ter technische check bij NAM.

De belde L’ewindper5onen liebben nag contact over we de brief gaat/gaan versturen en in welke vorm, zoals we
venmiddag aftpraken. Wij hebben bier gekozen voar de gezamenljke variant, maar dat kan dus nag wijzlgen en
in dat geval wortft d brigf uiterard aangepast.

1et vri€ndelijke groet,
esther P1)5

Van:

201 90220_Concept_Kamerbcief
201 90220_ConcQpLKarnerbrief.dacx



Van:
V.ronden:
Aan:
CC:
onderwerp:
Bijiagen:

Categorien:

-

_

RE: 20190220_Concepl_Kamerbrief
20190220_Concept_Kamerbrief_KN MljevKNMLdocx

Yellow Category

Dag

Dank voor het doorsturen van de nieuwe versie van de Kamerbrief. Compacter en prettig leesbaar.
Eijgaand in track changes onze tekstaanpassingen.
Zoals vanavond af even aangegeven bij verwachten we in de Joop van morgenochtend jullie de
brief aan erIc Wiebes f cc Stientje van Veidhoven) te sturen. Deze zal In iijn zijn met onze memo die julliegisteren is toegestuurd.

vriendelijke greet,

KNMI
Minicterie vn Infrastructuur en Watertaat
Utrechtseweg 297 I 3731 GP De Silt
Psthus 201 I 3730 AE De Gilt

Artiy op woensdag



KNMI)
I 2019 2Z26

) - DBO

LconceptKamerbrief KNMI

let informatie een vernieuwde versie van de Karnerbrief vanuit EZK. en stuk compacter en prettiger
teesbaar dan de eerd€re versies.
Bijgevoegd de oorsptonkelijke brief en de bnef riulusief onze track changes zoals gesluurd naar EZK.

Met vriendelijke groet,

(XMl
Ministerte van Infrastructuur en Waterstaat
Utrechtsweg 297 j 3731 GA De 8iIt
Postbus 201 I 373D AE De But

4fwezig op wocnsdg



Van:
Vera
Aan
cc: S
Onderwerp

Zie hicrbij een paar opmerkingenfaanpa55ingen in de brief van julfie aan EZK. Met name even oed met EZK
afstemmen op welke manierjullle de verwachtc impact beschrijven.

NMI)
Gerard (KNMI),

KNMI grondversnelling ver5ie 1 RevSB

1k bel je zo nog even cm verder af te stemmen. We stas Is

Gmeten,

[Page J



Van: Pijs, drs, EW.E. (Esther)
Verzonden: donderdg 21 februari 2019

: Dronkrs
*

cc:I

______

-

- Ond.. versie Kacrerbrief KNMI
Goeciernorgen Jan Hendrik en
Met dank aan bet goede overleg van gistren hebben vij eer neuwe verse var de garnerbricf gerneekt. Deze Is
dfgestemd met SodM en KNMI. We hebbei de tekst van de brief voor en technische check cok ecn voorg&egd
bij NAM. Zij zijn alien akkoord. Hij is ook htem EZK atgestemd. Onze minister beeft tie Vonge versie gezien, meer
nog niet ec Jaatste wijzlglngen in deze versie van de brief. Daar komt noa en flra check op. 1k begrijp Uatjullie
Stas inmiddeis heeft eangegeven dat zi en MEZK de brief gezamenlijk zullen sturen. Dat is goed flICtiwS.

Gaag julc reactie op bijgevegde tekst.
Harteiijk cank en met vrtcndelijke groet,
Esther Pijc

t:.c:V( Pjs
Directeur Gastrancitin Groninger

Projectdirectie Gastransitie Gronrngen
Ministetie van Ecoromische Zaken en Klimaat
Bezuidenhoutseweg 73 2594 AC De:i Haag

Dit bericht kan informatie bevatten die niet voor u is bestemd. Indien u

tiiet de geadresseerde bent of dit bericht ahusevelijk aan u is gezonden.
worth ii verzocht dat aan de nfzettder te rntlden en bet bericht te
verwijdercn.
Dc Stuat awwaardt geen aansprake[ijkheid voor schade. van welke aard
ook. de verband houdt met risico’s verbonden aan het elektronisch
‘erzenden van berichten

This message may contain inIbrmation that is not intended for you. If you
are not the addressee or if this message was sent to you by mistake. ou
arc requested to inform the sender and delete the message.
The State accepts no Iith1it for damage of any kind resu1tin from the
risks inherent in the electronic transmission of messages.

2rre 1 1$ : ;;rt :i:’..

i&:. ;: aorCn’ec ei ct • j- D . ;...
:dc-& :..

r, r I’ a& i :r S S1 So S: ,-

—
— —r e — i- —— : — —, - C ( - r’



Van:
Aan:
Cc:
Onder.werp:

BijJigen:

Heb’ de 33rgcpastE bef Dez gaat as concept onderhnds ck nar E?K, w3rbj we zullen
adneJcn dat we de reacte van Ofl7 stas win afwdchtn voordat Uc brtverstuurd of verder
gebruikt kan wnrden door E2K.

::.i ;c
ordertiag 21 ebruaii 299 lf:O7:5

?N1

Grct en dark,
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Van:
Vc
Aar

(..4erwerp: WoordvoeringsIn EZK

Seste mensen,

Hierbj onze woordvoerngsIiyi en een opzetje voor cen gezarnenlijke Iijn zo&s dt was afgesproken tljden
hetoverleg gistermiddag. AIju1lië opmerkingen/aanvulflngen hebben hoor 1k bet graag.

1k geef een seintje als de brief weggaat.

Mirntere van £conmische Zacen en kIiaat
Di,die CmniuiiktIe
Bezidenhoutsew.gTh 25g4ACI
Poc±us 20101 I 25G3 lC I Otn HaRg

Woordueeringsllj n:

Wij ierwachten dat er meet dc

[Page #1
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Pijs, drs. E.W.E. (Esther) ce.pJs@minez.nI
donderdag 21 lebruan 2019 1436

Dronkers, il-I. fJan-Heridrik) -DBO
Kamerbrief KNMI versie 8
Kamerbrief KNMI ÷ 8H.docx

Beste Jan HendrilL —

Begin van de middag heeft MEZK met de MP gesproken. Cok vanuit het departement van AZ hebben wij nog wat
opmerkingen gekregen. Naar aanlelding daarvan Is bijgevoegde versie opgesteld. 1k begreep zojuist dat Stas l&W de
brief nog gaat tezen. Hopelljk kan zij dan meteen deze versie aangeboden krijgen.

Bedankt en met vriendelijke groet,
Esther Pijs

Van;
Verconden:
Aan
Onderwerp
Rijiagen:



-. -. 1 h -.

Verzonden: Uonderdag 21 tebruari 2019 14:12

n grondversneilingsmetlngen

Bijgevoegd de aatste vetsie van de brief van het KNM aan Wiebes over de afwijkingen in de
grondversnellingsmetingen •n hebben wij begrepen dat ze akkoord zijn met
de concept-brief van bet KNML Nog een Iaatste checkvraag bij jou: heb jij nog opmerkingen bij de brief? Wij hebben
(uiteraatd) geen verwijzlngen naar bovengrondse effecten opgenomen, we zeggen atleen iets over bet effect van Ut’
atwijkingen op bet ondergrondmodet.

Hoot grag als je akkoord bent. We wachten nog op een akkoord van onze stas. Daarna komt de brief juHie kant op.

Ministarie van Infrastructuur en Waterstaat
Utrechtseweç 297 I 3731 G De Sift
Postbus 201 3730 AE De Bft

flit bericht kan informatie bevanen die niet voor u is bestemd. Indien u
niet de geadresseerde bent of dit bericht abusievetijk aan u is gczondcn.
wordt u verzocht dat aan de afzender te meLden en het bericht te
verwijderen.
De Staat aanvaardt geen aansprakelijkheid voor schade, van welke aard
ook, die verband houdt met risico’s verbonden aan het elektronisch
verzenden van berichten.

This message may contain information that is not intended for you. If you
are not the addressee or if this message was sent to you by mistake, you
are requested to inform the sender and delete the message.
The State accepts no Liability for damage of any kind resulting from the
risks inherent in the eLectronic transmission of messages.

Dt beridi: kan rJornatie a’ien de n.el vooc u is ceswmd !nCien u met ce geaCr eee ben o dii berkn. sbuseejk aai i -s Iceezondan. wordi
vntit dat san de a7enor te me’d,in ci ‘e benchi Is varMder(n Os Staai a-t een aansrakehjkheid ,cor schade. yart wttke said o, die
veban ioudt me: riscs vertoiaei aan tiet etektrcnisch ei’niten aii ber’ch:e
thi5 nessa;e may contain inrorriabon ,at s nI Inleniled for ylal If you at tot the addiassee or if this message was Sent to yav b et.ic ycu a’s
requested to infcxm :1’s seider aid deIee the message The State accepts notistiIty fotdsnae ot any kic resufthg tDr tie nass inhere’tw tre
electronic tianarnission ot meSSaes

CC:
OflL---r-
Urgentle: Hoog

KNUX
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Van:
Verzonden:
Aan:
Ond.rwerp

Hal,

dnderdag 21 feb?iari 2019 15:03

EZK akkoord met onze brief

Had net contact

1k ging ervan ult dat wij de brief via -

om te doen in dit geval? Het kan ook via jou

KNMI
Ministerle van Infrastructuur en Waterstaat
Utrechtseweg 297 I 3731 GA D Bitt
Posthu5 201 I 3730 AE De Bitt

EZX is akkoord met de brief die ikje eerder stuurde.

r Wiebes zouden stu ten? Maar wat Is Iogischer
warden gestuurd?

I I

4’

.1
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verzJ
Aan
CC:

( Onderwerp: RE: WoordvoeringslUn EZK

3

‘p

••••

1k ben nog met ons berichtje bezig, zodra dat klaar is stuur ik het rond.
Met goede Qroet,

iverigens als 1k



Ont erwerp: Woordvoeringslijn ELK

Hal,

Groet,
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Pjjs. drs. E.W.E, (Esther) <

donUrdag 21 febtuar 2019 16:40

Aan: Dronkers, J.H. (JanHendrik) DBC;

CC:
Onderwerp:
Sijiagen;

Beste Jan Hendtik eni

Dit is de versie die Ue goeUkeuring heft van cnze minister. Hi) hcudt vast aan een geamenlijke ondertekening en

aan vczending vandaag. Dit wordt haogarnbtelijk met juIie besprcen.

Met riendeIijke gret,

Esther

Dit bericht kan informatie bevatten die niet voor u is bestemd. Indien u
niet de geadresseerde bent of dit bericht ahusievelijk aan iils gezonden.
wordt u vertocht dat aan de afzender te melden en het bericht te
vervijderen.
Dr Staat aanvaardt cen aaiisprakelijkheid voor schade. an elke aard
ok, die verhand houdt met risicos erhonden aan het elekiroaisch
verzettden van berichten.

This message ma cnntain information that is not intended fbr you. If you

are not the addressee or if this mcssac was sent to you b) mistake, you
are requested to inform the sender and delete the message.
The State accepts no liability for damage of any kind resulting from the
risks inherent in the electronic transmission of messages.

DU ‘a e rt ..o U 5 U ti C’’’ ‘ U t;;rr Wrfl

‘f e t rrecer crht ticit v’.jcir. Cs at’c: :‘ ,‘ c “ :‘1’ ‘;
h;d’ .‘ ::;;c’s v hi h vvi

n rEI r! htzd f:; ,-. fy, € i’ cr irvz:c - -- nt: cy i....

‘s—, rCts:-c ts’ — r

;“: :: , .

Van:
Veaonden:

Kamerbnef KNMI DEF8.docx



3 H. (Jen-Hendrik) -DBO
V29 EZK cvr awijkingen grondversneliingmetingen

HierbJ ontvang jede brief van het KNM, overUegecoista:eerdeefwjkingen in de
gondversne;Iingsretingei, gercht an Mnster Web€s ri cc. ar taasecretars Var
V2,U-io,en, De hhoJd van de brief is agestemd met EZ< er akord bevoridei tD80.
communicate en wordv ing ur j’j evoor zorg dat cc b-ief wordt doog&e U reaP de
Vinister van EZK? W.j zorgn vc’ ee n€LwSDe -t OD d KV’i1 webste o;er d ocdrwp.

Ve da< en vncndeHjke groet,

Gerd var er 5teenoven
Hoofddtectejr KNVI

Bese Esther,

(
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C

Diredie Bcstuursondersteuning
Ministerie van Infrastruduur en Waterstaat
Rijnstraat8, D-Leuk, 11’ eta;e

r ‘
*5%

I
Van:

F

Verzonden:
Aan:
CC:
Onderwerp:

Zoals zojuist besproken:

vriendel,,e ;rQQWR,

1



Categorieën: Yellow Category

Geachte adviseurs van het vastct&lingshesluit Groningen gasveld,

Hierbj inforneer 1k u over de publicatie van de Kamerbrief over grondversr7elltngsmet ngen in bet Grorungen gasveld.
Debrief en bijiage zijn aan deze c-mail toegevoegd.

We nernen separaat contact op rret SoUM en KNMI voor de in de brief genoemde acte;

r j

Ministere var Economische Zaken en Klimaat
Diroctie Gastransitie Groringcn
&e oflse.eç 73 D H:
Ps”m 20401 2E00 E( D-hg

Dit bericht kan inforrnatic bet atten die niet toor u is bestemd. indien u
niet de geadresseerde bent of dit bericht abusietelijk aan u is gezonden.
worth u terzocht dat aan de afzender te metden en liet bericht te
vert ijderen.
Dc Staat aaiwaardt geen aan%prakelijkheid toot schade. tan telke aard
ook. die verhimd houdt met risicos ‘erbonden aan bet elekironisch

zenden van berichten.

ibis messae ma contain information that is not intended for you. fftou
arc not the addressee or if this message ttas sent to you by mistake. you
are requested to inform the sender and delete the message.
The State accepts no liability for damage of any kind resulting fr rn the
risks inherent in the electronic transmission of messaes,

— :z;—.
_ • 42’ 3.!— .a 2:’

.— •Y . 2 ; : :•

i! rs34 .. -4- £ - •. a..; •. -‘ 1.- .

-:‘!:-: .•:!.;:..4:’

C

Van:
Verzonden:
Aan:

cc:
Onderwerp:
Bijiagen:

Pijs,crs’T.
Publicatie Kamerbrief C
19054154Uocx 19054154 bijlagedocx

yen van der, Gerard

I
._i Crriingen qasveld

(Pace ;3
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Van: ANP App
Verzonden: donderdag 21 febwari 2019 19:33
Aan: persvoorfichting KNMI
Ondeiwerp: ANP App alert KNMI: Dee! KNMI-mebngen aardbevingen ‘niet correct’

NOTIFICATIE
21 februari 2019

Dee! KNMI-metingen aardbevingen ‘niet correct’

21 G22O 19 1933! WOORDf N. 1251 ANP lNNENCAND VtFSltE I PRIORIIEFI 3

DEN HAAG fANP) - Een dee! van het netwerk van het KNMI dat in Gronlngen

aardbevingen meet heeft niet good gewerkt. Hot gaat om versneltingsmeters die

grondversnellingen ,,niet correct’ hebben verwerkt, laat mInister Erie Wiebes

fEconomische Zaken) aan do Tweede Kamer weten.

Do gegevens van het netwerk worden onder meet gebruikt in de versterkingsopetatie

van huizen en gebouwen.

,,I-Iet verwachte effect van de meetfout is volgens het KNMI klein”, aldus de minister. Er

wordt nog onderzocht of er een effect is op de schadebeoordeling en versterking Verder

komt er een extra onderzoek naar de kwalitelt van de meetdata

Het probleern werd vorig ;aar augustus at ontdekt, Na intern onderzoek zijn de meters in

december bijgestetd Het KNMI betreurt de situatie en b!edt zijn excuses aan



From: “ANP App”
Sent: 21 feb. 2019 23:23
To: “persvoorlichting KNMI”
Subject: ANP App alert KNMI: Deel KNMI-metingen eardbevingen ‘niet correct’ (2)

NOTIFICATIE
21 februan 2019

Deel KNMI-metlngen aardbevlngen ‘niet correct’ (2)

02 2919 23 23 ) WOORI)I N 186 ) ANP BINNENLAND ) VERSE 2 I PRIOR!TEIT 3

N I e ii w bericht, meet informatie in laatste alinea

DEN HAAG (ANP) - Een dee! van het netwerk van het KNMI dat in Gronlngen
aardbevingen meet heeft niet goed gewerkt. Het gaat om versnelllngsmeters die
grondversnellingen ,,niet correct” hebben verwerkt, laat minister Eric Wiebes
(Economische Zaken) aan de Tweede Kamer weten.

De gegevens van het netwerk worden onder meet gebruikt in de versterkingsoperatie
van huzen en gebouwen.

,,Het verwachte effect van de meetfout is volgens het KNMI kleln, aldus de minister Er
wordt nag onderzocht of er een effect is op de schadebeoordellng en versterking. Vetder
komt et een extra onderzoek naar de kwallteit van de meetdata.

Het probleem werd vong jaar augustus a! ontdekt. Na intern onderzoek zijn de meters in
december bijgesteld. Het KNMI betreurt de situatie en biedt zn excuses aan.

De Kamer wil weten hoe het precles zit. De PvUA en SP willen snel een debat met
minister Wiebes. ,Dft is weer een kiap voor het vertrouwen” van de Groningers, aldus
Sandra Oeckerman (SP). ,,Dit Is echt niet ok’, twiftert WDer Dilan Yesllgz. ,,Er mag
geen twijfel ontstaan over meetgegevens.’



PUS, drs. £W.E. (Esther) c-
*\

vriidao 22 februarl 2019 09.02
an
Onderwerp: Re: Brief f<NMI ean Minister van EZK ever afwjkingengrondversneIIngsmetingen

este Gerard,

Hartelijk dank, 1k zal hem deergeleiden. Het Is uite[ndeliJk altemaal goad verlopen giseten. ZuHen we over ear par
waken ep cen rustig moment ears een echtkenn15makingsge5prk planner?

Met vriendelijke groat.
Esther

C
Van
Venonden:



Da)

Mochten er een spoeddebat enfof Kamervragen komen over de afwijkingen in versnellingsmeters van het KNMi,dan zIJn wlj uiteraard beschikbaar om onze bijdragen daaraan te Ievern. Je kutit mij daarvoor als conttactpersoongebruiken.

KNM
Mlnistcr,e van InfratrucWur en WaterstaatUti-echtseweg 29? I 3731 GA De BHt
Posthus 20C 1 3730 AE De Bfl

Dit bericht kan infotmatic bevatten die niet voor u is bestemd. Indien uniet de geadresseerde bent of dit bericht abusievelijk aan u is gezonden,wordt u verzocht dat aan de afzender te melden en het bedcht teverwijderen.

: Kamervragen naar aanieiding van afwijkingen versnellingsmeters KNMI

I

1



Van:

en jlj de juiste contactpersoon binnen hot KNMI om mee te averleggen over do audit die ScUM gaat laten uitvoeren
op do seismische instrument—- ket gebruik van de data daarvan in Groningen? 1k ben momenteel bezig die audit
op te zetten op verzaek van en zou dat graag afstemmen met iemand binnen KNML eft contact
gehad met Gerard van der Steenhoven. 1k begrijp dat die de valledige medewerking van hot KNMI heeft toegezegd.

Wij gaan twee ondeizoeken laten uitvaeren:

Op korte termijn een tact finding mission naar de huidige prablemen met de versnellingsapnemers met een
doarkrjk naar het totale systeem fincluslet de overige KNMI en TNO versnellingsopnemers en de boorgat
selsmometers). Precieze terms of reference warden volgende week vastgestetd. Jullie input is welkom. ZeIf
denk ik ean zaken als; wat is er precies wanneer gebeurd, wie heeft wanneer wat gedaan, hoe heeft dat
kunnen gebeuren, is het flu verholpen, wat kunnen we er van leren etc. En daarnaast; zijn et nag andere
problemen met opnemers of data, Es dit de juiste manier om de grondversnellingen te meten, warden de data
op de juiste manier gebruikt etc. Op dit moment ziet het er naar ult dat dit korte onderzoek begin maart kan
plaatsvinden en binnen enkele wekon kan worden afgerond. ScUM zal voor de uitvoering eon gerespecteerde
onathankelijke buitenlandse expert inschakelen. Hij zal o.a. met KNMI medewerkers willen spreken, met
medewerkers van NAM, van de fabrikant van de opnemers, het installatiebedrijf, TNO, de onderzoekers die
aan KEMO2, KEMO4 en KEM11 werken etc. 1k vergeet vast nag een aantal partijen. Oak hier zljn jullie
suggesties welkom
Op langere termijn (6 tot 12 maanden) een audit/ondenoek naar het totale systeem van de meting van de
seismiciteit en het gebruik van de resulterende data in Groningen. Daarbij zal gekeken warden naar de
vaststelling van aantal, positie en de magnitude van de bevingen en van do grandbewegrngen die daar het
gevolg van zljn. Daarln zullen oak zaken als de vaststelling van de site response en de GMM in meegenamen
warden. Waar mogelijk wordt aangesloten op do werkzaamheden die al warden uitgevoord In het kader van
KEMO2, KEMO4 en KEM.

raag je advies. Je kunt me ook even bellen op

rilet de geadresseerde bent of dit berIcht abusievelijk aan u is gezonden,
wordt u verzocht dat aan de afzender te melden en het bericht te
verwijderen.
De Staat aanvaardt geen aansprakelijkheid voor schade, van weilce aard
oak, die verband houdt met risico’s verbonden aan het eYe ktronisch
verzenden van berichten.

This message may contain information that is not intended for you. If you
are not the addressee or if this message was sent to you by mistake, you

Verzonden:
Aan:
Onderwerp:

Cateqorieen: Yellow Category

voor seismische metingen audit

Dit bericht kan informatie bevatten die niet voor u is bestemd. Indien u

[Page )



Van: ANP App [nailto:app@anp 1]
Verzonder.: vrijdag 22 fetruarl 2019 14:04
Aan: persvoorllchting KNMI
Onderwerp ANP App alert KNMI: ‘Versterking Groningen mag niet sblvallen’

I

‘Versterking Groningen mag niet sti1vallen

? 22-uZ-2)19 114 04 j WOOROEN 2111 ANP BINNE’ILAND VERSIE I PRIORITEII 3

DEN HAAG fANP) - De versterking van gebouwen de mngelijk onveilig zijn geworden
door aardbevingen in Groningen, mag niet sW komen te liggen flu et twijf&s zijn over
meetgegevens van het KNM! Dat zegt rnspecteur-generaal Tlieodor Kodekoren van
bet Staaistoezicht op de Mijnen (SodM) tegen RTV Noord

C;

Minister Eric Wiebes (Economische Zaken en Klimaat) heeft de Tweede Kamer laten
weten dat eon deal van het netwerk van het KNMI dat aardbevingen meet, nie yoed
heeft gewerkt. Daardoorzijn fouten geslopen rn de meetgegevens die onder meet
gebruikt worden cm te bepalen welke gebouwen in Groningen het meeste gevaar lopen.

Wiebes Iaal flog onderzoekec of er een effect is op de schadebecordeling en
versterking. Maar dat betekent volgens Kockelkoren niet dat het werk in de tussentijd stil
kan komen te liggen. ,,Doorgaan met versterken is echt heel betangrijk. Als je weer een
jaar zou wachien, zou dat voor de veiligheid echt geen goad idee zijn.”

De toezichthouder stoort zich eraan dat de fouten flu pas aan het Iicht komen, terwiji hat
KNMI zelf ai in augustus op de hoogte was. ,,Hoe is het nou moge!k dat tiet at zo lang
bekend was, maar niet bij de parten de er gebruik van maken of er, zoals wij, toezicht
op houden? Dat is betreurenswaardig”

[Page #3



Kraak, Peter fKNMI)

Van:
Verzonden:
Aan:

Onderwerp:

vrjdag 22 febnari 2019 14:16
Dronkers, J.H. fian-Hendrik) -DBO; Pjs, Urs. E.W.E. fEsther);

A.N.Wouters@minez.n1; Steenhoven van der, Gerard (i<NMJ);

F T.F.Kockelkoren@minez.nt;

Goedemiddag alien,

Hieronder de afspraken die we afgetopen weensdag hebben gemaakt in ons overteg over de afwijkingen in de
KNMI-metingen. De cursiefgedrukte acties zijn reeds afgerond.

Vriendehjke groet,

Dfrecte Bestuursondersteunlng
t4lnisterle van Thfrastructuur en Waterstaat
Rijnstraat B I 2515 XP Den Haag
Pastbus 20901 2500 CX Den Haag

Afspraken overleg woensdag 20 feb jI. over afwijkingen in KNMI-metingen

a Het KNMI informeert de minister van EZK per brief (met afschrift aan de staatssecretaris van IenW) over de
afwijklngen in de data. Deze brief wordt a/s biflage meegestuurd met de brief aan de Tweede Kamer.

• Mn de mInister van EZK en de staatssecretaris van IenW wordt bet verzoek gedaan met elkaar te bespreken
door vile de brief aan de Tweede Kamer andertekend za! warden.

• De woordvoerings(ifnen worden door a/fe betrokken organisaties met elkaar afgestemd. Woordvoering van
EZK neemt hiedn de lead.

• Er komt itaskforce onder leiding van EZK met daarin:

if fenW, eigenaar)
zijn rot van toezichthouder geen lid van de taskforce maar zal wet inbreng leveren

De NAM wordt door EZK betrakken,
heeft als opdracht om zo snel mogeiljk in kaart te brengen wat er moet gebeuren cm

Uuidelijkheid te krijgen over de impact van de afwijkingen en daarvoor cen proces in te richten.
• De taskforce zal voor het eerst in de week van 25 februari bij elkaar komen.

I
I

spraken overieg woe 20 febjl. over KNMI-metingen



VrzonUer: vrijd-g 22 februan 2019 14:16
Ann:

OnUerwerp RE: ANP App alert KNMI: Vesterking Groningen mag niet stilvaflen’

oi!
Nieusuür heeft ml) gebeld met de vraag cinds wanneer ScdM op de hoogte was van de problmatiek over de
versnelhngsmeters 1k heb ze onderstaane leten verstrekt:

- Wetenschappers hebbeji een &gflaal O,er rnyehjke pmbiemen met iie data van de vetsnellingsmeters in
een notibe opgeschreven die wj op wcensda 7 februan van EZK v.e de emp,I dooraestuurd hebbri
pekrepen. De wetenschppers waten

- Op dinsdag 12 tebruari heett EZK met 5odM geproke 3ier ile mogelljke problemen met de data van de
vefsneflingsmeters tijdens een you rtç angsoverleg over wetenschappehjke ondcrzoeken tile worden gedaan
naar het Groningen-gasveld met INO- AGE en EZK.

- Op woensdag 13 februari was e- een spoed-ovedeg georganlseerd doot EZK met KNMI, de betcokken
wetenschappers en 5odM cm tie ernst van het probleem te doorgronden.

- Op vrijdag 15 februari heeft onze vcoritter Theodor Kockelkocen zowel de voorzltter van het KNMI
(Gerard van der Steenhoven) &s EZK (Sandor Gaastra) hierover gebeld.

- Cp maandag 18 februari heeft Theodor Kockelkoren hierover met tie NAM tiohan Atema) gebeld.

f’ji of va3t gezien.
zou prettig ziin am eea f te wachten en/of elkear te steunen

Grcet en hopelijk cen tustig weekend1

Li

Mt oed’ greet,

v’erster..nE Groningen mag niet stilvallen’

Van ANP App
Verzonden: vrdg 22 lebruaci 2019 14:04



From: “ANP App <app@anp.nl>
Sent: 22 feb. 2019 16:02
To: “persvoorlichting (NM <persvooriichting@knm LnI>
Subject ANP App alert KNMI: Wiebes versterking Groningen gaat door (2)

Wiebes: versterking Groningen gaat door (2)

€ 22-02-2019 IS 021 W0ORDE? 348 ANP BINNENLAND VERSIE: 2 PRIDRITEIT 3

N i e u w bericht. vervangt: ‘Versterking Groningen mag riet stilvallen’

DEN HAA.G (ANP) - De versterking van huizen die mogelijk onveilig zijn geworden door

aardbevingen in Groningen, wordt niet stUgelegd flu er twijfels zijn gerezen over

meetgegevens van het KNMI. ,.Nu stoppen dient geen enkel doel”, 7egt minister Eric

Wiobes (Economische Zaken on Klimaat).

De minister nieldde eerder aan de Tweede Kamer dat een deel van het neNerk van het

KNMI dat ardbevingen meet, riet goed heeft gewerkt. Daardoorzijn fouten geslopen in
de meetgegevens die onder meet gebruikt worden cm te bepalen welke gebouwen in

Gtoningen hot meeste gevaar Jopen als gevolg van dejarenlange gaswicning.

Wiebes baalt van de fout bij het KNMI, zeker omdat die voor nog meer onrust zorgt bij

Groningers. ..Dit had niet mogen aldus de bewindsman. .Er kunnen overal
fouten optreden maar het is we! heel ongelukkig dat het nu net te maken heeft met eon
groep die toch a! onzekerheid heeft over alleiei dingen.”

Met de geruststelling van let KNMI dat de meetfouten maareen heel klein effect zullen

[Page #]



hebben op de versterkingsoperatie, neemt wiebes geen genoegen. ,lk wit precies
weten wat de invloed hiervan zou kunnRn zijn Dat wordt flu uitgezocht en fhankeIijk
daarvan kken we verder.

fflspecteur-genewal Theodor Kookel)cren van het Staatstoezicht op de M]nen (SodM)
waarschuwde erdetdat de versterkngsoperahe niet kan wachten op dat onderzoek.
,Dootgaan met versterken is echt heel be[argnjk”, z Nj teen RTV Noord. ,Als je

weet eel jaar zou wachten, zou dat voot de velligheid echt geen goed dee zn.”

De toeziohthouder stoort z;ch eraan dat de ftuten nu pas aan het licht komen, tetwijt het
KNMI zeif a in augustus op de hoogte was. Hoe is het nou moge1k dat het al zo tang
bekerd was. maar niet bij de partijen die er gebruik van maken of or, zoats w, toozicht
op houden? Dat is betreurenswaardig.”

Wiebes zeyt eind vorige week voor hot eerst te hebben gehoord dat er mcgeIijk lets mis
was met de metingen van het RN MI. Pas deze week werd h formeel op de hocgte
gesteld.

1

GJS VAN WETTEN (LIAI
Deze mail is verzonden door pcrsvoorlichinknmi ni

[Pe #)
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Van: AN!’ App [mtppnp.nlj
Verzonden vrjdg 22 (ebruri 2019 16:03
Aan: p€rsvocrlicht:ng KNMI
Onderwerp: AN!’ App alerL KNMI: Wietes: versterking Groningen gaat door (2)

C

Wiebes: versterking Groningen gaat door (2)

0 22-02.2019 16 02 I WODRDEN 346 f ANF BNNENLAND VERSJE 2 PRIORITEiT 3

N i e u w bericht, vervangt. Versterking Groningen mag niet stilval:en’

DEN HMG (ANP) - De verstetking van huizen die mogelijk onveWg zijn geworden door

aardbevirgen in Groningen, wrdt niet stilgelegd flu er twijiels zijn gerezen over

meetgegevens van het KNMI. .Nu stoppen dient geen enkel dccl”, zegt minister Eric
Webes (Economische Zaken en Klimaat).

Dc minister meidde eerder aan de Tweede Kamer dat een deel van [iet netwerk van [ict

KNMI dat aardbevingen meet, niet goed heeft gewerkt. Daardoor zn fouten geslopen in

de meetgegevens die onder meet gebruikt wcrden cm te bepalen welke gebouwen in
Groningen het meeste gevaar open ai gevoig van de jarenlange gaswinning.

Wiebes baalt van de fout bij het KNMI zeker omdat die voor nag meet onrust zorgt bij

Groningers. ,,Dit had niet mogen gebeuren”, afds de bewndsman. , E kunnen overal

touten optreden maar het is wel heel ongelukkig dat het flu net te maken heeft met een

groep die toch al onzekerheid heeft over allerlei dirgen.”

Met de geruststeling van het KNMI dat de meetfouten maar een heel klein effect zullen

hebben op de versterkngsoperatie, neemt Wiebes geen genoegen. ,.lk wil precies
weten war de invlned hiervan zou kunnen zijn Dat wotdt flu uitgezocht en afhankelijk

(PBqe #J
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Begin doorgestuurd bedcht:

Van:
Datum: zz februari 2019 orn 15:47:56 LET
Aan: perc oorIichIn a knrni .n
Ondcrerp: Dagblad vb Nourden: tukje ulileg over versnellingsmeters (graag even
checken)

Goedendag.

Bijgevoegd een korte uitteg over de werking van versnellingsmeters. Zou lemand van jullie
wiflen checken of dit kiopt? Hartelijk dank voorde medewerking.

bet Noorden / Versiaggever Nieuwstafel

[Pdye #]



Wat 1k me afvroeg is of je nu kunt stellen dat de PGA’s bi] de aardbeving in Zeerijp niet goed zijn gemeten?

Mos

Verstuurd vanaf mijn iPhone

Page #1



NM1)
zaterdag 23 februari 2019 15:24

7e: IbA

Categorleën: Yellow Cotegory

Dank voorje email. Dc Zeerijp beving van $januari 2O1 is zowel met bet B- als G-netwerk van
acceLerometers opgetekend. Zie

tc)e chmHa—.tw iflL!—fl—ci ct—insk,llin.t—
ersneI1iP!sme1er% voor details over de rietwerken. Dc PGA waarden ran bet 8-netwerk zijn correct. de destijds
rapprnteerde waardcn van bet G-netwerk niet.

De Zeerijp beving is ook met het seismometer netwerk gemeten, op basis hiervan is cen magnitude van 3,4
bepaald. Deze blijft onveranderd, net als de locatie en hct tijdstip.

.cc groct,

Van:
Verzonden:
Aan:
Ondeiwerp:

Delivered to you by KNMI Mobile environment
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begin QbULLLLv

Van:’
Datum: 25 febmañ 2019 om 16:12:45 CET
Aan:
Kopiel
Onderwcrp: kamervragen

Eeste

Er zijn kamervragen binnengekomen nay incident. Er wordt mcdc input van EZK gevraagd.
Bijgaand cen cerste aanzet mijnerzijds. Deadline is morgenmiddag.

Groet,

Manager R&D I Seismology and Acoustics
Professor Seismo-Acoustics TU Deift

KNMI
Ministry of Infrastructure and Water Management
Utrechtseweg 297 j 3731 GA De But I the Netherlands
P0 Box 201 I 3730 AE I De But I the Netherlands

‘,\j .flJ

tPge #
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I)ank hiervoor. 1k iag de antwoorden van ok al via hinnenkomen. tLcoördinccr de vragcn voor l’Y.K, muar (IC antwoorden rnocti.m nok nog 1uns onie(BBR). Onic minister is pas 4 rnaart rerug en kan dati op i’n vrocst naar de antwoordenkilke torgencichtent even contact over dc precie/e invulling van de plnnning?

Projeetclirectie Chistransilic Gronitigen
N4itr

‘ ‘n en IKliniaut

Van:
Aan:
Cc:
Onderwrp:
Datum: mlndaO 2 tcbwari 2Ol t6:5:3O

Met vriendelijkc groet,



2019Z03726

Vragen van de leden Yesigoz-7egerius tWO), Dik-Faber (ChristenUnie), Sienot (066) en Agnes
Muldec (COA) aan de minister van Economische Zaken en Klimaat over het bericht dat de
metirgen van het KNMI in de Groningcr hocem niet koppcn. (ingezonden 25 februan 2019)

1
Wat is de verkiaring voor het felt dat een deel van de versneflingsmeters van het KNMI niet goed
stond afgesteld?

2
Op weIJ< moment bent u geInformeerd over de foutieve metingen door het KNMI?

3
Wanneer zn do :nstellingen bijgestetd? Wie is daarover geinformeerd?

4
Hoeve& en welke data zijn onbruikbaat door het niet correct wecken van versne’lingcmetets van
het KNMI en van wdke periode is deze data?

5
Kunt u aangeven wat het effect is vai onjuiste meetgegevens van het KNMI op de analyses van
de seism:citeit ten behoeve van de versterkingsopgave in Grnningen?

C

us oer (F Jne) Sienot
(066) en Agnes Mulder (CDA) aan de minister van Economische Zaken en Klimaat over het
berichtdatde metingen van het <NM! in deGroningerbodem niet kioppen



9
6

Kunnen deze effecten hersteki worden? Zo ja, op w&ke wijze? 10 nec, wat betekeit dttvoor de
analyses van de seismiciteit van afgelopen jaar?

7

Kunt aangever wat het l1ecL i Van onjuisle meetgegevens V3fl het KNMI op de
schacebeocdeling in Groningen?

8
Deelt u do mening dat voor<omen moet worden dat deze foutieve rnee1egevens leiden tot
vertraging in hetoppakken tan het proces van schadeherstel en vecs:erking?

9

De&t u de menirg datwoningen die nu in de versterkingsoperatie ittcn hierin mocton bjven?
Vindt u ook dat woninen de op basis an de nieuwe gegevens mogelijk nok onveflig zijn aan de
plannen moeten worden toegevoegd?

10
‘Nannrer is het Staatstoezicnt op do Mjnen (ScdM) geInformoord over do foutieve
mectgegevens?

11

Wanneer is de audit yen het SODM, die a)s toe7ichthouder gstart s met het opzetten van een
onafhankelijke toots op de kwaliteit van de mectdata gereed? Wat betekent dit voor de
tussentijd?

12

Deelt u de mening dat een dergelijke lout van ht KNMI niet 5oed i voor het vertrouwen van
Groningecs? Bent u bereid aan do staatssecrctatis van Infrastructuur en Waterstaat te vragen in
gesprek te gaan met het KNMI om herhaling e voorkornen?

13

Wilt u deze vragen beantwoorden voor 11 maart 2019?

ret vriend&ijke groet,

I
Ni[zte-. van nfrcnictur en Wterstaat
Directie 6estuursondersteuning
RJjittt 8
2515 XP Den Haag
Postbus 20901
2500 EX Den Haag

<!--[if k’rrl]-->

<!--[endfl-->



Van: Steenhoven van der, Gerard O(NMi.
Wtzonden: maandaq 25 februañ 2019 18:37
Aan: Pijs, Urs. &W.E. (Esther); Kockelkoren, T F. (Theodorus)
Onderwerp: RE: Aaribod Hanzehogeschool tector

Dcste Esthci,

Dank voorje e-mail. 1k ken 1: iict, inaardat is uiteraard geen enkel punt. Zijn
onafhankelijkheid en liftk met de Groningse gcrncenschap is heel goed. Zijn voorstel vertoont ten overlap
met hct inh1tief van SoDM voor de review van alIt metingen. Het lijkt me prirnair aan SoDM cm in Ic
schallen 01 danrin cen ml kan spelen. Dat moct Theodoor bepalen.

Duarnnat zal 1k liet voorstel vail lirect doorgcven nan dc scismologicgcocp van het KNMI
‘n collega’s). VeIlicht kan ziin expertise nog ten rot spelen bij onze cigen evatuaties en

vcrvolgstudics,inaar dat moet inscl:atten. 1k laat dat weten.

Met vriendetijkc groeten,

Geraid

Gerard an der Senhoveis
Itoofddirecteur KtVM!
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maandaq 25 februari 2019 22:49 I..

RE Tdschema beantwoording kamervragen versneIingsmetingen

hallo

Dat hjkt me prima. 1k zrt veel in overleg morgen, maarais je me in d€ ochtend belt dan kan ik even tid maken.

Verzonden:
Aan:
Onderwerp:
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CC:

_____

Onderwerp;

Opvolgingsniarkering:

Dear

I hope you are all weill

In our workshop in May, you mentioned now having the exact orientations for all geophones of the 6-network. Would
you please be so kind to share these with me? We are about to being an analysis on ccme of their recordings and the
station orientations will be vital for this task.

( litionally, we are currently conducting an examination on the records generated by the B- and 6-networks, following
Itie discussions that took place in the workshop. Jullan and I thInk that it would be very useful if I could visit some of the
staflons of both networks and have a look at how they are set up. Would you please be able to help me with this? What
would a good date be to arrange such a visit in the field acconipanied by any of you or someone else familiar with the
stations?

Var:
Verzonden:
Aan:

6-station orientations & v,it

ii fKNM f

Opvo Igen

Thank you in advance,



2

Please find attached the estimated orientations of the G network. There is a separate list for the
accelerometers and the geophones. As soon as there is a proper draft of the accompanying manuscript, you
will get this.

One of our colleagues regularly visits Groningen when issues with instrumentation arise. I wiN check with him
‘en the next visit(s) are scheduled From his perspective, likely there is quite some flexibility. Is there a

certain time frame that would work especially good for you?

Van:
Verzonden:
Aan:

cc:
Onderwerp; - - ... in orintatons & visit

Bijiaqen: Gaccorie ntcsv; Gcombionientcsv

Best regards,



Sensor name,Onen tation [Ueg],Std [deg], Used_deptti_levels,Rernark AG010,352.6,3.6,1234,none
6020,4.6,4.2, 1234,none
6030,4.3,3.4, 1234,none
6040,9.8,2. 1,1234,none
6050,337.9,2. 6,1234,on_blacklist
6060,344.4,5.4,1234, none
G070,3.2,3.3, 1234,none
6060,351.6,4.9,1234, none

6090,355,5.4, 1234,none

G100,5.7,3.3,1234,none
6110,268.3,4.4, 1234,none
G120,355.3,5. 1,1234,none
G130,5.6,5.5,1234,none
6140,356,4. 5, 1234, none
6160,2. 1,5.3,1234,none
G170,4.4,3.8,1234,none
6180,1 .4,4.2,1234,none
6190,359. 1,4.8,1234,none
6200,17.2,5.1,1234, none

c’ G21.0,10.5,3.1,1234,none
‘—“ G220,18,5.3,1234,none

G230,33. 1,3.5, 1234,none
6240,23.8,2.5, 1234,none
6250,10.8,6.2, 1234,none
6260,6.1,3.1, 1234,none
6270,345,4, 1234,none
6280,1S. 1,2.8,1234,none
6290,16.3,5.3,1234,none
6300,18.4,4, 1234,none
631 0,153.4,4.6,1234,none
6320,358.5,5, 1234,none
G330,2.8,6.6,1234,none
G340,3 .3,4.1,1234, none
6350,12.2,3.3, 1234,none
6360,9.4,3.3,1234, none
6370,183.8,3.6,1 234,none
6380,4.4,7. 1,124,none
6390,9.9,4.1,1234,none

f’ G400,352.5,6.1,1234,none
‘—i’ G410,336.3,6,1234,none

G420,12. 5,5.5, 1234,none
G430,13. 5,2.7, 1234,none
6440,22.1 ,5.2,234,none
G450,5. 5,5, 123,none
6460,17.8,3.4, 1234,none
6470,344,6.7, 1234,none
6480,333. 2,2.4,1234,none
6490,284.3,7.2,1,none
6500,350,4.4,1234, none
6510,341 .8,2.5,1234,none
6520,9.2,3.5,1 234,none
6530,9,7.6, 1234,on_blacklist
6540,105.3,15.7, 14,none
6550,7.4,2,5,1234, none
G560,18.7,3.5, 1234,none
6570,352.1,3.8, 1234,none
6580,7.8,2.4,1234, none
6590,6.9,2.9,1234, none
6600,6,4,1234, none
6610,13.8,3.5, 1234,none



G620,68,4.9, 1 234,none
G630,357,6.7,1234,none
13640,3512,7. 1,12,none
G650,88,3.5, 1234,none
13660,119,2.6, 1234,none
13670,13,7,5.7,1234,none
13680,2964,18.6, 1234,onbackhst
13690,359.3,2.7, 1234,none
13700,354.7,3. 1,1234,nGne
N010,355.6,2.3, 1234,none
N020,7.1,3.7,1234,none
N030,4.7, l.3, 1234,none
13710,0,1, 1,not..yet_e5timated
13720,0, 1,1,not_yet_estimated
13730,0, 1,1,not_yetestimated
f3740,0, 1,t,not_yet_e5timated

G750,O, 1,1,not_yet_estimated
13760,0, 1,l,not_yet_estimated
13770,0, 1,l,not_yet_estimated
13780,0, 1,1,not_yet_estimated
13790,0, 1,1,not_yet_estimated C)
13800,0, 1,1,not yet_estimated
I010,0,1,1,notyet_estimated
1020,0,1, 1,not yet_estimated
T030,0,1,1,notyet estimated
T040,0,1,1,notyet estimated
T050,0,1,1,not_yet estimated
T060,Q,1,1,notyet estimated
1070,0,1,1,not yet estimated
T080,0,1,1,not_yet estimated
NE 105,0,1,1 ,not_yet estimated

0



Sensor name, Orientation [degj,Std [deg] ,DataattrIbute_code,Remark
- i

GO11,14.3,3.2,346,none
G012,123.5,3.3,346,rione
G013,257. l,2.S,346,none
G014,42.6, 3.6,346,no ne
G021, 1 IS.0,3.2,36,none
G022,6.1,2.7,346,none
G023,21.2,0.8,346,none
G024,205.9,3. 2,346,none
G031,304.7,2.5,346,none
G032,203.9, 3. 1,346,rone
G033,65. 1,1 .3,346,none
G034,290.4, 1.2,346,none
G041, 180.3, 1.9,346,none
G042, 152.2,1. 7,346,none
G043,280.8, 1. 6,346,none
GO44,82.6,1.8,346,none
G05 1,169.1, L6,346,none
G052,153. 1, L4,34,none
G053,112. 1, 1.9,346,none
G054,208.4, 1.3,346,none
G061,88. 7,4.2,346,none
G062,192.0,27.7,3,on blacklist
G063,250. 1,4. 2,346,none
G064,62.3,4,3,346,none
GO? 1,255.9,19. ?,34,on_blacklist
GO?2,86. 3,1. 5.346,none
G073,343.9, L7,346,none
G074,96. 5,1.2,346,none
G08 1,121.6,1.8,346, none
G082,306.7,1.2,346,none
G083,277.6,2. 1,346,none
G084,355.2,3.3,346,on blacklist
G091,315.0,2. 1,346,none
G092,292.4, 2. 2,346,none
G093,252.2, i.9,346,none
G094,36.4,2.0,346,none
G1O1,282.7,2.0,346,none
G1O2,21.?,1.9,346,none
G103,39.3,1.9,346,none
G 104,246.1,1. 5,346,none
Gil i,8.6,2.3,346,none
Gil 2,150.6,2. 7,346,none
G113,119.0,2.6,345,none
Gi14,265.9,2.4,346,none
G121,6.0,3. 7,36,none
Gi22,288.i,2,5,36,none
G123,246. 1,2. 7,36,none
G124,209. l,3.O,36,none
G131,172.6,2.7,346,none
G132,157.3, 1.9,346,none
G133,265. 7, 2.6,346,none
G134,17&6, 2.8,346,none
G141,144. 1,4,S,346,none
G 142,276.4,4.2,346,none
G143,357.6,2 0,346,none
G144,333.8,28,346,none
G161,348.4,0.6,346,none
G162,178.3,2.4,346,none
G163,100.4,1.5,346,none
G164,224.2, 1.7,346,rone



0171,9.9,4.7,346,none
0172,65.8,4.4,346,none
0173,251.8,3. 6,346,none
0174,271.4,2.0,346, none
0181,266.5,2.1,346, none
0182,280. 1,2.4,346,none
0183, 136.1,1.9,346,none
0184,316.6,1.8,346,none
0191, 168.9,2.9,346, none
0192,162.3,1 .7,346,none
O 193,330.3,2.7,346,none
0194,93.7,3.2,346,none
0201,178. 1,2.8,346,none
0202,353.5,2.5,346,none
0203, 12.7,2.5,346,none
0204,97.5,2.2,346,none
021 1,295.8,2.2,346,none
0212,254.1, 1.9,346,none
0213,189.6, 1.9,346,none
0214,134.0,2. 2,346,none
0221,288.6,2.9, 346,none
0222,252.6, 1.9,346,none
G223,296,2,2.7,346,none
0224,33 1.6,2.0,346,none
0231,330.7,2.3,346, none
0232,27.1, 1.9,346,none
0233, 158.2,1.7,346,none
G234,335.6,2.0,346,none
0241,89.0,2.7,346,none
0242,294.0,2.3,346,none
0243,159.7,2. 1,346,none
0244,70. 3,2.5,346,none
0251,49.3,5.4,36,none
G252,129.3,3.5,36,none
0253,334.1,4.0,36,none
0254,292.1,5.5,36,none
0261,147.5,2.6,346,none
0262,267. 1,2.2,346,none
0263,357.9,1 .7,346,none
0264,45.0,1 .S,346,none
0271,53.1,2.2,346,none
0272,17.8,2.5,346,none
0273,290.4, 2.2,346,none
0274,175.7, 2.9,346,none
0281,266.3,2. 5,346,none
0282,215.9, 2.9,346,none
0283,42.3,1.7,346,none
0284,139.2, 1.9,346,none
0291,94.3,1.7,346,none
0292,29.2,3.0,346,none
0293,133.0, 1.S,346,none
0294,293.8, 1.6,346,none
0301,106.9,3.8,346,none
O302,35.6,2.3,346,none
0303,259.7, 1.9,346,none
0304,325.7, 3.0,346,none
O311,120.0,3.7,346,none
0312,zlg.6,2.2,346,none
0313,94.9, 2.5,346,none
0314,322.4,1. 7,346,none
0321,277.2,3. 7,346,none



G322,121.7,2.5,346,none
G323,37.2,3.3,346,none C
G324,292. 7,2.7,346,none
G331,343.6,3 .8,346,rione
G332,248.0,2.7,346,none
G333,346.7,2.8,346,none
G334, 188.6,2.9,346,none
G341261. 1,2.l,346,none
G342,307.6, 1 .8,346,none
G343,312.4,2. 0(346, none
G344,346,4,2.4,346,none
635 1,339.6,6.7,36,none
G352, 140.8, 1.8,346,nOne
G353,99.6,2.2,346,none
G354,226.9,2.2,346,none
6361,264.4, 1.8,346,none
G362,67.2,2. 1,346,none
G363,201.4,2.3,346,none
G364,33L9, 1.8,346,none
G37 1,349.4,2. 8,34&,none
6372,41.5,1 .8,345,none
G373,11.5,2.0,346,none
G374,3 1.3,1 .6,346,none
6381,246.7,3. 3,346,none
6382,5. 5,3.2,346,none
6383,335.9,7.4,3,on_blacklist
6364,120.9,3. 5,345,none
6391,132.0,2.0,345,none
6392,307.9, 2.8,346,none
G393,327.0,2.2,345,rione
6394,143.5,2 5,34&,none
6401,245.6,3.7,346,none
6402,9 L8,2.0,346,ncne
6403,209,3, L?,346,none
6404,140.3,2. 1,346,none
641 1,256.9,24,346,none
6412,31.7,1 .8,346,none
6413,205.6,2.4,346,none
6414,23.2,l.6,346,none
6421,1 10.6,2.2,346,none
6422,176.9,1 .6,346,none
6423,113.0,2.2,346, none
6424,163.5, 1,5,346,none
6431,266.8, 2,8,346,none
G432,266,0,2.1,346,none
G433,295.7,2.1,346,none
6434, 154.5,2.1,346,none
G441,-9.0,-9.0,-9,onj,ackIist
6442, 344.2,4.7,346,none
6443,257. 1,3.6,346,none
6444,234.2,3.5,346,none
6451,59.0,2.9,346,none
6452,339.9,3 .8,346,none
6453,100.2,2.6,346,none
G454,-9.0,-9.0,-9,on_blacklist
G461,229. 1,2.4,346,none
G462, 55.9,2.6,346,none
6463,352.3,2.8,346, none
6464,212.3,2.4,346, none
6471,91 .7,2.8,346,n one
6472,205.1, 2.4,346,none



G473, 192A,3.0,346,none
G474,21. 1,2.5,346,none
G481,196.6,1.9,346,none
6482, 153.1,2.4,346,none
6483,312.8,1. 7,346,none
6484,219.9,; .7,346,norie
G49 1, 76.9,4.9,346,none
G492,40.0,5.4,346,none
G493,84.5,4 .0,346,none
6494,290.0,21 .2,3,on_blacklist
G501,48.2,2,4,346,none
6502,204.0, 2.0,346,none
G503, 184.4,2.4,346,none
6504,128.5,2. 1,346,none
651 1,236.2,2.3,346,none
G512,48. 1,1 .9,346,none
G5 13,204,2,2.4, 346,none
G514,27.3,1.7,346,none
G521,141.9,3.2,346,none
G522, 140.6, 2.g,346,none
G523,308.2,2.4,346,none
G524,41.1,23,346,none
G53 1,77.8,2.0,346,none
G532,81.4,2.0,346,none
G533,3578,2.2,346,none
G534,1486, I .7,346,none
G54 1,114.8,2.6,36, none
G542,306.7,2.8,346,none
G543,35 .0,3.8,346,none
G544,214.2, 1.9,346,none
G55 1,290.8,2.4,346,none
G552,32.0,2. 0,346,none
G553, 108.6,1.8, 346,none
G554,289.4,2. 2,346,none
G561,62.2,1.7,346,none
G562,71.2,1.4,346,none
G5 63,242.8,1 .3,346,none
G564,30 1.7, 1.9,346,none
G571,158.8,2.7,346,none
G57 2,255.5, 1.3,346,none
G573, 122.3,3.1,346,none
G574,279.4,3.4,346,ncne
G581,248.3,3.0,346,none
6582,90.6,3. 1,346,none
G583,204.8,2.2,346,none
G584,252.5,2. 1,346,none
G591,53.7,3. 1,34&,none
6592,208.2,2.7,346, none
6593,47.2,4. 1,34&,none
6594, 159.7,3.7,346,none
660 1,72.0,1.8,346,none
6602,152.1, L8,346,ncne
6603,78.2, 1.8,346,none
G604,299.2,2.5, 346,ncne
G611,336.0,1. 7,346,none
G612,130.8,1.5,346,none
G6 13,207.5,2. 2,346,none
G614,301.0,1.5,346,none
G621,221.8,2.4,346,none
G622,193.5,1.9,346,none
G623, 142.0,2. 3,346,none



G624,7.6,4. 2,346,none
G631,21.6,3.3,346,none
G632,21. 1,2.2,346,none
G633, 149.2, 2.8,346,none
G634,35.6,21 .3, 34,on blacklist
G641,6.0,2.O,346,none
G642,30.6, 1.6,346,none
G643, 150.6, 2.7,346,none
G644, 127.8,2.6,346, none
G651, 11O.7,2.5,36,none
G552, 193.4,3. 3,36,none
G653,226.9,19.0,3,on blacklist
G654,78.4,4.3,36,none
G66 1,213 .4,2. 4,346, none
G652, 166,4, 2.4,346,none
G663, 106.6, 2.8,346,none
G664, 152.6,2. 0,346,none
G671, 166.7,2.6,346,none
G6?2, 245.9, 1.9,346,none
G673,331 .7,2.4,346,none
G674,76.7,2.4,346,none
G681,268.8, 2.4,346, none
G682,75.5,2.6,346,none
G683,246.4,2.4,346,none
G684,243.5,2. 5,346,none
G69 1,338.6, L2,346,none
G692, 101.6, 1.3,346,none
G693,248.6, 1.1,346,none
G694,308.4, 1.5,346, none
G70 1,175.8, L6,346,none
6702,315.3,2.6,346,none
G703,22.8,1.9,346,none
G704,225.5,2.4,346,none
N011,166.0, 2.8,346,none
NO 12,230.0, 1.7,346,none
N013,32.1,2. 1,346,none
NO 14,93.4,2 .4,346,none
NO2,287. 2,3.0,346, none
N022,289. 5,3.2,346, none
N023,70.4,1 .3,346,none
N024,51.O,3 .0,346,ncne
N031,322.4,1.3,34&,none
N032,182.8, 1.2,346,none
N033,184.4,1.7,34&,none
N034,245.5, 1.1,346,none



Thank you for coordinating this. I think 18 is the best date. Perhaps I should communicate directly witharrange meeting point, meeting times, etc?

Additionally, given the opportunity of my visit, I would also like to propose meeting you or anyone leseavailable/interested to discuss the ongoing work we are doing on the records generated by the B- and the G-networks inGroningen and the systematic differences we have observed tetween them. Perhaps this could take place on the 17thi or19’. Do you think that would be possible?

r&, 2018 10:22:40 AM 1

Best wishes,

—, .__

._.___._____ __
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rr: (KNMr)
Sent. Thursday, September 6. 2018 9:
To:

Greetings from Valletta,

ORFEUS- Data ODC<https://www.orfeus-eu orgfdata/odc/quality/>
www.orfeus-eu.org
Observatories & Research Facilities for European Seisrnoogy

Subject: Re: G-statior) orjertL.,..s &VISjt

18 September it sl will bring you and contact after writing ths emaiL

We are intere5ted in your analysts. It might be best ta discuss this the day before you go into the field. Hence, that
would be SEptember 17.

Quality parameters of our B- and 6-network can be found on https://www.orfeus-eu.org/data/odcfquality/
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Sent; 13 September ZU1 11:SS

To:
Subject: RE: G-station orientations & visit

‘ould 1ik to make use of this opportunity to introduce myself ahead of the field trip. My name is

and I have been working on the seismicity in Groningen for the last four years as a member of NAM’s team for the
development of the Groningen Ground-Motion Models.

I am currently looking into some differences we have seen between the amplitudes of records produced by the B- and

the G- network. Therefore, I am very interested in joining you in the field on the 18th and in meeting on the 17th to have
a close look and become more familiar with the stations.

I have now booked my travel in and out of the country but not yet accommodation so I would like to ask you where we

are going to meet on the 18th, I was thinking of staying in Utrecht on the 16th to meet on the 17th and then, on the
evening of the 17k, going to Assen or any other place near the field which would be suitable for meeting you on the
18tl. Usually when in Assen I stay in the Van derValk hotel. Is there any particular place that would suit to meet you in

the morning of the 18w?

Best wishes,

I



To:
Subject: R.

Dear fl

l’djust like to follow up on this as I wifl need to book hotels today.

Additionally, I am iching the current draft of the report I have written on this issues, in case you would like to have a

look before meeting on Monday &Tuesday.

Best wishes,

10:21 AM

.NMI);
n oriet

KNMI)



Investigation of the apparent differences
between the recordings of the KNMI B- and G

networks in the Groningen field

Version 2
13 September 2018

A report for NAM
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7, Introduction

The recent installation of the KNMI borehole “G-network” in the Groningen field has
led to a significant increase in the number of records included in the database used
for the development of the Groningen-specific Ground-Motion Models (GMMs) and
Ground-Motio Prediction Equatkns (GMPFs). The network now generates mote
than five times as many records as the pre-existing KNMI “B-network” during new
events and, as more events occur, the records originating from the G-network are
quickly beginning to dominate the database,

The records generated by the two networks have been used in the development of
all Groningen-specific GMMs and in the development of a succession of empirical
Peak-Ground Velocity (PGV) GMPEs. The most recent are the V5 GGMM (Bommer
et al., 201 Za), which provides predictions of Duration, PGV and Spectral
Accelerations (SAs) at 23 periods, and the empirical PGV GMPLs of November
2017 (Bommer et al., 201 7b). The lowest magnitude for events used in the derivation
of the PGV GMPEs and the VS GGMM was Mci .8 and Mc2.5 respectively. The PGV
GMPEs were derived with a random-effects regression of the PGV values of all
records generated by the surface accelerographs of both networks. The derivation
process of the VS GGMMs was mote complicated; as illustrated in Figure 1 .1, the
Fourier and Response Spectra of the records were deconvolved to the level of the
base of the North Sea supergroup (NS_B), their values at which were used to
determine and optimize source parameters and calculate variability parameters. Site-
specific Amplification Functions fAFs) and Transfer Functions (TFs) were used for
the deconvolution of the B-records, since the local site profiles are available from in-
situ measurements conducted by Deltares. However, the AFs and TEs available for
the G-stations are estimated from field-wide models and, due to uncertainty in the
damping modelled for the top soil layers of the G-stations, it was decided that the
records of the surface accelerographs of the G-stations would not be used and that
the records from 200m-deep geophones existing in the same stations were used
instead. Different AFs and TFs were derived for the 200m-deep stations for that
purpose. On the other hand, records from the surface stations were used in the
calibration of the Duration model of the V5 GMM.

The inclusion of records obtained during the recent 27 May 2017 M2.6 Slochteren
earthquake in the Groningen ground-motion database has led to a reduction of about
10% in the median ground-motions predicted by the V5 Groningen GMM compared
to the V4 GGMM in some periods (Bommer et a!., 2017a). Additionally, an analysis
of the residuals of 47 Groningen earthqual<es with a magnitude of Mti.8 and above
with respect to the latest Groningen-specific empirical PGV GMPEs has shown the
existence of a pattern according to which the event-terms of earthquakes occurring
after 2014—as more and mote 6-station recordings are included—are apparently
decreasing with time, suggesting that the ground-motions generated by the
earthquakes are becoming weaker on average,

1
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Figure 11. illustration of the derivation process of the GGMM for response spectral
accelerations at the surface, with quantities in rectangles and processes in ellipses. B and 6
refer to the F(NMI stations, and NS_E is the reference rock horizon. IF is transfer function,

AF is arnpliflcation factor, FAS is Fourier amplitude spectra, SafT) is response spectral
acceleration at period T; GfR) is the shape of the geometric spreadIng function; SMSIM is a
software used for the stochastic simulations fEXSIM was used for the V5 GGMM); STRATA

is the site response software used to conduct RVT-based 1-D equivalent linear response
analyses. MRD refers to modulus reduction and dampIng; M-R refers to magnitude-distance
pairs, and the suffix ZONE refers to the zonatlon of the field for site amplification factors. The

total aleatory variability at the rock horizon is a and the between-event and single-station
within-event ftpsS) variabilities are defined as i and a; the site-to-site variability is shown as

pS2S (Bommer etalr2017a).

AS most records obtained during the Slochteren earthquake were generated in newly
operational G-stations, and as the pattern of decreasing event-terms coincides with
the start of operation and expansion of the G-network, a number of questions arise:

1. Are earthquakes in the Groningen field gradually becoming weaker or are the
expanded networks capturing more small-amplitude motions than before?

2. if the average amplitudes are indeed smaller due to the network expansion, is
it because the new Gnetwork, being well-spaced around the field, is
capturing previously missed smaller-amplitude ground-motions or is there a
fundamental difference between the B- and the G-networks which affects the
amplitude of the records of either network? Furthermore, are the records of
both networks usable?

terms

t a[Se81 I
******** *
iwlhquk srrrns

(or multiple M R
combiiihons
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3. If there is indeed a difference, does it apply to both the surface
accelerographs and the 200m-deep geophones of the C-stations? If so, is this
related to the way the records have been deconvolved?

The purpose of this report is to investigate and answer these questions and identify
the possible causes of the potential difference and the network of the two in which it
may occur. Three lines of investigation are followed, consisting respectively of: a)
comparisons of the residuals of the records of the two networks with respect to the
V5 Groningen GMM, b) comparisons of the records of the two networks with the
records of the Household network, whose usabikty has been recently investigated in
depth and is well understood and c) comparisons of records generated by collocated
stations of the two KNMI networks

3



2. OvervIew

Two networks are currently operated by the KNMI in the Groningen field, the so
catled RB-network” and G-network’, named after the first letter of their station
names, which is used to distinguish them. The iocations of both networks are shown
in Figure 2.1. The B-network has functioned in two phases its stations consisted of
old versions of GeoSig accelerographs until 2013-2074, when new Episensor
accelerographs were installed. In 2014, the network included 18 stations, two of
which have since been decommissioned. The stations are located inside private and
public structures, mainly in the north of the fietd, close to the Loppersum area.

r •
610000

C.

—

A B-network

C)
. .

600000-
A A t•

A

c A •

•
IA A• I

3 soooor A •

o i. •\ I I
I •>- “.

e

• .‘:
•

a:
A1

• •

560000 F I I I • f
• I I S0

•
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240000 260000 270000
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Figure 2.1. Locations of the KNMI B- and G-nelwork recording stations in the Groningen

field. Coordinates are in metres. Station BFB2 is not shown as all of its records have been
treated as unusable due to their contamination with monochromatic high-frequency noise

which has been linked to the vibrating machinery of a nearby NAM facility

As of May 201 B, the G-network consists of 78 borehole stations evenly spaced in the
region the Groningen field. Each borehole station contains one digital accelerograph
at the surface and four geophones inside the borehole, placed at intervals of 50

4



metres of depth, down to a maximum depth of 200 metres. The accelerographs are
of the same model as the B-network accelerographs and have also been set up with
the same orientation, polarity, sampling rate and zero-pole-gain settings. The
installation of the stations begun in 2014, with the first records from the surface
accelerographs and the geophones being generated during the 5 November 2014
ML2.9 Zandeweer and 6 January 2015 Mc2.7 Wirdum events respectively. A typical
G-station (G39) is shown in Figure 2.2.

Figure 2.2. Station G39 (courtesy of KISJMI)

The B-network has generated a total of 176 records during 25 earthquakes of
magnitude greater than ML2.5 since 2006, while the G-nelwork has generated 243
records despite only recording the latest seven events. The earthquakes recorded by
the two networks, as well as the number of records generated by each network
during each earthquake, are presented in Table 2.1. The magnitude-distance
distribution of the current database is shown in Figure 2.3, from which the
improvement in the sampling of greater distances brought by the G-network can be
appreciated.
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Figute 2.3. Magnitude-distance distrution of the current Groningen surface ground-motion
database
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Table 21. asic earthquake metadata of the events included in the Groningen ground-
motion database Numbers of records presented refer to records from surface

acceferoraphs only.
EQ M Date & Time Location Tot B- G
ID Rec Rec Rec
01 3.5 2006-08-08-05:04:00 Wes[eremden 4 4 -

02 2.5 2006-08-08-09:49:23 Westeremden 1 1 -

03 3.2 2006-10-30-05:54:29 Westereniden 6 6 -

04 2.6 2609-04-f4-21:05:25 Huizinge 3 3 -

05 3 2009-05-08-05:23:11 Zeerjip 5 5 -

06 2.5 2070-08-14-07:43:20 Uithuizermeeden 5 5 -

07 3.2 2011-06-27-15:48:09 Garrelsweer 8 8 -

08 2.5 2011-08-31-06:23:57 Ufthuizen 3 3 -

09 2.5 2011-09-06-21:48:10 Oosterwijtwerd 1 1 -

.10 3.6 2012-08-16-20:30:33 Huizinge 7 7 -

11 2.7 2013-02-07-22:31:58 Zandeweer 3 3 -

32 2013-02-07-23:19:08 Zandeweec 3 3 -

13 2.7 2013-02-09-05:26:10 t Zandt 2 2 -

14 3 2013-07-02-23:03:55 Garrelsweer 2 2 -

15 2.8 2013-09-04-01:33:32 Zeerjip 5 5 -

16 3 2014-02-13-02:13:14 Leermens 14 14 -

17 2.6 2014-09-01-07:17:42 Froombosch 5 5 -

16 2 2014-09-30-11:42:03 Garmerwolde - 12 12 -

19 2.9 2014-11-05-01:12:34 Zandeweer 18 4
20 2.8 2014-12-30-02:37:36 Woudbloem 19 14 5
21 2.7 2015-01-06-06:55:28 Wirdum 19 14 5
22 3.1 2015-09-30-18:05:37 Helium 42 11 31
23 16 2017-05-27-15:29:00 Slochteren 71 8 63

2018-01-08-14:00:52 Zeerjip
2018-04-13-21:31:35

The first indication that the expansion of the recording networks is bringing a
reduction in the average ground-motions of the Groningen database came with the
development of the V5 GMM whose median spectral acceleration predictions
decreased by 10% in periods between 0.ls-0.5s due o the inclusion in the database
of one additional event, the 27 May 2017 Mc2.6 Slochteren earthquake (Bommer et
a!., 2017b). The Slochteren event (EQ-23) occurred just before the development of
the V5 GMM begun and was found by Bommer & NUn alexis (201 7a) to be weaker,
given its magnitude, than previous events of the database. However, the Slochteren
earthquake also had a significantly larger number of records compared to previous
events (as shown in Table 2.1 and Figure 2.3). Figure 2.4 compares the PGA values
recorded during the Slochteren earthquake with those of previous events. The
smallest two PGA values are significantly smaller than those of other events,
however the largest values are similar and thus the range of values is larger than for
any other event, whict, can very likely be attributed to the large number of records
obtained. However, while the range of values is larger, the majority of the records is
located in the lower half of the range, and the average ground-motion is smaller than

24 3.4
25 2.8 Ga rsthuizen

73 12
76 14

61
62
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the median. Therefore, it is likely that, despite increasing the range, the network
expansion is reducing the average of the PGA values shown.

100 -—
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Magnitude f ML)

Figure 2.4. Geometric mean horizontal PGA values against magnitude in the Groningen
database, with symbols indicating ranges of epicentral distance. The blue symbols

correspond to the May 2017 Slochteren event Where two or more events have the same
magnitude, the symbols are displaced slightly left and/or right for clarity.

In November 2017, a new empirical PGV model for the Groningen field was
developed, using an extended database in which events of lower magnitude were oalso included, with a total of 47 earthquakes of magnitude greater than Mcl.8
(Bommer et a!., 2017c). The regression of the data to the model revealed a clear
pattern of decreasing event-terms with time. This pattern was confirmed during the
analysis of two more events of low magnitudes in December 2017 and finally during
the analysis of the 8 January 2018 ML3.4 Zeerjip event 2078 (Bommer & Ntinalexis,
2017b; 2018). Figure 2.5 shows the event-terms of the 44 earthquakes of the
extended database, the two small-magnitude earthquakes of December 2017 and
the Zeerjip event1 with respect to the empirical PGV model, plotted against time. The
decline in event-terms begins with the start of operation of the G-network in early
2014; the event-terms are constantly negative for any event occurring after 2015,
when the C-network surpassed the B-network in size. There ate two possible
explanations about the observed pattern; either events in the field are becoming
gradually weaker, or the expansion of the C-network is bringing weaker motions into
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the database, either because they were previously being missed or because the
recordings of the G-stations, for some reason, have smaller amplitudes.
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‘,_1 Figure 2.5, Event-terms calculated using the surface records obtained during the 47
earthquakes of magnitude MLI.8 and greater that have occurred in the Groningen field since
2006 with respect to the Groningen empirical surface PGV GMPEs, plotted against time. All

events shown were used in the derivation of the model except the three most recent.
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3. Residual analysis

The first step to examine whether the pattern observed in Figure 2.5 is related to the
operation of the G-network is to calculate network-specific event-terms for those
earthquakes that were recorded by both networks, i.e. to calculate the event-terms
that the earthquakes would have if only one of the two networks was operational. If
the records and patterns produced by the two networks are compatible, then the
network-specific event-terms will be very similar. Network-specific event-terms
calculated using the B-network records are directly corrçarable to the total event-
terms of earthquakes that occurred prior to the start of operation of the G-network (in
2014), since they were recorded only by the B-network anyway. Figures 3.1 and 3.2
show the re-calculated event-terms of the 47 earthquakes with respect to the PGV
GMPEs, with Figure 3.2 focusing in the period when both networks have been
operational arid not showing the total event-terms of the earthquakes.
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Figure 3.1. Event-terms of 47 earthquakes of magnitude Mci .8 and greater, that have
occurred in the Groningen field since 2006, with respect to the PGV GMPEs of Bommer et
a!. f2017c), plotted against time, with network-specific event-terms shown for those events
recorded by both networks. All events were used in the derivation of the model except the

three most recent.

tn reality, if the records from either network were not available, the median
predictions and variability parameters resulting from the regressions would also be
different and so would be the event-terms. However, for the purposes of this simple
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Figure 3.2. Event-terms of the 22 earthquakes of magnitude MLI.8 and greater that have
that have been recorded by both KNMI networks, with respect to the PGV GMPEs of

Bommer et al. (201 7c), plotted against time, with network-specific event-terms shown for
those events recorded by both networks. Alt events were used in the derivation of the model

except the three most recent.

There is a clear separation between the event-terms calculated using the records of
the two networks, with the event-terms of the B-network being consistently larger.
Also, the network-specific event-terms of the B-network are more similar to event-
terms of earthquakes prior to 2014 than the total event-terms post-2014 are, while
they appear better centred on the zero line and, although there is still a reduction
observed after 2015, indicating that the reductions observed in model medians
cannot be attributed solely to the G-records. It is important to note that the G-network
event-terms are, with only one exception, exclusively negative, indicating that the
PGV values recorded by the G-network are, on average, consistently smaller than
those predicted by the model. These patterns are observed equally in the event-
terms of the earthquakes used to derive the model and in the event-terms of the
three most recent earthquakes of Figures 3.1-32, that occurred after the derivation
of the model.

comparison, the model parameters are not re-adjusted and the existing GMPEs are
used in their current form.
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While the Groningen-specific Empirical PGV GMPEs have a good fit to the data and
are useful for this analysis, the V5 GGMM is a significantly more sophisticated
mode!, which also takes site effects into account; also, other than PGV, it is providing
predictions of spectra! accelerations at 23 periods, at the surface and at NS_B level.
Therefore, a residual analysis with respect to the V5 GGMM is of greater value.
Figure 3.3 shows the total residuals of spectral accelerations of the records of both
KNMI networks at the surface with respect to the V5 Central-lower model. The
residuals shown are from the records of only the four earthquakes with at least ten
G-records, They are plotted separately for each earthquake, to allow for a direct
comparison of the total residuals without having to calculate event-terms, since the
between-event variability of the model is defined for NS_B predictions only. The
spectral accelerations of the records were also deconvolved to NS_B, using station-
specific amplification functions, and their total residuals with respect to the V5
Central-lower predictions there are shown in Figure 3.4. Figure 3.5 compares the
event-terms calculated for each of the four earthquakes at each period covered by
both the model and the data, using NSB predictions, the deconvolved spectral
accelerations and SS.Iow, which provides a better fit to the data.
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Figure 3.3. Total residuals of the spectral accelerations of the records obtained during four
earthquakes in Groningen with respect to the VS GGMM, at five periods
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Figure 3.4. Total residuals of the spectral accelerations of the records Dbtained during four
earthquakes in Groningen, after deconvolution of the records to NS_B level, with respect to

the V5 GGMM predictions at NS_B, at five periods

The total residuals of the B-records are higher than those of the G-records in the
longer periods for all four events. in the shorter periods, the residuals of the B-
records are higher for the Zeerjip and Garsthuizen events (EQ-24 & 25), similar to
the residuals of the G-network for the Helium event (EQ-22) and lower for the
Slochteren event fEQ-23). These patterns are observed in the residuals both at the
surface and at NS_B level. The event-terms confirm these patterns and provide a
clearer picture (Figure 3.5. The event-terms of the B-network are higher than those
of the G-network for all four earthquakes in periods longer than O.15s. In shorter
periods, the event-terms of the B-network are also distinctively larger for the Zeetjip
and Garsthuizen events, while they are only slightly larger for the Helium event and
slightly lower for the Siochteren event.
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Figure 3.5. Event-terms of earthquakes 22-25 against the V5 GGMM predictions at NS_B
level, for each period covered by both the V5 GGMM and the available data, calculated and

plotted separately for each of the two KNMI networks ()

The inclusion of the residuals of the Level 4 geophone G-records in these
comparisons would be very useful. It would not only show whether also those
records have differences with the B-records, but it also whether the surface
accelerographs and the geophones of the same locations produce compatible
records. Additionally, the investigation of possible differences between the Level 4
geophone G-records and the B-records is of particular importance because ft is
actually the Level 4 G-records and not the surface G-records, that ate used in the
development of the Groningen GMM. The information in Figures 3.4 and 3.5 is
presented again in Figure 3.6 and 3.7, this time including the corresponding
residuals from the deconvolved Level 4 G-records. Practically, only at NSB level is
it possible to compare response spectra of records Etom the surface to those from
the 200m-deep geophones, as this is the only reference point from which
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sophisticated station-specific amplification functions are currently available for both
depth levels. It is otherwise impossible to compare the spectra! accelerations of a
Level 4 G-record with a surface record from any network.

A G Level 0 a G Level 4 A B

A

A A

A4 H4

Figure 3.5. Total residuals of the spectral accelerations of the records obtained during four
earthquakes in Groningen, after deconvolution of the records to NS_B level, with respect to

the V5 GGMM predictions at NS_B, for five periods
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Figure 3.7. Event-terms of earthquakes 22-25 against the V5 COMM predictions at NS_B
level, for each period covered by both the VS GGMM and the available data, calculated and
plotted separately for the B-network, the surface accelerographs of the G-netwock and the

Level 4 geophones of the C-network.

As can be observed in Figures 3.6 and 3.7, the residuals of the records of the 200m-
deep geophones at NS_B, are in almost all cases larger than the residuals of the
records of the G-network surface accelerographs, albeit only by a small amount. The
event-terms calculated using the Level 4 geophone records are very similar to the
event-terms of the B-records at periods shorter than O.2s, while they are mote similar
to the event-terms o the Level 0 records in the longer periods, with the exception of
the event-terms of EQ-22, where they are larger than the event-terms of both other
groups of records.
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There is a striking contrast in the clear difference observed between the event-terms
of the B-network and the surface array of the C-network in EQ 24 and 25 and the
small difference in EQ 22 and 23. A key difference between the two pairs of
earthquakes is that the former occurred in the North of the field, in the middle of the
B-network cluster and the latter occurred in the South (Figure 3.8). It is possible that
the patterns observed above are related to the fact that the 5-network is
concentrated mostly around a specific region of the field while the C-network is
evenly spaced around it. Repeating the residual analysis, but this time only including
records from C- and B-stations of that area in the North of the field would indicate
whether this is the case. Figures 3.9 and 3.10 show the total residuals and event-
terms at NS_B of the surface and geophone records.
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Fi9ure 3.8. Map of the Groningen field, including the station locations of both KNMI networks
as well as the epicentres of the four earthquakes examined In this section. The epicentres of

EQ-24 & 25 are in the North, while the epicentres of EQ-22 & 23 are In the South.
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Figure 3.9. Total residuals of the spectral accelerations of the records obtained during four
earthquakes in Groningen, after deconvolution of the records to NSS level, with respect to

the V5 GGMM predictions at NSB, for ve periods
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Figure 3.10. Event-terms of earthquakes 22-25 against the V5 00MM predictions at NSB
level, for each period covered by both the V5 00MM and the available data, calculated and
plotted separately for the 0-network, the surface accelerographs of the 0-network and the

Level 4 geoph ones of the G-network.

The total residuals and event-terms shown in Figures 3.9 and 3.10 are almost
identical for the three suites of records in the shorter periods. In the longer periods,
the original patterns persist, which indicates that the differences observed are
unlikely due to the uneven spacing of the two networks around the field only, but
there are also other reasons causing the differences observed.
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4 Comparisons with the Household network

A third network is in operation in the Groningen field, consisting of almost 300
stations installed on the waLls of private residences located all over the fIeld (Figure
41). The usability of the records of this so-called “Household” network has been
studied by Ntinalexis et a!. (2018) and is now weli understood. Therefore, its
recordings can be used as a benchmark in comparisons among the recordings of the
three networks. Of course, a natural limitation of these comparisons is that they
cannot include the records from the 200m-deep geophones, but only from sensors at
the surface.
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As Ntinalexis et at. (2018) have shown, records from Household network sensors
located on the walls of basements and crawl spaces produce recordings which are
not contaminated by structural response and are usable across the full range of
periods, provided that they are not contaminated by noise. Additionally, records
generated by sensors mounted on the ground-floor level walls are usable at least in
periods above 0.ls. Another important conclusion made by Ntinalexis (2076) is that
the velocity time-series resulting from the integtation of the records are not affected
by the fact that the sensors are mounted on walls and are identical to what they
would be in case that the sensors were placed on the ground. These conclusions are
consistent with the observation that the Fourier Spectra of the records are not
affected by structural response in frequencies below 10 Hz.

Instead of comparing the full suites of records generated by the three networks
during all earthquakes of the Groningen database (Table 2.1), clearer comparisons
can be carried out by focusing only on the earthquakes in which all three networks
generated a sufficient number of records for clear patterns to be observable in the
data. Furthermore, comparing the records of each earthquake separately eliminates
the parameter of magnitude from the comparison. Thus, only earthquakes with at
least 10 G-records are included in this analysis. Additionally, as the Household
network datasets for earthquakes before 2016 were being censored by the relatively
high PGV trigger threshold of 0.lcm/s, full datasets of records from the Household
network are available only for events that occurred since. According to these
conditions, the earthquakes valid for the comparisons are limited to EO-23, 24 and
25. As the records of EQ-25 have not yet been supplied to us by TNO, the
Household network operator, only records from EQ-23 and 24 are currently included
in the analysis. The epicentres of the Iwo events are shown in Figure 3.6; EQ-23
occurred in the South of the field, and EQ-24 in the North.

Figures 4.2 and 4.3 show the geometric mean spectral accelerations (SACM) of the
horizontal components of EQ-23 and EQ-24, respectively, at eight periods, plotted
against distance. Records generated from sensors located on ground-floor walls are
only shown in periods greater than 0.Js. In the case of EQ-23 (Figure 4.2), the
pattern formed by the spectral accelerations of The G-records is very similar to the
pattern of the Household network in the periods below and including 0.ls; the pattern
tomied by the data of the B-network is also similar, although the values appear
slightly smaller. The opposite is seen in the data of EQ-24 (Figure 4.3), where the
spectral accelerations of the B-network are consistent with those of the Household
network and it is the values of the G-network that appear slightly smaller on average.

in both cases, the spectral accelerations of the B-records are consistent with those
of the Household network records in periods above O.2s while the corresponding
values of the G-records are distinctively smaller on average, with a particularly clear
separation of the data emerging at periods above 0.3s.
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Figure 4.2. Geometric-mean horizontal spectral accelerations recorded during the 27 May
2017 Mc2.6 Slochteren earthquake, plotted against distance
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Peak Ground Velocity is a ground-motion parameter associated with Fourier
frequencies below 10 Hz, just as the long-period spectral accelerations are, and
therefore it is expected that the pattern observed when comparing the PGV values of
the recordings of the three networks will resemble the pattern observed in Figures
42-4.3 at periods aboie 0.2s. More specifically, the PGV values of the Groningen
database have been shown to be particularly well correlated with spectral
accelerations at the periods of 025-OSs and therefore a closet match to the patterns
observed at the period of 0.3s is expected.

Instead of comparing only the geometric-mean PGV components of the records as in
Figures 4.2 — 4.3, the three PGV components used by Bommer et al. (2017c) are
used. Figures 4.4 and 4.5 compare the PGV values corresponding to the three
definitions, computed from the recordings generated by the three networks during
EQ-23 and EQ-24 respectively.
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As can be observed in Figures 4.3 and 45, the patterns formed by the PGV values
of all three networks are very similar; however, the PGV values of the G-network are,
on average smaller overall. The degree of separation of The data is clear however
overall small arid, as expected, similar to that observed in Figures 4.2 and 4.3 at the
period 0.3s. A particularly more prominent separation of the data can be observed in
both Figures 4.4 and 4.5 at distances below 10 and above 20 kilometres.
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5. Comparison between records from coHocated stations

Sections 3 and 4 contain comparisons of the general patterns with respect to
distance displayed by the spectral accelerations recorded by the networks, and their
residuals. A small number of B- and C-stations, however, are located very close to
one another and, as their recordings should ideally be very similar due to the
proximity, it is possible to compare them directly. All metadata of the records
generated by these collocated stations during a particular event will be virtually
identical, while their ground-motions are expected to be well correlated- Therefore,
any differences between the records can be at least in part attributed to the
characteristics of the recording networks -

Three cases of such closely spaced stations have been identified: BUHZ — G04,
BZN1 — C14 and BOWW— G19 (shown in Figure 5.1). A small number of Household
network stations is also located very close to these three pairs, records of which can
also be included in the comparisons.

The Household network stations are not oriented in the NS-EW directions, as the
KNMI stations are, but instead are oriented parallel to the walls of the houses in
which they are installed- Rotation is therefore necessary for the records to be
comparable. One option is to simply rotate the Household network records to the
NS-EW orientation; another is to rotate all records in the direction of PGAMaxRoI, the
maximum rotated PGA or vector PGA. We choose the second option for rotation of
the records to eliminate the effect of the source-to-site geometry and avoid any
distortion introduced in the comparisons from the rotation by errors in the
orientations known for each station. The component with the orientation of PGAMaxRoL

is referred to as 1H1” and its orthogonal as “H2” for simplicity.

Sections 5.1 — 5.3 contain comparisons of the acceleration and velocity time-series,
as well as the Response and Fourier spectra of the records generated by each pair
and the surrounding Household stations, during those earthquakes of the Groningen
database (Table 2.1) in which both B-IC-stations of each pair were triggered. The
records do not have a common basis of absolute time. This is because of differences
in the origin times of the records and additionally because of the zero pads that have
been added during processing. As a mitigation, the records are presented here so
that the PGA of Hi occurs at exactly 10 seconds; since the records are very similar
due to the proximity of the stations, this makes the times shown coincident in five out
of the seven examples presented in Sections 5.1 — 5.3. In the two cases where this
does not happen, the records have a very small amplitude and are not dominated by
a single peak but by many small ones of similar amplitude The fact that a different
one of those peaks may have a slightly larger amplitude for each record does not
allow for the mitigation implemented to introduce compatibility in the times shown.

With only one exception, the accelerographs of all Household network stations
located near the three pairs are mounted on ground-floor walls. As a result, their
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acceleration time-series are not usable for visual comparisons between the records,
and their Response and Fourier Spectra are usable only above 0.1 s and below 10
Hz respectively fNtinalexis, 2016). However, the velocity time-series of all Household
network stations are usable, irrespective of the sensor locations. Therefore, with the
exception of the records generated by station 54149 near BUHZ, the acceleration
time-series of the Household network records are not included in the figures. The
velocity time-series, as well as the Response and Fourier Spectra, are included,
noting however that they are not valid for comparison outside of the period/frequency
range described above. Household network records from EQ-25 cannot be used at
this point as they have not yet been supplied to us by the network operator, TNO.
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5.1 BUHZ-G040

The locations of stations BUHZ and G04 are shown in Figure 5.2, along with the
locations of the surrounding Household network stations. The distance between the
two stations is 863n7, which is short enough for a significant degree of sin,ilarity to be
expected but also long enough for a small degree of difference to be justifiable.
Additionally, the G-station is in a slightly softer site, which would partly explain
possible larger amplitudes recorded there. Five Household network stations are
located nearby; their accelerographs are located on the ground-floor wall, with the
exception of station 54149 which is located in the basement of the house. Table 5.1.
shows which of the seven stations generated records during the seven earthquakes
of magnitude above ML2.5 in which the G-network has been in operation and the
Vs30 of each station. Table 5.2 provides the basic metadata of the records.

Figure 5.2. Locations of the seven stations in the field
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Table 5.1 List “f earthauakes recorded during the operation of the G-network

EQ-f 9 EQ-20 EQ-21 EQ-22 EQ-23 EQ-24 EQ-25 VsofmIs)

BUHZ Y Y Y Y Y Y Y 199.86

G040 Y V Y 179.67

53675 V V NIA 196.72

53890 Y Y V N!A 212.76

53946 V N!A 195.Bf
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Table 5.2. Basic earthquake metadata of the records presented in this section. Final
ortentatons shown refer to angle with respect to the North

EQ NI STAT Low-cut Nyquist R0pi Final orientation
ID — ID frequency (Hz) Frequency (Hz) (km) of Hf (degrees)
22 3.1 BUHZ 0.36 100 22.06 88
22 3.1 G040 0.83 100 22.74 1945
23 26 BUHZ 1.17 100 24.31 6.5
23 2.6 G040 0.71 100 25.03 19.5
23 2.6 53890 0.78 125 24.47 340.5
24 3.4 BUHZ 0.62 100 7.14 25.5
24 3.4 G040 0.61 100 7.67 236
24 3.4 53890 0.65 125 7.32 161
24 3.4 53875 0.63 125 7.81 320
24 3.4 54149 0.64 125 7.54 317
25 2.6 BUHZ 0.66 100 6.50 126.5
25 2.8 G040 0.65 100 6.98 129.5

C Only records from earthquakes recorded by both BUHZ and G040 will be included in
the analysis. As shown in Table 5.1, these will be records from earthquakes 22-25.
Figures 5.3—5.26 present comparisons of the usable acceleration and velocity time-
series, as well as Response and Fourier Spectra, of the records available from the
various stations that were generated during the four earthquakes, plotted for each
earthquake separately. Response and Fourier Spectra outside the usable
frequency/period range of the records are shown in dashed lines.
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Figure 5.3. Acceteration time-series of the HI component of the BUHZ and G040 recordings

of EQ-22
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[
CC:
Onderwerp:
Bijiaqen:

Dear l\

Your presentation clearly pointed out that there is a difference between the B and 6 network
accelerometers, that can not just be explained by an (imperfect) attenuation term. Ijust looked at a few
teleseismic and regional events, see attachments and find the same conclusions:
-5 network stations have on average two times higher amptltudes compared to 6-network
accelerometers.
- The new G-network accelerometers (G71-680) have anomalously high amplitudes
- The amplitude values for two broadband stations are close to the values at the B-network stations.

The differences exist for all components and for the different frequency bands that I could use. Hence, a
site effect, or site-structure interaction becomes less likely. I think first thing we need to check tomorrow
whether the gain has correctly (as in the station XML) been set at the 6-network stations.

CU tomorrow,

Van:
Verzondgn:
Aan:

rence B and
PGV_132_dlD_T.png; PGV_132_dlQRpng; PGV_132_dO_Z.png; PGV_157_dlO_Z.png:
PGV_157_dlO_I.png; PGVJ57_dlO_R.png; PGV_126_dlOJ.png; PGVJ26_dlO_Zpng
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Van:
Verzonden:
Aan:
CC:
Onderwerp:

Opvolghigsmarkering;
Markering5status:

Dear

This e-mail is just to follow up on the outcome of the discussions of last week.

First of all, once more, I would like to thank you for welcoming me at the KNMI offices on Monday and Wednesday and
for the trip in Groningen on Tuesday.

agreed at the end of our very productive discussions I will be very grateful to receive this week the following three
items from you and the KNMI team:

1. A .zip file with all avaitable pictures from the B- and G-network
2. A concise discussion of the figures nt me in your previous e-mail, that show comparisons of PGV values

computed from isolating different frequencies of B- and 6-records obtained from distant tectonic events. I
would like to propose, for greater clarity in those figures, to change the symbol-colour combinations so that the
values corresponding to (a) the new broadband stations and fb) the 671-680 stations, are distinct from the 601-
G?O stations.

3. Results from your check of the configuration of the 6-stations (both the surface accelerographs and the
geophones), including checking the zero-pole-gain settings but also any other settings that could influence the
transfer function and are not contained in the .xml inventory.

s we discussed on Wednesday, all of the above are very important as there is a great matter of urgency from our side
to have an answer to this issue, especially since thc plan for a next model will be discussed next week and these results
will decide the outcome of the discussions. I am therefore most grateful that you kindly agreed to supply me with these
three pieces of Information within the week that has started today and I am looking forward to it.

Best wishes,

I [] Virus-free.

Investigation on a

Opvolgen
Vottoid

erences between B- and G-network records

1



Van:
Verzonden: woensdag 26 september 2018 11:10
Aan:
Onderwerp: differences between B- and 6-network records

Dear

I hope that you are well.

As you probably know, came over to KNMI for a few days in the week starting 10th October
for discussions about the differences we are observing between the recordings from 6-stations and the B-
stations, with the latter generally tending to be a little lower. The shake table tests from Lisbon indicate that
PGV values (even if this does not hold for other parameters) from the TNO household network are unaffected
by the strange installation on the wall brackets, and the PGV values obtained at these stations broadly agree
with those from the B-network.

is led us to two hypotheses to explain the observed differences between TNO&B-station recordings on the
( me hand, and the lower amplitudes on the 6-station records: (1) calibration errors in the 6-stations, or (2)

soil-structure interaction effects in the TNO and B-stations by virtue of being in houses. We discounted the
first option and have begun work to model the 551 effects as a possible mechanism for amplification. If this
were found to be the culprit, then it would potentially have far-reaching implications for ground-motion
recording and GMPEs, since most databases contain many recordings from inside small buildings, although
possibly the peculiarities of Dutch buildings and the very soft soils in Groningen would make the issue mote
local than general.

However, from extensive and very productive interactions witl during and following the visit,
it seems that there is a possibility that the option we discounted—incorrect calibration of the G-netwotk
instruments—may in fact be the cause for the differences. If that were the case, it is clearly something that
could be remedied and we could then re-derive the GMM using the corrected values. However, I am also very
aware that it would be a potentially delicate issue that would need to handled careful from a public
perception perspective and I am writing to you precisely to start a discussion on this issue so that if this is

jnd to be the explanation forthe observed differences that we can agree a way forward.

At the end of next week (Friday 5th October) we will have a meeting of the NAM hazard & risk team to discuss
the next—and probably final—stage of model refinements and the hazard and risk estimates that will be used
next year, and I am going to have to address the issue of the networks with Any feedback or ideas you
could share with me before then would be very helpful. If you prefer to discuss by phone or Skype, that’s also
good for me.

Best wishes,

Dr

Seismic,Hazard and Risk Consultant

1



Van:
Verzonden: donderdag 27 september2018 17:40
Aan:
CC:

______

Ondetwerp:
Bijlagen:

Opvolgingsmarkering:
Markeringsstatus:

Dear

Thanks to you for identifying and well communicating this issue!

Attached is an overview of the amplitude differences as observed with regional and teleseismic phases. I
added also one local event (Zeerijp) to find out whether the likely correction factors as found for low

‘ .quencies also make sense for the higher frequencies. They do. Feel free to improve the writing and
integrate this into your report.

In the 3 different accelerometer networks (B-network. GO1O-G700 and G710-G800) the same accelerometers
are used, but 3 different types of dataloggers. Hence, the prime suspect for the observed amplitude
differences are (hidden) settings in the dataloggers. mU ave gone through these settings last
Tuesday. Some settings have been identified that can be adjusted by one type of datalogger, but not with the
other ones. For progress on this one we ate awaiting response from Kinemetrics and different tests with
varying settings. With a bit of luck, can give more clarity by tomorrow, but no guarantees.

Which days will you gather next week?

R...; Investigation on c.. .erences - a. .....

amplitude_differences.doc

Opvolgen
Voltooid

( St regards,



Comparing peak amplitudes for tcksdsmic, regional and local events

In this section we investigate whether systematic amplitude differences can be observed between the
different instrument installations in Groningen. We select only sensors that were installed at the Earth’s
surface. It concerns the B-network, the G-network accelerometers and two broadband stations from the
NARS network (Figure 1 .1). All accelerometers installed in these networks are Kinemetrics
EpiSensors.

610

600

590

580

570

560

550

The B-network is the longest existing and still operating accelerometer network in Groningen. In 2013,
most sites were provided with a 4-channel datalogger (Kinemefrics Basalt). The remaining sites got the
same recording configuration in 2014 or 2015.
The G-network accelerometers ace subdivided in two badges: 1) G100-G700 and 2) G710-G800. The
first batch is part of a borehole network. At each station there is one accelerometer and there are four
geophones at different depths. All data streams go to a 16-channel datalogger (Kinemetrics Granite).
The second batch concerns additional accelerometers that wcre addcd in December 2017, west of the
existing G-network. No geophones are present here. The datastream is going to 4-channel dataloggers
(Kinemetrics Obsidians).

Recordings of local earthquakes in Groningen can be highly complicated. There may be large
amplitude variations from station to station due to radiation effects, complex propagation effects and
largely varying site effects. Using regional or teleseismic arrivals, the amplitude variations are less
complex. For distant sources, the Groningen array approximately experiences the same source
radiation. Moreover, a single phase can be selected that is consistently recorded over the entire array.
The main amplitude variations remaining are basin-scale focusing and defocusing ellects and local site
effects.

• B-network

GO10-G700

V G710-G800

V NARS

oV010

200 220 240 260
Figure 1.1: Locations ofseismomeiers in the Gmningen area, at or near the Earth c surface. The B-
network stations are mostly located in small dwellings, whereas G-neiwork and NARS stations are
located in the field. G-network accelerometers have beenfixed on concrete stabs.
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Figure 1.2(a) shows the recording of a PKP phase over Groningen, due to an earthquake in Fiji. This is
a P-wave phase that traverses the Earth’s outer core before traveling through the mantle and crust at the
receiver side. Because of its steep angle of incidence, most energy of this longitudinal wave resides on
the vertical component (the red traces in the figure), but much of the subsequent coda is also recorded
on the horizontal components (blue and green traces in the figure). The data has been bandpass filtered
between 0.4 and 0.9 Hz.
Figure 1 .2(b) shows the maximum amplitudes expressed in particle velocity. These are the maximum
absolute values as obtained from the vertical component and the time window and frequency band
shown in Figure 1.2(a). Both panels in Figure 1 .2 have the same ordering of stations. Due to the large
depth (558 km) and large magnitude (8.2) of the Fiji earthquake. the PKP arrival has high signal-to-
noise and is recorded with significant amplitudes in Groningen (up till about 0.6 mmls).

Figure 1.3(a) shows ateleseismic S-wave arrival due to a large earthquake in Mexico. The phase has
the highest amplitudes on the radial component. It has been bandpass filtered between 0.1 and 2.0 Hz.
In Figure 1.3(b) the maximum amplitudes are shown per station, as observed on the radial component.

Figure 1.4(a) shows the P-phase and subsequent arrivals for an earthquake in Italy. The response has
less signal-to-noise than the previous two. However, due to the proximity to Groningen, the higher
frequencies have not yet been attenuated and a frequency band between I and 6 Hz could be taken. The
first arrival is primarily on the vertical component, however much of the subsequent arrivals are also
well recorded on the horizontal components. In Figure 1 .4(b) the maximum amplitudes are shown as
observed on the transverse component.

Figures 1.2-1.4 show a systematic maximum amplitude difference between the different networks. The
G010-G700 network records, on average, only half the amplitudes of the B-network. The G710-G800
network, on the other hand, records on average twice the amplitude of the B-network. The amplitudes
of the broadband stations are closest to the ones recorded by the B-network, though there is some
scatter from earthquake to earthquake.
All 3 components show the same systematic difference between the different networks. For the
horizontal component there is a larger spread in amplitude values within a network which could well
correspond to an expected larger spread in S-wave amplification factors than P-wave amplification
factors.

A disadvantage of using regional and teleseismic events is that the amplitude variations cannot be
studied for higher frequencies higher than about 5 Hz. As a remedy, we also select one strong local
event. For this local event we test whether the systematic differences observed in Figures 1.2-1.4 are
still present for frequencies above 5 Hz.

Figure 1.5(a) shows the maximum amplitudes recorded for the Zeerijp M3.4 event as function of
epicentral distance. The data is bandpass filtered between 5 and 18 Hz. In Figure 1.5(b) correction
factors are applied based on the earlier observation (multiplication by 2 for the G010-G700 network
and division by 2 for the 071043800 network). It can be seen that after applying the correction factors,
the maximum amplitudes show a natural decay as function of epicentral distance, irrespective of the
network used. NEO18 remains an outlier due to its large distance from the epicenter, which is located
within the B-network (Figure 1.1).

In the above a systematic difference could be seen between the 3 accelerometer networks, irrespective



I

of component used. The systematic difference could be observed between 0.1 and 1l Hz, without
notable frequency-dependent variations. for all 3 networks the same accelerometers are used, but
different dataloggers. Hence, the (bidden) settings in the different dataloggers are currently the prime
suspect for further investigation.
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Figure 1.3: Recording ofan Sphase over Groningen due to an earthquake in Mexico; (a) its 3-
component response in the time domain and (b) the maximum amplitudes on the radial component. The
stations are atphabeticatty otdered and color-coded on network (Figure LI).
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Verzonden:

CC:

_____ _____

Onderwerp:

Opvo(gingsma rkering:
Markeringsstatus:

Dear

Thank you, first of al[ for your swift commitment to resolve this issue, which ss crucial and very urgent for us!

Also, thank you for the detailed and interesting discussion of your analyses which 1 wilt now gratefully include
in the report! Your application of a correction factor is interesting: of course we will need to determine the
correct instrument traflsfer function to accurately correct the records. I hope this will be relatively
siraghtforwarU and an cutcome of the work i and pare carrying out at the moment

I am looking forward to receiving results of that work as soon as possible, even if not today - the meeting is on
Friday next week so I am grateful f I receive any information you gather by Thursday so that I can incorporat€
it in the presentations in timet

Best wishes,

Van:

Aan:

ri rnvestigaticn on .. _:ences between B- and G-n.twcrk records

Opvolgen
Voltooid
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We are Investigating the issues on the settings of the different stations.

We locked at the software settings at one B and one 6 station and for the episensors these are equal. However, in the

episensor manual there is one line explaining that the software setting should be equal to the hardware setting through

jumpers at the electronic boards. Today we opened one of the sensors and looked at the jumper settings. These were

ok, but somehow there may be several badges of episensors delivered with a different setting. This should be checked in

the field, but it would be strange if the default settings have been changed over time without a notice.

We will continue to look at this issue, but I am not sure if we could have a definitive anver before the end of the week.

I will keep you informed

Regards

Subject: RE: rences betwen8-a._ — rc records

I.
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fr

Thanks for getting back to me and for efforts you are making to look into this issue. I understand that it may be
challenging to have a definitive answer before the end of the week but please do let me know of anything you find. The
evidence for systematic differences between the G-stations and 8-stations seems compelling, so it will be very helpful to
finally resolve why this arises.

Best wishes,

Van:
Verzonden;
Aan:
cc:
Onderwerp:
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k33
8, 2018 at 1:21 AM PDT,

I was wondering some things, in configuring Granites, Basalts and Obsidians.



I

ft is mainly about the hardware.cfg file. For some reason, please do not ask me why, these tlings

happen over time t©] , my hardware.cfg file is not the same for all my stations. This also results in

different tesufts for the actual acceleration values, measured in tlie field. All sensors are

episensors from kinemetrics and all digitzers are either Granite, Basalt or Obsidian.

See betow a part of my hardware.cfg files, and the differences (mainly in the “Epi” parmeter

settings.

# Basalt + episensor

digi ch1 .AItitude=O
digl chl .EpiRange=1
digi .chf .EpiGain=2
digi .chl .SensitivitylO.O
digi .chf .Id=HGZ
digi .chl .EpiCalCoil=O.05
digi .chf .Damping=O.7
digi .chl .SensorType=32 0
digl.chl.Gainl
digl.chl .Naturalfreq=200
digi .chl .OffsetUp=O
digi .chl .OffsetNorth=O
dig I ch 1. FulJScaleADCCounts=8388608
digf.chl .SensorSNO
digl.chl .OffsetEastO
digi .chl .Azimuth=O
UEgf.chl.FuIlScaIe=20.O

# Granite + episensor
digi .chf .OffsetUpO
digi .ch1.SensorType32
digi .chl .SensitMty=J 0
dig 1.chl .OffsetEast0
digi .chl.StationCode=G050
dig 1. ch I. FuliScaleADCCounts=8388608
digf.chf IdHGZ
dig 7 .chf FullScale=20. 0
digi .chf .OffsetNorth=0

# Obsidian + episensor
dig I .ch I ,OfsetUp=O
dig I chf Phys. FullScaleADCCounts=8388608
digf.chl .Phys.FullScale2O.O
digi .ch 1 .Phys.OffsetUp=0
Uigl.chl .AzimuthO
dig tchl .SensorType32
Uigl.chl .Sensitivfty=1O.0
dig I.chl.Phys.Gain=1
digi .chl .OffsetEast=0
digi .chf .StationCode=G800
dig I .ch I .FullScaleADCCounts=8388608
digi chi .NaturalFreq=0

2



dig.1.ch1.Gain1
dig1ch1 .EpiGain=1
digi .chl .Phys.EpiCalCoil=O.05
digi ch1 .Phys.OffsetNorth=O
digf .chl .PhysDamping=O
digi .chl .PhysSensorType=32
dig I .chl .AltitudeO
dig I ch1 .IdHGZ
digi .chl .EpiRange=J
digi .chl .Phys.Altitude=D
digi .chl .Phys.EpiRange=1
digi .chl .FulIScale2O.O
dig I.chl.Phys.Sensitivity=1O.O
digi .chl .Phys.OffsetEast=O
digi ch1 .Phys.NaturalFreq=O
digi .chl .SensorSN=0
digi .chl .Phys.Azimuth=O
digi .ch1.OampingO
digi .chl .Phys.SensorSNO
digi .chl.OffsetNorth=O
digi .chl.NetworkCode=NL
digi .chl.EpiCalCoil=O.05
digi .chl .Phys.EpiGain=1

•1 W)

As you can see, there is a lot of surplus settings, from which a lot will most likely have no effect on
the measured amplitude at the side, but some might (EpiGain for example)

Can you tell me what the actual differences are, comparing amplitudes with the above settings, in
other words, is there a expected factor between the different apmlitudes due to the configuration?

Hope my question is a bit clear. II not, please feel free to contact me....

ismology and Acoustics

Royal Dutch Meteorological Institute
Ministry of Infrastructure and Water Management
Utrechtseweg 297 J 3731 GA I De Gilt I the Netherlands
P0 box 201 I 3730 AE I De Bilt the Netherlands

Warm regards,
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KNML)
Thiändag 8 oktober 2018 14:36

L). df;et Li.en - and G network records
amplitude..differences.doc

Dear

I hope you had a fruitful discussion last week despite a lack of full clarity on the amplitudes.
Attached is a small update on the amplitudes from my side. The question remained how the G-network
geophones ft into the picture. Their amplitudes are consistent with the recordings from the B-network and
the broadband stations, see the new Figure 1.6.

Clearly this amplitude issue has also propagated into the Q model. I will update the mode! in a few weeks time
“hen this issue should be resolved.

This week is back in office. ay the end of the week we should know more.

Van:
Verzonden:
Aan:
cc:
Ond.rwerp:
Bijlagen;

Best regards,



Comparing peak amplitudes for tctescismic, regional and local cvcnts

In this Section we investigate whether systematic amplitude differences can be observed between the
different instrument installations in Groningen. We select only sensors that were installed at the Earths
surtice. It concerns the B-network, the G-network accelerometers and two broadband stations from the
NARS network (Figure 1.1). All accelerometers installed in these networks are Kinemetrics
EpiSensors.

610
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590

580

570

560

550

The 3-network is the longest existing and still operating accelerometer network in Groningen. In 2013,
most sites were provided with a 4-channel dataloggec (Kinemetrics Basalt). The remaining sites got the
same recording configuratIon in 2014 or2015.
The C-network accelerometers ate subdivided in two badges: I) G100-G700 and 2) G710-GR00. The
first batch is part of a borehole network. At each station there is one accelerometer and there are four
geophones at different depths. All data streams go to a 16-channel datalogget (Kinemetrics Granite).
The second batch concerns additional accelerometers that were added in December 2017, west of the
existing C-network. No geophones are present here. The datastream is going to 4-channel dataloggers
(Kinemetrics Obsid ians).

Recordings of local earthquakes in Groningen can be highly complicated. There may be large
amplitude variations from station to station due to radiation etTects, complex propagation effects and
largely varying site effects. Using regional or teleseismic arrivals, the amplitude variations arc less
complcc. For distant sources, the Groningen array approximately experiences the same source
radiation. Moreoier, a single phase can be selected that is consistently recorded over the entire array.
The main amplitude variations remaining are basin-scale focusing and defocusing effects and local site

•
G01O-G700

V G710-G800

V N1RS

200 220 240 260
figure Li: Locations ofseismometers in the Groningen area, at, or neoi the Earth c surface. The B-
network stations are mostiy located in small dwellings, whetvas G-nctwork and N.4R$ stations are
located in the fleW G-network accelerometers have beenfixed on concrete slabs. NARS’ stations are
placed on a concrete block chat has been mounted on top on a concretefloor ofa vault,
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Figure 1.2(a) shows the recording of a PKP phase over Groningen, due to an earthquake in Fiji. This is
a P-wave phase that traverses the Earth’s outer core before traveling through the mantle and crust at the
receiver side. Because of its steep angle of incidence, most energy of this longitudinal wave resides on
the vertical component (the red traces in the figure), but much of the subsequent coda is also recorded
on the horizontal components (blue and green traces in the figure). The data has been bandpass filtered
between 0.4 and 0.9 Hz.
Figure 1.2(b) shows the maximum amplitudes expressed in particle velocity. These are the maximum
absolute values as obtained from the vertical component and the time window and frequency band
shown in Figure 1 .2(a). Both panels in Figure 1.2 have the same ordering of stations. Due to the large
depth (558 1cm) and large magnitude (8.2) of the Fiji earthquake, the PKP arrival has high signal-to-
noise and is recorded with significant amplitudes in Groningen (up till about 0.6 mmfs).

Figure 1 .3(a) shows a teleseismic S-wave arrival due to a large earthquake in Mexico. The phase has
the highest amplitudes on the radial component. It has been bandpass filtered between 0.1 and 2.0 Hz.
In Figure 1.3(b) the maximum amplitudes are shown per station, as observed on the radial component.

Figure 1.4(a) shows the P-phase and subsequent arrivals for an earthquake in Italy. The response has
less signal-to-noise than the previous two. However, due to the proximity to Groningen, the higher
frequencies have not yet been attenuated and a frequency band between I and 6 Hz could be taken. The
first arrival is primarily on the vertical component, however much of the subsequent arrivals are also
well recorded on the horizontal components. In Figure 1.4(b) the maximum amplitudes are shown as
observed on the transverse component.

Figures 1.2-1.4 show a systematic maximum amplitude difference between the different networks. The
G010-G700 network records, on average, only half the amplitudes of the B-network. The G710-08U0
network, on the other hand, records on average twice the amplitude of the B-network. The amplitudes
of the broadband stations are closest to the ones recorded by the B-network, though there is some
scatter from earthquake to earthquake.
All 3 components show the same systematic difference between the different networks. For the
horizontal component there is a larger spread in amplitude values within a network which could well
correspond to an expected larger spread in S-wave amplification factors than P-wave amplification
factors.

A disadvantage of using regional and teleseismic events is that the amplitude variations cannot be
studied for higher frequencies higher than about 5 Hz. As a remedy, we also select one strong local
event. For this local event we test whether the systematic differences observed in Figures 1.2-1.4 are
still present for frequencies above 5 Hz.

Figure 1.5(a) shows the maximum amplitudes recorded for the Zeerijp M=3.4 event as function of
epicentral distance. The data is bandpass filtered between 5 and 18 Hz. In Figure 1.5(b) correction
factors are applied based on the earlier observation (multiplication by 2 for the G0l0-G700 network
and division by 2 for the G7 I 0-G800 network). It can be seen that after applying the correction factors,
the maximum amplitudes show a natural decay as function of epicentral distance, irrespective of the
network used. NEO1S remains an outlier due to its large distance from the epicenter, which is located
within the B-network (Figure 1.1).
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In the above a systematic difference could be seen between the 3 accelerometer networks, irrcspective
of component used. The systematic difference could be observed between 0.1 and 18 Hz, without
notable frequency-dependent variations. For all 3 networks the same accelerometers are used, but
different dataloggers. Hence, the (hidden) settings in the different dataloggers are currently the prime
suspect for further investigation.

A question remaining is how the amplitude level of the geophones fits into the picture. To investigate
this, again we take the same PKP arrival as was used in Figure 1.2. For the small frequencies (long
wavelengths) there is only a minor difference in free-surface, amplification and anelastic attenuation
effect over the different depth levels. Consequently, amplitude levels are expected that are similar on
the geophones and accelerometers.

Fig. 1.6(a) shows the Fiji PKP arrival on all depth levels of one station. It can be seen that the
geophones record similar amplitudes. However, the accelerometer (upper trace) shows amplitudes with
about half the expected level.
Fig. 1.6(b) shows that this effect is present over the entire 0-network. The amplitudes on the GO 10-
0700 accelerometers are only half the amplitudes of the GO1O-G700 geophones. This makes the
amplitudes on the geophones consistent with the amplitudes on the B-network and NARS (Figure
l.2b).

In summary: likely the amplitudes on the 0-network geophones, the B-network and NARS are fine.
The amplitudes on the G010-G700 accelerometers are only half of what is expected. The amplitudes
on the G7l0-G800 accelerometers are twice the expected level.
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CC;
Onderwerp:
Bijiagen:

Opvelginsmarkering:
Marker nsstatus

Dear

Thank you for your message and for your interest in pursuing this issue, which we are realty keen to see resolved. I
attach the slides that were shared with the NAM hazard R risk team (together with an agreement that the information
wilt be treated as entirety confidential until such time as there is both a solution and an agreed strategy for
communicating the updated information). We fully agree that the evidence that demonstrates that the surface

eterographs of the 6-stations are yielding amplitudes that are tower than those from B-stations and ThO-stations is
compelling (see slides 8-13). Regarding the issue of whether or not the borehole geophones at the 6-stations are
yielding the correct amplitudes is another question. Your Figure 1.6 strongly suggests that the problem is only with the
6-station accelerographs in so much that they are tower than those from the borehole geophones, but we stsll suspect
that there is a problem with the geophones as well--see slide 15 which shoeis motions transformed to the N$_8 using
amp factors from the surface and from 200 m depth (the former being for outcropping sites, the latter for within-
column conditions). These amp factors are, of course, subject to some uncertainty but the plots on the bottom right-
hand side of this slide suggest that the G4 stations do have a problem, albeit slightly less pronounced than the G0
stations. If the G4 instruments arc OK, then we need to find another explanation tor the downwards trend in the 6MM
as we started to add in the events dominated by 6-station recordings, which might be simply what is stated on slide U6
or a consistent reduction in stress drops.

Va.v
Verzonden:
Arm:

E. d. :erences between B-- and G-network records
Differences between B-station and 6-station recordings.pdf

Opvolgen
Voltooid

Best regards,



Meeting on the 2019 Hazard & Risk Model
World Trade Centre, Schiphol Airport. Amsterdam, Friday October 2018

Differences between B-station
and G-station recordings
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Vi model ba5ed only on B-station recordings, from late 2014 G-stations contributing recording5
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f Cleat trend of decreasing average amplitudes over time I
ML2.6 Slochteren earthquake 27 May 2017
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I Decreasing event-terms confirmed by empirical PGV model I
For simple damage estimation and

screening of claims, a simple
empirical GMPE was derived for PGV

as a function of M1 and Repi, for
which the minimum magnitude was

lowered from M1 2.5 to ML 1.8
(and using surface recordings)
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I The TNO Household Stations as a Third Network
0

Recordings from INO household
network not yet used in GMM

derivation because about half of the
“35O instruments are installed at

higher than floor level

Geophones installed at ground level
in several of these houses to

explore differences but Rossingh
Geophysics only delivered the full

waveforms yesterday

I

0



C

Rather than waiting for nature to provide
recordings to check the influence of the
on-wall locations, the installation was

imitated on a shake-table test model at
LNECIn May2017

C

North wall

Acc. Geo.

Eastwa II

Acc. I Geo.

Wall ANf GNI AEI GEj

Base A 0NO AEO GEQ



Fourier spectra converge at frequencies < 15 Hz Response spectra converge r> o.og seconds
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Since PGV is found to correlate well with
spectral accelerations at 0.3 s for the

Groningen recordings, the results would
suggest that PGV values should also not be

influenced by the unusual installations
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More instruments instaHed for
second test at LNEC in Match 2018
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These tests also confirmed that

PGV values were unaffected by the
on-wall installation at the TNO

household stations

Time (s)

Cl

0

Consequently we can make
comparisons of the B-station,
G-station and TNO instrument

recordings in terms of PGV
(and also longer-period
spectral accelerations)
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Slochteren earthquake
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Conclusion: TNO = B-stations> G-stations

0

Comparable levels of motion from instruments installed in buildings, and lower
C) amplitudes from field-field instruments: could soil-structure interaction be the culprit?



I Soil-Structure Interaction at B-stations and TNO Houses?

It is possible that dynamic 551 effects related to the response of the houses in
which the B-station and INO instruments are installed cause amplification of the
motions, which would explain why these are higher than those recorded in the

free-field instruments of the G-network

e looking into performing some SSI analyses to explore if this is a
if so1 what would be the magnitude of the amplifying effect

If this is found to be the explanation, then it would have far-reaching implications for
GMPEs worldwide since strong-motion datasets are generally dominated by recordings
from within small (<3-storey) buildings; unless it is due to a unique combination of the

very soft soils and structural characteristics encountered in Groningen



J An Alternative Hypothesis

We opted to explore dynamic 551 in the B-stations and TNO stations as the
explanation for the differences because we automatically discarded the

alternative hypothesis of a field-wide calibration error for the 6-network

This hypothesis was rejected on the basis of the 6-network and B-network
both employing the same model of accelerograph and being operated by the

same seismological agency fKNMI)

In order to discuss the discrepancies and visit some of the stations, rv visited
f 17-19 September) and had very fruitful interactions with
nd colleagues that has shed new light on the issues



I Insights from KNMI Visit

1. The xml inventory supplied to the KNMI portal users for the correction of the
instrument response and the transformation of a record from volt counts to
cm/s2 included zero-pole-gain (transfer function) vatues not extracted from the
stations after their installation (i.e., the actual values), but the manufacturer
values; the data un the inventory were checked in 2015 for the B-network, due
to a malfunction in the gain of a station but no check until now for G-stations

2. The stations of the B-network, GOl -70 instruments and G71 -$0 stations were
built and installed by three different sub-contractors and use three different
types data-loggers

3. KNMI is riw looking into the instrument settings and will communicate their
findings as soon as possible



47

KNMI)

Van:
Verzonden:
Aan:
Ondrwerp:

It looks like all of these systems are using external EpiSensors that are set for a /-2OV range and
a Sensitivty of lOVfg, which would mean a 2g sensor (2OVf(lOVfg)=2g).

The only value that affects operation is the full scale range (of 20V), the others are alt notational,
allowing you to document things like Sensitivity, type, and location in data formats that support
those fields.

The EpiRange, EpiGain, EpiCalCoil values, etc are intended to reflect how the sensor is
t” configured and would correspond to the configuration of the sensor - including ts jumper
‘- configuration. Other than for documentation purposes, they will not affect the generated signal.

So in short, all of these systems should be producing similar data.

In general, these parameters and others are in the Rockhound manuaJ
https llwiki. kmi.cornlwikilimages/bIb7I3O47Q2S. pdf

The Basalt and Granite use the RockFrontEnd module. Its parameters are described on pages
1 10 and following.

The Obsidian uses the Rock2FrontEnd module. Its parameters are described on pages 140 and
following.

How would you rate my reply?
Great Okay Not Good

Re: hrcwarecfc

C
Best regards,



w

Hicrbij een gespceksverslag van de meeting die we afgelopen maandag gehad hebben. Graag jullie feedback indien
bepaalde punten verbetering en/of aanvulling behoeven.

MVE

0

Subject: gesprekversag meeting KNMI - NAM dcl 15-10-2018

a.,

[Page #J



1. Realiseren seismisch meetstation Middelie, wat is de mpact van de nabijh€id van de sneiweg (A7) en een
moge!ijk te piaaLen compressor op 60 tot 100 meter afstand op liet functioneren van het station

2. Status levering routers voor aangelegde en njeuwe stations (4 x Grijpskerk, VrLes, Eleveld, Coevorden-7, Gaag,
M idde lie)

3. Wat is de status van de seismische meetstations in Zuidhalland
4. Implementatie aardbevingslocahsatie met 1 meetstation en trigermechanisme
5. Hoe am te gaan mt onzekerheid in aardbevingslocalisatie, warden rapporten gepubliseerd
6. Update aardbeving locatie threshold kaart
7. Meetstation uptime registratie tool door NAM, is zelide brondata beschikbaar te maken voor de andere stations

in NC
8. W.v.tt.k

Ad 1
De positie die door NAM wordt voorgesteld iszeer dicht bij twee rusbronnen. Het voorstel is am een plek te kiezen bij
de non rdwestelijke ptmt van de praducti!ccatie. Volgens het KNMI neemt de ruis zeer snel af met aistand. Gezocht
wocdt naareen plek bij/op de westelijke zijde van de locatie Midd&ie 301. Tevens geeft een presentatie
over de prestatieverbeteringen van het netwerk wanneer een geofoon wordt geplaatst b MiddeIe. De onzekerheid diçAJ
door Shell berekend wordt wijkt af van de onzekerheld die door het KNMI wordt berekend. Alle partijen vonden het
nuttig am een benchmark test uit te voeren zodat iedereen weet welke aannames en modellen gebruikt warden in de
berekeningen. eemt hiervoor contact op mel actie Oak hettoevoegen van extra informatie zoals$
arrival en “back azimuth’ is besproken. KNMI geeft aan dat de snelheidsrnodellen die ze gebruiken beperkt 21jn en dat S
data lastig te detecteren zijn. Oak het resource problem hij KNMI speelt een grate rol bij het mogelijk standaardiseren
van deze campleere interpretaties NAM zegtalle huip toe bij hetverkrijgen van betere snelheidsmodellen het KNMI
heeft het liefst één groat snelheidsmodel van heel Nederland.

Ad 2
KNMI benoemtde problemen met e, maarerlijkt eendoorbraakwaaréén dezerdagen een nieuw contract
ondertekend wordttussen hot KNM1 en e zodat de routers binnenkortgeleverd kunnen warden. ‘dl de
voortgang controteren (actie De tijdelijke routers die zijn geinstatleerd functioneren net naar behorec, ec
komt geen data binnen bij KNMI. KNMI heeft bcidetvoor inzet van personeel vooronderhoud aan de meetstations,
maar als gevolg van organisatorische veranderingen is niet voldoende KNMI personcel beschikbaar om direct en
adcquaat op stonngen te reageren. Er is voorgesteld am eventueel eeo locaal bedrijf te
zetten die sneller kan acteren, tfldt hiervoor moet geoormerkt budget antlers ingez: --

C)Ad 3
De geofoonsensocs zijn inmiddels gearriveerd in Nederland maar de afspraken met Antea moeten nag worden gemaakt.
Verwachte oplevering zal Q2 2019 zijn. De locaties voor de geofoons zijn meet dan zes rnaanden geleden geidentifireerd
in samenwerking met KNMI, NAM en Antea. Nadat er een opdracht is verstrekt aan Antea zal andermaat gecontroleerd
moeten worden of de locaties nag bruikbaarzijn.

Ad 4
Het KNMI heefttwee triggers. Een event is detecteerbaarop het momentde uitslaggroteris dan de ruisop minimaa 2
geofoons teen standaard seismisch meetstaticn bestaat uit 4 geofoons in één boorgat en 1 accelerometer aan het
aa rdoppervlak). Een event is detecteerbaar op het moment het event wordt opgepikt door tenminste 6 geofoons wat
impliceert dater tenminste 2 stations nodig zijn. Voor het Gaag station ian NAM is afgespraken dat er een workflcw
gebmikt gaat warden waarbij het KNMI ieder.e werkdag rantroleert of r events gemeten zijn. Op het moment dat or
eon uitgebreider netwerk staat in Zuid-Holland zullen do normale procedures wear in werking worden gesteld.

Ad 5
Het KNMI za zich beraden over hoe am te gaan met gerelokaliseerde events. Vooraisnog is het KNMI voornemens om
een rapport op te stellen voor de grotere en speciale bevingen (over de definities hiervan moet nog uitsiuitsel komen)
mbt tie lokatieonzekerheid (zie voorbeeld Zuidlaren en Middelie) en deze te plaatsen op de KNMI website. Het
herpasftioneren van events in de database vergt meer discussie binnen het KNMI.

Agenda

[Pd go #J



Ad6
NAM vraagt cm een detectie en locatie threshold plaatje te vernieuwen na plaatsing van een nieuw seismisch
meetstation. KNMI zegt toe dit te doen en kaarten met datum te plaatsen op de KNMI web site (actie

Ad 7
NAM presenteert kort het werk wat uitgevoerd is door geomatics. KNMI zet dat voor alle Nederlandse stations data
beschlkbaar is, dus oak de stations buiten Groningen. KNMI heeft interne tools die inzicht geven in netwerk
performance en wijst op het bestaan van het Orteus data centre (https:/fwww.orfeus-eu.org/data/odc/) VoOr de data

quIity tools van Orfeus, zie ook https:/fwww.orfeus-eworg/data/cdc/uality/metrics/. KNMI laat weten dat de
meetstations een melding geven op het moment ze langer dan 24 our uit de lucht zijn.

AdS
KNMI heeft een mogelijke Inca nsistentie antdekt in de afstelliig van de ruisniveaus in de accelerometers. Dit betekent
dat de uitsagen van de verschiliende ersneltingsmeters niet met elkaarvergeleken kunnen worden wat in

werkelijkheid a ltijd gedaa n wordt.
Het KNMI vermcedt dat de B stations de goede uitslag geven, G1-G70 geven de halve amplitude en G71G8O geven een

dubbele amplitude. KNMI zal beaalde hardware settings moeten controleren alvorens verdere conclusies te trekken,

maar het is waar5chijnhijk dat dit gevolgen zal hebben voorgekalibreerde GMPE’s

[Page #j



ii
I hope you are welL I’d just like to follow up on this and ask whether there are any news ataH since outlast exchange
early last week. As you know, the outcome of this investigation is crucial and we are awaiting for any feedback/results
to plan our wort for the following months.

would also like to re-iterate what says in his e-mail; although your work on the quality of theeione records
has produced positive and encouraging results, we should be cautious to accept at this stage tha)t geophone recordc
are unaffected by whatever issues exist. Other than what is described by )elow, I am tfed that, if the error is ‘
related to the dataloggers and their settings (as you have suggested in previous comwnicaton) then they could affect
the geophone recordings tao, since the geophones and accelerogtaphs are all connected to a single mufti-chanrel
datalogger at each station.

Even if the geophone records are affected only by a very small distortion, with the public attention that our work has, it
i necessary to accurately know what that Is to then decide how we handle it. Therefore, the investigation on the quality
of the geophone records is still just as important and necessary.

Best regards,

To:
Cc:
Subject: RE: differences between B- nd C-network records

- 4

4
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Hallo C

Hierbij tie Iij5t met serients die k van vd Heide heb ontvangen. Kun iii hier zo verder mee?

Verzonden: woensda 10 oktober 2018 14:20:45
Aan:?
Onderwerp; Granites data sheets

‘It,

lasfige traag. maar ten tijd van de 1eering ai; de harth are van Kinemtrics: ordt er per sensor en
datalogger documentatie ineege1eerd. speciilek oor de bestetde apparattttir. Weetjij zo. of kurije

—7

eh even contact gczocht met Kinemetrics over die datasheets. 1k kan ze van heii krijgcn, rnaar daar hcb 1k
de serienuttuners cati de episensurs voor nodig (4 cijfers). Deze staari ats bt gued is op “shipping
documents” dieje gekregen hebt van Kinemetrics. Enige kans datje deze wel boven water kan knjgen??

Van

1



achterhalen. of dew papieren nog ergens zijn en zoja zouden we die dan kunnen krigen?

IL weet bet. nogal laat

Alvast bedanki.

\0

Seismologist R&D Dept. SeismoIog and Acoustics
Ru’ al Dutch Meteorological Institute
Ministr) of Infrssncture and Water Management Utrechtseweg 297 3731 GA Dc But! the Netherlands
P0 )1 3730 e\E Dc Wit the Netherlandsr -

0
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Van:
Verzonden:
Aan:
cc:
Onderwerp:

It has taken some time, but finally same news to share concerning the amplitude issue. The assumption had
been made that all Epi5ensor accelerometers had come with the same factory settings. Forthe B-network
these settings had been checked carefully. For the newer stations, these settings had just been copy-pasted.
Recent work has turned out that the newer acceterometers have come with different jumper settings.

We have been to the field and collected an EpiSensors from the Bnetwork, the G01O-G070 network and G71-
6800 network. We opened up these sensors to check the jumper settings, which yielded;

[“i: 10 V output, 4 g range and differential output
b220 : 2.5 V output, 2 g range and differential output
6780 : 10 V output, 2 g range and differential output

As a consequence, the total sensitivity for the instruments (including datalogger settings) is

B*: 213777 Counts/mfsA2 (‘“the same as currently listed in the metadata).
6220 : 106888 Counts/m/s’2 f half the value that is currently listed in the metadata)
G780 : 427554 Counts/m/s”2 t twice the value that is currently listed in the metadata).

To fix this amplitude issue for past data, it suffices to use the updated sensitivities as listed above. In
December, the station inventory will be updated to reflect the new insights.
Currently, the sensitivity for the 6010-6070 network is not optimal. For this network, also the datalogger
settings will be changed in December, to achieve the same sensitivity as for the G?1-G$00 network (427854
Ccuntsfrn/s”2), These changes will be reflected in two stages in the inventory data. One stage for all data
prior to some date in December. And one stage for all data beyond that date.

make absolutely sure that the new settings yeId an exact ground response, we are running an A/B test in
the Bilt. Here we check whether the Epi5ensors from the different networks, using the updated 5etting5, give
the same ground response as a broadband station.

For the Epi5ensors we opened up, we requested the datasheets at Kinemetrics. These datasheets list the
factory settings, The datasheets confirmed the jumper settings we had found on the boards. In the meantime
we got from Kinemetrics datasheets of almost all Episensors we have in the field. These allow us to fix also
settings of EpiSensors that were installed outside Groningen. This fix will happen on the same day in
December.

The exact day that we Implement all the changes has not yet been decided. This we possibly can discuss at
Schiphol on November 30.

Thanks for sharing the WTC presentation with us. It has now also our attention to do another check of the G
network geophones. Fortunately, we have reliable sensors in place to act as a good reference. Since a few
months there are 5T55 broadband sensors at 100 m depth at stations 622, 639, G56 and 664. Their noise and
transient recordings we will compare with those of 6222, 6392, 6562 and 6542.

‘KNMIJ
ovember 2018 14:39

Re: differences between B- and G-network records

1



I

I am very grateful for your message and that you have managed to pin the problem down — well done! This is great
news and allows for progress to be made tam very happy about the fact that cur effors are having results!

To avoid any confusion or misunderstanding and to confirm that we are on the same page 100¾, I think it is good
practice to summarize here what out understandtng of your message is:

You removed the accelcrographs from stations G220 and G780 as examples of arrays 601-70 and G71G8O. You found
(‘ t the jumper settings inside the accelerographs were different to each other and to the jumper settings of B-network
acceterographs, hence the same gain settings would actually result in different sensitivities Therefore, we are observing
dffcrcnt amplitudes because we are applying different ensltivities from the actual ones Since the jumper settings are
factory settings, then, by extension, what is true for 6220 is true for al of the GO1-G70 array arid what is true for 6780 is
true for all of G?1-G80 and you have confirmed that by accessing the factory settings of each station from the
datasheets provided by the rnanufactirer. The actions you will take are change the gain settings because these are not
optimal and apply unform gain settings for all 6-stations. Also, produce a new metadata inventory which includes the
correct gain settings up to now, and the new settings for records after the charge. This action will take place sometime
in Decemhr. We can now use surface records produced up to now if we apply the Correct gain setting. You will also
now make comparisons between records from the geophones of four level-2 stations and some of the new broadband
stations to determine the validity of the geophone recordings.

Please correct me if t misunderstood something somewhere or confirm

Van:
Verzonden:
Aan:
CC
Onderwerp:

I

between B- and 6-network records

Best wishes,



i’z.

Hereby! confirm you made a good summary
I used total sensitivity’. I am not sure whether this is a well defined term. It corresponds to ‘scale’ in a fdsnws
convention, see fur example
http:ffrdsa knmi.nI/fdsnws/station/1/guery?network=N L&staticn=G220&Ieveltchannel&format=text&nodata
4O4
This scale is the combined effect of gain, sensor sensitivity (V/m/s”2) and A/D settings fCounts/V).

(t regards,

-
-

Ver%onden:
Aan:
CC:
Onderwarp:

N MI)

!nces between B- and G-network records
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Vane
Verzonden:

Thank you so much for sharing these results. lam very happy to see that your detective work has identified the issue
very clearly and lam also pleased to see that the steps need to correct the data from the surface acceleragraphs of the
G-stations are very straightforward. This is all positve.

In light of this information, there are two thingc that we will address as a matter of some urgency. The first is to re
trive the empirical PGV GMPEs that were obtained from direct regression on surface recordings and which NAM are

currently using for control of damage claims (and since the predicted amplitudes will now go up, this is something that
needs to addressed carefully). The other issue is the correlation between ML and Mw, which I heev alsn made use of
the surface recordings from the 6-stations. I will forward the information you have provided to ow and
we can then discuss how to take it forward when we meet in Schiphol on 30 November.

I also appreciate that determining whether the calibration of the G-station borehole instwments is correct is more
challenging since the geophones cannot simply he taken out in the same way you have done for the accelerographs.
However, this is a critical question for us since we used the 200 m (G’4) recordings to derive the GMM. The co-located
borehole broadband instruments sound ike a fantastic tool to allow the exploration of this issue, and we will be
awaiting the outcome of these investigations with great interest! Maybe you will have some news for us on 30
November

Best wishes,

Aa n;
cc:
Onderwerp:

Opvoigingsmarkerinq: Opvolgen
Markeringsstatus: Voltooid

nces between 8- and G-network records

t .flrnrI



Dear

Please treat this information as confidential since it is obviously sensitive and its diffusion will need to be
handled carefully.

As you will see from m.iil below, KNMI have now determined that the calibration of the 6-station surface
acceierograph5 that has used until now was incorrect, with the result that all surface recordings from stations
6010 to G070 need to be doubled whereas those from the stations G0710 to G800 need to be halved. I presume that
this will have implications for the derivation of seismic moments that underpinned the MI-Mw relationship reported in
the SRI paper. It may be that an erratum will be needed it this changes the conclusions?

and will both be at the Schiphol meeting on 30 November, so we can discuss this when we meet, but I
aited to gwe you a heads up so that you might be able to have a look and see what kind of impact it might have ahead

of that date.

KNMI are stilt investigating whether or not there are also issues with the borehole geophones (which we used to derive
the GMM).

Best wishes,

II

Van:
Verzonderi:
Aan;
cc:
Onderwerp:

fKNMI)
erencr’ between B- and C _:: records
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Thanks for the information — which wilt be held in confidence. I’ll certainly took into the impact of this on the M-MC
work —although the stations used byl are probably more relevant here — it is not clear reading the paper which
were used. But I seem to recall that all surface B and G stations were used when available. The values I calculated were
used to compare against those determined by I and showed a good degree of similarity — so I will check what
stations I used there and if there is any impact.

Could or
conve on:

______

please confirm which 6 Stations are effected as could not follow exactly the numbering

Currently, the sensitivity for the 6010-6070 network is not optimal. For this network, also the data logger settings
wiN be changed in December, to achieve the same sensitivity as for the G?1[Qj?-G500 network (427854
CountsfmfsA2). These changes wilt be reflected in two stages in the inventory data. One stage for all data prior to
some date in December. And one stage for all data beyond that date.

Ff1 recall the last digit is for the geophones (indicating depth) — so all surface stations here are ending in 0. So the abovc
indicates 6080— 6710 are OK? This comment would indicate it is not so:

• 6220 :106888 Counts/m/s2 f’ half the value that is currently listed in the metadata).

Therefore a table with stations, sensitivities and effect (e.g. x2, xO5) with respect to the B stations would be very
useful.

Thanks and best wishes,

.. ..—— —.. t..... •,..,... .,

Van:
Verzonden:
AarE

Qnd.rwerp: 6-network records
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Van:
Verzonden: woenr-’-- ‘4_noverrber 2018 06:03Mn:
CC:

Onderwerp:
Bijlagen:

Hi

For efficiency and clarity, my.responses are within your message in red.

Cheers,

ram:
nt: 13 November 2018 23:27

LL ?-/

Thanks for the information — which will be held in confidence. Thanks as you can easily appreciate there are plentyof people who would be more than wilting to make a fuss about this issue so we will want to have a clear strategy aboutthe impact and responses before the information goes public. I’ll certainly look into the impact of this on the M-MCwork — although the stations used by are probably more relevant here — it is not clear reading the paper whichwere used. But I seem to recall that all surface B and 6 stations were used when available. The values I calculated wereused to compare against those determined by and showed a good degree of similarity—so (will check whatstations I used there and if there is any impact.

C ould please confirm which 6 stations are effected as I could not follow exactly the numberingnvention:

r Currently, the sensitivity for the G010-G070 network is not optimal. For this network, also the datalogger settings willbe changed in December, to achieve the same sensitivity as for the G?1[O}?-G800 network (427854 Counts/m/s”2).These changes will be reflected in two stages in the inventory data. One stage for all data prior to some date inDecember. And one stage for all data beyond that date.

If I recall the last digit is for the geophones (indicating depth) —so all surface stations here are ending in 0. That iscorrect, and there were two separate phase of 6-network installation, G01-670 and 671-680, as indicated in Figure 1 inthe attached (which I taken from a document prepared at the early stages of the investigation). So the aboveindicates GOBO — 6710 ace OK? No, they are not OK because there are issues wfth the accelerograph sensitivities and thedata logger settings. This comment would indicate it is not so:

- 6220: 106888 Counts/mfsA2 f” half the value that is currently listed in the metadata) . The attached Figure 2, alsofrom shows what he and have now confirmed: 601-670 surface stations are too low by a factor of 2,671-680 too high by the same factor. The figure shows vertical component PGVs from a Fijian earthquake (yes, theisland in the South Pacific) and the conclusion of the KNMI investigation confirms what would be inferred from this

erences between B- and G-network records
Groningen surface networks and calibrations.pdf

Hi

Subject: Re: c rences between B- and 6-network records

plot.



Therefore a table with stations, sensitivities and effect (e.g. x2, xO.5) with respect to the B station ould be very
useful. I think the attached and this explanation should make this unnecessary. I am copying f in to the
message since he wI now be updating all the database used In the 6MM Uerjvations and you lay wish to liaise with
him if needed.

Thanks and best wishes,

.-... .3.•.•

‘1.
•

Dr’
Department of Earth, Ocean and Ecological Sciences
Univrsfty of Liverpont
iverpaci V ‘

I -
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Onderwerp:

Hi

Many thanks for the clarification. It was the mixture of station formats in I andi s email that
confused me as it was ncted “Current’y, the sensitivity for the GO1O-G07 not optimal, which shou’d
clearly be GOlO to G700(orGOl to G70 if dropping the depth inUcatnr).

So agree that this does not need a table as it is pretty simple after alt.

Best wishes,

4

Van:
Verzoeiden:
Aa n:
CC;

Re: differences between B-and G-network records
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‘:

Hi All,

Sorry for the few typos in our email. Thanks to Ifor noticing these and thanks to Julian for providing the
healing.
I just got the metadata for the new broadband stations. Within a few days there should be clarity on the
amplitude settings of the geophones.

Best regards,

1Van:
Verzonden:
Aan:
CC:

Onderwerp;

(KNMI)
november 2018 0954

._s betveen B and i-network records
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CC:

Onderwerp:

Than

______

I took forward to hearing about the outcome of your vestigations on the geophones. Best wi5hs,J

I

Van:
Verzonden:
Aa n:

woensdaq 14 november
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Voot NCG ben 1k bezig met cen i’apport over tiftmeters. We moeten ook lets zegen over hoe de data vergelijken met de door jullie
gemeten accelerometers van het G netwerk, dus de oppervlakte sensoren. Wear kan ik de peciticatles van die accelerometers
vnden? Wat 1k nodig heb is het type sensor, meetprincipe, frequentie, amplitudebereik en tie nauwkeuriheid.

k hoop dat je die informatie veer me hebt of kan aangeven waar 1k het kan vinden. 1k ken het niet vindn in Ground Motion
Model report, waar het netwerk fkou) In besdreven wordt. En oo niet in het artikel van Hofman et al (201

Met vriendelijke greet,

]Lroi<pr

[Cogo]<hpjCjwwd c tares.comj>

www.deltares.com<httI3:/Jv ww. d eltirc’s.com/>

Postbus 177
200MH Deift

[DeItre; TwitterJ<jfjy//www.twittec. com)deltares>

[Delta res Linked InJ<http:/fwwwiinkedi n.com/company)217430

(Deltares Facebook]chttps://www.facebopk.cpm/pagcs/Deftares/154189334634001>

C

(KNMI)
erometer in G station netwerk

T

E

2



Beste

Eedarikt. EDit is precies wt ik nodig had.

Met vrienfeiijke groet,

- -

,

Dettares
www.deltares.com

Postbus 177
2600 MH Deift

PIeas consider [1w nvironmen hF m pcinhn thic rnail

In Groningen hebben we overet hezelfde type acl&erorneterstddn. Het zijn Episensor fBA ES-T instrumenten vn Xlnernetrics,
Bijgesloten is een handIeidin van deze sensoren. Mucht je jets niet kunnen vinden, laat het weten

Groet,

mber 15, 2018 4:14 PM

Subject: RE: type accelerometer in G station netwerk

-----0riainl Messpe---

From: {KNMII
Sent: Thursday, November 1
To:

5ubject: R: type accelerometer in G station netwerk

Bestr

1



1’

C ateyorieën:

Allen,

1k wil even terug komen op ons gesprek van rnandag 15 oktober en de status van de actiepunten (hicronder bet
gespreksver;Jag).

Onder punt 2 hebben we gesproken over de in de laatste 18 maanden aangeIede seismische m-eetstation5.
Cm de statiuiis te plaatsen is veci getd uitgegeien, de ctations zijn technisch gereed maar er is slechts 1 zichtbar op
14 II website. Ce stations zijn niet in d Iucht in verband met bet ontbreken van een via KNMI door’ te
leveren en te plaatsen router.
1k begrijp dat er issues zijn met de leverancier van de routers rnaar op 15 oktober hebben juUie aangegeven dat de
routers op korte terrnijn geleverd zouden warden.
Willen jullie aangeven wanneer de routers geplaatst gaan warden en de data gepubliceerd worth. 1k stel voor om dit
voor 15 decen,ber 2018 Eeregeld te hebben.

Met flet per 15 december 2018 in gebruik nemen van de stations zou oak de update (agenda punt 6) ocatie threshold
kaart gedaan macten worden.

unnen juIJe een status update geven van de punten
4. Implernentatie aardbevingslocalisatie met 1 meetstaticn en triggermechanisme
5. Hoe metde onzekerheid in aardbevTngstocalisatie wotdt omgegaan,
8. De mogelijke inconcistentie in de afstelling van de ruisniveaus in de accelerometers.

Van:
Verzonden:
Aan:
CC:

Onderwerp: RE: gesprekvetslag meeting KNMI -

Yellow Categocy



Van de cntr tma:iagr vn hot KNMI mbt e hebben we vernomer dat het contract met
1 I door hot

KNMI is getekend en dat het vachten is op
Hij verwacht dat’ e begin december dit ook afgerond heeft. Omdat we bier a! zo lang op wachten en wij niet
zekec kunnen zijn van de levering van
ullen we op korte ternhijn andere routers configureen en brengen naar de rneetstations die nog niQt aangesloten zijn.

zatdit doen en zorgen dat nrzcm, maar in elkgeva!voorl5decembcc, een conncctie emaakt is.

Van het ljstje van stations (email 18 oktober) geldt volgens ons:

Grijpskcrk: 2 van de 4 statiois kornen real-time binnen, dus er ontbreken nog 2 routers
Vries: touter is geplaatst, maar is niet bereikbaar— wodt opgelost
Eleveld1 Coevorden, Gaag: router moet worden geplaatst
Middellie: wij hebben nog geen informatie gehad dat de geofoon’s al operationee! zijn. Graag eon update

Voorlopig gaat hot this over 5 routers.

De updato van tie loLatie treshold kaart kan snel gemaakt worden als alle5 operationeel is. 1k kan hetook deze week
maken voordat de stations formeel operationeel zijo.

4.- Wij hebben besproken dat per dag voor hetboorgatbi Gaag eon procedure kar wordea npgostart woarin trggnrs
warden bekekon voor a]le levels.

Dat kunnen we doen zodta de data binnenkomen.
(Dover dit ondcrwerp hebben we roccnt nag in bet TPA gezegd dat we zo sn&riügelijk rid en mogolik schade
vcroorzakcnde beving fM>= 2.0) standaardcapportages

zul!en makn. Er is nag geen beslissing genomen over de database.
8. Er is voortganggoboekt aver de verschillen in de software/hardware setting van de gain op do 2ccelerometors.

Er z ‘en gede’ecteerd en wij zijn bezig met eon sen;or test orn dit te verifiëren, Hierover hebben we overleg

1k wil graag afsluitea met eon pocitief bericht:
Alle opdrachten voor de instaflatie van het netwerc in Zuid Holland zijn uitgegaan en wijverwaciten dat afle apparauur
voor hot &nd van hot jear
geleverd is (dataloggers/dLcelelorilelers zijn a! binnen. 00k do pdracht voor do installatie van de 5 boorgatstrings is
aen Antea gegevea.

Van:
Verzonden:
Aan:
CC:

fICNMIJ;
Ondeiwerp: RE: gespr

Categorieen: Yellow Category

(KNMI)
(NM1 - NAM dd 15-10-2018



Updated Empirical PGV ModeLpptx, Short Note on impact of Gain in M calculations pdf;
amphtudesppt

Opvolgingsmarkering: Opvolgen
Markeringsstatus: Voltooid

Gentlemen:

Attached are presentations from this afternoon’s meeting. The conclusions from the discussions are as foUows

1. The G-station accelerographs dd have a gain problem, which has been rectified in terms of Identifying the
corrections needed

2. The Impact of this change on the empirical PGV models is very minor (see attached presentation 1)
3. The :h in the instruments seems not to have a significant impact on the ML-Mw for M>25, but

t confirm
4. The ch3nge is likely to after the ML-M relationship at lower magnitudes, which might warrant an erratum to

SRI paper
5. Agreement to make all information (including TNO network check) public in April 2019, after completion of VS

GMM
6. The analysis of the 6-station geophones, including comparisons with the 100-rn broadbands, suggest they are

OK
7. V6 GM&1 derivation could use both G’0 and G’4 instruments to compare for consistency
8 4i11 provide updated Q values from borehole analyses in early January
9. V6 6MM working meeting at WTC Schiphol on 11-14 March 2019

Thanks to everyone for this meeting, which has been reassuring and brought great relief!

Best wishes,

Van:
Verzonden: vrijdag 30 november 201$ 17:2?
Aan:

Onderwerp:
Bajlagen:
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Short Note on impact of Gain in M calculations

Moment magnitude, M, presented in Dost et al. (2018) (specifically their Figure 6) has been
recalculated after accounting for incorrect gain reported for the surface G-stations, as noted
in an email frou -- (November 13th 2018). As a simple correction, data from
stations GOl to G70 have scaled by a factor of 2. Stations G71 — G80 were not used in the
original analysis, therefore not relevant here.

It should be noted that M calculated in Dost et al. (2018) were from two sources — the first
from Dost’s analyses and the second — primarily as a confirmation of those results — from
calculations using an independent method performed by It is the former upon which
the final conclusions were drawn (using a larger dataset) — namely that M = Mc for Mc> 2.5.
Therefore, the final Interpretation of the impact of the incorrect gain settings must come from
repeating Dost’s analyses. Nevertheless, significant insight can be obtained by looking at the
subset of data analysed by

Correcting the gain at stations GOl — G70 generally increases the observed magnitude of
newer events (which are increasingly recorded on those stations) (Figure 1). The effect is
more pronounced at lower magnitudes, presumably as these are more recent events, with a
higher proportion of records on the effected stations. The difference is up to 0.2 magnitude
units, but on average around 0.05 — 0.1 units. The larger events (M > 2.3) are generally
unaffected by the changes in gain (since they were not, or tess widely, recorded on these
instruments). It is noted that the impact on the geometrical spreading function is small —

otherwise this may have affected the interpretation of M for the larger events, despite not
being recorded on problematic instruments.

y = O.9489x + 0.151

Cl
.E. 0.25 yx.O.0511x+0.151
2O

15 20 25 3’ 35 10 35

Miuld) MCoId)

Figure 1. Comparison between M calculated before and after correction for incorrectly listed
gain. Left: M versus M, with the 12 best fit indicated. Right: deltaM versus old M.
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I can imagine that like all of us you’re caught up in the mad rush to finish many things that seems to descendon everione at this time of year, but I want to appe& to you to please find a little time, if at all possible, to
look into the impact of the Gaccelerograph calibration issue on tie ML-Mw relationship for Groningen. There
is no hie tush to publish an erratum to the SRL paper regarding the change at smaller magnitudes, but when
we initiate the derivation of the V6 model at the beginning of January, we really do need to know if it is
correct to continue assuming that for 25 and greater ML’Mw? To find out that we need to modify thi5 after
jbegin the derivation process would be a big problem.

Thankyou.

Dear

I



—

Please find enclosed a short note on the mdgnitude scaling. I went through all even:s and corrected the amplitudes for
the (3-network ccelernmeters
As expected, the new relation did not change the conclusions we made before. However, this has now been checked. If
you have any questions/comments, please let me know

Va ii:

Verzonden:
Aan:
CC:
Onderwerp:
Bijiagen: tL:I;le ;;;;ii



Magnitude scaling

in this short note the influence of the corrections for the gain of the accelerometers of the G
network is inve5tigated. Accelerometer data from the G-network statlon are used in the estimate of
the moment magnitude M. The first use of G-station data in the moment magnitude calculations is
at the beginning of 2015 (150111). Most of the calculations for 2015-2017 are based on a mixture of
accelerometers from the B-network and the G-network. If all stations used in the calculations are
part of the G-network, the maximum difference is 0.2 magnitude units.

Figure 1 show5 the originally published results (Figure 7 in Dost et al., 2018) with the additIon of a
quadratic relation based on the corrected data (q2r). For ML>2.5 there is no significant difference
between the quadratic fit to the un-corrected and corrected data. For Mc2.5 the deviation from a
linear relation starts at higher ‘dalues for ML for the corrected data compared to the uncorrected
data. The reason wh the larger magnitude events (M>2.5) are not significantly affected is related to
the fact that the majority of these events occur before 2015, while for mote recent large events a
combination of B- and G-network stations could be used.

— MML
— quadratic relation Gronlngen
— Munafo et al. 2016
- - Gruenthel et aL, 2009
- qr2

2.0
NI

Figure 1. Same as Figure 7 from Dost et at, 2018 with the addition of the new quadratic relation for
Gtoningen (qrt).



Figure 2 shows the corrected dataset with the same relations as In fIgure 1. The new quadratic

relation between M and Ml is: M= 0.05268 MI2 + 0.61113 ML+ 0.6680.

I

0

0

Mi

Figure 2. Same as figure 7 from Dost et al., 2018, now shown with corrected M values.



Va rv
Vpriol,dl2n:
Mn:
cc:
Onderwerp:

z

Thank you! This i a nice way to finish the week -thank you for making these checks and presenting the
outcome so clearly.

Whether or not the minor chne in the relitonshp at lower magnitude levels warrants an addendum to theSRL article I’m not sure— ni vlI have a view on that?

.vrelationship

injoy your weekend.



Aiweer even geleden dat we contact hadden. Voor een KEM project ste response (samen met Witteveen en Bos) maken
we weer dankbaar gebruik van de KNMI fdsn data. Hierbij ben 1k op een bijzondec reemd probleem gestuit:

.)Iopen september 1’eb 1k data voor het Froombosch 2016-02-25, M2A eventgedownload met obspy. En 1k heb deze
geplot over het KNMJ geomean vs afstands pot die 1k van jillie website heb geha aid. Dit lag toen nagenoeg over elkaar.
Zie plot I de zwarte kruisjes zijn van ons en tggen zo goed als op de blauwe stippen van jullie plot.

Afgclopen week heb 1k hetzelfde obspy script opnieuw gerund en daatmee deze data opnieuw gedown load van de
KNMI server. En nu lgen de resultaten niet langer over elkaar, zie plot 2. Veel sensors komnn no cen factor 2 hogeruit.

1k vraag me afwat alt veroorzaakt en heb het volgende onderzocht en geconstatcerd:
• De data in september 2018 was in ZNE nchting, de data in februari 2079 heeft aridere azimuth voor de N en E

kanalen. 1k heb deze geroteerd naar NZE met obsp, het verschil is klein fiwarte kruisjes vs, zwarte stippen in
plot 2)

• Het verticale kanaal voor sensors 6490 en 6500 is in de rotetie ongewijzigd gebleven en heeft een factor 2
hogere wdarde dan het verticale kanaal in de septenber data

• 1k dacht zijn de PAZ & instrument sensitivities gewijzigd in de tussentijU. Maar in ohspy verg&ijk ik die voor cen
paar stations/kanalen en zie exact dezeifde getallen.

Weetjij wat dit vetschil verootzaakt kan hebben? Is ermsschicn lets (out gegaan bij roteren van de data in de fri’

Met vriendelijke groet,

Onderwerp: vraag: verandering fdsn data?

[Page )



TNO Structural Dynamics

PJo 1: Gedowaload met fdsn op 10-9-2018__-

lot —

- I

x

10° - xxx

tx

10-1

100

distance 1km]

Plot 2: Gedownload met tdsn op 4-2-2019
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This message my contain nfotmat.cii that is not rnended tot you If you are not te addressee or if this niassage was sent to ou Oy mistake you are
requested to fnform tne sender sn dectc Lh messsgo TNO accepts no hsbiIity for the content of Ihts e-mail for th manner in which you i.ise It an tot
damage of any kiid resutri9 from :he risks irherentto the etectro* ttansmsstn of niesags
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I hope that you have each enjoyed a restful break over Christmas and that the New Year has begun well for
you. Thanks to some concerted work by some analyses conducted by delayed b theft of his
laptop) and an heroic effort from we are on target with the planned development of the V6 GMM
see list below. However, the critical path now is the updated Qjdamping model to be used in the Site response
models, so I am hoping that vill be able to report today (or early this week) on this issue so that we can
stay on track.

Best wishes,
2

- ‘.-c:- .-

-r

• i_•-

Subject: V6 task sequence - Review of progress



models, so I am hoping th vill be able to report today for early this week) on this issue so that we can
stay on track.’

Best wishes,

1. Finalise updated database of surface and 200-metre recordings fi ). Completed.
2. Database of rotated and processed borehole and surface Gnetwork recordings f . Target:

Completed
3. Conflrmation that new data confirms ML=Mw above M 2.’ ‘ ). Target: Completed
4 Updated Qvaluesfrom analyses of borehole reaor -- Target 7ianuaiy
S. Finalised modifications of site response Vs profiles j. Target: Completed
6. Update of damping values in site response profiles .Target: 10 January.
7. Calculation of full column and within-column TEs Target: 15 January.
8. Inversions of two sets of N5_B FAS for source, path & site •Target: 3 February.
9. Selection of stress parameter branches for NS_B motions ti_____________ Target: 6 February.
10. Simulated FAS and durations at NS_B horizon forsite response analyses f 1 Target: 12 February.
11. Initiation of STRATA runs to calculate AFs ( ). Target: 14 February. I

12. Calculation of full column and within-column station-specific AFs ). Target: 20 February.
13. Generation of response spectra at NS_B from surface & 200 m recordings f . Target: 25

February.
14. Simulated 5pectral accelerations and durations at N5_B horiton C Target: 25 February.
IS. Comparisons of NS_R response spectra tram two ‘ JoI records f 1. Target: 4 March.
16. Regre5sions for5a and PGV GMPEs at N5_8 horizon rarget: 11 March.
17. Calculation of residuals of Sa and PGV at N5_B horizoig_____ tt 11 March.
18. Full suite of voxel-specific AEs from site response calculations f. Target: 11 March.

DISCLAIMER: This message is intended exclusively for the addressee(s) and may contain confidential and
privileged information. If you are not the intended recipient please notif’ the sender immediately and destroy
this message. Unauthorized use, disclosure or copying of this message is strictly prohibited. The foundation
‘Sticliting Deltares’, which has its seat at Deift, The Netherlands, Commercial Registration Number 411 46461,
is not liable in any way whatsoever for consequences and/or damages resulting from the improper, incomplete
and untimely dispatch, feceipt and/or content of this e-mail.

I

2
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4 project. Memo regarding the anaIyss of records at S & G stations.

1



-

t3

1k stuurje hierbj een memo door die 1k gisteieri ontvhg van I hiemeewerkt aan de
5tudle KEMO4 Uat9 driven study on seismic structural fe-tures o Groninjeii ounci motions. Z ien
problernen met de records van de B-stations in Groningen

Op verzoek van ; van EZK stuur ikje deze memo flu a! door.

1k heb morgen een (Skype) vortnq esprkiq met Fugro or partners over dit project, waarbi dit
onderwerp en de uggesties vn ‘n zijn team oak besprokon zullen warden.
Hoogstwaarschijnlijk z1 er cp kote trmjn COnInct gezocht warden met KNMI herover.

1k stel voor dat we hier begin volgende week sowieso over bellen

Met vriendeljke groet

Gecsciertist

<imageOOl.png>



Hebben jullie inmiddels ets kunnen vinden?
C

W zijn oak nog eens verder gaan graven. Hi] Witteveen en bos hadden ze in juli 201? een set metadata gedownload
via de KNMI server en afgelopen week nogmaals. 1k voeg hier twee meta bestanden toe voor sensor G490. Daar is te
zien dat deze verschillen. Bijvoorbeeld, de instrument sensitivity bis ijna cen factor 2 veranderd. Oft is waarschijnlijk
de bron van de verschillen in de plotjes die 1k maandag stuurde. Teiens zijn erin defile aanwijzingen dat dit op 22
november 2018 h eeft plaatsgevonden

Voor zovet ik kan zien online is de oudere metadata nu niet meer beschikbaar in fdsn. craag horen we hoe we het
beste hiermee om kunnen gaan.

Hol

Groet,



•0

Categorieèn:

Beste

recentelijk zijn wij tot de ontdekking gekomcn dat de sensitiviteft van de accelerometers van de nieuwe

locates in in Groningen fGOl-G80) niet correct was weergegeven in de response informatie. Na calibratie is

deze aangepast en flu dus overeenkomstig met de daadwerkelijke setting op de sensor. Oft heeft uiteraard

gevolgen voor de gemeten acceleraties, dus oak de waa rden in de RRSM. Echter, wu hebben er voor gekozen

am deze waarden pas aan te pasen nadat de nieuwe versie van de MPE (met inachtneming van de niouwe

response) opgelevecd wordt. Op dit moment geeft de RRSM dus een anjuist beeld van de PG4 waacden voor

‘ingen uit het verleden. Dc reden am te wachten tot de nieuwe GMPE er is komt voort ult het felt dat de

huidige GMPE berekent is met de data met “onjuist&’ repsonse infotmatie, wat uiteraard ook weer gevolgen

heeft voot de RRSM en de shakemaps. Naar verwachting wordt de nieuwe GMPE in maart 2019 opgeleverd en

dan 2LJIIefl ook de RRSM en alle shakemaps een update krijgen.

Daarnaast hebben we inderdaad recentelijk de oriëntatie van do horizontale componenten aangepast. Deze

waardes waten tot nag toe onbekend, en zijn nu berekend met behutp van data van checkshots op Iccatie en

de geregistreerde aardbevingen van de algeloper tijd. Dit zal enige invloed gebad hebben op de PGA waardes

die je berekend hebt, maar de g-olc factor komt vanuft de sensitiviteits-aanpassing, zoals je zeif al aangaf.

Hoop dat dit enige duidefljkheid schept....

ry and AccusUcs

Roya’ Dutch Meteorological Inetitutc
Ministry of Infrastructure and Water Management
Uttechtsewe9 27 3731 GA I De But I the Netherlands
PG bo 20; I .37J0 R I De But the tethecIenis

/

Van:
Verzonden:
Aa n:
Onderwerp:

I

Re: vraag: verandering fdsn data?

Yellow Category

Met vriendclijke greet,



••

Wij hebben recent ook naar het zeltUe probleeni in detail gekeken. ANes leek geheel in orde te 7ijn, maar uitcindefljkhebben we moeten ccnstateren dat er een
verschil W25 tussen de hardware en software settings vat tie a-celerometergain. Wij z’jn cr nu van overtuigd, nacalibratie experinenten met sensors uit hetveld,
dat de gain van de bovenste sensor van de G stat ori (accelerometer) met een factor 2 veririnderd moet wcrden. Datwil zeggen dat voor de?e sensor5 Un bewegingen een factur 2 groter women.

Oat hebben we onlangs in de data pDrIaI aangepast, zodat er geen pro blemen meer zijn als iemand ninuwe äatacphaaft. Wij weten alleen niet wie er aleniaa! deze data your januari 2019
eett gedownload en met de amplitudes werken. Het zou goed zijn urn alle KEM cnderzoeksgreepen hiervan up deagte te brengen. Op dit reorient hebben wij Uaargen kijk op.

het is bijionder vervelerd dat deze aarpassing nodig is, rnaar tie implicatie van deze aanpassing your hazard en riskstudies lijkt mee te valien. Oft kornt doordat deacce!eiates van de
grote beingcn vooral door het B-netwrk zin geregstreerd. De volgende versie vail het Ground Motion Model (GMMv5) neernt de nieuwe correcties mee, het ettect op de ML-Mw
relatie is ook beperkt en heeft geen invloed op het 6MM. Zodra tie nieuwe GMM gereed is kunnen ie cok onzeshakemaps opnieuw berekenen.
Voor de site effects is het natuuclik we! vn grout belang. Deltares is op de hoogte en is hetrokken bli de iatste updatevan het GFVIM.

I :‘ke groet

.l project. Mnnu regarding the analysis of records at B & stations.



cc

1st

Hartelijk dank voor je antwoord, met deze duidelijke ultteg. 1k zal bet gclijk noemen in de progress meeting waar tk flu in

zit. Ws. dat Fugro en partners contact metje zullen opnemen hierover,

Nogmaals bcdankt,

Van:
Verzonden:
Aan:

Onderwerp: ri: KEMO4 project Memo regarding the an&ysis of records at B & G stations.



‘ds at & 6 stations

Van:
Verzand.n:
Aan:
CC:
Onderwerp:

tLC’Z,

we hebben het net in de progress meeting besproken. Ze derken dater mogelijk meet issues zouden kunnen zijn.
Een aantal mensen die aan Uit project werken stellen voor om z.s.m. met KNMI te gaan zitten. Om over mogelljke
oorcaken en impticaties te spreken.
Is dit mogelijk komende woensdag, 13 maart, bij I(NMI? Of eventueel donderdag of vrljdag?



/

Dank voor de info. Fijn te weten dat we verder kunnen met de meest recente meta infarmatie en met
terugwerkende kr&ht tie oudere events opnieuw kunnen processen.

Ja, ik iag dat tie orientatie nu niet oieraI op9O en 0 graden azimuth staat, dat is mooi dan kunnen we de diepe

sensors netjes roteren naar dezelfde hoek als de oppetvlakte sensoren om ampHficatiefactoren te bepalen en

vergelijken met site response.

Van:
Verzonden:
Aa n:
Onderwerp:

L
RE: vraag: verandeting fdsn data?
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Urgntie:

Dear all,

flease find below a proposed agenda and list of objectives of the ineeting between KNMI and people involved in the
KEMO4 / KEMO2 studies at EBN, tomorrow 13th February.
Please let me know if you have any suggestions or question on this (before COB today).
have added a list of attendants below, the ministry EZK will he represented b,

( jectives of the meeting
• Explanation and discussion on the findings regarding inconsistencies between records of B- and G-stations ,n

Gtoningen gas-field, by scientists involved in KEMO4 and KEMO2 studies
• Clarification from KNMI on findings regarding these inconsistencies
• Discuss possible ways to solve these inconsistencies (could comprise processing data and/or fixing stations,

what is possible within which timeframe of KEM studies, what is critical?)
• Discuss some (outstanding) data requests from KEM to KNMI, establish fixed workflows or contact persons for

these requests.

I propose that we focus on these aspects in the meeting tomorrow, also in ‘view of time availalle. The possible wider
implications and how to communicate about that are relevant aspects, but I suggest to discuss that later.

Introduction: HSE, Who is who?, objectives of this meeting
Consistency of the records from B- and G-stationc — findings KEMO4 and KEMO2
Consistency of the records from B- and G-stations — findings KN Ml
Discussion on way forward to solve (possibie) inconsi5tencies between the records f to make data

Van:
Veronden;
Aan:

Onderwerp; 3 meeting KN
and 6-stations

Hoog

‘on inconsistencies between records B-

Proposed agenda
• 13:00
• 13:15
• 13:45
• 14:15

u5able in projects and permanent solution for the future)
15:00 Implications on progress / way forward I planning KEMO4 and KEMO2

If time allows: (Data requests from KEM to KNMI testablish fixed contact))

Attendants confirmed so far

1



Van:

1%Ut6

Verzond.n:
Aan:

Orderwerp:

Dear II,

Tomorrow I will join you via Skype.

Looking forward and best regards,

-- __13 meeting KNMI and K[M04 / KEMOZ on inconsistencies between
records 8- and (3-stations



L

__% ,.

Please Find attached the V& NS_B input FAS and durations (and corresponding PSA for completeness). The simulation
parameters have been updated based on new inversions of the updated V6 database. The 4 input models (stress
parameters models, lower, central a and b, and upper) were selected during a conference call last week between

and myself — with a slight increase of lower/central models (at low-M) — leading to a tightening of the spread at
low magnitude (consistent with our increasing dataset). Overall the simulation inputs (and outputs - on cursory

)‘spection of log plots) do not change significantly from V5 — V6, suggesting we have a stable model. Note that the final
of N5_B PSA fused for the GMPE development) will depend on the final calibration of simulations to the

N5_B corrected PSA records. All formats remain the same as for VS.

Best wishes,

IM task sequence -

Dear all,

v of progress

[Page #1



— I

Stappenpian:
1.
2.
3.
4.
5.
0.

7.
B.
9.
10.
11.
12.
13.

______

Bij de e-mail van t ook het zip-file met STRATA input motions. Deze is echter te groot om bij deze e-mail bij te
sluiten. 1k zal di o met een large-file-transfer met je delen.

Groeten,

Naar aanleiding van ons telefoongesprekgistocavond, hierbij een update van de voortgarg van het actualiseren van de
‘ground motion prediction equation” (GMPE) van VS naar V6. In version 6 zullen de verbeterde kalibratic van do
versnellingsmeters door KNMI tUe geofoons zijn onveranderd, Deze zijn het belangrijkst voor de MPE), de data
veriarneld tijden de Zeerijp aardbevlng en de Garsthuizen beving (beide in 2018) worden meegenomen.

Dit proces is gestart in januari en tot nu toe wijken de resultaten niet significant af van de vorige vrci’ tVS). Hieronder
het stappenpian voor de actualisatie van de GMPE. De mail bi.rcnder(vannacht verstuutd door eeft aan
datwegoed opschema liggen. Stap l0isvoltooid en stap llgaatbeginnen. erktop: “Overalithesimulation
inputs (and outputs - on cursory inspection of log plots) do not change significantly from VS — v6, suggesting we have a
stable model.”.

Eerder hebben we al, om een eerste indruk te krijgen van de mogelijke verandering van V5 naar V6, de relatie M1-M
(local vs moment magnitude) onderzocht, de data van de onderste geofoons van de KNMI stations gevalideerd en de
empirische GMPE geactualiseerd (‘ rpolatie van de versnellingsdata en geeft een algemeen beeld van de gehele
data populatie). De conclusie varJ evestigd de uitkomsten hiervan.

Finalise updated database of surface and 200-metre recordings (F Completed.
Database of rotated and processed borehole and surface G-r’ k recordings f Target: Completed
Confirmation that new data confirms ML=Mw above M 2.5 ITarget Cnnpi:eri
Updated U values from analyses of borehole recordi ITarget: 7 January. Completed
Finalised modifications of site response Vs profiles ‘ . Target: Completed
Update of damping values in site response I. Target: 10 January. Completed
Calculation of full column and within-column TFs ( Target: 15 January. Completed
Inversions of two sets of NS_B SAS for source, pat.. target: 3 February. Completed
Selection of stre5S parameter branches fot NSB motions Target: 6 february. Completed
Simulated FAS and durations at NS_B horizon for site response analysf . ]Target: 12 February. Completed
initiation of STRATA runs to calculate AEs . Target: 14 Fehruarv,
Calculation of full column and within-column station-specific AEs ( argot: 20 February.
Generation of response spectra at NS_6 from surface & 200 m recordings (i target: 25 February.

14. Simulated spectral accelerations and durations at NS6 horizon et: 25 February.
15. Comparisons of NS_B responce spectra from twos ‘-‘

16. Regressions for Sa and PGV GMPEs at NS_B horizon
17. Calculation of residuals of Sc and PGV at NSD h..,
18. Full suite of voxel-specific AFs from site response calcuations

0

0

get: 4 March.records
rget: 11 March.
liarget: ii March.

Target: ii Match.
I

Midden maart verwachten we dus versie 6 van de GMPE beschikbaar te hebben. Deze zal dan ingebouwd worden in het
HRA-model voor het maken van nieuwe dreigingskaarten. Zoals bekend vergt dit ook enige tijd, zodat deze
dreigingskaarten nidden april beschikbaar kunnen zijn.

Page #)



Dear aN,

Thanks for your participation in the useful meeting which we just finished,

Please find attached the slides presented by :Seister and i (KNMI).
Please treat this material as confidential, not to be distributed outside the KEMO2 and KEMO4 teams.
U
lam working on a list of action points,

EBr 0 V Daaesing& 1 3511 SV Utreoht Regstered ofie Utrecht 14026250 VAT Nl0
and may be tegay prrieed it yo are not the nended repler1t. please cn[orm the 5ende
A use ift conte;ts r daloso thorn to any unauthorized thud pty w,tlou cosent

ly attachments are strictly cor!lua
ieduatey o rat copy or rela n this e

Van:
Verzonden:
Aan:

CC:
Onderwerp:
aijiaqen:

presented in te meeting Ki’..ii - icL.,,.

XEMU4 - CJarification_Meeting_EBN_UTRECHT13O2O19.pdf KNMI - Groningen
network_B &G.gain.pdf

Best regards,

1
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KEMO4: DATA-DRIVEN STUDY ON SEISMiC STRUCTURAL
•FEATURES OF GRONINGEN GROUND MOTIONS

Clarification meeting with KNMI
13 February 2019
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Development of the GM database

Data collection from B and G networks

Data dowloaded from the KNMI website (http:llrdsa.knmi.nl/dataportal)
• Magnitude ML2 (21 events after 09/2013);
• Stations located within 5 km buffer from Groningen gas field
• Horizontal and vertical components
• Surface and borehole records

Data processing
Semi-automatic processing based on:
• PEER/RESORCE processing scheme
• Automatic identification of the filter corners based on SNR threshold>3.

Approach by Kishida et al. (2014) tailored to the Groningen case

Development of the project GM flaffile
Containing metadata and GMIMs from processed records:
• Event rnetadata (location, M, ...)
• Station metadata (location, distance, azimuth, depth, V5 zonation).
• GMIMs 3 components (PGA, PGV, response spectra, Duration, CAV,

Arias Intensity);
• Processing parameters

W.W ftN3 COffl



RQI. Analysis of ground motion records

Consistency Analysis of records at pairs of B- and G-stations

Example: records from the 0810112018 Zeerp EQ

‘;
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Overall ratios of Fourier spectra at pairs of B and G stations

Systematically larger ground motion (Fourier amplitude spectra) at the
B stations compared to G stations in a broad frequency range for both

C) horizontal and vertical components.

C

Frequency IHZI
lot fl,0

Frequency (HzJ

5 gtt corn



2

U)

>

U)

G-to-G stations FAS ratios are about 1. Consistent with what is
expected for nearby stations pairs.

‘MWi fugo cain

Fourier spectra at pairs of G stations
-Iiiu
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Peaks in the vertical component at B stations

EQ1: 08/01/2018

C - -

a’v

as

° A

2

/ ,,f \,

)
The vertical component of the Fourier amplitude spectra at the B stations shows
a systematic peak in the range 10-15 Hz that is not present in the horizontal
components. The peak is not visible on closely located G stations. Such
systematic peak is difficult to explain as a source/path or site effect,

EQ2: 1310412018
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Testing of the GMM V5

Residuals of observed vs predicted SA at surface by GMM V5 for
events with M ? 2.5 in the dataset. Residual = ln(obs)-ln(GMMv5).
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GMM V5 systematically overestimates spectral 0
accelerations at G stations in the mid- and long-
periods range.
Residual of I underestimation of a factor 2.7



Moving forward
-iiia

• Having reliable earthquake records from KNMI networks
is vftal for the KEO4 project.

• Investigate the features of the Groningen ground motion
records (spatial variability, vertical motion, attenuation);

• Calibrate and validate the 3D simulations of wave
propagation performed using the SPEED code;

• lest the current GMM V5 in order to assess its
performance in reproducing the observed ground motion
records.

9 w.* ugn corn



STATUS of the DATA COLLECTiON

Outstanding Data Requests

• INO data ongoing (expected 1110212078):
Contact Ftigm - TNO

I
‘a—.

Huzffig

M36

0

• KNMI non-public records 2012 Huizinge
strongest eatthquake in the area of interest (7
records used in the GMM V5 model). Can
KNMI provide these data?

• CPT data to infer velocity profiles at the G
stations

NAM

1: •“ * ‘aWR

*W4

ArA

• Focal mechanism (stAke/dip/rake) for recent
events

• No reply from KNMI

16 August 2012

RD X.Ccotdiib
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Site amplification functions at G stations empirical Vs theoretical

0

20[.
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E
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5)
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____________

140 r

(_________

Vs [mis]
200 400 600

I
I
I
I

.v•ITb

4 2.2

* 23

*25

*31

*4

Speed 4s.da boe

Speed bee m4

La
.0121)18

3,04.2018
01,11.2016
30.09.2015
24.03.2015
25.022015

53.363
53.371
53.306

53,234
53.3)2

53.323

6.751
6.75

6.809
6.834
6.855
6.857

—GIBe
—Glee

- G140
—GIQO
— G230

G240

yes
yes
yes
no
no

3.4 yes yes yes yes yes
2.8 yes yes yes yes yes
2.2 no no yes yes yes
3.1 no yes yes yes yes
2.3 no no no no yes
2.3 no yes no no yes
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Site amplification functions at G stations: empirical Vs theoretical

Amplification function for surface motion with respect to borehole
motion at different depths: empirical (black line — mean of 4
events) Vs 10 theoretical (colored lines for different hypotheses V

on Q factor)
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Vertica’-to-horizontal ratios of Fourier spectra

B stations G stations

.2

0

10’
ID’

Fquency (Hz) Frqjency tKz}

ratio
ratio

V/H is consistent between B and G stations below 2 Hz
V/H is larger for B stations in the high-frequency range.

Why V component is significantly target than H one only at B stations
(at high frequencies)?

13 wvm frO Ctm
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Royal Netherlands
Meteorological Institute
M1n’yofinfiustniaure
andWzterMaiiagement

Groningen seismic network:
Sensor orientation and
amplitude differences over
the network



I Accelerometer network and NARS I
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Sensor orientations
The orientations of the borehole sensors were unknown
and ate determined using
• Check-shots

Explosions
• Cross-correlation with surface sensors

Both with known location and timing

• Teleseisrnic events

Essential information for e.g. Moment tensor inversion

70*5*3 = 1050 channels
11

-ii’—--- -—
— ___•7_____•_• —--— —

Cross-correlation coefficient
I as a function of the rotation of

- the geoph one for different
borehole levels.

13-2-2019

560
220 240 260

X]
220 240 260

X[km]
-

-- I
- I I

(c)100

50

0

-50

I )tlei.I . , ... • •— ‘r,

-150.100-50 0 50100150
BackazIiiuth (deg]



Gain settings

• In 6MM development it was observed that the inter event term of the
uncertainty was higher than expected.

• Check on software settings at the stations revealed no problems in the
gain settings.

• Data check using amplitudes from large (deep) teleseismic arrivals showed
differences between B- and G- station accelerometers (factor 2)

• Only remaining possibility is a software/hardware incompatibility

• Accelerometers of B and G stations were taken from the field and
tested/inspected on jumper settings. Results showed a hardware/software
incompatibility for the G accelerometers, in line with findings from the
data.

• Meta data are corrected and implications for GMM development are
under investigation.
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T Broadband stations at 100 m; test geophones
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I Jan Mayen 3C borehole response: P-phase
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Jan Mayen
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Jan Maydn $ phase max R-comp particle velocity I
2.5

09-Nou-2018 01:49:39. R-comp, [0.1 2] Hz
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t PDf-PSD G84B Z-comp for one week of data
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j PDF-PSD G642 Z-comp for one week of data
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j Summary

• Accelerometers

— 3-network is consistent with two surface broadband stations

GO1O-G700 network measures half the amplitudes

- G710-G800 network measures twice the amplitudes

— Explanation found in jumper settings (g & output voltage)

• Geophones

— Show consistent maximum amplitudes with B-network and 4 dowithole

broadbands

— Comparing PDFPSDs with near co-located broadbands shows variation

from place to place. No signs for systematic differences

Rcy& Ne erIrids MeteooIocic& InUtute
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Pse find ttaohed ortef summary of the ineetiO estetday, with action points
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Meeting KEM studies and KNUI on issues with records from B- and G-slations In the
Gorningen field, 13th February 2019

Items discussed
• The Issues with records fron, Eslations and from G-stations were presented by KEMO4 and

discussed by all (see slides from XEMO4 sent earlier). Both the KEMO4 and the KEMO2 team
recently discovered the issues with the records from the G-stations. independent and in parallel.

• According to KNMI, incornpatiblity between hardware a’d software resulted in PGA and PGV
measurements of G-sensors (installed since 2014) which had to be corrected by a factor 2 to 4
(increase). KNMI locked into the records and tested Rsuments on shaketable, found the cause.
They established the solution and corrected the data in December 2018. The corrected data have
been put on the websfte tor download. The orientations of sensors in the borehofes have also
been determined recentty and are now reported ic the headerof the flies. (see slides from KNMI
sent eartier).

• KEMD4-team will download the corrected records from KNMI website and re-do some analyses for
KEMO4. Can initia fly continue without B-station records. But 3D model catibrtion requires best
possible data (and GMM V6). Voutd like to have an independent review of the findrigs so far. Can
offer shake table tests of instruments (Hanze University, ‘and can look into instaflation of
B-stations, using information to be detrvered by KNMI. Th pw ni the vertical component of the B
stations maybe an effect ot the buIlding or of the strticture in generaL
KEMO2-team car’ continue with the corrected G-stattcn data from KNMI, white the B-station data is
less critical. Can offer the independent review by (TUDetit).

• Both KEMO2 and KEMO4 teams need clarity on changes in parameters of 0MM compared to
GMM V5. GMM V6 is under delopment, apparently to be completed by end of March, but NAM
still using ‘/5 for next HRA

• KFMfl2 (and KMV4) would like to discuss the (changes in) GMM V5 / V6 with Delta res
to better understand which data and measurements were used for instance.

• Everne fri the meeting agrees to have a few joint meetings on the issues in the ccming months
• .KNMI would like to have a better insight into who is using the datasets from KNMI, not clear now.

Not sure how KNMI will commwilcate on the record issues and corrections.
• Impact of correction of G-stabon records

on Gronlngen Hazard & Risk may be low (because dominated by larger amplitude events)
vlnae the uncertainties ufd decrease.

a implications for the amplification functions probably larger because the model by Dekares
may be based on the data at 0 stations for calibration.

• Implications for the GMM VS model m terms of attenuation with distance
• Possibly imptications for the PGV model since this one based on tow-magnudes

Empirical PGV maps based primarily on B-station data.
• These effects can be estimated alter calculating the effects using

to KNML were discussed - -

in er”’ end phone calls.1

I

Lii

Attendance

SIyp.
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Otdslde scap. of KEMO2 I KEMO4 but very relevant (and brlely discussed)
• How to estiate end communIcate the issues. solutions and implicabons beyond KEM studie

e.g. in Gronkigen HRA, etc.
• How does NAM deal with this?
• Whidi other studies have used the records with Issues?

A.ction Points
• Send around slides of meeting 13th February 2019 ) (done)

Set up two meetings of people involved i with KNMI, EZK, SODM
to discuss progress on the discussed Issues rWoodle wI be sent eat)

• Deliver information on the installation of B-sta.._. ii bu.ings) and G-stations (in free field)
(KMMI)

• Deliver an official statement on the conectness of th data as it is avaable on the KNMI
websito (KNMI)

• Prepare a document descñbing the impact ot the issues of KNMI data on the KEMO4 prqec
11w axaectd delays fr the different ROs and the impact in terms of budget.

• FOWrng items to be discussed with EZK ( o contact EZK to inkiate this)
• When wi GMM V6 be finaflzed and be available to KEMO2 and KEMO4 team? Can they

have a meeting on GMM V6 with the Deltares team?
Proposal to have an independent review of findings KEMO4 and IGIM1 by?
çruoetft), as part of KEMO2 project

• Proposal to have shaketable tests of instruments by Hanze University and en investigation
into B-station Installation by Fugro-tean7, as part of KEMO4 project

• Rcscoping of KEMO2 and KtMO4 (scope, timeUne, budget) - afler dearity on avallabity of
GMM V6



CC:
Onderwerp:

Dear

Thanks far thn notes,

A few corrections and comments:

items, bulift 2: KNMI did not test the instrument5 cn a shakctable, but checked the hardware set-tings of accelero meters
I found dhferences with respect to the software settings.

The header data were subsequently updated and the corrections have been macie available on the
web at the end of 2018.

bull it Th The B-station data are and were correct with res2ect to the in5trument response end the same s vad
for the corrected G stations.

KEMO4 noted arnplifi:ation of the vertical component in the 10-15 Hz frequency range and thisfeature
could have to do wth the installation of the B-stations.

So, the sentence “Can initia!l continue witiout the B-station records” is not cleat to me, unless you

couple it to the vertical component issue,

BestjegrUs

Van:
Verzon den:
Aan:

F.... slides presented in the meeting KNMI-KEMO4 / KEMO2



- —. c sequence - Review of progress

Dank voor het telefoon gesprek vanochtend. Hier de mail over de voortgang van de constructie van GMM V6.

Groeten,

Hier oak het rapport over de Empiñ5che GMPE. Deze is gebaseerd opeen curve fitting van de beschikbare data en dus
alleen gerdig binnen het domein van de historlsche aardbevfngen. HiJ Is voornarnelijk relevant voor historfsche
gebouwen schade, maargeeft een beeld van de totale data populatie. De inhoud van het rapport is finaf, maar het
rapport zelf is nog een draft. De typo op de cover geeft dat al aan.

Groeten,

To:
Ccl
Subject; RE: V6 6MM task sequence - Review of progress

[Page #)



Bas’d on your call this morning, this might interest you.

CC: I ___I
Ondrwerp F . check GMM recaIibrtion

Regards,
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CC:
Onderwrp:
Bijiagen:

Dear all

-

:‘

Please find attached a brief unmary and l: c t ;r±iuIts of the mecUng of Wednesday 13th
Febnary, slightly revised

usinc anionjst others comments

You have been sant a daturnpnkker’ e-mail to set a date for he next meetin9. The datumpcikker system is in Dutch,us know if yo ha difficulties with fiNing this in.

Ost regards

,

z

Van:
Verzonden:
Aan:

- RE: ctides presented in the meeting KNM1 - KtM04/KM0220190213 - KEM-NMI meeting - finaLpdf



Meeting KEM studies and KNMI on Issues with records from B- and G-stations in the
Gorningen field, l3 February 2015

Items discussed
• The Issues with records from B-stations and from G-stations were presented by KEMO4 and

discussed by all (see slides from KEMO4 5ent earlier). Both the KEMO4 and the KEMD2 team
recently discovered the issues with the records from the G-stations, independent and i parallel.

• According to KNMI, incompatibtity between hardware end software resulted in PGA and PGV
measurements of G-sensors (installed since 2014) which had to be corrected. KNMI looked into
the records and chetked the hardware settings of accelerometers and found differences wfth
respect to the software settings. The header data were subsequently updated arid the corrections
have been made available on the web (for download) at the end of 2018. The orientations of
sensors in the boteholes have also been determined recently and are now reported in the header
of the files (see slides from KNMI sent earlier).

• KEMD4-team will download the corrected records from KNMI websfte and re-do some analyses for
KEMO4. But 3D mode? calibration requires best possible data (and GMM V6). Would le to have
an independent review of the findings so far. Can offer shake table tests of instruments (Hanze
University, arid can look into installation of S-stations, ting infomiatlon to be delivered
by KNMI. KEMO4 noted amplification of the vertical component and this feature could have to do
with the Installation of the S-stations. The peak in the vertical component In the 10-15 Hz
frequency range of the B stations could have to do with the installation of the B-stations.

• KEMO2-team can continue with the corrected G- KNMI, while the B-station data is
less critical. Can offer the independent review by (TUDe1ft).

• Both KEMO2 and KEMO4 teams need clarity on c leters of GMM V6 compared to
GMM VS. GMM VS is Under development, apparently to be completed by end of March, but NAM
still using V5 for next HRA

• I(EMO2 (and KEMO4) would like to discuss the (changes in) GMM VS I VS with Deftarer
to better understand which data and measurements were used for instance.

• Everyone in the meeting agrees to have a few joint meetings on the issues in the coming months
• KNMI would like to have a better insight into who is using the Uatasets from KNMI, not clear now.

Not sure how KNMI will communicate on the record issues and coirections.
• Impact of correction of G-station records

• on Groningen Hazard & Risk may be low (because dominated by larger amplitude events)
while the uncertainties would decrease.

• Implications for the amplification functions probably larger because the model by DeLares
may be based on the data at G stations for calibret ion.

• Implications for the GMM V5 model In terms of attenuation with distance.
• Possibly implications for the PGV model since this one based on low-magnitudes

Empirical PGV maps based primarily on B-station data.
• These effects can be estimated after calculating the effects using C•

- it were discussed I Lfuture. please
- i phone calls.

2o



Outside scope of KEMO2 1 KEMQ4 but veiy relevant (and briefly discussed)

• How to estimate and communicate the issues, sokitions and implications beyond KEM studies,

e.g. in Groningen HRA, etc.
• How does NAM deal with this?
• Which other studies have used the records with issues?

Action Points
• Send arotind slides &rneet9 13th Februaiy 2019 1 (done)

•. Set up two meetings of people involved in KL KNMI, EZK, 50DM

to discuss progress on the discussed issues I. ?iatvmpnkker has
been sent out for The first meeting)

• Deliver information on the installation of B-stations (ki buildings) and G-stations (in free field)

fKNMI)
• Deliver an official statement on the correctness of the data as it is available on the KNMI

website fKNMI)
• Prepare a document describing the impact of the issues of KNMI data on the KEMO4 project,

the expected dela.s for the different ROs and the impact in terms of budget

• FoLlowing items to be discussed with EZK to contact EZK to initiate this)
• When will GMM V6 be finalized and be available to KEMO2 and KEMQ4 team? Can they

have a meeting on GMM VS with the Deltares team?
• Proposal to have an independent review of findings KEMO4 and KMMI by.

(TUDelfi), as part of KEMO2 prect
• Proposal to have shaketable tests of Instruments by Hanze University and an investigation

into B-station installation by Fugro-team, as part of KEMO4 project
• Resccping of KEMOZ and KEMO4 (scope, Umeline, budget) - after cleanly on availabity of

GMM VS

4



Dear all

This afternoon someone told me that there had been an issue with G stations. We were dscussing theirGroningen project for which they had downloaded data from the KNMI portal. Apparently, there was somethingabout a correction for jumper settings, and data of certain G stations have been adjusted on the portal aroundthe end of November last year. He just mentioned it when talking about something else and assumed that Iknew about this issue. Butt knew nothing and now I am kind of worried. I’d like to check if there is reason forconcern or not.

could you shed some light on the issue of the 3 stations?

analysis of Q from the G stations dates from January. I assume that he used the correct records forthe G. Is that true?

About the motion database: Were the ground motions in the V6 ground motion database all downloaded afterthe update of KNMI on their portal? If so, then there are no worries. If part of the motions were downloadedbefore (e.g. only downloading the new earthquakes and appending them to the old database), then theremight be a ptoblem. ii so, how does this affect the TF’s calculated by I and how does it affectresults?

0

I hope this is only “storm in a glass ol water” (Dutch expression, probably originating in naval history. Meaning:worrying about nothing).

Kind regards,

C

——.‘..‘‘‘ ii
Verzonden: maanc

On&. . ,... . . ..i - ...: is there reason for concern?



For the accelerometer data of the G stations we found a correction of a factor 2 in the gain and this was changed in the
header data in December.

This problem was already discussed at e.g. the GMM workshop early October and could be confirmed In
November/December. With the help ot e finally could track down the cause.
Indeed, the problem was a difference between the software and hardware settings at the 5tations.

re aware and take this into account in the V6 development. I assumed you were also
aware, sorry for the inconvenience.

u regards

Deai
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Subject: RE: VGGM
I

- G stations. is there reason forconcern?

Thanks
Now I am reassciT that we are working on the right data



RE: V6 GMM - G stations: is there reason for concern?

Just to add a note that we are indeed aware of this issue and have been taking it into account and also conducting

several Exercises to investigate the impact of the issue with the surface G-station accelerographs (on ML-Mw

correlations, empiric& PGV model, etc) and concluded that the inipact was close to negligible on the GMM

development. When we meet in Schiphol next month, we can go throtgti all of this material, but for now it is safe to

conclude that we are using reliable data.

C ‘st wishes,

Van:
Verzonden:
Aar:

CC:
Ond erwerp:


