Seven Sisters Waterfall, in Geiranger fjord
in Norway. 410 metres high waterfall
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O@codoong N. Taoliog
«KpavyaAéwg mapaloyo 1o aitnua
KOMHATIKNG TTOAITIKNG oTnv Naibeian

«To amotéAeopa omolacdnmorte vouoOeoiag Naideiag Oa
KpP10¢i oTnv mpagn pera amod 15 xpovia — eve pia KuBép-
vnon Siapkéei 4 xpovia, o §& LITOLPYOGS 2 XPOVIa CLVI-
0wan emonuaivel o Oe0d6ong Taciog

«ZEPETE KAVEVA EAANVIKO KOUMA nou va exel OnNUool-
gUOEl TNV €OBVIKWCG avaykaia 5000€A10n Neukrn) BiBAo
Tn¢ Maideiac Ue TIC AITIOAOYNUEVEC MPOTACEIC TOU KO-
Uaroc Tou;» avapwTIETAl MIAWVTAC oTo «BrAua» €vag
oopo¢ TnG Maideiac pag: O k. ®eodoong Taolog, a-
Kadnuaikog, MOANITIKOG MNXAVIKOG, apBpoypd®og Kal
ouyypageac nTav ekei 0tav eEeAicoovrav €ni OEKAETIEC
ol oulnNTNOEIC YIa avauopPwaon TNG ENAYYEANATIKAC K-
naideuong TnG Xxwpac. 'Hrav ekei 0Tav &ekivouoav k-
NaldEUTIKEG HETAPPUBUITEIC (N pia YETA TNV AAAN), Ka-
Nnoleg JE Opapa, aAAd noia Pe npoonTikn; ‘OTAv Ol KU-
BepvhoeIC €xouv Opio (WNAC TECOAPWV ETWV KAl Ol U-
noupyoi YETA Biag dUo £Tn Kal 0Tav n EAAIYn MOAITI-
KNG ouvaiveong odnyoucse ndavrta To &va MOAITIKO
KOMMA va avaTtpénel NANpwG Tn gIAoco®ia Tou npon-
YOUHEVOU MWC va €XOUME 0paTA AnMOTEAEONATA, AEEl O
i010C oTN ouvéxela piag oulnTNong APIEPWHEVNG OTNV
Maideia.

«H BeueAindnc Avon Ba ntav va aAAa&ouue 10 nBog
pac» dnAwvel o k. Tdaolog, BupifovTag Tn oxeon TnNG
NOAITIKAC ME TNV NBIKM. AAAG NAAI kal auTo NpoBAnua
MNaideiag dev eival; H oulnTnon Jag kataAnyel oTig na-
PaKATW OKEWEIG:

(ouvéxela otny ceAiba 3)



MEPIEXOMENA

©e0d00n¢ M. Taoiog «KpauyaAéwg napaloyo To aithua
KOMMATIKNG NOAITIKAG oTnv Maideia»

ApBpa

Probabilistic tsunami forecasting for early warning
BIM: a game-changing technology?

Controls on Post-Seismic Landslide Behavior in
Brittle Rocks

The Archaeology of a Landslide: Unravelling the
Azores Earthquake Disaster of 1522 and its Conse-
quences

Timely prediction potential of landslide early warning
systems with multispectral remote sensing: a
conceptual approach tested in the Sattelkar,

Austria

' Catoca mine in Angola - using satellite imagery to

understand recent events
The Observational Method in Tunnelling

The strange race to track down a missing billion
years

Geosynthetics solve the unique needs of wind energy
projects
NASA's Perseverance Mars Rover

The 373 B.C. Helike (Gulf of Corinth, Greece)
Earthquake and Tsunami, Revisited

Nuclear bomb tests as a cause of climate change:
a novel conceptual model

Néa ano Tig EAANVIkEG kal AlgBveig MEWTEXVIKEG
Evwosig
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International Society for Soil Mechanics and
Geotechnical Engineering

ISSMGE News & Information Circular September
2021

International Young Professionals Workshop on
Rail-road Infrastructure (YPWRI) 26th November
2021

2nd International Workshop on Numerical Methods
for Large Deformation Problems in Geotechnical
Engineering (Tongji University)

Future of Geotechnics

International Society for Rock Mechanics and Rock
Engineering

New ISRM website launched in August
35th ISRM Online Lecture
News

— 50 years Commemorative Session of the Journal
GEOTECNIA, 20-21 September, Lisbon, Portugal

— The 35th Online Lecture is online 16 Sep, 2021

— The ISRM Young Members’ Monthly Webinar
Series is on its way 20 Sep, 2021

— Webinar on "Second Generation of Eurocode 7 -
Improvements and Challenges", 28 September
2021

— 2021 ISRM Latin American Lecture Tour: 27
September - 1 October 22 Sep, 2021

— Eurock2021: ISRM Awards Ceremony and Closing

Session is open to all, 24 September
— The Autumn 2021 ISRM newsletter is online

International Tunnelling Association
Scooped by ITA-AITES #51, 14 September 2021
Scooped by ITA-AITES #52, 28 September 2021

British Tunnelling Society - Young Members
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The design of gaskets for segmentally lined tunnels

IAEG Connector E-News

Professor Paul Marinos to receive Honorary
President of IAEG Award in Athens

Newsletter of Environmental, Disaster, and Crises
Management Strategies

Mpooexeic MewTeXVIKEG EKONAMOEIG:

The Future of Geotechnics

Sardinia 2021 18th International Symposium on
Waste Management and Sustainable Landfilling
The Second Betancourt Conference “Non-Linear
Soil-Structure Interaction Calculations”

RaSiM 10 -Rockbursts and Seismicity in Mines
RocDyn-4 4th International Conference on

Rock Dynamics

16th International Conference of the International
Association for Computer Methods and Advances in
Geomechanics - IACMAG

11t International Symposium on Field Monitoring
in Geomechanics

6th Australasian Ground Control in Mining
Conference - AusRock 2022

10th Nordic Grouting Symposium

15t International Congress in Rock Mechanics
Challenges in Rock Mechanics and Rock
Engineering

EvdiapepovTa MewTeXVika Néa

This is what a rockfall looks like in the Himalayas.
It's scary

George County: a drone video of the site of a fatal
landslide triggered by Hurricane Ida

Shimla landslide
Natural Hazards 101: Forecasting and modelling

Network Rail and HS2 look to fibre optic technology
to monitor railways

Paimio: a very unusual landslide in Finland

Huge boulders break off a mountain near Mexico City,

plunging into a densely populated neighborhood
Rare phenomenon blamed for Michigan dam collapse
Strathclyde exploring fungi to prevent landslips

The Role of Liquefaction on the Seismic Response
of Quay Walls during the 2014 Cephalonia, Greece,
Earthquakes

A New Dynamic Cone Penetration Test-Based

Procedure for Liquefaction Triggering Assessment
of Gravelly Soils

The first fully scientific report ever produced about
a major landslip

EvdiapépovTa - Zeiopoi & AVTIOEIOHIKA Mnxavikn

M5.9 earthquake in Crete

EvdiapepovTa - MlewAoyia

Spectacular valleys and cliffs hidden beneath the
North Sea

EvdiapepovTa - MepiBaiiov

To Balpa Tng euong

EvdiapepovTa - Aoind

Bridge Load Test

Evdiapépouoeg AVauvnoEIg

AiBionia kal Aouou - MauAog Mapivog

Néeg EkdO0EIG OTIG MEWTEXVIKEG ENIOTrHEG

HAekTpovika Mepiodika
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(ouvéxela and Tnv 1" geAida)

Ti1 AéTe Aoindv onpepa yia Tnv NMaideia pag; NMepvouv ol
OEKAETIEG, NEPVOUV 01 KUBEPVNOEIG, TPEXOUV OI HETAP-
puBpioelg TG Maideiag kali HAAAOV £XOUHE TNV &€VTU-
nwon oTl eV NPOoXWPAHE oucIacTIKA. NMoU VoHifeTe OTI
o@eiAeTal To paIvOUEVo;

«EK NpwTNG OWEWC, HNOpEi KAVeic NpayuaTi va oxXnUarios! pia
TETOIAQV evTUNWON. Q0Td00, dev BA TN CUVUNOYPAW® CUVOAI-
KWG. ©a pnopoloape va avapEPoupe kaunooa B€uaTa oTa o-
noia €xel OVTwWG enmiTeuxBei npdodog. Mapd TauTa, To BEpa
«MNaideia» eival TOoo 0&U kal TOoO BepeAIako yia Tov Aad pag,
WOTE aUTA Nou £XoUV eMITEUXBEI va €ival EYPavmc avenapke-
orata. To XeIpOTEPO PAAIOTA €ival OTI dev PaiveTal va €XOHE
ouvaiobnon TnG npwTapxIKAG onuaciag Tou InthuaTog Mai-
ocia. EmTpéwTe Pou Aoinov va avapepBw KANWG AeNTOUEPE-
otepa ¢’ auto To B£pa. Edv ol avayvwaoTeg oac nAngouv yia
Aiyo, TOTE a@evog pev unopei va eivar deiypa Tng avikavorn-
TAg pYou, dev anokAsieTal Opwe auTtn N NAAEN va cuvioTd Kal
Hiav iowg evdeign opBOTNTAG TNG UNOWIAG PHOU OTI N MAEIOVO-
TNTA TWV CUUNOAITWV Hag Bswpouv Tnv MNaideia wg Wiav ana-
paiTnTn pev, aAAN’ epyaleiakn AeiToupyia.

«To anoTeAeopa onolaadnnoTe vopoBeaiag Maideiag 6a kpiBei
aTnV Npagn Wetd anod 15 xpovia - evw Pia KuBEpvnon diapkei
4 xpdvia, o ds unoupyog 2 xpodvia ouvnBwE» NICNUAIVEl 0
©e0d060n¢ TAoiog.

'Exw dIaTUNWOEI TOV EUMVNHOVEUTOV Kavova «Maideia ival ei-
oanvon NnapeABovTog Kal eu-nvon JEAAOVTOG» . OEAOUNE va dw-
OOUHE OTNV €NOMEVN YEVIA O,TI €xel KaTopOwael n avlpwno-
TATA, aAAG BEAOUNE Kal HIA YEVIA EUTUXIOWEVN KAl dnuioup-
YIKN yia To JéEANov. ETouTa Ta TeAeuTaia BERala dev eniTuyxa-
VOVTal JOVOV HE anAf «HETAKEVWON YVWOEWV Kal OegloTn-
TWV»: KATI TETol0 Ba 0dnyolos ypriyopa O£ aAnOTEANATWON,
XWPIG TNV KPITIKN Kal Tn dnHIoupyIKn 1kavoéTnTa Tou naidiou
(BupunBeiTe va Tou TIC avanTUEETe) Kal Xwpic TNV gudaipovia
nou xapicel n Téxvn kal To unap&iakd BABoGg nou anoKToUHE
Xapig otn ®IAGTNTA (BupnBeiTe €Niong va Tou Ta NPOCPEPETE
onwadnnoTe).

‘ETol, TO aitnua Tng Maideiag eival dipueg: Kar Exnaideuon
(yvwoelg, 0e€10TnNTeC) Kal KaAAigpyeia (aiobnTikn KaAAIEpyeia,
pUnon otnv ndovn Tou ABouG), padi HE TIG IKAVOTNTEG TNG EP-
yaTikoTNTag, TNG OUVEPYACIUOTNTAG Kal TNG MeBOBIKOTNTAG.
Ano pia TETola Maideia avapévovTtal n eUPApEla Kail n eutuyia
Tou ATOpou, KaBwc Kal anoudaiseg ouvENEIsS yia Thv Kolvwvia
(Oikovopia, TexvoAoyia, EmioThpn, Alanpoownikeg OXEOEIG,
Texvn, Aikaloouvn, KooposidwAo). MpdkeITal yia TV nio Gup-
(pEpouaa enevouan.

Zneudw de va Bupiow 6T auTd To TepdaTio (dia Biou paAioTa)
AeiroUpynua Tng Naideiag, dev eival duvatov va aocknBei oTa
oTeva Opia Twv oxoAsiwv OAwv Twv Babuidwv, aAAd anaitei
TNV oAopepn cuppeToxn TN OlkoyEvelag, Tng KoivotnTag, Tng

SuvexIfouevng eknaideuong Kal Twv Malikwv Méowv Enikoi-
vwviag.

AegUTepov, ano Tn Quon Kal TNV €kTacn Tou Bsopou Tng Mai-
deiag kal Twv BepeAIwdwV oKoNWV TNG, ival oAopavepo OTI N
MNaideia npoopileTal va BpiokeTal oTo KEVTPO TnNG MOAITIKNAG
(Bswpiag kai npa&ncg). Kai To avTioToixo unoupyeio (NpwTo TN
Tagel) napd Tw MNpwbunoupyw, Pe duCavaAoyws Heydalo a-
PIBUO UPUNOUPYWYV, KAl UE OXETIKEG NAYKOUHATIKWG avayvw-
PICUEVEG aveEapTnTeg ApXEG. MaTi; Ma B10TI To anoTéAeopa
onolacgdnnoTe vopobeaiag MNaideiag 6a kpiBei oTnv Npdagn peta
ano 15 xpovia — evw pia KuBEpvnon diapkei 4 xpovia, o d¢
unoupyog 2 xpodvia ouvnBwg. An’ autnv Tnv dnown, eivai
KPAuyaA€we napdaAoyo To aiTnua €QapPoyng piag “KouuaTi-
KNG” noAImikng otnv Maideia. H peydAn navrwg duoxepeia
NPoEpXETal an’ TNV eveeXOUeVN NOANITIKA Juwnia YeEYAAng pe-
pidag Tou Aaou pag, o onoiog dev guvaivei va xdoel TinoTa
“onuepa”, évavTi evog KEPJoUG nou Ba npokUWel YETA ano “ei-
koal xpovia”. (Kai, ouaikd, auTtrv Tn oTdon ivai oxedov uno-
XPEWWMEVOI VA UMNPETANOOUV Kal 0l KOIVOBOUAEUTIKOI TOU avTI-
npoowmnol...)».

MoAA£&G avTIPACEIG...

«Mpdypari, o pakpdnvoog axediacuog Tng MNaideiag okovTa-
@Tel ava ndoav aTiyunv o€ pé€ya nAnbog avTipdoswy. Kal ou-
YKEKPIUEVA:

- AvayvwpifovTag 611 Ta KUPIA YVWPIoPATa Tou dnNUOKPATIKOU
kal anodoTikoU MoAITh anokT®vTal HOVoV OTIG TPUPEPEG NAI-
Kieg, MANWG NPENEI va avaoTPEWOUE TA PEYEDN XpPNHATOdOTN-
ong Nnniaywyeiwv kal Maveniotnuiov;

- Moon KaAAigpyeia, évavTi noong Eknaideuong; ©<ua Tepa-
OTIWV OIKOVOUIK®WYV, KOIVWOVIK®V KAl MOAITIKQOV 3IA0TACEWV...

- Kai nwg va unnpetrow Ta Adika CUP@EPOVTA Yid HEAAOVTIKN
TEXVOAOYIKR avanTugn, anairovtag “evrartikonoinon” an’ Tn
onMEPIVA YevIa Twv MaénTwv; Molog va dianpayuaTeudei, e
noiov;

- T1 8a kaGvw WE TIG €10IKEG AVAYKEG HABNoNG Twv Naidi®v Tou
KATWTEPOU Kal TOU AVWTEPOU AKPOU TOU (PACHATOC TOU JEIKTN
eupuiag; MoAUTpona avTiKpoUOHUEVA CUUPEPOVTA...

- Nwg 6a eEaocpaliow TNV WEYIOTN anodoTIKOTNTA TOU MOAU-
Tidou 31dakTIKOU npoownikoU aTtn levikn Maideia, ye anaitn-
TIKOTEPEG OMOUDEG, ME OUVEXN MeTEKNaidsuon kal afloAoynon
- Mali pe dinAaciaopd Twv PIcBwV Toug; Edw, oUTe Kav évag
EKMNPOOWNOG Tou SUANOYOU MovEwy Bev eMITPENETAl va napa-
KoAouOnoel éva paénua...

- Nwg 8’ avTIgETWNIoOW TNV aneXBECTEPN TWV KOIVWOVIK®OV d-
dIkIwV, ekeivnv evoniov Tng Naideiag; YnoBabuilovrag Ta kpi-
TAPIa €1I0aywyng otnv TpiToBabuia, PJE OUVENEIEG APVNTIKEG
yla TNV oTAeun Twv NavenioTnUIak®y onoudwv — apa Kal Twv
AQIK®OV CUPQEPOVTWV Yia AvanTtu&n; 'H, iowg, YE QVTINET®-
nion Tou NPoBARuATog “avavrtn”, kel NoU YEVVIETAl — NAPEU-
BaivovTag €ykaipa oTov XWpPo TNG OIKOYEVEIAG, TNG KOIVOTNTAG
Kal TWV OXOAEIWV TWV UNOAVANTUKTWV MNEPIOXWV;

- Apayg, 6a akoAouBnow @IAoAdikn NoAITIk auEavovTag To
NARBOG TWV NAVEMIOTNUIAK®WY NTUXIOUXWV — KatadikalovTag
dnAadn éva peydAo nocooTd TOUG OTNV avepyia n otnv a-
OKNON GOXETWV CUVABWEG eNayyeEARATWV; 'H, UNNwg, npopAE-
novTag €ykaipwg auTiv TNV avano@EUKTN CUVENEIA KAl OTN-
VOVTaG Mia pwpaAéa dnuoaoia EnayyeAparikn Eknaidsuon, 6a
UNNPETAOW €TO1 dINAG Ta Adika cup@EpovTa (apou ouyxpo-
VWG 0a £Xxw Npoo@Epel Kal noAuTiya ateAéxn otnv Oikovo-
pia);

- MnpooTd OToV OUVEX®WG au&avopevo OYKO TwV avaykwv
KaAAiépyeiag kal Eknaideuong, yiaTti dev enekTeivw Tn padn-
olakr) O1dpKela, HEOW €VOG €BVIKOU BeOHOU ZuvexIZOPEVNG
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MNaideiag wg avayvwpioPEVoU Kal apeidwg XpnHaTodoToupE-
vou opydvou dia Biou Maideiag - 10iwg TwV PTWXOTEPWV Nal-
JIwV nou €xouv adiknBei;».

‘EXOUHE HAAAov ocipa adieE06dwv, NOAITIKOV Kal GAAwyv,
Kdal TI MNOPOoUHE va NOUME yia auTa;

«'00ol TUXOV avayvwaoTeg oag, €pbacav £wg £dw Kal dev Ba-
pgbnkav, Ba €xouv iowg KaAUTEPA KATAVONOEl TNV Anépavtn
nePINAOKN Kal Ta olovei adi€€oda Nou eUnEPIEXEI TO EVEPYNHA
NG Naideiag: ANendAAnAa dIAAPPATA OIKOVOUIKA Kal KUPIWG
aflaka (OnAadn, TEAIK®G, KOIVWVIKO-MOAITIKG) napouaialo-
VTdl — TO KUPIOTEPO TwV onoiwv (To EavaAepe) eival nBoAoyi-
KoU xapakTnpa: Moiog neiBeTal va unooTtnpi&el ano@Aacelg Ye
apeBalo anoTéAeoua og PakpoOv xXpoviko opifovra, Buaialo-
vTag aAha BpaxunpoBbeopa cup@EpovTa Tou; Kai nolol (kai
KUpiwg noéool) S1aBETouV TIG €EAIPETIKA EISIKEUPEVEG YVWOEIG
yla To nAfABog kal To €idog Twv napaydovTtwyv nou diappEouV
TouG noAAanAoug npoBAnuaTiopouq Tng MNaideiag; Kar pia ou-
VapnG EpWTNON: ZEPETE KAVEVA EAANVIKO KOUHA MOU va €XEl
onuoaieloel TNV €Bvikwg avaykaia 5000€Aidn Agukny BifAo
TnG Maideiag Pe TIG AITIOAOYNUEVEG NPOTACEIG TOU KOWUATOG;
AuTR Aoinov nTav, vopilw, n andvrnon oTo £pwTNHUA oag nou
oeileTal To BrApa onueiwTov oTnv Maideia pag, kai yiati OAol
ol 2eToUG diapkeiag appddiol unoupyoi oTAVOUV KiI ano Wia di-
KIa Toug “ueTapplBuion”...».

Navrwg éva and Ta 6Epara cu{ATNONG TOV TEAEUTAIOV
nUHep®V (yia gia akopn gopda) eivar pia eiAoAdikn kai
avantudlakn enayyeAparTikn eknaidsuon. MNarti eni oe-
KAETIEG OEV TO EXOUHE KATAPEPEI; 'EXOUHE TNV «Nnaveni-
oTNHIONOINON>» TV NP®NV AVOTEPWV ENAYYEAHATIK®OV
ZxoAwv, aAAd TeAIka KAl TRV AVENAPKEIA TOUG.

«Nai, piAnoa dn yia Tnv Taon va epappolope pia dnbev @i-
AoAdikf MoAITIKR au&avovtac To MARBOGC TWV EI0AYOHEVWV
otnv TpiToBaduia eknaideuon, Pe Ta €ENG Tpia (capéoTaTa a-
VTIAQika) anoTteAéopara: MpwTov, ival TOoo PEYAAO TO MAR-
B0¢ TwVv NTuXIoUXWV, Nou avTiAauBavovTal oTI Toug nayideu-
gape oTNV avanodogeukTn avepyia i oTnV AoKNon AoXETWV
(XEIPWVAKTIKOV OUVABWC) enayyeAuaTwyv. AsUTepov, Adyw
Tou NARBOUC TV POITAT®V TNG TPIToRBABUIAG, NEPTEI APeU-
KTWG N oTadun Twv onoudwv - dpa unoBabuifovTal kar Ta
avapevopeva yia Tnv Avantu&n Tng xwpag anoteAéopaTa. Kai
TpiTOV, €I¢ ToUTO TO METAEU N Napaywyn €xel oTepnOei NoAU-
TIMA enayyeAPaTika oTeAéxn, nou Ba Ta etoipale pia dnuoaia
PWHAAEQ enayyeAPaTikn eknaideuon, kalr 8a Ta akpiBonAn-
PWVE N napaywyn.

Apnoape Aoindv va aTovei CUVEX®MG KAl CUCTNMATIKWG N enay-
YEAMATIKA eknaideuon — o1’ Ovoua, A€el, TNG KOIVWVIKAG dI-
kaloolvng. Taioape dnAadn Tov anAnpo@odpnto Aad pag pe
@oupapa. Ev Tw peTa&l, n OIKOVOMIKN MpaypaTikoTnTa €6e-
pdneuos Kal TNV NaAaidTePn KOIVWVIKH UMOTIMNON TWV £nay-
YEAUATIOV — OTAV 01 anoAdBeg ToUG TwWPA €YIVAV ACUYKPITWG
avwTepeC an’ Tnv eTepoanaocyxoAnon (f kal TV avepyia) Twv
nTuxioUxwv. (E§ ou kai n aitnon diafuyiou Tng vionavTpng
nou €€nnatnén: “Tng €ixe nel nwg sival YdpauAikdg, kal ano-
deixOnke kadnynTtng TNG YOpauAikng”).

To kako xpovoAloyeital and 50eTiac. ©a €naipva To 8appog va
unooTnpiE€w OTI N OXETIKN OUVEVTEUEN Hou oTov “OIKOVOMIKO
Tayxudpoduo” Tng 1 Aek. 1966 civail enikalpn akoun Kal GAuepa.
K1 6Tav o PAAANG BéAnoe To 1976 va peAeTrioel Ta niBava oe-
vapIa TWV CGUVENEINV TNG 9XPOVNG UNOXPEWTIKNG EKNAIdEUONG
(ka1 p’ €oTelAe To EMIM oTO Unoupyeio Maideiag eni 3unvov),
oTo BiIBAio nou ekdwoape €Enyoloape OTI TO €TACIO KOOTOG
TnG EnayyeAparikng Eknaideuong ava goitnTryv, §enepvasl To
3nAdoio Tou avTioToixou kdoToug TnG levikng Maideiag. e
Aiyo To k00TOG Ba TO pixvave, Xapig OTO UMNOKATACTATO TOU
Jauponivaka kal gg @TnvoUc KabnynTég mou dev MpPoEpXo-
vtav an’ Tnv MNapaywyr - aAAa didaokav “épeuva”...

Ev Tw peTa&l, o1 KouTogpaykol SuvApwvav TiG Napaywylkeg
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€NAYYEAUATIKEG TOUG ONoudEG (aAAG gpeiG ipaoTe €Bvog une-
prigavov).

'Opwg undapyel eAnida: An’ Tnv Kupia AiapavTonoUAou n onoia
€vav unva npotol @Uyel an’ To UNoupyEio, Hou €iXe ThAEPW-
VNOEI Kanola npoxwpnuévn vuxtepiviy wpa (“eAdate va Bonon-
OETE VA anokaTtaoThooupe TNV EnayyeAuarikn Exknaidsuon”),
MEXP!I TO Npdo@aTo npa&ikonnua Tng abpdag navenioTnuionoi-
nong navtog TEI - qaiveral 0TI wpipacav ol CUVOAKEC yI' au-
TAV TN MeydAn MetappUBuion. MNa va dieukoAuvBei, npoTeivw
va opyavwBei pia ogipd ano “ekTdg MNPakTikK®V Kal ekTdG ON-
Hooloypagiag” npokaTapKTIKEG CUOKEWEIG EIDIKEUNEVWV OTE-
Aexwv, oUPNOAITEUONG Kal avTinoAiTeuong. Kaipoi yap ou pe-
VETOI».

‘EXETE MIAROEI YIA TRV «NS0oVi Tou ROouG>» Nnou cUHBAA-
Ag1 OTNV ATOHIKNA KAl OTNV KOIVWVIKN gudaipgovia.

«EniTpewTe pou v’ apxiow and akopn vwpitepa: H onoudaiod-
Tepn TV “TexvwVv”, n MoOAITIKA, BEPEAIDVETAI NPWTOV OE NpPo-
TIMOUEVEG NPpOTEPAIOTNTEG ALIQV, €PEIGETAI OTNV KOIVWVIKN
AANAeyyUn, eve oTnv NepinTwon Twv dNUOKPATIKWV Kabe-
OTOTWV (ONOU KAT’ AnoKAEIOTIKOTNTA Kal aokeiTal) n MoAITikn
vouIJonolel Tn Zuvaiveon - avTi yia Tnv nuypaxia. 'ETol, n
MoAITIKR dev €ival evépynua yvwaolakng katnyopiag (0,T1 ano-
(aiveTal n eNIoTAKN €ival diakoppaTikwv). An’ TV anAn ava-
yvwon Aoinov Tou opigpoU TnG anodeikvuetal 6T n MoAITIKr
avnkel ato BagiAei®v TNG HBIKAG. Enopévwe KAbe avTikoIvw-
VIKOTNTA NOAIT®V (= avnBikdTNTa) UunovoueUel To Koivo KaAo,
kal diaoTpépel TNV MoAITIkA. IdoU Aonov yiaTti To aitnua yia
HBo-Maidegiav, dev agopd To KartnynTiko, aAAa Tnv idia Tnv
noAITIkn {wr evog Tonou. ‘OTav HAAIoTa, Yia JIa CUYKEKPIYEVN
xwpa diabéTope NoAAoUG a&ionioToug OEIKTEG AVTIKOIVWVIKO-
TATAC ano@aciaTIKAG Kepidag Tou Aaol Tng, TOTE PaiveTal a-
KOHa oaQE£oTeEPN N €pUnVveia TnG kakodaiyoviag Tng Kai n Ka-
B8apa npakTikh onuacia Tng HBonaidsiag - pe aueoca suepyn-
TIKEG ouVEneleg oTtnv Olkovopia. Ki ag Kavoue pia napeveeon
€dw, ava@épovTag HEPIKOUG an’ Toug JEIKTEG yIa TOUG OMoioug
€kapa Aoyov: AEia ogBaouou Tou dinAavol cou, anodoxn TG
ONMOKPATIKNG apxnG TNG ouvaiveong, NogooTo 0dIKWY aTuxn-
MATwV o€ guykpioipga odika dikTua, NoooaTo dwpnTwV opyd-
VWV HETAPOOXEUONG, MO000TO eTEpodocoAnwiac (dwpodo-
Kiag), NoooOoTO CUVWHOCIOAOYIKWV EPUNVEINV, EVNMEPOTNTA
nepi TWV ENIKPATOUOWY ANOWEWV TNG EMIOTANNG, auToTpau-
MaTIKEG “KaTaANWeIG” oXoAgiwV, EUPOVOG SAVEITHOC €I1G BApog
TWV HEANOVTIK®V YEVEWV, K.AM., K.AM.

Se pia Tétola (UnoBeTikn) Xwpad, o AapBivog Ba eixe NpoBAEWel
Tn BaBuiaia kaTaoTpoPrn TNG, apoU €KEIVOG €ixe dIANIOTWOEI
OTI “HOVOV EKEIVEG Ol OHADEG MPWTEUOVTWY EXOUV EEEAIKTIKO
NAEOVEKTNHA, OOEG EXOUV EOWTEPIKN auvoxn” (dnAadn nbikn).

MnpoaoTa Aoinov o’ auTiyv Tn BePeAI®dN onuacia Tou aTodikou
kal dnuoaciou 'HBoug Npog dPeAOG TwWV HAKPOXPOVWY AdIK®V
OUHPEPOVTWY, NUEIC TI NPATTOMEY; ZNeUdw O€ va Bupiow OTI
n HBonaideia dev ouvioTaral o PETAKEVWON MNVWOOEWVY, aAAa
aoKeiTal Kupiwg: a) Me To napadelyua Tou yovioU, Tou daoka-
AOU, TOU KOIVWVIKOU Npwa, Twv onouddiwv YEYOVOTWV TNG
IoTopiag kal eBANUATIKWV NEPICTATIKOV TV Texvav. B) Me
TNV Aoknon Twv pabntwv oe AuTevépyela DIAOTNTAG, HECW
oupBapaTwv (happenings) NpaypaTik®V KOIVWVIKOV YEYOVO-
TWV. Y) Mg kapnavieg Twv MME, 18iwg TwV NAEKTPOVIK®V Kdl
TWV TNAEONTIKOV HECWV, Ol Onoieg dev Ba €xouv dIDAKTIKOV
xapakTtipa (anaye!), aAAd 6a eivar upnAng oTdbung napayw-
YEC — uno Tov Opo BERaia OTI OAoI ol NapayovTeg Ba EXOUNE
auBopUNTWG €NICTPATEUTEI yia Tov onoudaio auTdv MOAITIKO
Kal QIAoAaiko okono. Eival navtwg npo@aveg OTI anaiteital
HIa NoAU €VIOXUMEVN UNEPKOMMATIKN NAEIOWN®Ia yia KATI TE-
TolO.

Oa npokeiTal BERala yia pia @IAGDOEN YakponpoBeoun KaAo-
opyavwpévn ekoTpateia, pe NnAnBog duokoAieg kai dINAppaTa
XPOVOU Kal XpnuaTog. Ynootnpilw OPwe OTI n Bepancia pag
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o@eilel va gival ouvenng Npog Tn Wovn didyvwaon Mnou gpun-
veUEl onUavTIko HEPOG an’ Tnv €pnouca unoavanTtuérn uac.
Aev €ipal kaBdAou aio16d0E0G — auTr OPWG Ba ATav pia yepn,
npayparikn MetapplBuion!».

(NanapaTtdaiou Mapvu / TO BHMA, 26.09.2021,
https://www.tovima.gr/2021/09/26/society/theodosis-p-
tasios-kraygaleos-paralogo-to-aitima-kommatikis-politikis-
stin-paideia)
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Probabilistic tsunami forecasting for early
warning

J. Selva, S. Lorito, M. Volpe, F. Romano, R. Tonini, P.
Perfetti, F. Bernardi, M. Taroni, A. Scala, A. Babeyko,
F. Lgvholt, S. J. Gibbons, J. Macias, M. J. Castro, J. M.
Gonzalez-Vida, C. Sanchez-Linares, H. B. Bayraktar, R.
Basili, F. E. Maesano, M. M. Tiberti, F. Mele, A. Piata-
nesi & A. Amato

Abstract

Tsunami warning centres face the challenging task of rapidly
forecasting tsunami threat immediately after an earthquake,
when there is high uncertainty due to data deficiency. Here
we introduce Probabilistic Tsunami Forecasting (PTF) for tsu-
nami early warning. PTF explicitly treats data- and forecast-
uncertainties, enabling alert level definitions according to any
predefined level of conservatism, which is connected to the
average balance of missed-vs-false-alarms. Impact forecasts
and resulting recommendations become progressively less
uncertain as new data become available. Here we report an
implementation for near-source early warning and test it sys-
tematically by hindcasting the great 2010 M8.8 Maule (Chile)
and the well-studied 2003 M6.8 Zemmouri-Boumerdes (Al-
geria) tsunamis, as well as all the Mediterranean earthquakes
that triggered alert messages at the Italian Tsunami Warning
Centre since its inception in 2015, demonstrating forecasting
accuracy over a wide range of magnitudes and earthquake
types.

Introduction

Tsunamis may strike a coastal population close to the earth-
quake location within minutes after its origin time. Tsunami
Early Warning Systems (TEWS) must forecast the tsunami
threat rapidly following any potentially tsunamigenic earth-
quake. Tsunami impact prediction immediately after the
event is subject to large uncertainty stemming mainly from
the unknown details of the earthquake source, which implies
large variability in the estimated tsunami inundation 1. The
uncertainty is amplified by the necessity to act rapidly to
maximize the evacuation lead time. Given the available in-
formation, a vast number of different forecast outcomes are
possible. The forecasts should assign a probability to each of
these outcomes (like in, for example, weather forecasting
2:3). Present-day tsunami forecasts are non-probabilistic,
producing single-outcome forecasts. The uncertainty is often
accommodated only implicitly through conservative choices
(e.g. safety factors) to minimize missed alarms, at the cost
of increasing the rate of false alarms 4. Supplementary Ta-
ble 1 summarizes all the symbols and acronyms used.

Testing PTF

To quantitatively test PTF performance for operational use in
TEWS, we should define an unbiased set of events for which
a tsunami warning issuance is required, regardless of
whether a detectable tsunami was actually generated or not
(the Gutenberg-Richter distribution of earthquake magni-
tudes implies that most of tsunami warnings will be issued
close to this condition). To this end, we built a testing dataset
(Fig. 5a) composed of all Mediterranean earthquakes that
triggered alert messages from the CAT-INGV TSP, without
any filter or selection. This includes all the twelve seismic
events with initial magnitude estimate Mw > 6.0 that oc-

curred since CAT-INGV became operational in 2015. We
added the 2003 Zemmouri-Boumerdes event, to enrich the
set of events in the western Mediterranean, reaching a total
of thirteen events (Fig. 5a). Observations for the tests in-
clude rapid and revised moment tensor estimates, and tsu-
nami observations from the available tide-gauges and from
run-up surveys, when available (more details in Supplemen-
tary Note 6).
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Fig. 5: Testing PTF.
a Testing dataset and monitoring area of CAT-INGV; addi-
tional details are reported in Supplementary Table 2. b Ex-
ample of test for events with observed tsunami: the case of
2020 Mw 7.0 Samos-Izmir earthquake. PTF misfit distribu-
tion ([PTF-Observations]) is evaluated as the difference be-
tween near-coast wave amplitudes sampled from the PTF
source ensemble and observations and staked for all obser-
vation points (see Methods). Gray bars report the misfit dis-
tribution, along with its 15, 50, and 85 percentiles (dashed
lines). The model is rejected if the testing value (null misfit,
purple line) falls in the rejection area (light red area); oth-
erwise, the test is passed. ¢ Example of test for events
without observed tsunami: the case of 2017 Mw 6.5 Lesbos
earthquake. The PTF distribution ([PTF]), obtained sampling
from the PTF source ensemble, is expected to encompass
small values. The model is rejected if the testing value (the
95th percentile of [PTF], purple line) falls in the rejection
area (light red area: near-coast wave amplitude < 0.1 m);
otherwise, the test is passed. To keep spatial correlations,
in both [PTF-Observations] and [PTF] the uncertainty in
propagation is averaged (see Methods). All the other case
studies are reported in Supplementary Figs. 4 and 5.

PTF accuracy is evaluated through formal hypothesis testing
to assess the consistency between forecasts and available
data and, if need be, to reject the PTF uncertainty model (see
Methods). Both intermediate (source mechanism) and final
(tsunami intensity) forecasts are tested. Results indicate that
overall focal mechanism forecasts are accurate, such that the
PTF source model is never rejected (results in Supplementary
Table 7). Tsunami data and forecasts are compared simulta-
neously at all forecast points with observations, and spatial
correlations are accounted for (see Methods). Although tsu-
nami observations in many cases are limited, and sometimes
with a poor signal-to-noise ratio due to the small event sizes,
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statistical tests confirm PTF accuracy also regarding tsunami
forecasts, both for the events generating an observable tsu-
nami (e.g. the October 30, 2020 Mw 7.0 Samos-Izmir event,
Fig. 5b; results for all the six events of this type in Supple-
mentary Fig. 4) and the ones for which a tsunami has not
been observed (e.g. the 2017 Mw 6.5 Lesbos event, Fig. 5c;
the results for all the seven events of this type in Supplemen-
tary Fig. 5). The tsunami generated by the Mw 7.0 Samos-
Izmir earthquake (maximum run-up ~3.8 m104), as well as
by the May 2, 2020 Mw 6.7 Ierapetra event, offered us a
unique opportunity to perform a blind test for PTF, since the
complete evaluation system was in place before the events
occurred. The same test can be applied to the 2010 Maule
tsunami, using both deep-sea and coastal observations as
well as near-field and far-field observations; the results con-
firm the overall accuracy of PTF also for large magnitude
event (Supplementary Fig. 4). On the other hand, for all the
events that did not generate any measurable tsunami, PTF
consistently forecasts an essentially negligible tsunami
(<0.10m) at all the observation points (Supplementary
Fig. 5). While specific events may tend toward over/under-
estimation, altogether they pass the statistical test (accuracy
level of 0.05). More details in testing results are discussed in
Supplementary Note 7.

Discussion

We present an approach dealing with uncertainty in real-time
tsunami forecasting and linking alert-level definition for tsu-
nami early warning to such uncertainty, coined Probabilistic
Tsunami Forecasting (PTF). Current practices do not quantify
uncertainty in tsunami forecasting and define alert levels de-
terministically. To reduce missed alarms, they typically adopt
safety factors that increase the number of false alarms. PTF
addresses this issue through explicit uncertainty quantifica-
tion, linking alert levels to the desired level of conservatism.

This approach has been implemented for near-field tsunami
warning and tested against all available data in the Mediter-
ranean, including two blind tests (the recent 2020 Mw 6.7
Ierapetra and Mw 7.0 Samos-Izmir earthquakes), as well as
for the 2010 Mw 8.8 Maule earthquake and tsunami, one of
the largest events ever recorded. The results show that PTF
is statistically accurate in its forecasts, ranging from rela-
tively small crustal earthquakes to large magnitude subduc-
tion zone events.

Published: 28 September 2021

Selva, J., Lorito, S., Volpe, M. et al. Probabilistic tsunami
forecasting for early warning. Nat Commun 12, 5677 (2021).
https://doi.org/10.1038/s41467-021-25815-w
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BIM: a game-changing technology?

What are the benefits of building information modelling and
what is its role going forward?

It is widely accepted that digitalisation is a game-changing
strategy that will empower the construction sector to thrive
and deliver the expertise for sustainable energy skills.

That is the view of Paul McCormack, BIMCert programme
manager at Belfast Metropolitan College in Northern Ireland.

McCormack believes that transforming the EU Construction
Sector to be greener, consume less energy and to reduce the
carbon footprint of the sector, will be driven by the growing
market for digitalisation and data and by legislated carbon
reduction targets but it will all be achieved through upskilling
the built environment workforce. Building information mod-
eling (BIM) is the backbone of the new ‘informed’ way of
working triggered and targeted by the digitalisation opportu-
nities presented to the sector.

A BIM model of the internal utilities of a building

“The challenge for industry is how to engage in the digitali-
sation journey, where is the nest starting point and how do
you navigate a journey when you are unsure of the destina-
tion?” says Paul.

A BIM model of the internal utilities of a building.

“As with any journey it is vital that you get the fundamentals
right. The digitalisation journey is no different, get the right
training materials, suitably prepared and correctly packaged
for the audience, ensure the learning process fits and is well
mapped out.

A future-fit industry

“Whilst technology affords us the chance to do many things,
it is essential to get the theory and practice right first. Ensur-
ing the correct pedagogical structure for the process is the
foundation of the learning process regardless of the delivery
mechanism.”

“In the post, Covid-19 crisis there will not be a return to pre-
pandemic normality; many of the previous systems, struc-
tures and jobs have disappeared and will not return. It is
therefore imperative that to help kick start the economy and
to take full benefit from the emerging low carbon economy
and other opportunities, all training tools, mechanisms and
channels developed must be future fit in design, content, de-
livery and accreditation.

“In the current crisis individuals, industries and governments
are being affected on an unprecedented scale in the current
crisis. Our challenge is to develop training materials and
modules for the new economy and marry these with new
forms of learning. This approach enables industry and work-
ers to start their digitalisation journey learning learn new
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skills whilst also accelerating the process.” BIMcert is a pro-
ject based upon three steps, aimed at providing a large-scale
training & qualification scheme providing the requisite skills
for the entire construction supply chain to:

1. Enable collaborative working to improve access to and the
transition from design to development and delivery of both
new build and renovation to achieve energy efficient near
zero buildings (embedded energy)

2. Achieve efficient and effective ongoing management of the
building in terms of energy and fabric (operational energy)

3. Use Building Information Modelling (virtual construction)
as the enabling methodology and tool (sustainable energy)

“The construction sector is increasingly struggling with how
to gather and se data in a co-ordinated fashion across the
entire sector supply chain. By upskilling the workforce initially
to master the digital fundamentals and then to utilise BIM to
gather the data, the sector can then organise, store and ex-
tract value from the data, leading to greener construction and
enabling net zero carbon footprints in construction. BIM is
simply a repository of energy information of buildings, acces-
sible and usable by all stakeholders in a systemic and coor-
dinated environment,” he continues.

“BIM is an enabler and a priority for companies to secure a
basic grasp of, but in reality the level of knowledge and use
of BIM will differ from one company to another depending on
their position on the construction value chain. Whilst large
multinational companies will have resources for a dedicated
BIM department, SMEs will require this to be an ‘add on’ to
someone’s job description. Therefore, the BIM adoption lev-
els, and development routes are different for each player and
the resources available need to reflect this. Every company
will adopt different BIM approaches depending on need and
capacity. However, every company will require a basic
grounding in BIM.

“Now is the time for companies to develop and implement
their specific needs and opportunity driven digital strategy
with BIM at the heart. The starting point for this journey is
getting the fundamentals in place.”

Building better together

Construction software specialist Trimble feels that the poten-
tial of BIM is often underestimated.

“Many people think of BIM as a digital formula for producing
rich designs and visualisations. BIM is a lot more than just a
better way of modelling objects, components and structures.
From the earliest days of its inception, the aims of BIM were
no less than to transform construction and the ways con-
struction stakeholders work together in the actual building
process, not just the design phase.

“BIM methodology allows the construction process to start
before the design is ready. When the contractor has access
to design data in the early phases and can interact and give
feedback to the design team, a two-way interaction develops
between design and construction which improves the project
progress, planning and reduces rework.”

One thing that Trimble has noticed in the context of BIM is
how construction has changed in recent years.

“The entire construction process has become much more in-
formation-driven, which is why our strategy is centered
around the concept of ‘constructible data.’

Working with shared and coordinated construction data ena-

bles all stakeholders to have the information they need to
succeed and to ensure other stakeholders on a project also
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have what they need. The idea is to identify and solve issues
related to physical construction up front and digitally with as
much detail as possible. BIM means a project has multiple
federated models (from architecture, layout, structural engi-
neering,) that are shared so different project stakeholders
can better coordinate as a team, which leads to meaningful
improvements to delivery of the completed project.

Construction software specialist Trimble believes the poten-
tial of BIM is underestimated.

According to Trimble, analysis run on BIM and non-BIM pro-
jects in Norway shows that one of the obvious benefits is that
when the BIM design process is run in a shared environment,
with a continuous cross domain check, there is a significant
reduction in the number of conflicts between domains. Also,
when work in the field is connected to the office, for instance,
project progress can directly inform project managers and
even the accounting systems. Studies have shown that the
costs of rework in construction can be up to 25% of the con-
tract value and 10% of the total cost of the project, often due
to management, planning, and communication issues. Inte-
grating the field and the office in a connected project makes
it easier for crews on site to better understand the designer’s
intent, which in turn can reduce errors.

Adopting BIM is seen as a key strategy for construction
businesses emerging from the Covid-19 pandemic.

Another quality and efficiency step, says Trimble, is when
construction machinery is connected to the model that is al-
ways up to date. The company has seen examples of utilizing
constructible models to guide layout and fabrication work-
flows with robotic total stations and directly guiding earth-
moving equipment through machine control. When the ma-
chines in the field are equipped with 3D-machine control, a
huge benefit can be gained from directly connecting to the
model to get the right design and the updates in real time
and feeding back real time data while they execute. There-
fore, it is not just important to work with BIM but in an open

BIM environment that allows collaboration between several
technologies.

Getting it right first time

Fabio Ponzio, vice president, building solutions at Hexagon'’s
Geosystems division, says his company has various solutions
supporting the lifecycle of BIM as well. For example, Scan-
to-BIM, the process of digitally capturing an existing building
or construction site with 3D laser scanning technology, can
be used to create a BIM model of an existing building.

Scan-to-BIM contributes to time and cost savings by in-
creasing the speed of accurate data collection. It also posi-
tively affects workers’ safety by allowing them to remain at a
distance while digitally capturing complex areas and environ-
ments. Deploying 3D laser scanning solutions and software
also leads to less rework, as inaccuracies are avoided at the
initial planning stage instead of being incorporated into the
project itself — which will cause problems later.

“Having a visual model or digital twin also means that every-
one involved in the project can understand and explore the
site without making visits — resulting in a decrease in ma-
chine use and harmful CO2 emissions and the number of face-
to-face interactions as we continue to emerge from the pan-
demic. The collaborative BIM process also allows everyone on
the team to work from the same detailed and accurate infor-
mation source, making problems easier to identify and faster
to resolve.

“As the construction industry emerges from the global pan-
demic, digital solutions that connect sites and teams easily
and quickly will be key, including adopting BIM throughout
the construction process”.

To be fast and accurate

Asked whether BIM is currently seen as a contract-winning
tool for large contractors, or whether it is now better under-
stood and being used to greater purpose within both the tier
one and SME community, Ponzio says he believes geography
is an important factor.

“BIM adoption varies regionally. Some countries are further
ahead as BIM has been mandated by the government. Still,
many architects, engineers and contractors are using more
traditional CAD methodology as well. Many companies are
using CAD and BIM depending on the project. We see smaller
and bigger companies adopting BIM and investing in tools like
reality capture for Scan-to-BIM workflows.

“For example, in Spain, Sertogal SL used the Leica Geosys-
tems’ reality capture solutions to create a BIM model that
guided the remodeling and expansion of the electrical sub-
station of Mera in the province of Ourense — part of an am-
bitious initiative to partly absorb the energy production gen-
erated by 17 new wind farms planned in the region. In the
Netherlands, engineering firm BIM4ALL, a member of the
Brevo Group, was commissioned to document sewer pits
across the whole country — around 10% of 80 million of
these in need of replacement due to corrosion from hydrogen
sulfide gas. To achieve this, BIM4ALL deployed the Leica
RTC360 3D laser scanner to document 5-metre-deep pits —
capturing two million points per second; each pit only took
15 to 30 minutes to complete. Based on this scanning data,
BIM4ALL can create accurate BIM models of existing condi-
tions as well.”

On track with BIM at Naples Central Station

Minnucci Associati engineering studio has produced a
complete IFC - BIM model of the central train station of
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Naples in Piazza Garibaldi with millions of objects con-
taining detailed information, technical data sheets,
structural/thermal data and much more, with the aim of
optimising network rails’ management, enhancement
and maintenance.

The overall model, consisting of a federation of over 50
IFC models, has been uploaded on the usBIM.platform
CDE, which allows you to view various models and ob-
jects associated to multiple documents, information and
data.

The usBIMplatform enables the user to view such a com-
plex model even with a normal browser, such as Google
Chrome or Internet Explorer, etc.

In this specific case, it is possible to access the same
model directly from the GIS Open BIM from the plat-
form.

Immersive virtual reality experience

The experience of the immersive virtual reality takes
place in a simulated environment, where users can in-
teract with virtual features or items by using special
equipment. Virtual reality systems introduce the viewer
into completely new virtual scenarios.

The virtual effects are commonly created by special
viewers, such as VR headsets. The spectator is given a
complete feeling of reality and can look around the arti-
ficial scenario.

The dynamic integration between BIM architectural de-
sign and immersive virtual reality allows architects and
designers to have a much better understanding of their
project and, perhaps more importantly, improve com-
munication and client collaboration. VR technology has
truly impacted the design experience allowing the vari-
ous stakeholders to take part to the digital model crea-
tion and maintenance process.

It follows an interaction with the client who can be di-
rectly involved in the decision-making process during
the design phase, in terms of simple decisions such as
furnishing or finishes selection or more demanding func-
tional-architectural choices.

In addition to the BIM model of the Garibaldi station, a
digital model of the Naples to Rome line has also been
produced.

The model reached a high level of detail for each railway
object inserted and the signage details, thanks to the
possibility of assigning technical datasheet and other
type of information to the IFC model objects.

(Steve Ducker / CONSTRUCTION EUROPE, 29 September
2021, https://www.construction-europe.com/news/BIM-a-
game-changing-technology-/8015162.arti-

cle?utm source=Newsletter&utm me-

dium=Email&utm campaign=Construction-Europe-6th-Oc-
tober-2021)
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Controls on Post-Seismic Landslide Behavior in
Brittle Rocks

Matthew J. Brain, Sebastian Moya, Mark E. Kincey,
Neil Tunstal, David N. Petley, and Sergio A. Sepulveda

Abstract

Earthquakes trigger widespread landsliding in tectonically ac-
tive landscapes. The effects of strong ground shaking on
hillslope stability persist into the post-seismic stage; rates of
landsliding remain elevated in the years following an earth-
quake. The mechanisms that control the spatial pattern and
rate of ongoing landsliding are poorly constrained, hindering
our ability to reliably forecast how landscapes and landslide
hazard evolve. To address this, we undertook a detailed geo-
technical investigation in which we subjected representative
rock samples to dynamic loading, simulating the effects of
earthquake ground shaking on hillslopes of different configu-
ration. Our results indicate that post-seismic hillslope
strength is not an intrinsic rock property; rather, it responds
to the amplitude of imposed dynamic loads and the degree
of pre-existing shear surface formation within the rock. This
path-dependent behavior results from differences in the
character of fractures generated by dynamic loads of differ-
ent amplitude, and the ways in which apertures are mobilized
or degraded in subsequent (post-seismic) shearing. Sensitiv-
ity to dynamic loading amplitude is greater in shallow land-
slides in which shear surfaces are yet to fully form; such
hillslopes can be strengthened or weakened by earthquake
events, depending on their characteristics. In contrast,
deeper landslides on steeper hillslopes in which shear sur-
faces have largely developed are less likely to display differ-
ences in behavior in response to dynamic loading because
strain accumulation along pre-existing fractures is dominant.
Our results demonstrate the need to consider path-depend-
ent hillslope stability in numerical models used to forecast
how landscapes respond to earthquakes and how post-seis-
mic hazard evolves.

Plain Language Summary

Landsliding is more common in the months and years after
an earthquake. Our understanding of why this happens is
limited but likely results from earthquake weakening of hill-
slopes. The mechanisms causing this weakening are difficult
to assess at the landscape scale using satellite imagery. An
alternative approach to improve our understanding of the
controls on rock strength after an earthquake is to subject
rock samples to seismic shaking in laboratory conditions. We
used a custom-built apparatus to subject rock samples to
pressure conditions typical of those experienced in shallow
and deep-seated landslides. We simulated ground shaking of
differing intensity to assess whether the rock was weaker or
stronger after the shaking stopped. In simulated shallow
landslides, ground shaking intensity affected how the sample
cracked. Less intense shaking weakened the rock, implying it
is more likely to fail following an earthquake. Conversely,
more intense ground shaking strengthened the rock by cre-
ating a very uneven sliding surface, suggesting it is less likely
to subsequently fail. Simulated deeper landslides on steeper
hillslopes did not weaken, displaying less sensitivity to
ground-shaking intensity. Our findings improve under-stand-
ing of how hillslopes respond to seismic shaking, assisting
forecasts of how landscapes and hazard develop after an
earthquake.

1. Introduction

Seismic ground accelerations trigger large numbers of land-
slides in tectonically active, mountainous landscapes (Keefer,
1984; Parker et al., 2011; Roback et al., 2018). These co-
seismic slope failures, and the resultant release of large vol-
umes of sediment into steep mountain catchments, have a
significant effect on the geomorphic evolution of seismically
active mountain regions (Croissant et al., 2019; Fan et al.,
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2018; Wang et al., 2015). Earthquake-triggered landslides
can also result in considerable loss of life, damage to critical
infrastructure and socio-economic disruption (Nowicki Jessee
et al., 2020; Robinson et al., 2018). It is therefore important
to understand and, where possible, to forecast how hillslopes
in seismically active landscapes respond to earthquake
ground shaking (Malamud et al., 2004; Marc et al., 2016;
Meunier et al., 2007).

The effects of earthquakes on hillslope stability are persis-
tent; regional rates of landsliding can remain elevated above
background levels over annual to decadal timescales follow-
ing the mainshock event (Hovius et al., 2011; Koi et al.,
2008; Marc et al., 2015; Zhang et al., 2016). The mecha-
nisms responsible for this temporal pattern are poorly con-
strained (Rosser et al., 2021). Transient, elevated (i.e.,
above rainfall-normalized baseline conditions) rates of post-
seismic landsliding are not ostensibly controlled by external
seismic or meteorological forcing (Marc et al., 2015) and
have instead been attributed to a combination of erosion of
regolith weakened by earthquake ground shaking (Fan et al.,
2018; Kincey et al., 2021; Lin et al., 2008; Wang et al.,
2015), and/or recovery of hillslope strength in the post-seis-
mic phase following initial disturbance and weakening during
ground shaking (Leshchinsky et al., 2020; Marc et al., 2015,
2021). The mechanisms responsible for the latter are poorly
constrained but have been postulated to result from a range
of “healing” processes that include the re-establishment of
plant-root cohesion (e.g., Jacoby, 1997; Yunus et al., 2020)
and the reversal of dilation experienced during an earthquake
as rock and soil masses settle and re-establish frictional con-
tacts (e.g., Lawrence et al., 2009).

However, isolating the dominant mechanisms, and combina-
tions thereof, that control the post-seismic evolution of hill-
slope strength is not straightforward across landscapes char-
acterized by considerable variations in geomorphic setting,
landslide type and morphology (Fan et al., 2018; Hu et al.,
2018; Kincey et al., 2021), and substrate lithology, rheology,
structure and stress history (Bontemps et al., 2020; Brain et
al., 2017; Carey et al., 2017, 2021; Gischig et al., 2015; Hu
et al., 2018; Lacroix et al., 2014; Samia et al., 2017a; Viles
et al., 2018). Both mapped landslide inventories and local
field studies reflect landscape and landform response to a
specific earthquake event (Rosser et al., 2021). As such, use
of limited inventories does not allow us to explore how
hillslopes respond to different mainshock stress paths and,
hence, the range of behavior that hillslopes could potentially
exhibit in the post-seismic phase. This is important to estab-
lish because the specific nature of earthquake ground accel-
erations (duration, amplitude, and frequency content) can it-
self exert a key control on the evolution of substrate strength
and rheology in the post-seismic phase (Parker et al., 2015;
Sepulveda et al., 2016). Furthermore, we lack detailed un-
derstanding of how hillslopes of different configuration de-
form in the post-seismic phase in response to earthquake
ground shaking of differing character. Hillslope angle and
landslide depth, for example, set the baseline (aseismic)
shear stress, strain, and damage conditions (Bieniawski,
1967; Brain et al., 2014; Eberhardt et al., 1999; Martin &
Chandler, 1994; Petley et al., 2005) that are subjected to
ground accelerations during an earthquake. Different combi-
nations of ground shaking intensity and hillslope configure-
tion therefore have the potential to drive differences in post-
seismic hillslope stability and/or behavior that are not cap-
tured in regional-scale mapping assessments (Marc et al.,
2015).

The aim of this study is to determine how the intensity of
ground shaking affects the post-seismic strength and rheol-
ogy of rocks in hillslopes of different configuration and to con-
strain the mechanisms that cause any resultant variability.
We used a novel geotechnical testing approach to subject
samples of a single rock type to dynamic loads of varying
amplitude to simulate differences in ground-shaking intensity
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in an earthquake mainshock. We then considered the effect
of this dynamic loading on the subsequent deformation be-
havior of the rock, equivalent to the potential behavior of hill-
slopes in the post-seismic phase. We also explored if, how
and why the baseline shear stress, a surrogate for hillslope
angle, depth and, in turn, the degree of pre-seismic shear
surface formation and damage, influenced the strength and
rheology of the rock following dynamic loading, providing in-
sight into the nature of hillslopes likely to experience ele-
vated, or indeed reduced, susceptibility to post-seismic land-
sliding.

2. Rock Sampling Location

During the 2010 Mw 8.8 Maule earthquake, Chile (e.g., De-
louis et al., 2010; Lorito et al., 2011), the Arauco Peninsula
displayed elevated rates of landsliding, particularly in the
sandstones and siltstones deposited in littoral settings during
the late Pliocene and early Pleistocene (Escobar et al., 1982;
Hackley et al., 2006; Melnick et al., 2009; Nielsen & Valdovi-
nos, 2008; Serey et al., 2019). We obtained intact rock sam-
ples for laboratory analysis from the accessible coastal out-
crops of the Tubul Formation on the Arauco Peninsula (Figure
1). In our sampling region, the well-drained and largely mas-
sive rock slopes experienced disrupted translational landslid-
ing during the 2010 Maule earthquake (Serey et al., 2019;
Verdugo et al., 2010). Initial reconnaissance indicated the
failure depth at the site was approximately 5-10 m. Our spe-
cific sampling location was selected such that unsheared, in-
tact rock samples were sufficiently distant from locations
where hillslope failure and coseismic damage occurred.
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6. Conclusions

Using geotechnical laboratory testing, we considered how the
strength and rheology of rocks can vary in the post-seismic
phase in response to dynamic loading that varies in charac-
ter. Our results indicate that post-seismic hillslope strength
can be unchanged, increased or decreased relative to pre-
seismic conditions.

This path dependence is controlled by the amplitude of dy-
namic loading experienced at a particular location and the
degree of pre-existing shear surface formation within
hillslopes, which is in part a function of landslide depth and
hillslope angle. These factors govern the nature and location
of fractures and asperities along incipient shear surfaces, and
whether or not these are subsequently mobilized and/or de-
graded during post-seismic shear. More intact rocks, akin to
shallow landslides (depth, z <5 m) in field settings, are most
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likely to display divergent, path-dependent changes to
strength and rheology in the post-seismic phase in response
to seismic loading events of different amplitude. In more de-
veloped shear surfaces typical of deeper landslides (z = 20-
30 m), dynamic loading is less likely to result in changes in
post-seismic strength. However, dynamic loading causes en-
hanced asperity degradation, reducing the “critical strain”
that landslides can sustain in the post-seismic phase. This
has important implications for post-seismic assessment and
forecasting of hillslope stability hazard.

Since the observed path dependence in hillslope behavior is
a function of mechanisms common to brittle rocks, our find-
ings are likely to be critical in a range of lithologies and seis-
mic settings. In field locations, path-dependent behavior is
likely to be manifest spatially in response to local to regionnal
variations in landslide depth, hillslope angle and ground
shaking intensity. Our findings add broader context and pro-
cess understanding to regional scale datasets that consider
the “recovery” of hillslope strength following earthquakes.
Based on our results, and contrary to conclusions that may
be drawn from synoptic regional-scale patterns, not all hill-
slopes will be more susceptible to failure in the post-seismic
phase. Mechanisms of shear surface development and the
specific nature of damage generated in different hillslope
configurations and in response to ground shaking events of
different character must be considered in assessments of
post-seismic hillslope stability at a range of scales. Modeling
path-dependent post-seismic hillslope behavior is an im-
portant next step in our ability to forecast how landscapes
and landslide hazard evolve in the post-seismic phase over a
range of spatial and temporal scales.

(Journal of Geophysical Research: Earth Surface, 04 Sep-
tember 2021, https://doi.org/10.1029/2021]JF006242,
https://agupubs.onlineli-
brary.wiley.com/doi/10.1029/2021JF006242)
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The Archaeology of a Landslide: Unravelling the
Azores Earthquake Disaster of 1522 and its
Consequences

Christopher Gerrard, Paolo Forlin, Melanie Froude,
David Petley, Alejandra Gutiérrez, Edward Treasure,
Karen Milek and N'zinga Oliveira

The multidisciplinary research described here shows how ar-
chaeologists can help reconstruct past seismic episodes and
understand the subsequent relief operation, rehabilitation,
and reconstruction processes. In October 1522, a major
earthquake and landslide struck the then capital of the
Azores, Vila Franca do Campo, 1500 km from the European
mainland. Damage was extensive, destroying key monu-
ments, affecting most of the inhabited area, and leaving few
survivors among the early colonists. The results from twenty-
six archaeological trenches, geological and geoarchaeological
investigations, and documentary analysis are reviewed here.
Distinctive archaeological deposits are identified and ex-
plained, using the high density of artefacts and the erosional
contact between the landslide and the pre-1522 palaeosol to
reconstruct the episode in detail.

Introduction

On 22 October 1522, a powerful earthquake (magnitude 5.7-
6.7) struck the island of Sao Miguel in the Azores archipelago
(Carmo et al., 2013). Intense seismic shaking collapsed
buildings over a wide area and triggered a major landslide in
the hills above Vila Franca do Campo (Figure 1), the earliest
and most important colonial settlement on the island. An es-
timated 3000 to 5000 lives were lost when a flow of mud and
boulders swept through the coastal settlement and out into
the sea; the event is still regarded as one of the most dam-
aging natural disasters in European history. Most of what is
known about medieval and early modern tectonic hazards
and secondary hazards like landslides has been reported by
historians and earth scientists (for an overview, see Guido-
boni & Comastri, 2005; Ambraseys, 2009). Only a few field
investigations for this period have had a specific archaeolog-
ical focus (e.g. earthquakes at Basel in Switzerland in AD
1356: Fah et al., 2009; Dyrrachium in Albania in AD 1270:
Santoro & Hoti, 2014; landslides at Onoldswil in Switzerland
in AD 1295: Akeret et al., 2018; volcanic eruptions and the
AD 1343 Stromboli eruption: Rosi et al., 2019). These pro-
jects typically reconstruct events at a local or landscape scale
and assess their magnitude or intensity, documenting loss of
life and infrastructure, analyzing destruction deposits, and
recording evidence for both community preparedness and
disaster recovery. Even so, a detailed understanding of im-
pact on the ground can be lacking (Ambraseys, 2006: 1009).

Vila Franca promised precisely dated archaeological deposits
from early in the islands’ documented history, the Azores be-
ing first claimed for Portugal in AD 1432, with permanent set-
tlement taking place only after 1449 (Connor et al., 2012;
Rull et al., 2017). In the context of a peripheral maritime
community 1500 km from the European mainland, the re-
sponses and adaptions of colonists to environmental hazards
were also of great interest (Gerrard & Petley, 2013; Forlin &
Gerrard, 2017). Major landslides affect dense urban settings
every few years worldwide. For example, there were an esti-
mated 1765 casualties from the August 2010 Zhouqu land-
slide in Gansu in China, while the August 2017 landslide in
Freetown, Sierra Leone, killed 1141 people, and two major
landslides triggered by an earthquake claimed 2100 lives in
the town of Beichuan in Sischuan province in China in 2018
(Yin, 2009). The removal of rubble, subsequent relief opera-
tions, and rebuilding activities can impede any understanding
of the event and thus any estimation of future risk. Recon-
structing what happened, even in modern settings, is chal-
lenging given the low rates of human survival and chaotic
nature of the phenomenon. One way forward is to examine
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historic hazard events through archaeological excavation and
field observation. That is the approach adopted here.
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Figure 1. Above: location of the Azores (red dot) and Sao
Miguel Island on the triple junction between the North
American (NA), Eurasian (Eu) and Nubian (Nu) tectonic
plates. Main structures: Mid-Atlantic Ridge (MAR), Gloria
Fault (GF), East Azores Fracture Zone (EAFZ) and Terceira
Rift (TR). Below: volcanic systems on Sao Miguel Island
with the location of Vila Franca do Campo and other places
mentioned in the text. Figure by Melanie Froude and Alejan-
dra Gutiérrez. Map adapted from Madeira et al., 2015 and
Trippanera et al., 2014. World topography from NASA,
2018, bathymetry from NOAA, 2018, elevation from ALOS,
2018.

Geological Setting

The Azores lie at the intersection of three major tectonic
plates: the Eurasian plate on the north side, the African plate
to the south and the North American plate to the west, with
the Azores Microplate located at the junction (Figure 1).
Marked by the Mid-Atlantic Ridge to the north and the Ter-
ceira Rift to the south, and the presence of a volcanic
‘hotspot’ with outpourings of basaltic magmas, this dynamic
geological setting generates frequent volcanic eruptions and
a high level of seismic hazard (WeiB3 et al., 2015, 2016).

All nine islands of the Azores have experienced destructive
earthquakes (e.g. Terceira in 1614 (Farrica, 1980; Moreira,
1991) and Sao Jorge in 1757 (Machado, 1970; Farrica,
1980). Secondary hazards have proved especially damaging.
At least a dozen tsunami events have been described over
the last 500 years (Cabral, 2009), while on land the risk of
landslides is amplified by steep valleys, unstable volcano-
sedimentary rocks, and a wet maritime climate (for recent
landslides see Marques, 2004; Marques et al., 2007). Over
the past 5000 years, the island of Sdo Miguel has experienced
thirty eruptions at the Sete Cidades volcano, the Fogo vol-
canic complex, the Furnas volcano and along two basaltic fis-
sure systems (Figure 1). Early colonists observed explosive
activity and dome growth at Furnas in 1439-1443 (Queiroz
et al., 1995), an event that is confirmed by geological evi-
dence (Guest et al., 1999). In the centre of Ribeira Grande,
the sixteenth Century “Pico de Queimada” fountain was bur-
ied under lava flows during an explosive eruption of sub-Pli-
nian (i.e. with volume in the range of 0.05-0.50 km?3) scale
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at Fogo in 1563 (Wallenstein et al., 2015). There were further
eruptions at Furnas in 1630, when some 200 people lost their
lives in pyroclastic density flows (Cole et al., 1995), and in
1652 along the Picos Fissural Volcanic System (Ferreira et al.,
2015). Volcanic sediments provide ample evidence for haz-
ardous ashfall and flows of lava and mud. The presence of
offshore collapse deposits (WeiB et al., 2016) indicates a ma-
jor sector collapse of unknown age at Fogo to the south
(Sibrant et al., 2015), similar to that on Mount St Helens
(Washington, USA) in 1982.

Historical Sources and Previous Fieldwork

The Azorean priest and historian Gaspar Frutuoso (c.1522-
1591) describes the 1522 earthquake and landslide in his ac-
count of the history and geography of the islands, Saudades
de Terra (Frutuoso, 1998; see Rodrigues, 1991). This de-
scription, written fifty years after the event, is complemented
by nine seasons of unpublished excavations between 1967
and 1981 by Manuel de Sousa d'Oliveira (Bento, 1989). The
bulk finds from these campaigns, now in the Museum of Vila
Franca, were reviewed and catalogued for our project; other
materials are on display at the Fundagdo Doutor Manuel de
Sousa d'Oliveira in Ponta Delgada. Unfortunately, Oliveira's
excavation and recording methods do not now permit these
artefacts to be linked to the stratigraphy. In addition, an im-
portant collection of almost complete pots was recovered in
Vila Franca do Campo during the construction of the Centro
Municipal de Formagao e Animagdo Cultural in 1991 (Martins,
1996; Sousa, 2011: 84). These are said to belong to 1522
layers, but stratigraphic details are again absent, and the as-
semblage also includes later Portuguese tin-glazed wares.
Among the finds is an intact rosette window carved in stone
(93 cm in diameter), several stone grave markers and two
copper-alloy candle holders (one intact, 38 cm high), all of
which plausibly date to the sixteenth century.

More recently, Marques et al. (2009) undertook the first de-
tailed sedimentological study of the 1522 landslide, estab-
lishing its depositional process and estimating its volume. In
Vila Franca, the landslide deposit was found to lie above an
ashfall deposit from Furnas C (c. ad 100) and capped by a
thin layer of remobilized (reworked) material overlain by the
ad 1630 ashfall deposit from the Furnas volcano (see for in-
stance the profile of borehole VF45 on Figure 2). Without this
research, there would have been no solid basis for further
archaeological investigation.

m
0

| Reworked sediment
{anthropogenic, surface runoff}

.46
0.50

Furnas 1630 AD

Landslide 1522 AD

0874 b—
1,02 Vﬂ]"

----- Furnas-C 18701120 8P
1:224

Fogo-A 4935 BF

-1.72-

VF45
Figure 2. Stratigraphic profile from borehole VF45 of the ge-
ological context for the 1522 landslide. (Redrawn by Melanie
Froude and Alejandra Gutiérrez from Marques et al., 2009).
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The Landslide

Frutuoso recounts how the earthquake “broke away a great
part of a hill at the foot of the mountain, which is above the
town [...] it swept everything before it, like thunder”. This is
a clear description of a high-mobility landslide. When the
landslide reached the waterline it “took possession of the sea
and entered it”, generating a tsunami-type wave that dam-
aged boats anchored about 700m off the coast (Andrade et
al., 2006). Several survivors were swept into the water cling-
ing to wooden planks and trees and even, in one case, a bed.
One “very large boulder crossed the whole village from the
hills to the sea [...] where it came to rest in the old port [...]
entering the water for about forty paces” (all quotations from
Frutuoso, 1998: Chapter 70).

Marques et al. (2009) identified a scar in the Ribeira da Mae
de Agua river valley as one possible source of the landslide
(Figure 3) and we can assume that the earthquake would
have triggered multiple landslides there (Keefer, 1984).
Frutuoso describes the land “running” downslope in many
places, indicating that simultaneous co-seismic slope failures
coalesced in the Ribeira channel into a single flow. Inspection
of the 5m resolution digital terrain model (based on the
1:25000 scale topographic map by the Azores’ Topography,
Design and Cartography Division of the Regional Service for
Housing and Equipment, DTDC-SRHE) in conjunction with
Google Earth imagery, shows a distinctive concave slope ap-
proximately 500m in length with a semi-circular steep back
scarp, which is likely to be a landslide scar. The composition
of the landslide deposit is consistent with deposits of the Fogo
A Plinian eruption (i.e. an eruption that generated columns of
volcanic debris and hot gases) (Marques et al., 2009), which
are estimated to be 5-10m thick at this location (Walker &
Croasdale, 1971).
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Figure 3. Above: location of excavation trenches and bore-
hole investigations by Marques et al., 2009, indicating land-
slide presence or absence. Below: detail of the town plan lo-
cating places mentioned in the text and borehole VF45 (Fig-

ure 2).
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Figure by Melanie Froude and Alejandra Gutiérrez. Elevation
contours calculated from the ALOS, 2018 digital elevation
model.

Marques et al. (2009) calculated that the landslide volume
(including the coincident flow at Ribeira Seca) was 6.75 x
106 m3. This is consistent with Frutuoso’s description of a
landslide ‘flooding [the town] and covering it with earth, mud,
and some large boulders from the northern side, completely
sealing it’. The narrative suggests a ‘flow-type’ landslide con-
current with the earthquake, something which is commonly
reported (Keefer, 1984, for example). The landslide scar lies
on the edge of the Pleistocene Pico do Vento dome, formed
from trachyte, an igneous rock extruded by the volcano. The
crown (top) of the landslide is within a cinder cone (mapping
by Carmo et al., 2015). A unit of igneous rock, formed as a
flow, runs parallel with the scar, and there are outflow de-
posits (i.e. pyroclastic flow, pumice fall), an active spring,
and fault near its base. The southern flanks of the Fogo vol-
cano have many springs fed by perched aquifers confined by
impervious geological layers (such as ash fall; Cabral et al.,
2015). These geological structures provide suitable conduits
and storage for groundwater, which may have enhanced in-
stability in the hillslope and transformed it into a low cohesion
‘debris flow’, as defined by Varnes (1978).

Despite truncation or removal in some areas, we found evi-
dence for the landslide in fourteen of our twenty-six trenches.
Micromorphology from Trench 4 confirmed the deposit to be
coarse and poorly sorted, with angular rhyolitic pitchstone
gravel up to 2 cm in diameter embedded in a yellow-brown
silt-loam (Supplementary Material 1 and 2). The overall fab-
ric of the geomorphology sub-units (coded L2-L5 on Figure
5) was isotropic, indicating that clast orientation and dip were
essentially random and consistent with a landslide deposit
(see Supplementary Material 2). Some inhabitants were evi-
dently outrun by the landslide, which implies that it must
have been travelling at >2-3 m per second at that location;
Frutuoso notes that ‘the earth ran like waves of the sea’,
highlighting a pulse-like behaviour in which the deposit was
laid down progressively, i.e. the sub-units L2-L5 represent
subtle shifts in flow characteristic of a single event.

At the periphery of the debris fan in Hillside Exposure 27, the
base of the landslide was scoured and mixed with the under-
lying Furnas C ash, indicating turbulence and pulses with
higher water content. An erosional contact here is consistent
with saturated flow, possibly involving liquefaction of the re-
mobilized sediment. At its centre, on the other hand, the
landslide deposit was thick with a consistent structure, verti-
cally less heterogeneous with a near-horizontal erosional
contact with the palaeosol. In Trench 4, this boundary was
sharp but undulating (Supplementary Material 1 and 2; Fig-
ure 5) and the uppermost layer of vegetation, roots, and root
channels had been scoured away. Gravel and pitchstone frag-
ments of any size were completely absent from the original
soil, but the uppermost 3 cm of sealed soil was perforated by
numerous pitchstone gravel pieces from the landslide de-
posit, which had been pressed down into it when the surface
was disturbed.

These physical characteristics have a crucial bearing on the
interpretation of the archaeology. The horizontal erosional
contact between the landslide and the palaeosol confirms
that contexts predating 1522 were sometimes removed by
the landslide and transported downslope. There is no ‘intact’
settlement waiting to be discovered beneath the main body
of the landslide, as previous scholars have asserted (e.g. Fer-
reira, 1929).
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Conclusion

The archaeology of the Vila Franca earthquake and landslide
in 1522 presents unusual interpretative challenges. Although
the prospect of extensive, sealed deposits proved illusory and
the body of the landslide itself contained unexpectedly little
cultural material, a great range and density of objects were
recovered where suitable contexts had survived—a signature
feature of the archaeology of rapid-onset disasters. Of par-
ticular methodological interest was the large quantity of ma-
terial incorporated into the “toe” of the landslide, where cul-
tural layers had been pushed downslope. These near in situ
assemblages are arguably more representative of daily life
than more typical archaeological contexts in which artefacts
and ecofacts have been selectively discarded in middens and
pits. They represent “a moment in time” and offer invaluable
clues to life at an early date in the economic and social de-
velopment of the islands.

At first glance, the obvious comparison for the case study
presented here might be the Great Lisbon earthquake and
tsunami of 1755. That event sparked vehement debate about
the divine character of destructive “natural” phenomena, be-
liefs which had themselves been formative to the response in
Vila Franca 200 years earlier. There is an important differ-
ence, however. In Vila Franca, the greatest hazard that Oc-
tober night was the landslide not the earthquake tremors
themselves; and, here, we hope to have provided new insight
into how similar disasters in the future might affect buildings,
and where victims might be recovered. Secondary hazards,
especially landslides, are hugely neglected in the considera-
tion of future earthquake events, despite the high toll that
they frequently inflict.

(Published online by Cambridge University Press: 08 March
2021, https://www.cambridge.org/core/journals/european-
journal-of-archaeology/article/archaeology-of-a-landslide-
unravelling-the-azores-earthquake-disaster-of-1522-and-
its-conse-
guences/BF9368FCOCBFF1D7C86BC0899DD26B75#)
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Timely prediction potential of landslide early

warning systems with multispectral remote

sensing: a conceptual approach tested in the
Sattelkar, Austria

Doris Hermle, Markus Keuschnig, Ingo Hartmeyer,
Robert Delleske, and Michael Krautblatter

Abstract

While optical remote sensing has demonstrated its capabili-
ties for landslide detection and monitoring, spatial and tem-
poral demands for landslide early warning systems (LEWSs)
had not been met until recently. We introduce a novel con-
ceptual approach to structure and quantitatively assess lead
time for LEWSs. We analysed “time to warning” as a se-
quence: (i) time to collect, (ii) time to process and (iii) time
to evaluate relevant optical data. The difference between the
time to warning and “forecasting window” (i.e. time from
hazard becoming predictable until event) is the lead time for
reactive measures. We tested digital image correlation (DIC)
of best-suited spatiotemporal techniques, i.e. 3 m resolution
PlanetScope daily imagery and 0.16 m resolution unmanned
aerial system (UAS)-derived orthophotos to reveal fast
ground displacement and acceleration of a deep-seated,
complex alpine mass movement leading to massive debris
flow events. The time to warning for the UAS/PlanetScope
totals 31/21h and is comprised of time to (i) collect -
12/14 h, (ii) process — 17/5 h and (iii) evaluate - 2/2 h, which
is well below the forecasting window for recent benchmarks
and facilitates a lead time for reactive measures. We show
optical remote sensing data can support LEWSs with a suffi-
ciently fast processing time, demonstrating the feasibility of
optical sensors for LEWSs.
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1 Introduction

Landslides are a major natural hazard leading to human cas-
ualties and socio-economic impacts, mainly by causing infra-
structure damage (Dikau et al., 1996; Hilker et al., 2009).
They are often triggered by earthquakes, intense short-pe-
riod or prolonged precipitation, and human activities (Hungr
et al., 2014; Froude and Petley, 2018). In a systematic re-
view Gariano and Guzzetti (2016) report that 80 % of the
papers examined show causal relationships between land-
slides and climate change. The ongoing warming of the cli-
mate (IPCC, 2014) is likely to decrease slope stability and
increase landslide activity (Huggel et al., 2012; Seneviratne
et al., 2012), which indicates a vital need to improve the abil-
ity to detect, monitor and issue early warnings of landslides
and thus to reduce and mitigate landslide risk.

Early warning refers to a set of capacities for the timely and
effective provision of warning information through institu-
tions, such that individuals, communities and organisations
exposed to a hazard are able to take action with sufficient
time to reduce or avoid risk and prepare an effective re-
sponse (UNISDR, 2009). According to UNISDR (2006), an ef-
fective early warning system consists of four elements: (1)
risk knowledge, the systematic data collection and risk as-
sessment; (2) the monitoring and warning service; (3) the
dissemination and communication of risk as well as early
warnings; and (4) the response capabilities on local and na-
tional levels. Lead time as defined in the context of landslide
early warning systems (LEWSs) is the interval between the
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issue of a warning (i.e. dissemination) and the forecasted
landslide onset (Pecoraro et al., 2019) and thus crucially de-
pends on time requirements in phases (1)-(3). The success
of an early warning system (EWS) therefore requires meas-
urable pre-failure motion (or slow slope displacement) to al-
low for sufficient lead time for decisions on reactions and
countermeasures (Grasso, 2014; Hungr et al., 2014).

While remote sensing has been established for early warn-
ings, remote sensing is not yet used for real early warnings
of the onset of landslides in steep alpine terrain (with a few
exceptions), where geotechnical instruments are still pre-
ferred. Exceptions include terrestrial InSAR (Pesci et al.,
2011; Walter et al., 2020) and terrestrial laser scanning with
high repetition rates. However, repeated UAS (unmanned
aerial system) and optical satellite (PlanetScope) images with
high repetition rates have so far not been applied for land-
slide early warning in steep alpine catchments. In this regard,
knowledge of sensor capabilities and limitations is essential,
as it determines which rates and magnitudes of pre-failure
motion can potentially be identified (Desrues et al., 2019).
Our proposed framework refers to mass movements in steep
alpine catchments with significant pre-failure motion over
sufficient time periods and thus excludes instantaneous
events triggered by processes such as heavy rainfalls or
earthquakes.

This study presents a new concept to systematically evaluate
remote sensing techniques to estimate and increase lead
time for landslide early warnings in these catchments. We do
not start from the perspective of available data; instead, we
define necessary time constraints to successfully employ re-
mote sensing data to provide early warnings. This approach
reduces to a small number the suitable remote sensing prod-
ucts with high temporal and spatial resolutions. With these
constraints, we investigated the application of data from sat-
ellites and UASs to allow the assessment of the data, after a
spaceborne area-wide but low-resolution acquisition, into a
downscaled detailed image recording. In so doing, we ana-
lysed the capability of these different passive remote sensing
systems focusing on spatiotemporal capabilities for ground
motion detection and landslide evolution to provide early
warnings.

Recently, the spatial and temporal resolution of optical satel-
lite imagery has significantly improved (Scaioni et al., 2014)
and has allowed substantial advances in the definition of dis-
placement rates and acceleration thresholds to approach re-
quirements for early warning purposes. This is essential since
the spatial and temporal resolution determine whether land-
slide monitoring is possible with the detection of displace-
ment rates and approximate acceleration thresholds, both of
which are lacking if information is based solely on post-event
studies (Reid et al., 2008; Calvello, 2017). Landslide moni-
toring offers the potential to significantly advance LEWSs
(Chae et al., 2017; Crosta et al., 2017). Previously, high-
spatial-resolution satellite data were obtained at the expense
of a reduction in the revisit rates (Aubrecht et al., 2017).
Consequently, the return period between two images in-
creased, limiting ground displacement assessment and the
range of observable motion rates. The number of useful im-
ages was further reduced due to natural factors such as snow
cover, cloud cover and cloud shadows. High-resolution re-
mote sensing data were long restricted due to high costs and
data volume (Goodchild, 2011; Westoby et al., 2012). Today
commercial very high resolution (VHR) optical satellites exist,
but tasked acquisitions make them inflexible and very cost
intensive, thus limiting research (Butler, 2014; Lucieer et al.,
2014). There is a vast spectrum of available remote sensing
data with a high spatiotemporal resolution (Table 1). Com-
plementary use of different remote sensing sources can sig-
nificantly improve landslide assessment as demonstrated by
Stumpf et al. (2018) and Bontemps et al. (2018), who draw
on archive data and utilise different sensor combinations to
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analyse the evolution of ground motion.

Table 1 Overview of different optical multispectral remote
sensors with their corresponding resolution [m] and revisit
rate [d]. The sensors are categorised into commercial and
free data policy. Source: ESA (2020).

Sensor Temporal Spatial Free/
resolution [d]  resolution [m]  commercial

UAS flexible 0.08 Ff
WorldView-2 1.1 1.84 C
WorldView-3 <] 1.24 C
WorldView-4 =1 1.24 C
GeoEye-2 5 1.24 C
SkySat 1 1.5 C
GeoEye-1 3 1.64 C
Pléiades-1A/Pléiades-1B 1 2.0(0.5)° C
PlanetScope I 3.0/3.125P C/F?
RapidEye® 5.5 54 F
Sentinel-2A/Sentinel-2B 5 10 F
Landsat 8 16 30 F

@ Free quota via Planet's Education and Research Program.
® PlanetScope Ortho Scene product, Level 3B/Ortho Tile pro-
duct, Level 3A (Planet Labs, 2020b). € Reached end of life,
March 2020, archive data usable. ¢ Ortho Tile Level 3A, 5m
(Planet Labs, 2020a). © Colour pansharpened, 0.5m. f Self-
acquired.

The latest developments in Earth observation programmes
include both the new Copernicus Sentinel fleet operated by
ESA and a new generation of micro cube satellites, sent into
orbit in large numbers by Planet Labs, Inc. These micro cube
satellites, known as “Doves” as part of PlanetScope (from
now on referred to as PlanetScope satellites), and Sentinel-
2A and Sentinel-2B offer very high revisit rates of 1-5d and
high spatial resolutions of 3 and 10 m, respectively (Table 1),
for multispectral imagery (Drusch et al., 2012; Butler, 2014;
Breger, 2017). These high spatiotemporal resolutions open
up unprecedented possibilities of studying a wide range of
landslide velocities and natural hazards through remote sens-
ing. Continuing data access is fostered by Planet Labs and by
Copernicus (via its open data policy) providing affordable or
free data for research. Examples of landslide activity studies
employing multi-temporal datasets based on this access to
high-spatiotemporal-resolution data include Lacroix et al.
(2018), using Sentinel-2 scenes to detect motions of the Har-
maliére landslide in France, and Mazzanti et al. (2020), who
applied a large stack of PlanetScope images for the active
Rattlesnake landslide, USA.

As landslides tend to accelerate beyond the deformation rate
observable with radar systems before failure, we concentrate
on optical image analysis (Moretto et al., 2016). One advan-
tage of optical imagery is its temporally dense data (Table 1)
compared to open data radar systems with a sensor repeat
frequency of 6d and revisit frequency of 3d at the Equator,
about 2d over Europe and less than 1d at high latitudes
(Sentinel-1, ESA). Optical data allow direct visual impres-
sions from the multispectral representation of the acquisition
target and the option to employ these data for further com-
plementary and expert analyses. While active radar systems
overcome constraints posed by clouds and do not require
daylight, data voids can be significant due to layover or shad-
owing effects in steep mountainous areas (Mazzanti et al.,
2012; Plank et al., 2015; Moretto et al., 2016). Moreover,
north-/south-facing slopes are less suitable and thus limit the
range of investigation (Darvishi et al., 2018). In general, sen-
sor choice depends on the landslide motion rate with radar at
the lower and optical instruments at the upper motion range
(Crosetto et al., 2016; Moretto et al., 2017; Lacroix et al.,
2019).
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However, a flexible, cost-effective alternative to spaceborne
optical data is airborne optical images taken by UASs. Freely
selectable flight routes and acquisition dates enable avoiding
shadows from clouds and topographic obstacles as well as
unfavourable weather conditions and summertime snow
cover, all of which frequently impair satellite images (Giordan
et al., 2018; Lucieer et al., 2014). UAS-based surveys pro-
vide accurate very high resolution (a few centimetres) or-
thoimages and digital elevation models (DEMs) of relatively
small areas, suitable for detailed, repeated analyses and ge-
omorphological applications (Westoby et al., 2012; Turner et
al., 2015).

In recent years, data provision for users has increased, and
today data hubs provide easy accessibility to rapid, pre-pro-
cessed imagery. Nonetheless, technological advances can be
misleading as they promise high-spatiotemporal-resolution
data availability, which frequently does not reflect reality
(Sudmanns et al., 2019). One key problem is the realistic net
temporal data resolution which is often significantly reduced
due to technical issues, such as image errors and non-exist-
ent data (i.e. data availability, completeness, reliability).
Other problems include data quality and accuracy in terms of
geometric, radiometric and spectral factors (Batini et al.,
2017; Barsi et al., 2018). Knowledge of the most useful re-
mote sensing data options is vital for complex, time-critical
analyses such as ground motion monitoring and landslide
early warning. Timely information extraction and interpreta-
tion are critical for landslide early warnings, yet few studies
have so far explicitly focused on time criticality and the influ-
ence of the net temporal resolution of remote sensing data.

In this investigation we both propose a conceptual approach
to evaluating lead time as a time difference between the
“time to predict” and the “forecasting time” and assess the
suitability of UAS sensors (0.16 m) and PlanetScope (3 m)
imagery (the latter with temporal proximity to the UAS ac-
quisition) for LEWSs. For this we have chosen the Sattelkar,
a steep, high alpine cirque located in the Hohe Tauern Range,
Austria (Anker et al., 2016). We estimate times for the three
steps: (i) collecting images, (ii) pre-processing and motion
derivation by digital image correlation (DIC), and (iii) evalu-
ating and visualising. The results from the Sattelkar site -
and from historic landslide events - will be discussed in terms
of usability and processing duration for critical data source
selection which directly influences the forecasting window.
Accordingly, we try to answer the following research ques-
tions:

1. How can we evaluate lead time as a time difference be-
tween the time to predict and the forecasting time for
high-spatiotemporal-resolution sensors?

2. How can we quantify “time to warning” as a sequence of
(i) time to collect, (ii) time to process and (iii) time to
evaluate relevant optical data?

3. How can we practically derive profound time-to-warning
estimates as a sequence of (i), (ii) and (iii) from UAS and
PlanetScope high-spatiotemporal-resolution sensors?

4. Are estimated times to warning significantly shorter than
the forecasting time for recent well-documented exam-
ples and able to generate robust estimations of lead time
available to enable reactive measures and evacuation?

2 Lead time - a conceptual approach
2.1 The conceptual approach

Natural processes and their developments constantly take
place independently, thus dictating the technical approaches
and methodologies researchers can and must apply within a
certain time period. For that reason, we hypothesise the fore-
casting window texternal is externally controlled; consequently
the applicability of LEWS methods (tinternal) is restricted be-
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cause they must be shorter than textermal. This approach is the
framework of our time concept (Fig. 1).

Ereal time
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Time to warning {/’ ™, Lead time
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Figure 1f The novel conceptual approach for lead time,
time to warning and the forecasting window for optical im-
age analysis.

https://nhess.copernicus.org/articles/21/2753/2021/
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Catoca mine in Angola - using satellite imagery
to understand recent events

According to Wikipedia, Catoca mine in Angola is the fourth
largest diamond mine in the world. Located at -9.399,
20.301, it consists of a big open cast pit and a very large
tailings storage area.

Last month, CRREBaC released information about a set of
very significant pollution events in the rivers of Angola and
Congo, linked to mining in Angola. Reports have included the
pollution of hundreds of kilometres of the river system,
deaths of fish and hippos and, in some cases, suggestions of
up to twelve fatalities. Detailed information to evidence these
huge losses is lacking, but there is little doubt that serious
pollution occurred.

Whilst this blog is about landslides, I have very often written
(and indeed campaigned) about the scandalously poor man-
agement of tailings in the mining industry, and I have high-
lighted several major tailings dam failures. My interest in the
events in Angola and Congo results from concerns that the
events might have been one or more tailings dam collapses.

One of the candidate sites for the events in Angola is the
facility at Catoca, and indeed the operators have reportedly
admitted that a release did occur, but only of water and sand.

This is a satellite image of the Catoca facility collected by
Planet Labs on 21 July 2021:-

The Catoca diamond mine on 21 July 2021.

The pit is in the bottom right hand corner, the tailings facility
in the huge orange area on the left side of the image. The
tailings dam is located just above the centre of the image,
orientated NNW-SSE. There is no evidence of any problem
in this image.

The first sign of change appears in the image of 24 July
2021. The change is subtle but significant:-
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Pollution downstream of the Catoca diamond mine on 24
July 2021.

I have put a black circle around some clear pollution on the
downstream side of the tailings dam. Note that the tailings
dam was intact (and remains so). A day later the problems
had become very much worse:-

Pollution downstream of the Catoca diamond mine on 25
July 2021.

By 25 July 2021 a large plume of pollution had appeared on
the downstream side of the tailings dam (highlighted with a
circle again). The had entered the watercourse, which was
now showing very clear signs of pollution (highlighted with
an arrow).

The situation today, a few weeks later, is interesting:-
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Pollution downstream of the Catoca diamond mine on 5
September 2021.

The plume has developed considerably, although it has not
enlarged significantly (black circle). The polluted water-
course is very clear. There is clear evidence of works around
the plume (new roads for example) and on the upstream side
of the dam (white circle).

From the images above the pollution might not at first sight
look serious, but satellite images downstream might tell a
different story. This image was collected on 25 July 2021 at
about 8:56 UT, downstream of Catoca at -9.127, 20.346:-

The front of the pollution downstream of the Catoca dia-
mond mine on 25 July 2021.

The river is flowing from the south to the north. In the lower
part of the image the river is bright orange with pollution. In
the northern part of the image the river is unpolluted. The
marker, at -9.127, 20.346 is the approximate front of the
pollution moving downstream from Catoca. Note the pro-
found change in the water as the pollution front moves
through.

This is even more profoundly illustrated in the image below.
The small tributary from Catoca flows in from the south-
west. It meets the main channel, flowing from south to
north. Note the huge change in water quality from this point
onwards:-
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The passage of pollution downstream of the Catoca diamond
mine on 25 July 2021.

This location is -9.309, 20.362.

According to the New York Times article:-

In a statement last month, the company admitted that there
had been a "rupture in the pipeline that works as a spillway.”

The satellite images are consistent with this as the source of
the pollution, although the ecological damage looks to be
more severe than some have suggested.

However, there is an anomaly. The CRREBaC report indi-
cates that substantial pollution was first seen in the rivers of
Angola from 15 July 2021:

On the basis of the Sentinel images published by Visio Terra
(Equipe Sentinel Vision, EVT919, 2021) and our preliminary
investigations from riparian communities, this pollution has
been observed since 15 July 2021 from the source in the An-
gola part of the basin and would have taken 15 days to reach
the city of Tshikapa, and 21 days for the city of Ilebo in the
Democratic Republic of the Congo (DRC).

The pollution observed on 15 July 2021 does not seem to
have come from Catoca according to the images, which sug-
gests a second serious event occurred in a different mine in
the area.

Reference
Planet Team (2021). Planet Application Program Interface: In

Space for Life on Earth. San Francisco, CA.
https://www.planet.com/

(Dave Petley / THE LANDSLIDE BLOG, 6 September 2021,
https://blogs.agu.org/landslideblog/2021/09/06/catoca-
mine-in-angola-using-satellite-imagery-to-understand-re-

cent-events)
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The Observational Method in Tunnelling

Diane Mather, Design Manager, Inland Rail, ARTC
Alex Gomes, Chief Technical Principal - Tunnels,
SMEC

Background

The design of tunnels and underground structures often in-
volves a myriad of technical disciplines, which can range from
geosciences up to architectonics and electro-mechanics, de-
pending on the tunnel purpose. However, because tunnels
are invariably built within the ground, a naturally formed ma-
terial is an inherent part of the tunnel structure, geotechnical
engineering and structural design stand out as disciplines
ubiquitous to most types of underground works, as they are
necessary for the assessment of the ground and the ground-
structure interaction.

While material properties and behaviour are better under-
stood and can be more precisely modelled in structural me-
chanics, the ground is a complex material and geotechnical
engineering is by far not an exact science. It must deal with
the intrinsic limitations associated with the engineers’ ability
to explore the ground and determine its composition and
properties, as well as with the constraints associated with the
modelling and estimation of its behaviour during construc-
tion.

Due to these uncertainties, the tunnel designer must be cog-
nisant that models and computation results should be under-
stood as representing potential scenarios and outcomes, as
opposed to being taken as precise predictions. In projects
with complex sub-surface settings, anticipated ground condi-
tions and response to excavation can only be confirmed once
excavation is carried out. Hence, to achieve maximum econ-
omy and assurance of safety, a natural solution consists of
the design of scalable engineering solutions that can be ad-
justed to encountered and observed conditions to meet the
required performance criteria and safety levels.

The Development of the Observational Method

The suitability of the observational approach to deal with the
complexity and unpredictability of ground and tunnelling en-
gineering was identified by the early pioneers of rock and soil
mechanics. Terzaghi (1943) initially suggested the “design-
as-you-go” or “learn-as-you-go” method, which was further
expanded and refined by Peck, who formally introduced the
“observational method” as a rational strategy to deal with
such uncertainties in his 1969 Rankine Lecture.

Since then, the observation method has evolved from relying
purely on basic visual observations conducted on site to so-
phisticated procedures using modern monitoring instruments
and computer-based back analysis techniques. It has become
an essential element in the design and construction of under-
ground works, especially when excavated through variable
and complex geology, weak deformable rock masses and
soils, and sections under very shallow or high overburden
conditions. The observation method is a thorough planned
methodology which is developed under a specific contractual
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framework to facilitate design changes during construction
and provide a framework for risk management.

The CIRIA (1999) defines the observational method as fol-
lows:

"...a continuous, managed and integrated process of design,
construction control, monitoring and review which enables
previously-designed modifications to be incorporated during
or after construction as appropriate. All these aspects have
to be demonstrably robust. The objective is to achieve
greater overall economy without compromising safety”

In Eurocode EC7 (EN1997-2004), the observational method
is listed as one of the acceptable design methods. The use of
this method can enable significant economy in particular cir-
cumstances and also be effective where estimation of geo-
technical behaviour is difficult or uncertain.

The observational method requires effective and proactive
response to actual encountered ground conditions and be-
haviour, as well as the performance of the prescribed de-
signed ground support. This is achieved by developing (but
not limited to) the following:

Employment of appropriately experienced tunnellers to un-
dertake excavation of underground structures so critical ob-
servation can be continually made during excavation.

e Interpretation of geological conditions including its varia-
bility, key high-risk features and potentially most adverse
-conditions.

e Design of ground support and estimated behaviour for
representative conditions, including identification of con-
trolling failure mechanisms.

e Objectives of the key parameters to be observed, meas-
ured and recorded during construction including high risk
items (such as sensitive structures).

e Development of acceptable limits of behaviour (trigger
action response plan) with pre-planned contingency re-
sponse and or remedial actions, including clear respons-
bility of involved parties.

e Comprehensive instrumentation and monitoring plan, in-
cluding a robust process of information collection, man-
agement and distribution.

e Evidence to confirm the quality of construction (support
structures).

Caveats and Limitations

The observational method should not be used where there is
insufficient time to fully develop and implement emergency
plans or observations of actual ground support performance
is difficult to obtain or is unreliable. For these cases, the
CIRIA 185 recommends that the design should be based on
robust assumptions with consideration of a factor of safety,
in what is termed as “predefined design”. While instrumenta-
tion and monitoring are still considered for performance val-
idation, it is not used for design adjustments, but targeted at
providing confidence to stakeholders that no undesirable
event or adverse impact to adjacent infrastructure occur.

Project Implementation

Before construction starts, the possible behaviours must be
assessed, acceptable limits of behaviour must be established,
and an instrumentation and monitoring plan must be imple-
mented to verify that the actual behaviour of the ground, the
ground support and adjacent infrastructure is within accepta-
ble limits. During construction, monitoring should be carried
out as planned and assessed at appropriate stages, and
planned contingency actions put into place if the limits of be-
haviour are likely to be exceeded.
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While the monitoring of the ground and ground support be-
haviour is of utmost relevance, the assessment of the impact
on adjacent and overlaying structures is also an integral part
of verifying compliance with the project’s contractual and
stakeholder requirements. Instrumentation and monitoring
allow the constructor to quantify the true impacts of con-
struction, which in turn can assist in assessing any damage
claims from third party property owners. It also provides as-
surance to third party infrastructure owners and other stake-
holders that the impacts of construction are as estimated by
the design and within acceptable limits.

During construction, ground conditions are generally as-
sessed by a combination of face mapping and advanced ex-
ploration in the form of probe holes and use of geophysical
methods. While access to the tunnel face is easy under a con-
ventional cyclic excavation, it is not always possible when us-
ing a closed tunnel boring machine (TBM). In the latter case,
data acquisition must rely more heavily on information ob-
tained from the TBM operations and from advanced explora-
tion ahead of the face.

Ground behaviour (or the ground response to excavation
works) are typically assessed by correlating the observed
ground conditions with design models, observation of natural
phenomena and the interpretation of monitoring results con-
sidering potential failure mechanisms. This typically in-cludes
the measurement of displacements (and sometimes also
stress and strain) of the ground, ground support and adjacent
infrastructure. During construction, results of geotechnical
assessment and behaviour are continuously compared with
the design assumptions and established trigger levels to
identify the need for adjustments and/or implementtation of
contingency measures.

Groundwater conditions are also a relevant aspect to be con-
trolled and monitored, as the amount of water inflow and
pressure encountered during construction may not only im-
pact the ground and ground-structure behaviour but also lead
to water-table draw-down and settlement that can impact
adjacent infrastructure and the environment. During con-
struction, ground treatment can be used at critical areas to
mitigate groundwater inflow and consequential impact on the
water table, especially in environmentally sensitive areas.

The proposed frequency of monitoring must consider the rel-
ative proximity and rate of construction. Monitoring frequen-
cies should be continually reviewed so that the rate is appro-
priate in relation to the construction activity and the trends
of the monitoring results. The requirements of Third-Party
Agreements and planning approvals must also be adhered to
in so far as they dictate monitoring frequency and the cessa-
tion of monitoring.

Review meetings provide an important forum where decisions
on the works can be made based on the data received and
the knowledge of ongoing site operations. The design of the
monitoring system needs to indicate what would be an ap-
propriate regime for routine review of data, taking account of
actions which may follow from monitoring observations. This
may include the specification of key outputs, such as sum-
mary graphs of key parameters which are to be produced on
a regular basis.

Summary

The observation method is today an essential approach un-
derlying the modern design, construction and risk manage-
ment of tunnel and underground works, enabling cost or time
savings, while maintaining an acceptable level of safety.

Whilst the application of the observational method must be
scaled to the nature of the design and the perceived hazards
and level of risk for each specific project, practically any tun-
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nel project considers at least an instrumentation and moni-
toring plan to validate the design assumptions and observe
potential impacts.

Stakeholders not familiar with the observational method may
inappropriately associate it with uncomfortably low safety
margins and project uncertainties, which may lead to cost
and time overruns. A deeper scrutiny of the method shows
however the contrary, as the observation approach includes
the provision of a set of scaled solutions to the constructor,
and a planned monitoring and design validation process that
enable technical or contractual uncertainties to be addressed
in a cost-efficient and safe basis.

As Australia currently experiences a boom in tunnel infra-
structure projects and a new generation of engineers is in-
troduced to the tunnel industry, it is vital that all stakeholders
involved in tunnel engineering and tunnel projects become
educated in the principles and application of the observa-
tional method, including not only technical disciplines, but
also the commercial, juridical and managerial areas.
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The strange race to track down a missing billion
years

A billion years have vanished from the geological rec-
ord - and over 152 years after this was first discov-
ered, scientists can't agree on why.

The paper was referring to an incident involving a motley
team of explorers led by the one-armed, self-taught geologist
John Wesley Powell. Their mission was simple, though not
easy - to travel 1,000 miles (1,609km) downstream from the
banks of the Green River in Wyoming, cataloguing their finds
as they went.

It had been some weeks since anyone had heard from the
party, and public anxiety was mounting. Now a man claiming
to be the sole survivor was speaking to the press. The last
time he had seen them, he said, Powell had been standing on
his boat, waving his hat in cheery farewell... just before the
whole expedition plunged directly into some deadly rapids.
Hours later, the narrator had found a lone carpet-bag floating
down the river. It contained Powell's notebooks.

In the week that followed, the tragic news was widely circu-
lated. But Powell's own wife was not convinced - and it
turned out she was quite right. It soon became clear that the
source had probably never even met Powell, let alone accom-
panied the expedition. His whole story was entirely made-up.

Meanwhile, the explorers' continued on their journey, entirely
unaware of the bizarre scandal unfolding back home. And
soon afterwards, the living, breathing Powell uncovered a dis-
appearance of a very different kind - a vanishing that would
baffle geologists for the next century and a half.

The lost years

Two months earlier, Powell's team - an unusual assortment
of trappers, suspected fugitives, Native American scouts, for-
mer editors and ex-convicts - had burdened four wooden
rowing boats with everything they needed for their journey,
including a number of sophisticated scientific instruments.
With a crowd of well-wishers gathered around them, they
raised their little American flag and pushed off into the rush
of water below.

The trip would span 10 months and require no small amount
of courage to complete. There were almost daily run-ins with
swirling rapids, precipitous waterfalls, and threatening rocks,
and at one point, Powell had to sprint away from a 20-ft (6m)
wide flash flood of red mud. The team lost an oar mere hours
after departing - and in just over two weeks, one of their
boats had been swept away. In all, only six out of 10 mem-
bers of the original party would return home.

The team first reached the Grand Canyon on 13 August 1869.
By then, they had just a month's worth of rations remaining
- some soggy apples, putrid bacon, musty flour and a sack
of coffee — and many unknown dangers still lay ahead. The
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men were joking around as usual, but Powell wrote that to
him "the cheer is sombre and the jests are ghastly".
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At the time of the 1869 expedition, the Grand Canyon was a
blank spot on Western maps — though of course local Native
Americans knew it well (Credit: Alamy)

Even in these desperate times, the team were awed by a
steady carousel of wonders. All around, there were grand
spires, ornately carved buttresses, and strange, angular pin-
nacles - imposing scenery on the scale of giants. Of all this,
Powell was particularly struck by the cliffs, which he later de-
scribed as a "library of the gods" - a place where colourful
layers of rock formed the "stony leaves of one great book",
in which they could read, line by line, how the universe was
made.

At least, this is how it seemed at first. But then Powell dis-
covered something odd in the bewildering height of the can-
yon walls.

Standing at the base of the cliffs and looking upwards, he
could see a thick section of hard, crystalline rocks — mostly
granite and schist (slate or shale that has been subjected to
intense pressure), arranged in unusual vertical layers. Above
this was a 1,000ft (305m) band of reddish sandstone, in the
neat horizontal lines you would expect.

But here was the catch - by counting the layers of vertical
crystalline rock, Powell estimated that this section should be
10,000ft (3,050m) thick. In reality, it measured just 500ft
(152m). There were thousands of feet of missing rock - it
had just vanished. He named this feature The Great Uncon-
formity, and asked himself, "how can this be?".

Today geologists know that the youngest of the hard, crys-
talline rocks are 1.7 billion years old, whereas the oldest in
the sandstone layer were formed 550 million years ago. This
means there's more than a billion-year-gap in the geological
record. To this day, no one knows what happened to the
rocks in between.

Rocks are usually laid down in a sequence of orderly layers,
one on top of the other - but The Great Unconformity
breaks with tradition (Credit: Alamy)
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A global anomaly

While the missing rock is particularly obvious in the Grand
Canyon, the phenomenon is ubiquitous.

"It's one of these features that pretty much occurs under a
lot of people's feet, when they don't even realise it," says
Stephen Marshak, professor emeritus in the Department of
Geology at the University of Illinois. He explains that in the
centre of any continent, whether you're in the United States,
Siberia or Europe, if you drill down far enough you'll hit the
two layers of rock involved in this mysterious geological
anomaly.

"And so what that means is that everywhere beneath you,
that boundary exists — sometimes it's close to the surface
and you can see it, sometimes it's kilometres below the sur-
face, but it's always there, except in mountain ranges where
it's been stripped away entirely," says Marshak. "And so it's
widespread, and it's telling us a very, very important story
about the Earth history."

As Marshak alludes, finding out what happened during, and
led to, the missing billion years is no trivial matter. There are
two reasons for this. The first is that it just so happens to
have occurred immediately before another inexplicable event
- the sudden proliferation in the diversity of life on Earth 541
million years ago.

The Cambrian explosion refers to an era when the oceans
suddenly shifted from hosting a scattering of weird and un-
familiar creatures - such as triffid-like leaf-shaped animals
and giant steamrollered ovals which continue to defy all ef-
forts to categorise them - to an abundance of life, with many
of the major taxonomic groups around today. It happened in
the space of just 13-25 million years - an evolutionary twin-
kling of an eye.

The problem was first identified in the 1840s, and proved to
be particularly challenging for Charles Darwin. He called it
"inexplicable" and lamented in On the Origin of Species "...the
difficulty of assigning any good reason for the absence of vast
piles of strata rich in fossils beneath the Cambrian system is
very great".

The second is that it's thought Earth underwent radical cli-
mate change during the lost years — possibly turning into a
giant ball of ice, with an almost entirely frozen surface. Very
little is currently known about how this "snowball Earth"
formed, or how life managed to cling on.

During the snowball Earth phase, which occured at least
650 million years ago, even the equator may have been fro-
zen over (Credit: Alamy)

However, if we knew what happened in this prehistoric dark
age, perhaps we would find some answers to these thorny
scientific puzzles.
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"This is an interval in Earth's history when a lot is happening,"
says Rebecca Flowers, an associate professor in the Depart-
ment of Geological Sciences at the University of Colorado,
Boulder. "...And all of these events clearly are related in some
form, so trying to disentangle the relationships among these
different processes in this key interval of Earth's history, I
think is pretty fundamental," she says.

Theory 1: the snowball

One idea about what caused the missing time hinges on
what's happening on Earth's glaciers today. Take the second-
largest ice body on the planet, the Greenland Ice Sheet,
which covers around 80% of the country's surface - roughly
1.7 million sq km (656,000 sq miles).

Just like rivers, glaciers can also move - but very slowly. And
as they do, they gradually scour away at the crust they're
sitting on. If this continues for tens of thousands or even mil-
lions of years, eventually this erosion can abrade away sig-
nificant quantities of rock. As a result, Greenland is riddled
with the scars of its glacial history, such as deep valleys and
dramatic fjords.

But while some parts of Greenland have been carved out by
flowing ice, others have been protected by glaciers that were
so hard and frigid, they didn't move at all - and kept the land
underneath safely cocooned, free from any erosion. These
areas have remained largely unchanged, and form the coun-
try's plateaus.

The former is what earth scientists call a "wet" glacier, while
the latter is "cold", says C Brenhin Keller, an assistant pro-
fessor in the department of Earth Sciences at Dartmouth Col-
lege, New Hampshire.

Back when the Earth was a giant snowball, the theory goes,
the same processes would have applied across the entire sur-
face of the planet. So the only question is, how bitter was
this era exactly - would the glaciers have been "wet" or "cold"
- and could any amount of ice have eroded away a billion
years of rock?

The ancient creature known as Dickinsonia might have been
a fungi, an animal, or entirely new to science (Credit:
Alamy).

Back in 2018, together with colleagues from a number of
other universities, Keller attempted to answer this question.
Based on a model developed by another group several years
before, they assumed that snowball Earth would indeed have
had a "wet" glacier on its surface, and it would have been
surprisingly mobile.

That's because the global ice sheet would have collectively
locked up so much water that the earth's sea level would
have dropped dramatically. This in turn would have created
a steeper gradient from the land to the sea, meaning that the
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glaciers on the earth's surface would be moving more rapidly
- just as rivers speed up when they're running downhill.

Altogether, starting around 717 million years ago and ending
around 580 million years ago, the team predicted that the
frosty phase would have removed around 3-5 vertical km
(1.9-3.1 miles) of rock - more than enough to account for
The Great Unconformity.

"I think there's every reason to believe that this was fairly
erosive," says Keller, though he points out that the amount
of lost rock wouldn't have been the same everywhere "be-
cause ice is a very hit or miss driver of erosion." This might
explain why there is more missing rock in some parts of the
world than others.

However, this can't have been the full story, because it would
still be another 40 million years before much new rock was
laid down. "And I think what is going on there actually is es-
sentially, you've made the crust hotter by just having
chopped off the coldest part. That makes it more buoyant,"
says Keller. This pushed up the land and paved the way for
yet more erosion - the higher it is, the more quickly it's
eroded by ordinary weathering such as rain and wind.

Theory 2: the death of a supercontinent

Another possibility is that the culprit was the supercontinent
Rodinia - a forgotten landmass that concentrated East Ant-
arctica, India, Siberia, China, a large chunk of South America,
North America and assorted bits of Africa in one place. It first
assembled around a billion years ago, and broke up gradu-
ally, until 750 million years ago.

e

Fjords form when glaciers carve out U-shaped valleys which
are later filled with seawater (Credit: Alamy)

"It basically amalgamated all of the crust on the world into a
single giant continent," says Michael DelLucia, a PhD student
in the department of Geology at the University of Illinois who
authored a paper on the subject. He explains that most heat
from the centre of the Earth is normally released via moun-
tain ranges on the seafloor — oceanic ridges — which occur at
the boundaries of tectonic plates. But when all the land was
pushed together, there weren't as many of these, so Rodinia
got quite hot.

"And of course, when things warm, they expand," says DelLu-
cia. "So it was basically the expansion below the super-con-
tinent that we think promoted this uplift event that caused
around six to eight km (3.7-5 miles) of vertical uplift."

This not only accelerated the breakup of Rodinia, but may
have erased the record of everything that happened in the
preceding billion years - again, the land was higher and
therefore more easily eroded.

According to this theory, Rodinia would have looked like a
giant, hilly plateau for 200 million years - devoid of all life,

which was still confined to the vast ocean that surrounded it.
This was eventually eroded down to almost nothing. "And we
see this erosion event across all current continents," says
Delucia.

But that wasn't quite the end of the story. The sheer amount
of erosion involved would have changed the chemistry of the
atmosphere and the oceans, leading to major climate
change. It would have been the opposite of what's happening
today - as rainwater scoured away the surface of the super-
continent, this would have released calcium ions, which then
washed into the ocean to form calcium carbonate (the main
ingredient in chalk). Essentially, the erosion trapped carbon
dioxide in the ocean, locking it out of the atmosphere and
cooling down the Earth.

In this scenario, the planet would have turned into a snowball
after the billion years went missing, rather than before.

"This then perhaps even scraped off more sediments," says
Marshak, who was also involved in the research, "which en-
hanced and amplified The Great Unconformity." In the end,
the older layers of rock beneath the fragmenting Rodinia
would have been exposed, ready to join up directly with the
new sedimentary rock that was laid down once the climate
stabilised again.

Powell was known affectionately by the White River Utes
people as "Kapurats", meaning "one arm off" (Credit:
Alamy).

Whichever way it happened, the erosion of unfathomable
quantities of rock and transfer of these sediments to the
oceans is thought to explain the proliferation of life that oc-
curred immediately afterwards, during the Cambrian. It's
particularly striking that - at a time when there would be
more dissolved minerals in the ocean than ever — many of
the new lifeforms that emerged had skeletons and shells that
require calcium.

However, Marshak is keen to stress that the debate is ongo-
ing. "There are a couple of issues that are still contentious
about it, and are still subjects of research," he says.

Theory 3: a confusion of gaps
This brings us to the most recent idea.

There are only two possible ways for a billion years to go
missing - either no rock was laid down, or it was all removed
(or both).

Though The Great Unconformity is most visible at the Grand
Canyon, it's also accessible at a number of other locations,
one of which is the Canadian Shield, a vast area of exposed
ancient rock that encircles Hudson Bay in the country's north-
east. And here recent research revealed a twist.
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"It appears that the major erosion at the Grand Canyon oc-
curred prior to the snowball glaciation," says Flowers, who
was involved in the research, "whereas in the Canadian shield
it occurred later, during or perhaps after, the snowball Earth
glaciations."

This suggests that the epic interruption in the geological rec-
ord was not a single, discrete phenomenon - but instead is
actually at least two mini-gaps, which look like one big one
because they occurred at around the same time.

Then earlier this year, there was another surprise. Just over
150 years after Powell's fateful expedition, Flowers and col-
leagues went back to the Grand Canyon to do their own in-
vestigations. What they found was striking: even the lost bil-
lion years at the Grand Canyon may not have disappeared at
the same time, and may instead have vanished in several
separate events over the course of several hundred million
years.

Life before the Cambrian explosion consisted of a strange
assortment of soft-bodied creatures, many of which would
be unrecognisable today (Credit: Alamy)

"On these timescales, we're not really great at refining an
age for missing time exactly," says Francis Macdonald, Pro-
fessor of Geology at the University of California, Santa Bar-
bara, who was also involved in the research. "And so the pre-
vious theory suggested that okay, it's all being formed once,
with glaciation - but we're saying 'no it's been formed over
hundreds of millions of years'... when you get better data,
they [the unconformities] are not exactly correlative."

If the two sets of erased rock really are independent of each
other, this suggests that they weren't caused by one extraor-
dinary event like snowball earth after all. In this case, Flowers
suggests that they might have been formed via tectonic pro-
cesses which pushed vast quantities of the earth's crust up-
wards. There might have been no erosion either - it's possi-
ble that the higher altitude just made it difficult to deposit
sediment, and therefore little rock was formed during this era
in the first place.

An unsolved mystery

This is not quite the end, however. The debate continues -
all the experts I spoke to emphasised the need for more data.
And luckily this is likely to be forthcoming.

"I think there's [been] a renaissance of interest [in this geo-
logical enigmal," says Macdonald. A decade ago, there was
relatively little research on The Great Unconformity and what
caused it. But a surge of outlandish new theories - and the
emergence of technologies capable of testing them - has
transformed the field.

One major game-changer was a technique known as thermo-
chronology, which involves extrapolating the history of rocks
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by measuring how their temperature has changed since they
formed.

"So for example [with older methods], if somebody says that
they dated a granite and it's 100 million years old, what they
usually are referring to is the time at which it cooled from
magma to become solid," says Marshak. With thermochrono-
logy, you aren't looking at when the rock formed, but roughly
when it was pushed up to the Earth's surface - and this can
tell you a lot about what was happening in our planet's deep
past.

"This technique basically gave us a window to pull out the
records of missing time," says Macdonald. Who knows what
secrets they might reveal.

(Zaria Gorvett / BBC FUTURE, 1st September 2021,
https://www.bbc.com/future/article/20210901-the-strange-
race-to-track-down-a-missing-billion-years)
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Geosynthetics solve the unique needs of wind
energy projects

How to select geosynthetics for wind farms? As en-
ergy demands continue to rise throughout the world,
renewable energy projects such as wind farms are
taking off both locally and globally.

Turbines of the Altamont Pass Wind Farm, Altamont Pass,
Calif. Photograph by Eric Molina, Creative Commons Li-
cense: https://creativecommons.org/li-

censes/by/2.0/deed.en

The 2021 United Nations’ Intergovernmental Report on Cli-
mate Change (IPCC) states that “global warming of 1.5°C
and 2°C will be exceeded during the 21st century unless deep
reductions in carbon dioxide (CO2) and other greenhouse gas
emissions occur in the coming decades.”

This and other findings have put more pressure on global
leaders to transition to renewables, limiting CO2 emissions
from fossil fuel energy and supporting renewable energy so-
lutions such as solar and wind power.

While the groundswell of support for these projects repre-
sents a step forward from an environmental perspective, the
actual construction of wind energy farms can be a challenge.
This is due to a wind farm’s unique requirements, such as the
incredible weight of the turbines and the ground strength
needed to ensure long-term stability on-site.

So how can renewable energy firms manage the construction
phase with the least amount of environmental impact and the
best long-term outcomes?

Wind farms have unique requirements

Due to their size and the conditions required to ensure the
project’s success, wind energy projects are often located in
remote greenfield areas. Many of these locations feature poor
soil conditions, weak subgrades and other environmental
conditions that can make construction a challenge.

Some common design considerations include:

Subgrade stabilization and improvement

Strengthening access and haul roads

Building working platforms or pads

Creating foundations that can resist rotational movement
Slope stabilization in the surrounding area

Access roads

Wind farms require soil that can support extremely heavy
loads. This is not just a factor for the installed turbine, but
also, crucially, the access roads on-site. With segments of
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each turbine weighing up to 55 tons (50 tonnes), and the
total assembly often nearing 330 tons (300 tonnes), extreme
ground reinforcement is needed to ensure each component
can be transported successfully to its destination.

Transporting the wind turbines is a mammoth task: for each
turbine, approximately 50 concrete trucks, steel reinforce-
ment, the tower, the blades and the turbine must access the
site over the course of a few months.

This puts enormous pressure on the access roads, which are
often temporary constructions that must endure short-term,
heavy loading and then perform well as a light-duty mainte-
nance road for the remainder of their design life—sometimes
up to 50 years.

Using geosynthetics to strengthen and reinforce soft sub-
grades presents a good solution, with a combination of geo-
textiles and geogrids with heavy-duty loading often providing
a positive outcome. Selecting geosynthetics that offer base
reinforcement and subgrade stabilization, such as Secugrid
and Combigrid from Global Synthetics means that the project
will have high strength at low strain—an absolute necessity
for this type of application.

Cost-effective, easy to install and with a long design life, ge-
osynthetics can handle the heavy traffic loading (typically
axle loading of around 90 kN) without the need to pave miles
of temporary road.

These geogrids possess uniform strength in their welded
bars, creating a rigid, stable, two-dimensional grid that is as
strong in its longitudinal direction as in its transverse direc-
tion.

Secugrid has been successful in a range of wind farm appli-
cations including a Tasmanian renewables project involving
31 turbines and 12.4 miles (20 km) of access roads. The suc-
cessful construction of this 112-MW project resulted in Tas-
mania achieving its goal of a 30% increase to its renew-able
energy capacity.

Pads and platforms

Like the access roads, wind turbine pads must be strong
enough to support the long-term placement and continual ro-
tation of the giant turbines. Base foundations need to be built
on strong and stable soil, otherwise, the foundations can sink
and knock the turbine out of alignment with potentially dis-
astrous consequences.

In one case, during a wind farm project in Eaglesham Moor
in Scotland, the peat subgrade was collapsing while the base
foundations for the pads were being dug.

This region’s soils are extremely challenging for this type of
construction, with depths of up to 23 feet (7 m) covered with
10 feet (3 m) of glacial till. Roughly two-thirds of the site is
located on these types of soils, which are unable to support
conventional concrete gravity foundations for the pads.

Geotechnical issues of turbine pads such as this can be man-
aged through a combination of increasing concrete base
sizes, extensive pile work geosynthetic support.

Geosynthetics may not always be the sole solution, however,
they are frequently used in conjunction with other methods
to achieve a good result for pads and platforms

Which geosynthetics are recommended for wind
farms?

Engineered geogrids can often provide a sustainable solution

for wind farm construction on soft or challenging soils. Choos-
ing a geogrid like Secugrid can reduce the required thickness
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of the granular layer for access roads and hardstands, provid-
ing considerable cost savings and reduced construction time.

This article originally appeared on the Global Geosynthetics
Blog, https://globalsynthetics.com.au/blog.

(IFAI, September 7, 2021, https://geosyntheticsmaga-
zine.com/2021/09/07/geosynthetics-solve-the-unique-
needs-of-wind-energy-projects)
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NASA's Perseverance Mars Rover

I've captured my first Mars sample and I'm ready to core a
second sample from this same rock. This time, I will run
through the entire process of coring and sealing the tube
without pausing. #SamplingMars continues. My team to
share the latest Friday: http://go.nasa.gov/3jSTjjE

(Sep 8, 2021, https://twitter.com/NASAPersevere/sta-
tus/1435367437071896576

NASA to Host Briefing on Successful Sample
Collection of Martian Rock

Watch on  IE8 YouTube

a
https://www.youtube.com/watch?v=IMyuOBexwEQ&t=597s

Panelists will discuss the Perseverance rover’s successful col-
lection of the sample and latest science analysis.

NASA will hold a virtual media briefing Friday, Sept. 10, at
noon EDT to provide an update on the agency’s Perseverance
Mars rover, which recently completed its first successful rock

sampling.

The event will be livestreamed on NASA Television, the NASA
app, the agency’s website, and multiple agency social media
platforms.

The briefing will also discuss what the rover’s instruments
have learned about the rock from which the sample was
taken, and implications for a future sample retrieval mission.
Through the Mars Sample Return campaign, NASA and ESA
(European Space Agency) are planning a series of future mis-
sions to return the rover’'s sample tubes to Earth for closer
study.

Briefing participants include:

e Lori Glaze, director of NASA’s Planetary Science Division
at the agency’s headquarters in Washington.

e Jessica Samuels, Perseverance surface mission manager,
NASA'’s Jet Propulsion Laboratory in Southern California.

e Matt Robinson, Perseverance strategic sampling opera-
tions team chief, JPL.

e Katie Stack Morgan, Perseverance deputy project scien-
tist, JPL.

e Yulia Goreva, Perseverance return sample investigation
scientist, JPL.

e Meenakshi Wadhwa, Mars sample return principal scien-
tist, JPL and Arizona State University.

Members of the media and the public may ask questions on
social media during the briefing using #AskNASA.

This composite of two images shows the hole drilled by
NASA's Perseverance rover during its second sample-collec-
tion attempt. The images, which were obtained by one of
the rover's navigation cameras on Sept. 1, 2021 (the 190%"
sol, or Martian day, of the mission), were taken in the
"Crater Floor Fractured Rough" geologic unit in Mars' Jezero
Crater. The team nicknamed the rock "Rochette" for refer-
ence and the spot on the rock where the sample was cored
"Montdenier."

A key objective for Perseverance's mission on Mars is astro-
biology, including the search for signs of ancient microbial
life. The rover will characterize the planet's geology and past
climate, pave the way for human exploration of the Red
Planet, and be the first mission to collect and cache Martian
rock and regolith (broken rock and dust).

Subsequent NASA missions, in cooperation with ESA (Euro-
pean Space Agency), would send spacecraft to Mars to collect
these sealed samples from the surface and return them to
Earth for in-depth analysis.

The Mars 2020 Perseverance mission is part of NASA's Moon
to Mars exploration approach, which includes Artemis mis-
sions to the Moon that will help prepare for human explora-
tion of the Red Planet.

JPL, which is managed for NASA by Caltech in Pasadena, Cal-
ifornia, built and manages operations of the Perseverance
rover.

Perseverance landed in Jezero Crater Feb. 18, and the rover
team kicked off the science phase of its mission June 1. The
rover made a first attempt to collect a sample in early August,
but the rock crumbled during the process of drilling and cor-

ing.

For its second attempt, the rover drove to a different location,
where the team selected a rock that the the Perseverance
team nicknamed “Rochette.” The sample collection process
began Sept. 1, and Rochette held up better.

Over the past week, scientists have been using Persever-
ance’s instruments to analyze the rock from which the sam-
ple was taken. The sample itself would be examined back on
Earth in ways that are not possible on the Martian surface,
including with instruments far too large to take to Mars.
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Subsequent NASA missions, in cooperation with ESA would
send spacecraft to Mars to collect Perseverance’s sealed sam-
ples from the surface and bring them to Earth for in-depth
analysis.

A key objective for Perseverance’s mission on Mars is astro-
biology, including the search for signs of ancient microbial
life. The rover will characterize the planet’s geology and past
climate, pave the way for human exploration of the Red
Planet, and collect and cache the first samples of Martian rock
and regolith.

The Mars 2020 Perseverance mission is part of NASA’s Moon
to Mars exploration approach, which includes Artemis mis-
sions to the Moon that will help prepare for human explora-
tion of the Red Planet.

JPL leads the Perseverance mission and is managed for NASA
by Caltech in Pasadena, California.

To learn more about Perseverance, visit:

nasa.gov/perseverance and mars.nasa.gov/mars2020/

(https://mars.nasa.gov/news/9030/nasa-to-host-briefing-
on-successful-sample-collection-of-martian-rock)

NASA's Perseverance Mars Rover

My first two rock samples are likely volcanic with hints of salts
that may hold bubbles of ancient water. They’re pieces of a
bigger puzzle, to learn: - how this area formed - its history
of water - if past life ever existed here More on #Sampling-
Mars: http://go.nasa.gov/3jZ0syN

(Sep 10, 2021, https://twitter.com/NASAPersevere/sta-
tus/1436366199424569346)

NASA's Perseverance Mars Rover

I core rocks, do science and occasionally I take selfies. I took
this one at “Citadelle” after collecting two rock cores from the
rock “Rochette,” shown here on the bottom left.

See more pics: http://go.nasa.gov/3zkNccg Learn how I take
selfies: http://go.nasa.gov/35PjDT]
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(Sep 20, 2021, https://twitter.com/NASAPersevere/sta-
tus/1440012002504544257)

NASA's Perseverance Mars Rover

Where a human geologist would use a rock hammer to crack
a rock open and look inside, I've got my abrasion tool to
make little windows into Mars history for me. Here’s what my
latest rock target looks like inside. More images:
http://go.nasa.gov/perseverance-r
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(Sep 21, 2021)

TA NEA THZ EEEEI'M - Ap. 154 - ZENTEMBPIOZ 2021 ZeAida 31




The 373 B.C. Helike (Gulf of Corinth, Greece)
Earthquake and Tsunami, Revisited

Stathis C. Stiros *!
Abstract

Ancient authors report the destruction and drowning in 373
B.C. in the Gulf of Corinth (Greece) of Helike (Helice and
Eliki), an important, nearly coastal town, and of Boura (Bura,
Buris, Bouris, and Voura), another town in the hinterland, as
a punishment by the ancient God Poseidon because of a se-
rious crime committed in his shrine. This narrative has been
regarded as a description of a true event, though with some
exaggerations, and the 373 B.C. event is included in earth-
quake and tsunami catalogs. In the first part of this article, it
is shown that (1) local natural hazards exclude the possibility
(risk) of total loss of the ancient “polis” (town state) of an-
cient Helike because of its vulnerability due to its geography.
(2) Systematic geoarchaeological studies confirm this predic-
tion because they reveal essentially undisturbed archaeolog-
ical layers predating and postdating 373 B.C., with no signs
of a tsunami. (3) Archaeological excavations have recently
brought to light, among other findings, remains of the harbor
of Boura and of the shrine of Poseidon at Helike, as well as
coins issued by Helike several decades after its alleged loss.
This evidence permits a reconsideration of ancient texts re-
lated to the loss of Helike in a supervised learning-type ap-
proach. It was found that genuine ancient Greek texts do not
mention any catastrophe of Helike, but rather that the legend
of its total loss appeared several centuries later in Roman
times, in local legends, rumors, and forged or manipulated
ancient texts (e.g., by pseudo-Aristotle). The ancient legend
became important because it explained the collapse of the
town state of Helike and it fit ancient religious ideas in a tec-
tonically active region because of the rapid burial (“disap-
pearance”) of ancient Greek remains under sediments in a
young delta and because of the prominent location of Helike
in the seafaring route between Rome and the eastern Medi-
terranean.

For earthquakes before our era, historical and archaeological
data have attracted interpretations... attributing to earth-
quakes... the demise of flourishing city-states.

...The reason for the revival of catastrophe hypotheses is per-
haps that they are easy to explain. They are too simple, too
obvious and too coincidental and chiefly because they have
become fashionable in recent years. (Ambraseys, 2006)

Introduction

An earthquake reported to have hit the Gulf of Corinth in
Greece, in 373 B.C. (Figs. 1 and 2), combining both a tsunami
and ground deformation, is among the most famous though
ambiguous seismic events in antiquity. Information about
this event is conveyed by more than a dozen ancient authors,
most writing several centuries later. Their basic scenario is
that the towns of Helike (Helice and Eliki) and nearby Boura
(Bura, Buris, Bouris, and Voura) committed a horrible crime
in an important sanctuary of Poseidon. For this reason, Po-
seidon, god of seas and earthquakes, punished the two sinful
towns with an earthquake and a tsunami, which moved the
two towns with all their inhabitants under the sea, with their
remains being visible under the water for centuries afterward
(see Table 1 and Table S1, available in the supplemental ma-
terial to this article, which summarizes the ancient texts; for
a complete list of ancient sources, see Rizakis, 1995; Morgan
and Hall, 2004; see also the website of Topostext Foundation
in the Data and Resources section).

Although scenarios of the loss of towns (Hansen and Nielsen,
2004, index 20) and of punishment by gods are not unusual
in the ancient Greek and Roman cultures and literature
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(“providentialism”; Stiros, 2020a), and although the reports
for Helike and Boura are controversial (see Table 1), the 373
B.C. event has been adopted by scholars, for example Ander-
son (1954), Baladie (1980) and has been included in earth-
quake and tsunami seismic catalogs (Guidoboni et al., 1994;
Ambraseys and White, 1997; Papazachos and Papazachou,
1997; Papadopoulos, 2003; Ambraseys, 2009). This is due to
four factors: (1) the 373 B.C. catastrophe seemed to be re-
ported by prestigious ancient authors such as Aristotle,
Strabo, Pausanias, and Seneca; (2) Helike was the leading
town of the Achaia League, a confederation of town states in
northwest Peloponnese, but it disappeared from the political
scene after approximately 300 B.C.; (3) the wider area is
crossed by the Aigion fault (or Eliki fault; Fig. 3), which was
reactivated in 1861, producing subsidence of a narrow strip
of coastal land (see Mouyaris et al., 1992; Ambraseys and
Jackson, 1997) and hence providing a parallel for the ancient
disaster, although at a very small scale; (4) the legacy of S.
Marinatos, an imaginative archaeologist, highly influential af-
ter the discovery in Santorini in the 1970’s of remains of the
prehistorical town of Akrotiri that was buried by pumice dur-
ing the famous Minoan eruption. Marinatos had suggested
that the ancient texts describe a true event, and he promised
that the discovery of a drowned Helike would represent an
archaeological discovery of unsurpassed significance and
wealth (Marinatos, 1960). This scenario was appealing be-
cause of the advent, at that time, of underwater archaeology.

Figure 1. Gulf of Corinth in the framework of the marine
routes of the eastern Roman Empire. Helike was at a promi-
nent position of this route, near the western entrance or
exit of the Gulf of Corinth.
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gilatra
AchRitl Froswice

Lethoions
Corinth

Figure 2. Gulf of Corinth, location map.

The approximate location of ancient Helike is known to be
near the modern village of Helike on the delta of the modern
Kerynitis and Selinous Rivers, a few kilometers west of the
modern and ancient town of Aigion (Figs. 2 and 3). In this
area, no signs of classical remains had been found until re-
cently (Anderson, 1954), giving some weight to the hypoth-
esis of a lost town. On the other hand, Boura, the second
town described as punished by Poseidon, has been identified
with extensive ancient remains near Ano Diakopto (for loca-
tion, see Fig. 3), in a mountainous area (see Rizakis, 1995;
Kolia, 2007).
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TABLE 1

summary of Historical Information for Helike and Boura

Years since
373 B.C.

o

250

400

400
400

450

500
600

Author
Aristotle 1, 2 (384322 BC)

Xenophon (430-354 B.C)
Polybius (200-118 B.C.)
Dicdorus 1 {80-30 B.C)

Dicdorus 2

Dicdorus 3

Pseudo-Aristotle (100 B.C.-77)
Strabo 1,2,3,4 (B3 B.C.~AD. 23)
Strabo 5

Straba 6

Phile of Alexandria 20 B.C -
AD. 50

Cuid 143 B.C-AD. 18)
Seneca 1,234 4 B.C-a.0. 65}

Seneca 5

Seneca &

Pliny the Elder 1 (4.0 24-79)
Fliny the Elder 2

Bianor Bithynius {first-century
AD)

Pausanias 1, 2, 3(A.D. 110-180)

Pausanias 4
Polyaenus {second century)

Claudius Prolemeus A.D. 100-
170

Astan (A D, 175-235)
Philostratus (A.D. 170-250)
Ammianus M. (A.D. 330-395)

Orosus (375-420)

Reference to

Rurnors far third-century B.C
Eratosthenss

Rurmors for fourth-century B.C.
Heracleides

Werses-legend

Warses

Callisthenes (fourth-century B.CJ,

targed or rumar

Callisthenes (fourth-century B.C.)
farged or rumar Aristatle
mentionead

Ephorus fourth-century B.C.

Werses

Local legend-area wisited

Local legend

Reference
to Comet

¥es

es

Yes

yes

Earthquake
Date (B.C.)

373

=371
373
372

373

373

Reference to Helike
Mo

]
Swallowed by sea

Destroyed by eqits

Tsunarmi
Submerged in sea

Wisible drowred ramains

2 km from coast,
drowened

On high land, drowned

Drowned, walls visible

Aftacked-drowned by
Sed

Drowned

Drowned traces visible
Retounded
Drowned

Earthquake destruction,
drowning

Eq&ts

Existing continental town

Eq&ts subsidence
Drowned by sea
Lost in a chasm

Lost in a chasm

Reference to Boura Additional Information

Mo En&ts in Achaia, natural
ettects

Mo

kain town in about 280

Natural events or crime “A*

Destroyed by egfts

Comer NOT correlating with
HE
Main town in 303 B.C.
Tsunami Later torged text
Lost in seismic chasm Cnme “B"

Unreliable, later rumors

Helice land usurped (7)
Drowned Algeira also drowned
Drowned, walls visible

Attacked or drowned by
SEd

Aigion not affected-eq
portencds
First connection between

Aristotle’s comet-eqlts and
HE

Drowened

— Manipulated refence to
Ephorus

Drowned traces wisible

Refounded Or reconstructed by sunivors

Drowned

Cnme “C*; ruins offshore

nat really visible
Destroyed, refounded Or reconstructed by survivals
Crime "D

Existing continental town  Coordinates provided

Portend, anim.als,
Lost in chasm th in Thessaly, not Achaia
Lost in a chasm

Lost in a chasm All Achaia destoyed

Crnme. god punshment

fof comes: *A

" Impaety 1o gods

Ano Dinkop

*B.” duobedence

1o Achagan councll deason, "C,

killng supphants

0. killing supphant g

#q, earthguake, Eqlt, earthquake and tsuname HB, Helke and Bowa

Figure 3. Oblique Google Map photo showing the area of ancient Helike between the Kerynitis and Selinous Rivers, view to the
south. The Helike fault marks the southern margin of the Aigion—-Helike coastal plain, a composite delta. Dots with numbers indi-
cate approximate locations of sites of archaeological excavations mentioned in the Archaeological Excavations: Discovery of Re-
mains of Ancient Helike and Boura section.
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Inspired by Marinatos (1960), marine investigations for the
search of ancient Helike started in the last decades of the
twentieth century, but they proved unsuccessful (Schwartz
and Tziavos, 1979). This was because the continental shelf
of the critical area, a Quaternary delta in a tectonically active
area marked by a 900 m deep gulf, is dominated by slumps.
For this reason, geoarchaeogeological studies were shifted
inland, searching for the ancient town beneath recent sedi-
ments through geoarchaeological studies (Alvarez-Zarikian
et al., 2008). In addition, archaeological investigations and
excavations in the wider region were carried out mostly by
the Greek Archaeological Survey.

This article tries to shed light on this famous earthquake us-
ing a new approach: the overall study is not a priori con-
strained by the theory that the loss of Helike in 373 B.C. was
a true event, as was the case of most previous investigations.
This study first focuses (1) on the scale of natural hazards in
the critical area; (2) on the vulnerability of a “polis,” an an-
cient Greek town state (Morgan and Hall, 2004) as a result
of its geography; and (3) on the prediction of the risk of the
loss of Helike. This prediction is then juxtaposed with results
of the available geological, geoarchaeological, and archaeo-
logical studies in the wider region. The output of this com-
bined investigation is then used to evaluate ancient texts re-
ferring to the loss of Helike in a type of “supervised learning.”
These ancient texts were analyzed using not the traditional
approach, that is, regarding sources of information as com-
plementing each other, but as a function of the passage of
time since 373 B.C. In addition, these ancient texts were crit-
ically evaluated using the most recent archaeological and ge-
oarchaeological evidence and are summarized in Table 1 and
Table S1, in which references are given in a coded form, for
example “Aristotle 1” or “Polybius.” The overall output is that
no physical loss of the classical town state of Helike occurred
and that this alleged loss represented a legend from Roman
times, several centuries after 373 B.C. (for archaeological
and historical terminology, see Table S2).

Apart from its importance to historical seismology, shedding
light on this event is important for various other disciplines
focusing on aspects of the ancient world. This is because,
lacking other evidence, the archaeological stratigraphy in
seismically active regions is constrained by destruction layers
or abandonment periods, which are frequently a priori as-
signed to earthquakes (Stiros, 2020b) and are then used to
date older or younger layers. The 373 B.C. earthquake is
among the earthquakes that have been extensively used as
a dating benchmark in the archaeological stratigraphy in a
broad region (e.g., a review of archaeological work by Tom-
linson, 1996). In addition, Helike has been used to date an-
cient texts and events in most reaches of the ancient world.
For example, if an ancient book on navigation of coasts men-
tions Helike, it is dated before 373 B.C., and ancient towns
and events mentioned are also dated before 373 B.C. If He-
like is not mentioned, the book and events reported (wars,
etc.) are dated after 373 B.C. (Rizakis, 1995). This shows the
importance of historical seismology, for example, for re-
search in archaeology and ancient history.

Previous Scenarios for the Loss of Helike

Currently, there are three groups of scenarios to explain an-
cient texts referring to Helike.

First, supporting the views of Marinatos (1960), Ferentinos
et al. (2015) argued that an earthquake not accompanied by
a tsunami produced a huge translational landslide that swept
the upper levels of soil to the sea bottom, but preserved
deeper, older occupation horizons represented by excavated
ancient remains.

Second, there are the views of scientists collaborating with
the “Helike Project.” After sonar surveys discarded the pos-

sibility of finding ancient remains offshore, the study of this
group was directed to the young sediments in the delta be-
tween the modern Selinous and Kerynitis Rivers. Based on
sedimentological evidence, various scenarios have been pro-
posed by this group following the progress of their study. A
first hypothesis was that Helike was buried in a coastal lagoon
(i.e., a trench) that opened inside the delta because of the
373 B.C. earthquake (Alvarez-Zarikian et al., 2008). Subse-
quently, based on high-quality analysis of sedimentological
data, the possibility of a major tsunami and of significant de-
formation of the delta sediments was discarded. Further-
more, based on identification of buried archaeological layers
of the classical period, it was proposed that Helike survived
the famous earthquake, the impacts of which were exagger-
ated by ancient authors (Engel et al., 2016). In a more recent
article, the absence of ground deformation during the 373
B.C. earthquake and the survival of Helike were again en-
dorsed, but to explain the ancient texts, it was proposed that
the ancient town was swept by water and mudflow after the
breaching of a 30-60 m high dam and lake which were pro-
duced by seismic landslide debris in a river valley, a few
hours after the earthquake (Koukouvelas et al., 2020).

Third, there are the views of scientists and archaeologists
critical of the idea of a total loss of Helike that are based on
different evidence essentially ignored in the past. (1) M.
Petropoulos, based on the first excavations of the Greek Ar-
chaeological Service, proposed a continuity of Helike after
373 B.C. and argued that its urban center was close to the
southern limit of the coastal plain (between sites 3 and 5 in
Fig. 3; for references, see Morgan and Hall, 2004). Petropou-
los (1983) had also questioned the scale of the alleged dis-
aster because it was ignored by fourth-century authors such
as Aristotle and Xenophon, who were fully aware of the his-
tory of northwest Peloponnese around 373 B.C. (2) Stiros
(1996) argued that the scale of the alleged destruction is too
large to be explained by any combination of natural effects,
whereas some details of the ancient texts referring to the loss
of Helike, ignored by modern authors, indicate later legends
(Faraklas, 1998). For example, after the postulated earth-
quake, tsunami, and subsidence of the land by tens of me-
ters, it was unlikely that a statue of Poseidon would have
remained standing erect at the sea bottom for centuries; if
the area between the Selinous and Kerynitis Rivers had been
swallowed by the sea, it is unlikely that Aigion suffered no
damage only a few kilometers away (Figs. 2 and 3; Seneca
2). (3) Faraklas (2001), in a detailed study of the history and
geography of ancient Achaia, argued that Helike was dam-
aged in 373 B.C. and probably lost its harbor, and as a con-
sequence, it disappeared as an organized town but survived
in smaller villages in upland areas; a scenario broadly similar
to that of Mackil (2004).

Seismic Hazard, Vulnerability, and Risk of Helike and
Boura

Physiographic and seismotectonic background and
natural hazards

The Gulf of Corinth, a tectonic graben about 900 m deep,
represents a major geomorphological discontinuity in Greece
that offered a connection between the Aegean and the Ionian
and Adriatic Seas. For this reason, the Gulf of Corinth was a
main part of the seaway from the Aegean Sea and Asia Minor
to Italy (Fig. 1) since the eighth century, when Greek towns,
including Helike, established colonies in southern Italy. How-
ever, the connection between the Aegean Sea and the Adri-
atic Sea is disrupted at the eastern edge of the Gulf of Corinth
by the 6 km wide Isthmus of Corinth, a tectonic horst uplifted
since Pliocene (Fig. 2), famous for the nineteenth century
Corinth Canal. In antiquity, ships with their cargos, when
crossing the Gulf of Corinth, were pulled on land along a 6
km long slipway in the form of a double ramp ("Diolkos”)
across the Isthmus. To facilitate the transportation of goods
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across the Isthmus, effort to excavate a canal was made in
the Roman times. Ancient Corinth, with harbors in the Gulf of
Corinth (Lechaio) and the Aegean Sea (Kenchreai), had a
strategic position in the ancient maritime route between Italy
and the Aegean and eastern Mediterranean (Figs. 1 and 2).

Coastal uplift is not limited to the Isthmus; the whole south
coast of the Gulf of Corinth is marked by flights of marine
terraces several hundred meters high, especially preserved
in the area of Corinth (Kelletat et al., 1976; Keraudren and
Sorel, 1987; de Martini et al., 2004). The uplift culminates in
the center of the gulf. For this reason, the sea-level mark in
the Roman harbor of Aigeira is currently at a height of 4 m
(Stiros, 1998; for location, see Fig. 2). Corals and other ma-
rine species in nearby rock provide evidence of an uplift of 9
m in the past 7000 yr. Similar data provide evidence of an
uplift of 11 m in the past 5000 yr farther west, close to the
site identified as the harbor of Boura (Stewart and Vita-Finzi,
1996; Pirazzoli et al., 2004).

The wider Gulf of Corinth area is seismically very active, and
in the last centuries, it experienced several significant earth-
quakes each century (Ambraseys and Jackson, 1997; Papa-
zachos and Papazachou, 1997).

The Gulf of Corinth area is crossed by numerous active faults;
among them is a fault known as Aigion or Eliki fault, which
limits the Selinous—Kerynitis delta to the south (Fig. 3;
Mouyaris et al., 1992; Stewart and Vita-Finzi, 1996; de Mar-
tini et al., 2004). Faults in the Gulf of Corinth, however, are
less than 20-25 km long, and this length limits earthquakes
on this and on nearby faults to M 7.0 or less (Roberts and
Jackson, 1992). For this reason, Ambraseys and White
(1997) concluded that ancient texts describing the loss of He-
like originated from a moderate seismic event, the impacts
of which were exaggerated because of possible religious im-
plications.

Natural hazards in the wider Helike and Boura area

The 1995 M 6.2 Aigion earthquake produced horizontal ac-
celeration exceeding 0.5g, with catastrophic effects on tradi-
tional houses (Athanasopoulos et al., 1999), which share
common dynamic characteristics with ancient houses. This
earthquake reveals that earthquakes represented a major
threat to ancient towns as well. Evidence from an earthquake
that hit the area in 1861 producing seismic faulting and sub-
sidence of a strip of land indicates the possibility of seismic
faulting of the order of 1 m, occasionally associated with
drowning of coastal strips of land or, alternatively, of coastal
uplift (Stiros, 1998; Pirazzoli et al., 2004). Local ground in-
stability effects, such as liquefaction and landslides, were also
possible. Landslides may produce damming of rivers inside
gorges (Koukouvelas et al., 2020) and loss of coastal strips
of land. In 1963, an aseismic slump near Aigion led to the
loss of a small part of cultivated land and to a tsunami hitting
the two sides of the Gulf and killing people (Galanopoulos et
al., 1964). However, dramatic geomorphological changes,
such as drowning of a major part of the delta, for example,
of the area between the Selinous and Kerynitis Rivers (i.e.,
of the location of ancient Helike) with a maximum elevation
above 40 m (Fig. 3), can be excluded.

Geography, Vulnerability, and Seismic Risk of Helice
and Boura

Seismic vulnerability of a polis (town state)

Helike was a “polis,” a town state with long history (Morgan
and Hall, 2004), and hence it was expected to consist of a
fortified main administration, military, and religious center
(Macropolis”) and of satellite inhabitation centers around it.
For example, ancient Athens, another polis, consisted of an
urban center around an acropolis, known as the Acropolis,
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along with 100 communities (“demoi”), some representing
fortified small towns. Rural Sparta, on the contrary, consisted
of numerous small villages and did not include a main urban
fortified center.

Furthermore, ancient Greek towns with a long history were
built on safe and favorable environments, avoiding unstable
ground and unhealthy areas; only isolated shrine complexes
could have been located in areas not satisfying the aforemen-
tioned conditions. Ancient towns with a long history were re-
silient, and failure of the water supply system was the only
environmental reason for rapid abandonment of organized
towns in the region. If this was, indeed, the reason for rapid
abandonment, the remains of the civil infrastructure would
still be visible (e.g., Di Vita, 1996).

Helike, which had a long history (it was mentioned by Homer,
Iliad b, 575), could not have been an exception. Because of
the variability of the landscape (Fig. 3), the inhabitation cen-
ters of the town state of Helike should have been distributed
among different physiographic environments: a fertile plain,
exceeding an elevation of 40 m at its southern margins, a hill
>200 m high hosting its acropolis, and small isolated plains
in the hinterland. The distribution of the polis of Helike to
different physiographic settings limited its vulnerability to
strong earthquakes and made virtually impossible the risk of
the total loss of its structures (houses, fortifications, etc.) due
to an earthquake and its accompanying effects.

Boura also represented a town state in a mountainous area
(Figs. 2 and 3), most probably including several settlements
on intramountain small plains and a harbor. The same con-
clusion about the seismic risk of Helike also applies to the
polis (town state) of Boura.

Archaeogeological and Archaeological Evidence

Numismatic evidence: Helike and Boura existed for
decades after 373 B.C.

The only physical evidence presented until recently for the
existence of Helike was two coins issued by the town state of
Helike (Marinatos, 1960). These coins have been a priori as-
sumed to predate the destruction of 373 B.C. Recent exca-
vations have brought to light additional coins of Helike, which
have been examined by Weir (2017). His conclusion is that
the dimensions and iconography of all of these coins indicate
that they had been minted several decades after 373 B.C.
This means that the polis-state of Helice existed at least for
about 50 yr after its alleged loss. Numismatic evidence from
the harbor of Boura also indicates an essential continuity of
inhabitation between approximately 600 and 230 B.C. (Kolia,
2007, 2018).

Geoarchaeological evidence: Large-scale ground sta-
bility and no 373 B.C. tsunami

In the past 30 yr, an extensive program of boreholes, mostly
shallow, has been drilled in the Helike area, with the main
focus in the part of the delta between the modern Selinous
and Kerynitis Rivers (Fig. 2). These studies have identified
archeological layers predating and postdating 373 B.C. and
indicate an overall ground stability, though with local strati-
graphic perturbations (Soter and Katsonopoulou, 2011; En-
gel et al., 2016), which are definitely expected in an active
young delta in a tectonically active area.

In addition, no signs of sediments that may support the pos-
sibility of a major tsunami in 373 B.C. have been found in
drillholes. This result is consistent with the results of Korte-
kaas et al. (2011) at Alyki near Aigion (Fig. 3), a site that
could have served as a trap for tsunami deposits.
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Archaeological excavations: Discovery of remains of
ancient Helike and Boura

Until recent decades, the absence of archaic and classical re-
mains (i.e., before 320 B.C.) was striking in Achaia (Ander-
son, 1954). This was to a major degree due to the fact that
ancient remains found during the excavation of the railroad
in the 1880s and major roads in the 1960s were destroyed
without any report, either because ancient remains were un-
derestimated or to avoid problems in the works. This situa-
tion changed after a large number of archaeological excava-
tions were made mostly by the Greek Archeological Service
(see, e.g., Kolia, 2015). The output of these studies is sum-
marized by Kolia (2011) and in Kolia (2015), who presented
an illustrated summary of excavations.

1. On the steep hills marking the south limit of the delta,
there have been identified remains of the acropolis (site
4 in Fig. 3) and of a cemetery (site 2 in Fig. 3) of Homeric
(Mycenean) Helike (for archaeological terminology, see
Table S2).

2. On the acropolis hill (site 4), the remains of a Hellenistic
temple (roughly of the times of Alexander the Great), ex-
cavated by P. Petropoulos, indicate continuity of inhabi-
tation in the area after 373 B.C.

3. Along the south margin of the plain there are remains of
a settlement of the Homeric period (site 3) and of an ear-
lier (Early Helladic) settlement (site 5).

4. The remains of a geometric sanctuary, built on the re-
mains of an older shrine, have been found at site 1. Var-
ious artifacts indicate that it represents the sanctuary of
Poseidon (Fig. 4a,b; Gadolou, 2011), which was the cen-
tral point of the ancient legend. This sanctuary was much
older and very different from the monumental ancient
Greek temples. Next to it, there were found remains of
public buildings and of a dumping site for material from
the destruction of a nearby archaic temple, the founda-
tions of which have not yet been excavated. The destruc-
tion of this temple is dated to the fourth-century B.C.

5. Site 6 is a representative site in which remains of an Early
Helladic settlement were found beneath building remains
of the Roman period. In several other nearby sites, an-
cient Greek ruins were found buried by layers of sediment
beneath layers containing building remains or artifacts of
the Roman period.

6. At the east edge of the complex delta, extensive excava-
tions have brought to light the remains of an ancient
coastal settlement (Fig. 4c), which can be identified with
the harbor of ancient Boura (Fig. 3). The available data,
however, do not provide any information about the harbor
installations (Giaime et al., 2019). A rather continuous
period of occupation, from approximately 500-230 B.C.,
is inferred from numerous coins, permitting an accurate
dating of occupation layers (Kolia, 2018). Two destruction
layers in this site (Fig. 4d) at about 290 and at 230 B.C.,
marking the abandonment of the site, were possibly as-
sociated with earthquakes. Evidence from this site, which
is in an area of rapid Holocene uplift (Pirazzoli et al.,
2004), excludes the possibility of significant marine re-
gression in 373 B.C.

Re-examination of Historical Sources

For five days before Helice disappeared all the mice and
martens and snakes and centipedes and beetles and
every other creature of that kind in the town left in a body
by the road that leads to [the mountains]. (Aelian, About
the nature of animals, 11, 19).
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Figure 4. Recently found ancient building remains of (a)
Helike and (c) Boura. Foundations stability and the overall
environment of these remains exclude the possibility of ma-
jor geomorphological changes induced by the 373 B.C.
earthquake and of physical loss of these two towns. (a)
Foundations of the shrine of Poseidon of Helike (site 1 in
Fig. 3) and (b) its reconstruction. This apsidal shrine, partly
excavated, is typical of the geometric period (900-700
B.C.) and very different from the later classical temples. (c)
Excavations of the Boura harbor, showing foundations of
several houses, each with several rooms; view after the site
was cleaned. The railroad near the coast destroyed part of
the site in the 1880s, but no ancient remains were reported.
This site spans the period of approximately 500-230 B.C.
and was marked by two major destruction layers. (d) De-
struction layer (fallen rooftiles) in a room of this complex,
possibly related to an earthquake at about 290 B.C. (panels
a,c,d excavations photos, courtesy of E. Kolia, panel (b)
modified after Kolia, 2011).

The previous evidence excludes the possibility of the total
loss of Helike and Boura because of major geomorphological
changes during an earthquake and indicates that both towns
existed as organized centers for decades after 373 B.C. This
calls for a new reading of historical sources, such as the one
in the overhead of this section, which seem to report highly
exaggerated or fake events. This study differs from previous
approaches in three points.

First, the loss of Helike is not regarded as an a priori true
event, but as an at least exaggerated event.

Second, ancient sources of different periods are not a priori
regarded as sources of information complementing each
other, but rather their accuracy is regarded as a function of
the time since 373 B.C.

Third, genuine ancient texts are separated from later, fabri-
cated texts, for example, that written by pseudo-Aristotle. In
addition, information provided by authors of the Roman pe-
riod is critically analyzed, making a distinction between per-
sonal observations, explicit citations of authors of older peri-
ods, and indirect information and rumors. The latter are in-
ferred to correspond to an expression that is literary trans-
lated as “it is said that.,” but rather meaning “rumors are
spreading that...” (see Table S1).

Following this approach, ancient sources are divided in three
groups: (1) sources of the fourth-century B.C., (2) older
sources apparently cited by authors of the Roman period, (3)
sources of the Roman period. Data are summarized in Table
1 and Table S1.

Fourth-century B.C. sources (nearly contemporary to
the alleged disaster)
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The only directly known source for an earthquake in 373 B.C.
is Aristotle, who mentions only an earthquake and a tsunami
in Achaia at the time of a comet. Aristotle mentions the term
“earthquake” about 40 times, with notices of other highly de-
structive earthquakes, but from his overall text, that earth-
quake in Achaia is not regarded as an event with spectacular
destructive impacts, nor Helike is mentioned.

All other sources of the period (fourth- to third-century B.C.),
especially Xenophon who covered the area and the period
and in about 371 B.C. was in nearby Corinth, do not mention
any destructive effects to Helike, as Petropoulos (1983) first
noticed. The loss of the leading town of the area should have
been an event with important military and political impacts
and could not have been ignored, at least by Xenophon.

Some investigators refer to an ancient book named “de
Mundo,” assigned to Aristotle, in which a vague reference to
the loss of Helike and Boura is given. This is not a genuine
text; it is a text produced by later authors, known as pseudo-
Aristotle, who were imitating Aristotle’s style (Forster, 1914).
This was a practice very common since the Roman times, and
imitations of various ancient authors are known (pseudo-Plu-
tarch, pseudo-Callisthenes, pseudo-Democritus, pseudo-Au-
gustine, etc.). Guidoboni et al. (1994), for instance, include
at least four ancient sources with prefix “pseudo.”

References to ancient Greek authors by later authors

The texts of the Roman period which seem to cite ancient
Greek authors referring to the loss of Helike (Table 1) should
be treated with much care. This is because the original Greek
texts to which they refer are not available, and because in
many cases citation of older texts in antiquity was based on
texts orally presented and discussed during symposia (for ex-
ample, during the Plutarch’s Table Talk; Klotz and Oikonomo-
poulou, 2011), so that an older text could be easily cor-
rupted. Since catastrophic scenarios for Helike can be ex-
cluded, the following comments can be made for this group
of texts in a “supervised learning” approach.

Strabo 5 (Table 1 and Table S1) refers to Eratosthenes using
the expression “Eratosthenes said («pnai» in ancient Greek)
that he observed submerged ruins in Helike and ferrymen
crossing the submerged area after the disaster.” This gives
the impression that Strabo was citing Eratosthenes but this
is out of place for the topography of the area. The problem is
solved if the term «@nai» is changed to «paai», meaning “it
is said that Eratosthenes,” and which should be translated as
“rumors are spreading that Eratosthenes ....... " This would
indicate not a direct citation of Eratosthenes but a later leg-
end or rumor, using the name of Eratosthenes to give some
emphasis on the legend because Eratosthenes was a figure
of influence in many fields; among others he was the first to
measure with accuracy the radius of the Earth. A similar cor-
rection from «@nai» to «paai» is suggested also for the text
of Strabo 6 referring to Heracleides, a name referring to sev-
eral ancient Greek authors. This change makes the text of
Strabo consistent with texts of other authors of the Roman
period who refer to Helike using the expression «pagci» (e.g.,
Pausanias 6, Aelian 1). It is quite possible that the proposed
original term «@aoci» was corrupted to «@noi» by later
scribes, a problem common in antiquity (Sanchez Ven-
dramini, 2018) and in texts referring to Helike.

Seneca 6 refers to the fourth-century writer Ephorus. A care-
ful examination indicates that Ephorus was not making any
reference to Helike, but rather he was only arguing that a
certain comet was split in two. Seneca criticized him for this
argument, “because it is widely known that this comet caused
drowning of Helike and Boura.” Hence, it is Seneca who indi-
rectly introduced the connection between an earthquake in
Achaia and a comet mentioned by Aristotle and the alleged
destruction of Helike (Wickersham, 1994).

Seneca refers three times to the fourth-century historian Cal-
listhenes as the source of information for the loss of Helike
and Boura. Callisthenes is supposed to have written a treatise
about the loss of these two towns (Seneca 1), relating their
loss to a comet (Seneca 3, 5). Callisthenes work has been
lost, but his book on the expedition of Alexander the Great
against Persia, manipulated, if not fully rewritten by later au-
thors, became very popular in various regions and languages
until Medieval times; it is currently known as the work of
pseudo-Callisthenes (Merkelbach, 1977; Bosworth, 2016). It
is likely that Seneca was misled by the later text by pseudo-
Callisthenes because it fit his ideas about comets.

In summary, no genuine, reliable information about the loss
of Helike is offered by ancient Greek authors cited by authors
of the Roman period.

Independent sources of the Roman period

Several authors of the Roman period discuss the loss of He-
like, though with many differences (Table 1 and Table S1). A
majority of these authors repeat a legend, some providing
religious information about punishment of the sinful cities;
only the text of Pausanias is a report of his visit in the area
more than 500 yr after 373 B.C. Of interest are some verses
(by Philo, Orosius, Bianor; Table 1) that indicate that Helike
had become an empire-wide legend. On the contrary, a cat-
alog of Roman towns includes Helike and Boura as towns in
the hinterland and provides their coordinates (for details,
Rizakis, 1995, p. 284). These reports are summarized in the-
matic units in the following paragraphs.

Birth of the legend. Helike was among several other towns
of the region that disappeared as town states during a period
of instability before the Roman times (Hellenistic period) and
during the early Roman times (Karambinis, 2018). According
to later sources (Strabo 6 and Pausanias), the land of Helike
was annexed (usurped?) by Aigion. This information may
conceal an explanation for the decay of Helike. The first sur-
viving reference to the legend of the loss of Helike in the Ro-
man period is due to Polybius, who died in about 120 B.C.
This means that this legend existed in the early Roman period
in Greece. What fed this legend is not known, but the legend
of punishment by Poseidon was an easy explanation for the
disappearance of the major town because of political and so-
cial reasons (Mackil, 2004).

Comet and earthquake. Comets were benchmarking
events in antiquity, and Aristotle 1 reported a combination of
a comet with an earthquake and a tsunami in Achaia, but he
did not mention Helike, nor any major impacts in the wider
area (Achaia). This combination of comet and earthquake
was essentially forgotten in the following centuries, indicating
that the Aristotle earthquake was ignored by later authors.
Diodorus 1 and 2 mentioned a comet, but not related to He-
like. About 100 yr later, Seneca 5/6 discussed this comet and
manipulated ancient texts because he wanted to reject the
hypothesis of Ephorus for a comet split in two, and in fact,
he introduced a connection between the comet, Aristotle’s
earthquake, and the loss of Helike and Boura (Wickersham,
1994).

Geography of the area and submerged ruins. References
to Helike in the Roman period are vague, and only two au-
thors provide much information about Helike and Achaia.

Strabo, a major source for information for the Peloponnese
about 400 yr after 373 B.C., did not have any personal expe-
rience of the area (Weller, 1906). Hence, his references to
Helike are likely to reflect information and a legend that ex-
isted during his times.

Pausanias, on the contrary, visited the area more than 500
yr after 373 B.C. and provides a detailed and reliable descrip-
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tion of what he saw and what people reported to him. Pausa-
nias was shown the area of ancient Helike, in which he ob-
served no traces of the ancient town, and this is reasonable
because classical remains were buried by deltaic sediments
at this time. He was perhaps also shown what was regarded
as submerged remains of Helike. Apparently, Pausanias
found no satisfactory evidence of submerged ruins, and his
response was presented in a diplomatic way: he stated that
the remains of Helike are not as clearly visible as in the past
(see Faraklas, 2001).

Crime and punishment of Helike in the context of the
ancient Greek World. Punishment of Helike and Boura by
Poseidon is reported by four different authors, but for four
different crimes: impiety to gods (crime “A”; Diodorus 1),
disobedience of Helike to a decision of a council of confeder-
ated town states (crime “B”; Strabo 4), killing of suppliants
from Asia Minor (crime “C”; Pausanias 1), and killing of a
suppliant woman from the modern Greece mainland (crime
“D"; Polyaenus).

The differences in the crimes leading to punishment are re-
markable, culminating with the killing of suppliants, the most
severe crime in ancient Greece. No convincing explanation
for such a crime is given, although the punishment was se-
vere in comparison with the punishment of Athens and Sparta
for similar crimes. Hence, the core of the story is very diffuse
and weak.

Contradictions in ancient texts concerning Boura. Vari-
ous modern investigators have noticed major contradictions
in the legend of the 373 B.C. earthquake, especially concern-
ing Boura, the loss of which has been characterized as an
exaggeration (Guidoboni et al., 1994).

Helike and Boura were punished for the same crime. Helike
was supposed to have disappeared forever, but Boura only
temporarily because it appeared again on the scene 70 yr
later (Diodorus 3) and soon became an important town (Po-
lybius), reconstructed by those who were away during the
calamity (Pausanias 4). Furthermore, Boura is described by
various ancient authors as having been submerged in the
sea, although it was a town in the mountains. Some ancient
authors alternatively suggest that it was lost in a “chasm” of
the ground, which is impossible for a town state (see earlier).
Aigeira, a third town farther east (Fig. 2), was also supposed
to have been submerged during the same earthquake (Philo).

To reconcile this contradictory information, Stylianou (1998)
proposed that both Boura and Aigeira included a harbor with
the same name and that only their harbours were submerged
in 373 B.C., whereas the main towns remained above sea
level. Still, the remains of the harbour of Aigeira have been
identified since long above the water, and in fact this harbor
was uplifted by earthquake faulting, not submerged (Stiros,
1998). Similarly, the harbor site of Boura, brought to light by
recent excavations (Fig. 4a), shows no sign of submergence;
on the contrary, it is also located in an area of rapid uplift
(Stewart and Vita-Finzi, 1996; Pirazzoli et al., 2004).

Helike and Boura as existing Roman towns. Not all
sources of the Roman period regard Helike and Boura as lost
towns. Pliny, a reliable author with experience in natural dis-
asters (Plinian volcanic eruptions bear his name), reported
that the two towns existed in his days, refounded by survi-
vors of the disaster (Pliny 2). Furthermore, the list of Roman
towns by Claudius Ptolemeus includes Helike and Boura as
existing towns in the hinterland and even gives their coordi-
nates (see Rizakis, 1995, p. 284). This strong evidence is
usually ignored. Helike, however, is not shown in Tabula Peu-
tingeriana, a thematic map of the late Roman World, surviv-
ing in a copy of the Medieval period (see fig. 4 in Stiros,
2020a).

Reliability of certain ancient texts. Some of the texts of
the Roman period are unlikely to have any historical signifi-
cance. For example, the text of Aelian, shown at the begin-
ning of this section, was part of a book with oddities and im-
aginary stories on animals, written by the author to entertain
his audience.

Discussion

In the first part of this study it was shown that the physical
loss of Helike and of Boura during an earthquake was not
possible, and recent geoarchaeological and archaeological
studies confirm this result. Hence, Helike is simply one of the
ancient towns that disappeared (Hansen and Nielsen, 2004,
index 20; Karambinis, 2018), probably because of political,
social, and military reasons. However, Helike represented a
unique case because the remains of its Greek period had
been rapidly buried by deltaic sediments, and they could not
be seen during the visit by Pausanias in the area 500 yr after
373 B.C. (Pausanias 1/2/3). In fact, the first remains of He-
like were brought to light only recently (see earlier, Fig. 4).
The main problem is hence to explain whether and why an-
cient texts report a catastrophe that never occurred.

In the second part of this study, working in a kind of super-
vised learning, that is, excluding a major geomorphological
change (and a catastrophe) in 373 B.C., it was possible to re-
evaluate ancient texts using a new approach. Ancient texts
were regarded as a function of time since 373 B.C., and in
addition, genuine texts were separated from rumors and
forged texts. The conclusion of this analysis is that Aristotle
reported an earthquake and tsunami in Achaia in 373 B.C.,
correlating with a comet, but he made no mention to any
disaster of Helike because no such disaster took place. Cer-
tain texts or later references to ancient Greek authors that
seem to mention the loss of Helice are later forgeries (e.g.,
by pseudo-Aristotle) or were manipulated. In fact, the first
mention of the Helike legend was made in the early Roman
period by Polybius. The comet that correlated with the earth-
quake in Achaia according to Aristotle was ignored by all
other later authors except for Seneca (Table 1). In fact, Sen-
eca introduced the connection between the legend of the loss
of Helike with Aristotle and the comet only to strengthen his
theory about comets.

The Helike legend became very popular in Roman times for
certain good reasons. It was reminiscent of ancient Greek
traditions of god punishment that were in fashion in Roman
times. It provided an easy explanation for the disappearance
of an important ancient Greek town, and it had a convincing
physical background: ancient Greek remains were invisible,
buried by deltaic sediments, and remained buried until re-
cently, feeding the modern legend of the loss of Helike by
Marinatos (1960); that is, another neocatastrophism theory
(Ambraseys, 2006). It is also possible that certain natural
concretions and biological structures on the sea bottom that
gave the impression of building remains (compare with An-
drews et al., 2016) had contributed to the formation and lon-
gevity of the legend. In fact, until about 30 yr ago, local peo-
ple liked to point out offshore features that they mistakenly
called submerged ancient remains.

Another main reason for the popularity of the legend of Helike
in an empire-wide scale is that the Helike area was located in
a prominent position in the seaway between Rome and the
eastern provinces of the Roman empire, near the western
entrance or exit of the Gulf of Corinth (Fig. 1). Hence it was
visible to sailors and travelers eager for a nice story during
and after a long trip.

What is interesting, however, is that the legend of destruction
of Helike became popular, whereas the “true” destruction of
the uplifted Aigeira harbor (Stiros, 1998, and references
therein) and especially of the submergence of the Kenchreai
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harbor (for location, see Figs. 1 and 2), critical for the con-
nection of Rome with the eastern part of the empire, were
ignored by ancient authors (Stiros, 2020b). The Aigeira uplift,
however, may have been recorded as subsidence (Philo re-
port, Table 1).

Possible archaeoseismomological evidence

Archaeological excavations have brought to light ancient re-
mains in the Helike area that may testify to ancient earth-
quakes. The inferred destruction of an archaic temple next to
the older temple of Figure 4a may testify to a fourth-century
B.C. earthquake. An earthquake is inferred to have damaged
another archaic temple, dedicated to Artemis (Diana), in Ano
Mazaraki between 400 and 350 B.C. (for location, see Fig. 2;
Petropoulos, 2012). Destruction layers in the Boura harbor
may also testify to two earthquakes, approximately in 290
and 230 B.C. (Kolia, 2018). However, because all of this ev-
idence is still fragmentary and because earthquakes are and
were frequent and “local” in Achaia (see Aristotle 1.6.368b
and Seneca 7), the study of these possible archaeology-de-
rived earthquakes is a future task.

Implications for the tsunami mentioned by Aristotle

The results of sedimentological analyses (Kortekaas et al.,
2011; Engel et al., 2016) tend to exclude the possibility of a
significant fourth-century B.C. tsunami in the wider Aigion
area. This result can be used as a constraint to understand
Aristotle text. His text is unclear (Table S1), and with modern
knowledge, it can be read in two ways: (1) the great comet
rose from the SW, about the same time with the Achaia
earthquake and the wave invasion; (2) the great comet rose
from south, at the same time with the Achaia earthquake and
the wave invasion from the west. This second alternative
means that the tsunami had hit not the Gulf of Corinth, but
the western coast of Achaia, the Patras area, which is ex-
posed on the west to the open sea (Ionian Sea); this part of
Achaia was too poorly developed before the Roman period
(Rizakis, 1995; Petropoulos, 2012) to deserve a mention of
towns damaged by the tsunami and the earthquake reported
by Aristotle.

Implications for Historical Seismology

Results for Helike do not question the value of reliable ancient
texts reporting earthquakes. They only indicate a necessary
distinction between two different types of information:

1. vague, dramatized information, mostly by much later
sources and with religious character, may not reflect nat-
ural events and disasters, especially because such con-
cepts were intrinsic in the ancient Greek religion and cul-
ture (Leveau, 2005).

2. ancient reports, especially by contemporary authors de-
scribing specific events, provide reliable seismological in-
formation. For example, concurring events (an earth-
quake during a military operation or during a visit of a
certain authority in an area) or reports of seismic dam-
age, especially of temples and aqueducts, occasionally
supported by excavation evidence (e.g., Stiros, 2020c) or
repairs and support for recovery of towns from seismic
damage (Guidoboni et al., 1994; Ambraseys, 2009) rep-
resent reliable reports of earthquakes and evidence per-
mitting reconstruction of some of the earthquake param-
eters.

Data and Resources

The source of all data used is indicated in References. Ancient
texts discussed were obtained from searches in the Library
of the British School of Archaeology at Athens, the Loeb Clas-
sical Library (www.loebclassics.com/, last accessed July
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with excerpts of ancient texts of Table 1 and Table S2, which
explains archaeological and historical terminology.

Declaration of Competing Interests

The author acknowledges that there are no conflicts of inter-
est recorded.

Acknowledgments

The article benefited from very constructive, careful, and
very detailed comments of an anonymous reviewer and Edi-
tor-in-Chief Allison Bent; this input is highly appreciated. E.
Kolia is warmly thanked for providing Figure 4a,c,d from her
excavations. This article was inspired after discussions with
N. Faraklas and from the study of archaeological findings and
ideas of M. Petropoulos, E. Kolia, and A. Gadolou, as summa-
rized in this article.

References

Alvarez-Zarikian, C. A., S. Soter, and D. Katsonopoulou
(2008). Recurrent submergence and uplift in the area of an-
cient Helike, Gulf of Corinth, Greece: Microfaunal and archae-
ological evidence, J. Coast. Res. 24, no. Suppl. A, 110-125.

Ambraseys, N. (2006). Earthquakes and archaeology, J. Ar-
chaeol. Sci. 33, 1008-1016.

Ambraseys, N. (2009). Earthquakes in the Mediterranean and
the Middle East, Cambridge University Press, Cambridge,
United Kingdom.

Ambraseys, N., and J. A. Jackson (1997). Seismicity and
strain in the Gulf of Corinth (Greece) since 1694, J. Earthg.
Eng. 1, 433-474.

Ambraseys, N., and D. White (1997). The seismicity of the
eastern Mediterranean region 550-1 BC: A re-appraisal, J.
Earthqg. Eng. 1, 603-632.

Anderson, J. (1954). A topographical and historical study of
Achaea, Annu. Br. Sch. Athens 49, 72-92.

Andrews, J. E., M. G. Stamatakis, A. Marca-Bell, C. Stewart,
and I. L. Millar (2016). Exhumed hydrocarbon-seep authi-
genic carbonates from Zakynthos Island (Greece): Concre-
tions not archaeological remains, Mar. Petrol. Geol. 76, 16—
25.

Athanasopoulos, G., P. Pelekis, and E. Leonidou (1999). Ef-
fects of surface topography on seismic ground response in
the Egion (Greece) 15 June 1995 earthquake, Soil Dynam.
Earthqg. Eng. 18, 135-149.

Baladie, R. (1980). Le Peloponnese de Strabon, Etude de
geographie historique, Les Belles Lettres, Paris, France,
xxiii+398 pp (in French).

Bosworth, A. (2016). Pseudo-Callisthenes, Oxford Classical
Dictionary, available at https://oxfordre.com/clas-
sics/view/10.1093/acre-
fore/9780199381135.001.0001/acrefore-9780199381135-
e-5406 (last accessed August 2021).

de Martini, P. M., D. Pantosti, N. Palyvos, F. Lemeille, L.
McNeill, and R. Collier (2004). Slip rates of the Aigion and

ZeAida 39




Eliki faults from uplifted marine terraces, Corinth Gulf,
Greece, Compt. Rendus Geosci. 336, 325-334.

Di Vita, A. (1996). Earthquakes and civil life at Gortyn (Crete)
in the period between Justinian and Constant II, in Archaeo-
seismology, S. Stiros and R. Jones (Editors), ISBN
090488726X, Fitch Lab Occasional Paper 7, 45-50.

Engel, M., K. Jacobson, K. Boldt, P. Frenzel, D. Katsonopou-
lou, S. Soter, C. A. A. Zarikian, and H. Briickner (2016). New
sediment cores reveal environmental changes driven by tec-
tonic processes at ancient Helike, Greece, Geoarchaeology
31, 140-155.

Faraklas, N. (1998). Helike, physical and political submerg-
ence, in Helike II, Ancient Helike and Aigialeia, D. Kat-
sonopoulou and D. Schilardi (Editors), Athens, 209-234 (in
Greek).

Faraklas, N. (2001). The Geopolitical Organization of Pelpon-
nesian Achaia, University of Crete, Rethymon, 115 pp. (in
Greek).

Ferentinos, G., G. Papatheodorou, M. Geraga, D. Christodou-
lou, E. Fakiris, and M. Iatrou (2015). The disappearance of
Helike classical Greece—New remote sensing and geological
evidence, Remote Sens. 7, no. 2, 1263-1278.

Forster, E. S. (1914). De Mundo, Clarendon Press, Oxford,
available at https://archive.org/details/de-
mundoarisrich/page/n3 (last accessed July 2021).

Gadolou, A. (2011). A late geometric architectural model with
figure decoration from ancient Helike, Achaea, Annu. Br. Sch.
Athens 106, 247-273.

Galanopoulos, A., N. Delibasis, and P. Cominankis (1964). A
tsunami generated by an earth slump without earthquake,
Annales Geologiques Pays Helleniques 16, 93-110.

Giaime, M., N. Marriner, and C. Morhange (2019). Evolution
of ancient harbours in deltaic contexts: A geoarchaeological
typology, Earth Sci. Rev. 191, 141-167.

Guidoboni, E., A. Comastri, and G. Traina (1994). Catalogue
of Earthquakes in the Mediterranean Region up to the 10th
Century, Istituto Nazionale di Geofisica, 504 pp.

Hansen, M. H., and T. H. Nielsen (2004). An Inventory of
Archaic and Classical Poleis, Oxford University Press, Oxford,
1396 pp., ISBN 0-19-814099-1.

Karambinis, M. (2018). Urban networks in the Roman Prov-
ince of Achaia (Peloponnese, central Greece, Epirus and
Thessaly), J. Greek Archaeol. 3, 269-339.

Kelletat, D., G. Kowalczyk, B. Schroeder, and K.-P. Winter
(1976). A synoptic view on the neotectonic development of
the Peloponnesian coastal regions, Z. Dtsch. Geol. Ges. 127,
447-465.

Keraudren, B., and D. Sorel (1987). The terraces of Corinth
(Greece). A detailed record of eustatic sea level variations
during the last 500,000 years, Mar. Geol. 77, 99-108.

Klotz, F., and K. Oikonomopoulou (Editors) (2011). The Phi-
losopher's Banquet. Plutarch's Table Talk in the Intellectual
Culture of the Roman Empire, Oxford University Press, Ox-
ford, xx + 279 pp., ISBN 9780199588954.

Kolia, E. (2007). Topography of Boura and of its territory,
Annuario SAIA LXXXV, ser III, 7, 215-247 (in Greek).

Kolia, E. (2011). A sanctuary of the geometric period in an-
cient Helike, Achaea, Annu. Br. Sch. Athens 106, 201-246.

TA NEA THZ EEEEIT'M - Ap. 154 - ZENTEMBPIOZ 2021

Kolia, E. (2015). Excavation works in Achaia, Archaeol. Arts
119, 62-73, available at https://www.archaiologia.gr/wp-
content/uploads/2016/12/119 62-73.pdf (last accessed July
2021) (in Greek).

Kolia, E. (2018). Trapeza Diakoptou, Coastal settlement of
the land of Boura, Archaeologikon Deltion 69/70A, 543-560
(in Greek).

Kortekaas, S., G. Papadopoulos, A. Ganas, A. B. Cundy, and
A. Diakantoni (2011). Geological identification of historical
tsunamis in the Gulf of Corinth, central Greece, Nat. Hazards
Earth Syst. Sci. 11, 2029-2041.

Koukouvelas, I. K., D. J. Piper, D. Katsonopoulou, N. Kon-
topoulos, S. Verroios, K. Nikolakopoulos, and V. D. Zygouri
(2020). Earthquake-triggered landslides and mudflows: Was
this the wave that engulfed Ancient Helike? Holocene 30,
1653-1668.

Leveau, P. (2005). Mythe, référence a I’Antique et mémoire
des catastrophes dans les médias scientifiques. Le déluge de
la Bible a Platon. Les scientifiques croient-ils aux mythes an-
tiques? In Récits et représentations des catastrophes depuis
I’Antiquité, R. Favier and A.-M. Granet-Abisset (Editors),
CNRS, MSH-Alpes, Grenoble, 145-159 (in French).

Mackil, E. (2004). Wandering cities: Alternatives to Catastro-
phe in the Greek Polis, Am. J. Archaeol. 108, 493-516.

Marinatos, S. (1960). A submerged town of classical Greece,
Archaeology 13, 187-193.

Merkelbach, R. (1977). Die Quellen des griechischen Alexan-
der-Romans, Second Ed., Zetemata, Vol. 9, Munich, Ger-
many.

Morgan, C., and J. Hall (2004). Achaia, in an Inventory of
Archaic and Classical Poleis, M. H. Hansen and T. H. Nielsen
(Editors), Oxford University Press, ISBN 0-19-814099-1,
473-488.

Mouyaris, N., D. Papastamatiou, and C. Vita-Finzi (1992).
The Helike fault? Terra Nova 4, 124-129.

Papadopoulos, G. A. (2003). Tsunami hazard in the eastern
Mediterranean: Strong earthquakes and Tsunamis in the Cor-
inth Gulf, central Greece, Nat. Hazards 29, 437-464.

Papazachos, B., and C. Papazachou (1997). The Earthquakes
of Greece, Zitis, Thessaloniki, Greece.

Petropoulos, M. (1983). Helike, Archaeologia 9, 76-79, avail-
able at https://www.archaiologia.gr/wp-content/up-
loads/2011/06/9-16.pdf (last accessed July 2021) (in
Greek).

Petropoulos, M. (2012). Achaia, one or two? in Alle origini
della Magna Grecia. Mobilita Migrazioni Fondazioni, M.
Lombardo (Editor), Atti del cinquantesimo Convegno di studi
sulla Magna Grecia, 190-220.

Pirazzoli, P., S. Stiros, M. Fontugne, and M. Arnold (2004).
Holocene and quaternary uplift in the central part of the
southern coast of the Corinth Gulf (Greece), Mar. Geol. 212,
35-44,

Rizakis, A. D. (1995). Achaie I, Sources textuelles et Histoire
regionale, Meletimata, Vol. 20, Centre de Recherches de I’An-
tiquite Grecque et Romaine, Fondation Nationale de la Re-
cherche Scientifique (Greece), De Boccard, Paris, ISBN 960-
7094-87-5, 450 pp., available at http://helios-

eie.ekt.gr/EIE/bitstream/10442/7423/2/A01.020.0.pdf (last
accessed July 2021).

ZeAida 40




Roberts, S., and J. Jackson (1992). Active normal faulting in
central Greece: An overview, in The Geometry of Normal
Faults, A. M. Roberts, G. Yielding, and B. Freeman (Editors),
Vol. 56, Special Publications Geological Society, London,
125-142.

Sénchez Vendramini, D. (2018). The audience of Ammianus
Marcellinus and the circulation of books in the Late Roman
World, J. Ancient Hist. 6, 234-259.

Schwartz, M., and C. Tziavos (1979). Geology in the search
for Ancient Helike, J. Field Archaeol. 6, 243-252.

Soter, S., and D. Katsonopoulou (2011). Submergence and
uplift of settlements in the area of Helike, Greece, from the
early bronze age to late antiquity, Geoarchaeology 26, 584-
610.

Stewart, I. S., and C. Vita-Finzi (1996). Coastal uplift on ac-
tive normal faults: The Eliki fault, Greece, Geophys. Res. Lett.
23, 1853-1856.

Stiros, S. (1996). Helike and Boura: The legend and dimen-
sions of the natural disaster, Archaeologica Analekta Athens
XXIX/XXXI, 175-186 (in Greek).

Stiros, S. (1998). Archaeological evidence for unusually rapid
Holocene uplift rates in an active normal faulting terrain: Ro-
man harbour of Aigeira, Gulf of Corinth, Greece, Geoarchae-
ology 13, 731-741.

Stiros, S. (2020a). Was Alexandria (Egypt) destroyed in A.D.
365? A famous historical tsunami revisited, Seismol. Res.
Lett. 91, no. 5, 2662-2673.

Stiros, S. (2020b). Coastal subsidence, destruction layer and
earthquakes from an underwater archaeological excavation:
Kenchreai, eastern harbor of Roman Corinth, Greece, Medi-
terr. Geosci. Rev. 2, 283-297.

Stiros, S. (2020c). Monumental articulated ancient Greek and
Roman columns and temples and earthquakes: Archaeologi-
cal, historical, and engineering approaches, J. Seismol. 24,
no. 4, 853-881.

Stylianou, P. (1998). A Historical Commentary on Diodorus
Siculus, Book 15, Clarendon, Oxford, xxii+602 pp.

Tomlinson, R. A. (1996). Archaeology in Greece 1995-96,
Archaeol. Rep. 42, 1-47.

Weir, R. (2017). Exaggerated rumours of death and the
downdating of Helike’s coinage, Proc., Helike V, Ancient He-
like and Aigeialeia, Athens, 35-44.

Weller, C. (1906). The extent of Strabo’s travel in Greece,
Classical Philol. 1, no. 4, 339-356.

Wickersham, J. (1994). Hegemony and Greek Historians,
Lanham, Maryland, x+195 pp., ISBN 0-8476-7781-8.

Seismological Research Letters, Volume XX, Number XX -
2021, www.srl-online.org

Downloaded from http://pubs.geoscience-
world.org/ssa/srl/article-

pdf/doi/10.1785/0220210092/5412173/srl-2021092.1.pdf
by University of Patras, stiros_SSA

TA NEA THZ EEEEIT'M - Ap. 154 - ZENTEMBPIOZ 2021

! Department of Civil Engineering, Patras University, Patras,
Greece, https://orcid.org/0000-0002-6451-5375 (SCS),
stiros@upatras.gr

Cite this article as Stiros, S. C. (2021).
The 373 B.C. Helike (Gulf of Corinth, Greece) Earthquake and

Tsunami, Revisited, Seismol. Res. Lett. XX, 1-14, doi:
10.1785/0220210092.

ZeAida 41



Nuclear bomb tests as a cause of climate
change: a novel conceptual model

E.D. Chiotis, Ph.D., M.Sc., D.I.C., echiotis@otenet.gr
Abstract

A model of climate change is proposed considering that the
current unprecedented high concentration of carbon dioxide
in the atmosphere cannot be explained only through anthro-
pogenic carbon dioxide (COz) due to land-use change and
fossil fuel burning. An additional source is envisaged, due to
the high CO2 Ocean intake, of the same order of magnitude
as anthropogenic CO., as recently revealed. Upwelling cur-
rents are proven to be essential sources of CO2 and among
them, the Antarctic Circumpolar Current (ACC) is the most
significant. Furthermore, it is supported that Nuclear Testing
in the 1950-1960s has disturbed deep waters rich in seques-
tered CO:z and caused the circulation of COz along the network
of oceanic currents, the global conveyor belt. Upwelling along
the Antarctic Circumpolar Current of deep water from the Pa-
cific, the Indian and the Atlantic Oceans is believed to be a
major source of COx.

New features presented in this article are

e the abrupt and vigorous change of the climate since the
Nuclear Testing, associated with steady temperature in-
crease and modification of the carbon cycle

e the outrageous rate of atmospheric CO:2 increase, five
times higher than similar extreme events in the geological
past,

e the function of the Southern Ocean both as sink and a
source of CO2 with outgassing prevailing currently,

e the heat engine along the magmatic boundary of the Ant-
arctica Lithospheric Plate which stimulates upwelling of
the ocean currents and causes warming of the West Ant-
arctic climate, since the Nuclear Testing.

1. Introduction

Summarizing his guidelines on the change of late Quaternary
climate, W.S. Broecker (2000) observed that changes were
vast and, in many cases, happened abruptly. They were trig-
gered by reorganizations of the ocean’s thermohaline circu-
lation, but every element of the global climate system was
involved. Referring to the modern climate research he pro-
posed that “clearly, the challenge is to come up with concep-
tual models capable of explaining the changes recorded in ice
and sediment and then to test these scenarios through the
use of climate models”. As revealed by Graven et al. (2020),
the geochemist Wally Broecker, who pioneered many radio-
carbon applications, used to say, “Instead of publishing pa-
pers, we should have just dropped everything and collected
samples all over the world.” Fortunately, this has recently
become a standard practice in the more hostile area of the
planet, the Southern Ocean in Antarctica, through arrays of
profiling floats recording meteorological and biochemical pa-
rameters from the sea surface to a depth of two kilometers
currently.

The evidence for the climate change predominantly is based
on measurements of the mean annual global temperature
and the increase of the carbon dioxide in the atmosphere and
the oceans. Multiple time series are correlated, including the
temperature, the greenhouse gases, the isotopic values of
the radiocarbon (**C), and the stable isotope 3C. It is re-
vealed that the increase of temperature and the sharp
changes in the carbon cycle start during the short Nuclear
Testing period, approximately in 1950s to 1960s and this is
not considered as a mere coincidence.

Recent meteorological and geochemical research in the
Southern Ocean, supported by modeling applications, cre-
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ated a new basis for reexamining the causes of climate
change, since there is currently convincing evidence that the
Southern Ocean could be an active source of carbon dioxide,
whilst it is used to be considered so far as a safe sink.

The climatic impact of carbon dioxide from fossil fuels is not
underestimated although it was considered that, at least until
the middle of the twentieth century, CO2 was taken up by the
ocean. Based on carbon isotopic study from wood, marine
material, and terrestrial plants Ravelle and Suess (1957) con-
cluded that "most of the CO., released by artificial fuel com-
bustion since the beginning of the industrial revolution must
have been absorbed by the oceans. The increase of atmos-
pheric CO., from this cause, is at present small, (314-315
ppm in 1958 after Nakazawa, 2020), but may become signif-
icant during future decades if industrial fuel combustion con-
tinues to rise exponentially”.

The abrupt character and extreme trend of the unprece-
dented CO: increase is emphasized in this article as unparal-
leled in the last million years, highlighted as the major cause
of concern. In particular, the possibility is examined in this
article whether the recent Nuclear Testing detonations re-
sulted in the release of carbon dioxide previously sequestered
in deep oceanic waters, transferred to the surface through
the global overturning circulation in the oceans, the so-called
“conveyor belt”. If there is a “leakage” of carbon dioxide
through the global conveyor belt from the major reservoir of
carbon dioxide on the planet, the oceans, then the climatic
crisis is much more severe than thought due simply to the
greenhouse effect.

2. Revisiting the evidence of climate change

The ongoing climate change has been documented based on
time series of temperature and carbon dioxide measurements
which are reexamined here in the light of the latest results.
Conventionally, a set of essential climate variables is moni-
tored in meteorology which consists of 54 different variables
(16 atmospheric, 19 oceanic, and 19 terrestrial) in the Global
Climate Observing System, as summarized by Trewin et al.
(2020), a fact that indicates the complicated nature of the
climate. However, in regional studies the number of climate
variables applied can be significantly reduced.

2.1 Temperature trend in the last centuries

The evaluation of the temperature evolution in the industrial
era will be better highlighted in the context of our immediate
climatic past, the Little Ice Age (LIA). Matthews and Briffa
(2005) highlighted the Little Ice Age both as a glaciological
and as a climatic concept, in the light of new data on the
glacier and climatic variations of the last millennium. They
also evaluated that ‘Little Ice Age’ glacierization occurred
over about 650 years and can be defined most precisely in
the European Alps (c. AD 1300-1950). 'Little Ice Age’ climate
is defined as a shorter time interval of about 330 years (c.
AD 1570-1900) when in land areas in the Northern Hemi-
sphere, north of 20°N, prevailed summer temperatures sig-
nificantly below the AD 1961-1990 mean. They have also
shown for the first time in map form, that the LIA was a global
phenomenon, not merely a European one.

Furthermore, carbon isotopic values from tree rings from dif-
ferent sites around the world (Pazdur et al. 2007) confirm the
climate cooling during the periods of lower sunspots of the
Maunder minimum (1645-1715) and the Dalton minimum
(1790-1820). As suggested by Oliva (2018) a combination of
large volcanic eruptions and lower solar irradiance favored
summer cooling in the Northern Hemisphere, which was am-
plified by feedback processes, such as the increase of sea ice
extent in the Arctic. In a Special Issue of the Cuadernos de
Investigacion Geografica magazine (Geographical Research
Letters) edited by Oliva (2018), intriguing research articles
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highlight a wide range of topics on LIA, the climatic back-
ground of the twentieth century. It is clarified therefore that
the current global warming succeeds a period of cooling over
the Northern Hemisphere.

In a recent report by IPCC (2018) the mean temperature
change over the period of instrumental observations is ex-
pressed as departure from 1850-1900 (Figure 1).
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Figure 1. Evolution of the global mean temperature over the
period of instrumental observations. Source: IPCC (2018).

Morice et al. (2020) reevaluated surface temperature data
since 1850 by combining new input data sets and statistical
analysis. Their results indicate greater warming of the global
average over the course of the whole record, ascribed to an
improved representation of Arctic warming and a better un-
derstanding of evolving biases in sea surface temperature
measurements from ships (Figure 2).

Lo I (&) Anomalies relative to 1961-1990
073 4
0,50 4
0254
a.0o ]
g -0.25 + My
= A i
] i ¥
T 050
E
g -on4
o |
! 1.50
5 | {B) Anormalies relative to *Pre-industrial”, 1850-1900
g 1
% 100 4
& o4
0,50 4
|
025+
o.oo-i .
025 4 v — ERas — NOAAGIbalTemp  —— Cowtan and Way
— GISTEMP == Borkeioy — HIdCRUT $.000
=08 T T T T T
1882 1880 1900 1920 1940 1960 1040 2000 2000

Figure 2. Global annual mean temperature difference from
the pre-industrial conditions (1850-1900) for five data sets
(Source: Morice et al. 2020: figure 8b).

It is noted that in both relevant plots a clear trend of increase
of the mean global temperature is depicted since 1960. De-
spite that, different spatio-temporal patterns across the
world may occur due to local forcings, either volcanic, solar,
or oceanic. A typical example is the so-called warming hiatus
over some regions where the annual mean temperature con-
sistently exhibits a cooling phenomenon in the period 1998-
2014 (Wangfl and Liu 2020; Liu et al. 2018). In Northeast
China in particular the trends of Tmax, Tmin, and Tmean are
negative (Sun et al. 2017). As correctly noted in the IPCC
report (2013: 38), despite the robust multi-decadal warming,
there exists substantial interannual to decadal variability in
the rate of warming, with several periods exhibiting weaker
trends, including the warming hiatus since 1998.

It is corroborated that when moving from the global to the
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regional scale a spatio-temporal variability of the tempera-
ture is expected, a measure of which is given by the diligent
evaluation of measurements over Spain for the period 1916-
2015. The annual mean temperature evolution has not fol-
lowed a monotonous trend, and instead, four periods can be
identified: (1) rising until ca. 1950, (2) pause-stagnation-
cooling between 1950 and 1970, (3) second warming be-
tween 1970 and 1990, and (4) a second pause until 2015. At
the same time, this is also a measure of the uncertainty in
projecting temperature measurements for a century in the
future.

2.2 The CO: trend in the atmosphere

The current excessive level of carbon dioxide in the atmos-
phere requires undeniably the major concern in regard with
the climate change and the possible biological implications.
In the influential documentary film “An Inconvenient Truth”
on the United States Vice President Al Gore's campaign on
global warming, the scientific evidence is correctly based on
the current excessive concentration of carbon dioxide.

Collections of air samples at the Mauna Loa Observatory, Ha-
waii (Keeling, Bacastow et al. 1976) and at the Southern Pole
(Keeling and Adams 1976) started in 1957, to document the
effects of the combustion of coal, petroleum, and natural gas
on the distribution of CO2 in the atmosphere. The rate of rise
has not been steady, it declined in the mid-1960s and accel-
erated thereafter (Figures 3 and 5). Similar rate changes
have been observed at the South Pole and evidently, a global
phenomenon is recorded.

The ongoing increasing trend of the carbon dioxide measure-
ments at the Mauna Loa Observatory in Hawaii, the so-called
Keeling curve is shown in Figure 3; it is the most vigorous
evidence of an anomalous situation, since the recorded val-
ues increased by more than100 ppm in sixty years, at levels
significantly higher than at any time during the past 800,000
years, as deduced from Antarctic ice cores.
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Figure 3. The Keeling Curve. Source: Scripps CO2 Program:
Sampling Stations. https://scrippsco2.ucsd.edu

O’Connor (2020) compiled measurements of the CO2 concen-
tration in the atmosphere based on Law Dome and Siple ice
cores from Antarctica and direct measurements at Mauna
Loa. He observed that these data demonstrate that the car-
bon dioxide concentration has been increasing steadily since
1750 and this increase has also accelerated significantly since
1960.
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Figure 4. Compiled observations of atmospheric CO2 con-
centrations (O’Connor 2020).

2.3 Combined carbon isotopic and tree-ring measure-
ments

The earlier carbon dioxide trend, before the Keeling curve,
can be decoded from proxy indicators like the ice cores and
the tree rings, and for a short interval from the isotopic direct
measurements in New Zeeland. Turnbull et al. (2017) pre-
sented a 60-year record of atmospheric radiocarbon dioxide
(A™CO2) measurements from Wellington, New Zealand. The
measurements, the first in the world, were started at Wel-
lington, New Zealand in 1954 with the aim to better under-
stand the carbon cycle (Figure 5). Fortunately, the Wellington
time series covers the history of atmospheric Nuclear Test-
ing, the so-called “bomb spike” and the subsequent decline
in radiocarbon. The bomb spike maximum is higher and one
year earlier in the Northern Hemisphere records consistent
with the emission of most bomb *C in the Northern Hemi-
sphere.

Nuclear tests contributed to the radiocarbon rise first in the
1950s; then a hiatus in testing led to a plateau in Wellington
A'CO2 (Figure 5). A series of very large atmospheric nuclear
tests in the early 1960s led to further increases of radiocar-
bon in the atmosphere. Most atmospheric nuclear weapons
testing ceased in 1963, but the Wellington record peaks in
1965 when it begins to decline, at first rapidly in the 1970s
and gradually slows after 1990.
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Figure 5. Wellington *CO2 smooth curve fit to the final da-
taset (projected from the supplementary data given by
Turnbull et al. (2017)).

Global high-precision atmospheric A*CO: records covering
the last two decades are presented and evaluated by Levin
et al. (2010) in terms of changing (radio)carbon sources and
sinks. Direct measurements were again combined with tree-
ring data to produce a plot with a clear time-lag of the South-
ern Hemisphere and a higher record in the Northern Hemi-
sphere.
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Figure 6: Temporal change of observed atmospheric A*CO>
in the northern and the southern hemisphere (Levin et al
2010).

Tree-ring record of **C from the Altiplano plateau in the cen-
tral Andes is combined with other **C records from the South-
ern Hemisphere during the second half of the 20" century
(Figure 7). The tree-ring record faithfully captured the bomb
signal of the 1960s with an excellent match to atmospheric
14C measured in New Zealand.
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Fig. 7. The bomb-peak in **C is clearly recorded in the an-
nual tree-ring data during the bomb-testing period (red line
with black circles). The grey bars show the effective yield of

thermonuclear detonations in Megatons during this period

(Ancapichin et al. 2021).

Graven et al. (2017) compiled atmospheric datasets for A*C
and 3'3C in CO: over the period 1850-2015 with the aim to
produce a standard atmospheric boundary condition for the
ocean and terrestrial biosphere models simulating *C and
13C. Variations in *3C are reported as 8*3C, which represents
deviations in '3C/*2C from standard reference material. For
14C, the notation A'C is used, which represents deviations
from the Modern Standard #C/*2C ratio.

The isotopic composition in the carbon cycle has been
strongly perturbed by human activities since the industrial
revolution, indicated first by the slow decline of '3C. Fossil
fuel, depleted in 3C and entirely depleted in *C is diluting
the proportion of the isotopes *C and *3C relative to *2C in
atmospheric CO.. In addition, A*C was also subject to a
large, abrupt perturbation in the 1950s and 1960s when a
large amount of *C was produced during the atmospheric
Nuclear Testing period.
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Figure 8. Atmospheric datasets for (a) A*C in CO2 and (b)
3'3C in CO2. Annual mean values of A*C and 3'3C are pro-
vided for three zonal bands representing the Northern Hem-
isphere (30°-90° N), the tropics (30°S-30°N), and the
Southern Hemisphere (30°-90° S) (Graven et al. 2017).

2.4 Estimation of atmospheric CO: from ice cores

Determinations of ancient atmospheric CO2 concentrations
for Siple Station (West Antarctica) were derived from meas-
urements of air occluded in a 200 m core drilled at Siple Sta-
tion in the Antarctic summer of 1983-1984. The CO:2 record
extends over the industrial revolution with circa 280 £ 5 ppm
in 1750, increasing gradually to 345 ppm in 1984 (Neftel et
al. 1994). Ice cores from Greenland and Antarctica were an-
alyzed in two laboratories for comparison, the results found
are in good agreement and cover the period after 900 AD. A
pre-industrial value of 280 ppm is confirmed during the 18th
century and the record indicates the anthropogenic increase
since 1800 AD (Barnola et al. 1995).

A continuous record of atmospheric CO2 from 1006 AD to
1978 AD has been derived from three ice cores from Law
Dome, Antarctica (Etherige et al. 1996). Pre-industrial con-
centrations are in the range 275-284 ppm with the lower level
during 1550 AD - 1800 AD probably as a result of the colder
global climate during the Little Ice Age. CO: growth is ob-
served in the ice core record in 1800 AD with the onset of the
anthropogenic disturbance, due to land-use change and coal
burning.

The yearly mean CO2 mole fraction increased from 314-315
ppm in 1958 to 403-407 ppm in 2017, indicating a time-de-
pendent growth rate from 1.0 ppm per year during 1958-
1960 to 2.6 ppm per year during 2015-2017 (Nakazawa,
2020).

The major atmospheric greenhouse gases (CO2, CHs4, N20)
from revised ice core records and new measurements cover-
ing recent centuries are presented in Figure 10 by Rubino et
al. (2019). These records come from Law Dome, Antarctica,
South Pole, and several sites and have been measured in
several laboratories around the world. The combined corre-
lation of N2O, CH4, CO2, and &*3C allows the distinction of
three periods: 1750-1830 AD, 1830-1960, and 1960 to date.
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Figure 10. Revised records (1750-2010 AD) of (a) 3C-COg,
(b) CO2, (c) CH4, and (d) N20 from Law Dome ice and firn
compared to the South Pole firn records of 3C-CO;, CO>,
and N20 and to published records from other sites (Rubino

et al. 2019).

3. Carbon dioxide and nutrient fluxes in the Southern
Ocean

3.1 The global carbon cycle

It has become an indisputable axiom that “the human per-
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turbation of the carbon cycle is now well documented and
agreed to be the principal cause of climate change. Anthro-
pogenic perturbation of the global carbon cycle occurs via the
release of fossil fuel CO: into the atmosphere, and via land-
use and land-cover transformations. This perturbation in-
duces a complex response of the natural carbon pools and
fluxes, which together result in an increased atmospheric
CO2, the main cause of climate change” (Canadell et al.
2004).

No matter how elegant this definition, truly concise admit-
tedly, it is rather deterministic and discourages the investi-
gation of additional carbon dioxide natural sources, a task
which is attempted here, particularly for the upwelling sys-
tems of the biggest oceanic current, the Antarctic Circumpo-
lar Current (ACC). Without underestimating the Eastern
Boundary Upwelling Systems (Siddiqui et al. in press),
upwelling in the Southern Ocean provides the primary win-
dow for the global deep ocean to communicate with the at-
mosphere. It leads to the outgassing of CO> from nutrient
and carbon-rich deep waters when exposed to the atmos-
phere, and conversely, ocean uptake of atmospheric CO2 oc-
curs in regions of freshwater formation from ice melting.

The main avenue of CO: flux is the biological pump, a wide
suite of processes through which marine biota remove inor-
ganic carbon dioxide from the sea surface and transfer it
deeper in the ocean in the form of particulate biologically
fixed organic tissues (“soft tissue”) and associated carbonate
minerals (“hard tissue”). Marine phytoplankton and hetero-
trophic microbes play an important role in the formation of
Dissolved Organic Carbon (Wagner et al. 2020). Galbraith
and Skinner (2020) define the biological pump to be all pro-
cesses through which marine life interacts with the physical
and chemical state of the ocean to alter the oceanic inventory
of dissolved carbon relative to the atmosphere. By this defi-
nition, the biological pump depends equally on the ecosystem
and on the physical processes that transport sequestered
carbon and mediate air-sea exchange.
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Figure 11. Anthropogenic disturbances (thick arrows) on the

global carbon cycle, averaged for the decade 2009-2018 in

GtC/yr, along with the updated carbon stocks in the major

reservoirs, in GtC, schematically given by Friedlingstein et
al. (2019).

The dominant role of the oceans in the carbon cycle is obvi-
ous from the global mass of the major carbon reservoirs
which is estimated as follows: 590 Gton in the atmosphere,
900 Gton in the surface ocean, 2,000 Gton in the terrestrial
biosphere, 3,000 Gton in reactive marine sediments and
37,100 Gton in the intermediate and deep ocean of which
36,400 inorganic and 700 Gton organic (Lee et al. 2020:
337).

Schematic representation of the overall perturbation of the
global carbon cycle caused by anthropogenic activities, aver-
aged globally for the decade 2009-2018, in GtC/yr, along
with the carbon stocks in the major reservoirs, in GtC, are
given in Figure 11 after Friedlingstein et al. (2019). Anthro-
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pogenic emissions, fossil fuel and land use change, occur on
top of an active natural carbon cycle that circulates carbon
between the natural reservoirs. It is noted that the annual
ocean uptake is seriously underestimated to 2.5 GtC/yr, as
explained in the following discussion, and this opens the
question for other CO2 sources in addition to fossil fuel burn-

ing.

There are several known mechanisms for the ocean to store
carbon dioxide and the biological pump is one of them. Car-
bon dioxide dissolution is another one, the “solubility pump,”
which produces Dissolved Inorganic Carbon, preferentially
concentrated in colder, deeper waters of higher solubility.
Thus, air-sea gas exchange and the temperature dependent
solubility of CO2 concentrate carbon in the cold polar waters
that fill the deep ocean. The carbon dioxide disequilibrium at
the sea surface-atmosphere interface triggers the exchange
of carbon dioxide between the atmosphere and the ocean
when ocean circulation and air-sea exchange re-equilibrate
the dissolved carbon in the atmosphere. In conclusion, the
ocean is the largest reservoir of carbon because of the high
solubility of COzin seawater, creating a large dissolved inor-
ganic carbon pool, and due to biological processes that ex-
change carbon between the surface and the ocean.

3.2 Antarctic Circumpolar Current in the Southern
Ocean

ACC is the strongest current system in the world oceans and
the only ocean current linking all major oceans, the Atlantic,
the Indian, and Pacific Oceans; it ventilates most of the
world’s ocean abyss and participates in the global carbon cy-
cle. The full-depth volume transport has a mean of 141 Sv
(standard error of the mean 2.7; one Sv equals 10 m3/s) or
about 141 times the transport of all the world's rivers com-
bined (Koenig et al. 2014).

FIGURE 12. Mapped using Sea Surface Height, the mean
Antarctic Circumpolar Current front positions are shown,
color coded as follows: the southern boundary of the ACC
blue (SAAC), the Polar Front black (PF), the southern ACC
Front magenta (SAF), the Subtropical Front red (STF).
Source: NASA, https://www.nasa.gov/vision/earth/lookin-
atearth/grace-images-20051220.html
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Simplified alobal overtuming circulation

Figure 13. Schematic of the global overturning circulation.
Purple (upper ocean and thermocline), red (denser thermo-
cline and intermediate water), orange (IDW and PDW, In-
dian Deep Water and Pacific Deep Water), green (NADW,
North Atlantic Deep Water), blue (AABW, Antarctic Bottom
Water), gray (Bering Strait components; Mediterranean and
Red Sea inflows). Source: Talley (2013).

The overturning pathways for the North Atlantic Deep Water
(NADW) and Antarctic Bottom Water (AABW) and the Indian
Deep Water and Pacific Deep Water (IDW and PDW) are in-
tertwined (Figure 14). All three northern-source Deep Wa-
ters (NADW, IDW, PDW) move southward and upwell in the
Southern Ocean. Changes in the ocean overturn on decadal
to millennial timescales are central to variations in Earth’s
climate. A 3D Schematic of the global overturning circulation
("GOC") is given by Talley (2013) in Figure 14. Each of the
three oceans transports deepwater southward where it rises
to the surface in the Southern Ocean, and each transports
bottom water northward.

Thermocline water
SAMW Subantarctic Mode Water

AAW  Antarctic Intermediate Water
NPIW  North Pacific Intermediate Water
IDW  Indian Deep Water

POW  Pacific Deap Water

NADW North Atlantic Deep Water
AABW Antarctic Bottom Water

ATLANTIC

Figure 14. Schematic of the overturning circulation from a
Southern Ocean perspective (Talley 2013).

Regarding the overturning circulations in the oceans, it is
generally considered that “since there are no significant local
deep heat sources in the world ocean, waters that fill the
deep ocean can only return to the sea surface as a result of
diapycnal eddy diffusion of buoyancy (heat and freshwater)
downward from the sea surface” (Talley et al. 2011). How-
ever, Antarctica is a single lithospheric plate surrounded a
continuous front of spreading and magmatic eruption on the
sea floor and therefore an ideal environment for overturning

circulation (Figure 15).
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Figure 15. The Antarctica lithospheric plate, surrounded by
young ocean floor, 0 to 10 Ma old. Black line: the polar
front; yellow line: southern Antarctic Circumpolar Current.
Adapted from Zanutta et al (2018).

Absolute plate velocities between the 140° E and 40°W, in-
cluding Victoria Land and West Antarctica with the Peninsula,
are around 10 mm/yr, trending around the 135° E meridian.
Exceptionally, the general uplift in the Antarctic Peninsula
and in the eastern part of West Antarctica is characterized by
locations with movements exceeding 10 mm/yr and up to
over 50 mm/yr. These larger values may easily relate to the
active tectonics, including the presence of converging mar-
gins. In any case, the transmission of heat by convection and
emanation of rich in metals hydrothermal solutions are ex-
pected along the spreading boundary of the Antarctic plate
(Zanutta et al 2018), as well as along the continental margin
and the associated volcanic activity shown in Figure 15.

It is therefore considered that the Antarctic Circumpolar Cur-
rent is the surface expression of the oceanic ridge of the Ant-
arctic tectonic plate, driven by both winds at the surface and
heating at the ocean bottom by the oceanic ridge which acts
as a heat engine of the upwelling currents. Furthermore, the
interaction of the ACC with large and deep (>2500 m) topo-
graphic features, as the mid-ocean ridges, is recognized to
generate intense upward movements (Sergi et al. 2020).

3.3 Carbon dioxide sinks and sources in the Southern
Ocean

Observational studies of climatological, oceanographic, and
biogeochemical nature have revealed in the last decades the
predominant role of the Southern Ocean in the global over-
turning circulation, as well as in the carbon dioxide bidirec-
tional exchange between the ocean and the atmosphere. The
recognition of the Southern Ocean’s crucial importance for
the global carbon cycle and climate brought the Antarctic to
the forefront of scientific interest. Due to poor intermittent
observations and insufficient understanding of the outgassing
mechanisms, the significance of the carbon dioxide sources
was extremely underestimated in the 2010s, but the intro-
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duction of continuous robotic measurements revealed that
the Southern Ocean is an essential source of CO2, comparable
to fossil fuel burning.

The first air-sea flux studies of CO: in the Southern Ocean
are supported by inverse modeling and many campaigns of
direct measurements. Mikaloff Fletcher et al. (2007) and
Gruber et al. (2009) synthesized estimates of the contempo-
rary net air-sea CO2 flux based on an inversion of interior
ocean carbon observations. The first modeling results indi-
cated that the outgassing of natural CO: south of 44°S
amounts to approximately 0.4 Pg/y of carbon, and, after
Mikaloff Fletcher et al. (2007), this makes the Southern
Ocean one of the largest sources of natural CO.. However,
this estimation of outgassing is recently revised significantly
upwards.

Higher rates of CO2 exchange more than two petagrams of
carbon per year (2 Pg/yr) have been estimated by Watson et
al. (2020). They pointed out that previous estimates of this
flux, derived from surface ocean CO: concentrations, have
not corrected the data for temperature gradients properly.
They furthermore calculated a time history of ocean-atmos-
phere CO: fluxes from 1992 to 2018, corrected for these ef-
fects and this increased the calculated net flux into the
oceans by 0.8-0.9 Pg/yr. It was, therefore, suggested that
most ocean models underestimate carbon sink in the ocean.

Significantly higher rates are indicated from biogeochemical
models. As described by Xing et al. (2020) carbon export
from the atmosphere to the ocean is largely governed
through biological processes whereby Particulate Organic
Carbon, (POC), in the form of living cells or detritus, gravita-
tionally settles across the boundary separating the surface
mixed layer from the underlying mesopelagic waters, a pro-
cess known as the biological gravitational pump (BGP). Cur-
rent estimates of BGP export from global biogeochemical
models are in the range of 4-9 Pg/yr; however, these esti-
mates do not consider additional physically mediated export
pathways that could significantly augment this export by in-
creased wind mixing. Findings by Xing et al. (2020) show that
carbon export to the ocean via these processes during winter
occurs on time scales too short to be adequately sampled
with the ~5-10 day profiling intervals. This can result in an
underestimated carbon export, shrinking values by order of
magnitude, or missing the process entirely. It is noted for
comparison that the annually released anthropogenic CO:
into the atmosphere between 2008 and 2017 is roughly esti-
mated to be 9.5 Pg/yr.

Early observations in the Southern Ocean were rather short
to capture the interannual variability of prevailing weather
conditions. Sutton et al. (2021) utilized a new approach,
making direct measurements of air-sea CO2, wind speed, and
surface ocean properties on an Uncrewed Surface Vehicle
(USV). They found that different wind speed products and
sampling frequencies have the largest impact on CO: flux es-
timates. Interannual variability could account for discrepan-
cies between different approaches to estimating Southern
Ocean CO: uptake. Their results indicate that the strong win-
tertime outgassing observed by floats in 2015 and 2016 was
not prevalent in 2019. Therefore, more sustained observa-
tions are needed to constrain interannual variability and the
impact on both the Southern Ocean and global ocean CO:
uptake estimates (Sutton et al. 2021).

Despite the paramount importance of the Southern Ocean to
the global and marine biogeochemical cycles and advances in
observational and analytical techniques, the region was until
recently poorly sampled for the CO2 system and biogeochem-
ical parameters. A typical example of emerging understand-
ing in the last decades is Polynyas, areas of open water sur-
rounded by sea ice. Polynyas play a key role in sea ice and
deep-water formation. This rapid ice production in coastal po-
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lynyas is linked with water formation of extremely high salin-
ity and density, which is the main source of Antarctic Bottom
Water, the deepest layer of the global oceans. Results from
new observations show that the open surface waters continue
to support high levels of biological productivity and sustain a
sink for atmospheric CO: in the summertime (Arroyo, 2020).

Outgassing of the Southern Ocean is also indicated from the
modern variability of A*COz, reconstructed by Corran (2021)
through annual-resolution tree ring records and atmospheric
ACO2 measurements. Over the short bomb period from the
1950s to 1960s the bomb-pulse shape of the tree ring rec-
ords corresponds with that of atmospheric measurements.
The overall downward trend after the bomb-spike has been
dominated by increasing fossil fuel *C-free CO2 emissions.
The results of the tree ring measurements and harmonized
Southern Hemisphere atmospheric CO2 dataset are con-
sistent with one another and show a latitudinal gradient of
lower A'%CO over the Southern Ocean which is associated
with deep water upwelling which brings carbon-rich, *C-de-
pleted water to the surface ocean.

Keppler (2020) studied observational data on the Southern
Ocean carbon flux and compiled the temporal mean from
1982 through 2016 shown in Figure 16. The interannual var-
iability of Southern Ocean carbon flux was particularly under-
lined, exemplified by a stagnation of the Southern Ocean car-
bon sink in the 1990s, a reinvigoration in the early 2000s,
and new weakening again since 2011. It was also demon-
strated that substantial variations in the Southern Ocean Car-
bon cycle are detected in the interior oceanic basin and that
the marine carbon sink is subject to considerable decadal
variability. Two significant features in this region are stressed
by Keppler, the Antarctic Circumpolar Current (ACC), and the
consideration that the Southern Ocean is the only basin that
has turned from a net carbon source in pre-industrial times,
to a net carbon sink at present.

mean sea-air COZ flux
(mol m yr'1)

Figure 16: Temporal mean Southern Ocean carbon flux from

1982 through 2016 (blue: oceanic carbon uptake; red: out-

gassing). The Polar Front (~55°S) and the Subtropical Front
(~400°S) are illustrated as black lines (Keppler 2020).

The seasonal variability of the carbon flux is significant as
shown also in Figure 17 for fCO2, the fugacity of CO2 in the
surface seawater obtained by correcting the partial pressure
pCO2 for non-ideal gas concentration (Scambos and Stam-
merjohn 2020).
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Figure 17. Southern Ocean: seasonal CO: fluxes in 2019
(Scambos and Stammerjohn 2020).

3.4 Latest robotic profiling measurements in the
Southern Ocean

The interdependence of climate change and the biological
carbon pump witnesses the biological aspects of the climate,
so far poorly understood. The export of sinking organic par-
ticles created by the photosynthetic production of organic
matter in the euphotic zone is controlled by the ocean eco-
systems. Furthermore, combined upwelling of currents and
the biological pump in the Southern Ocean control the
amount and stoichiometry of nutrients available for lateral
export to lower latitudes, thereby collectively acting as a
gatekeeper for the global thermocline nutrient distribution
and global ocean productivity. This is a consequence of the
unique setting of the Southern Ocean in the global overturn-
ing circulation, as it connects the deep ocean below 1,000 m
with the ocean's main thermocline through upwelling near
the Antarctic Polar Front. The amount of unused nitrate or
phosphate available for lateral export from the Southern
Ocean to lower latitudes is set by the efficiency of the biolog-
ical pump (Nissen et al. 2021).

Because of the importance of the biological pump and
upwelling in the hostile Southern Ocean and the uncertainties
of measurements, novel instrumentation was developed for
robotic observations up to a depth of two kilometers and spe-
cial projects are in progress for the quantification of the car-
bon cycle and the impacts on the global ocean net primary
production. Argo, an international, global observational array
of nearly 4,000 autonomous robotic profiling floats and other
autonomous platforms has revolutionized the monitoring of
physical oceanography. They are considered as the most ef-
fective way to globally acquire vertical profiles of key envi-
ronmental, biogeochemical, and ecosystem variables, ame-
nable to integration with satellite monitoring and the meas-
urements are open in real time (Chai et al. 2020).

The adaptation of robotic floats to extreme conditions pro-
vides observational data unimaginable earlier of utmost im-
portance. Thus, to explore the life of phytoplankton during
and after the polar night, Randelhoff et al (2020) used robotic
ice-avoiding profiling floats to measure vertical profiles of
ocean optics and phytoplankton characteristics continuously
through two annual cycles in the Baffin Bay, an Arctic Sea
that is covered by ice for seven months a year. They demon-
strated that net phytoplankton growth occurred even under
100% sea-ice cover as early as February and that it resulted
at least partly from photosynthesis. This highlights the adap-
tation of Arctic phytoplankton to extreme low-light condi-
tions, which may be key to their survival before seeding the
spring bloom.

The downward flux of sinking organic particles via the biolog-
ical pump is reduced by more than 70% in the mesopelagic
zone (100 to 1000 meters of depth) and for decades, it has
been hypothesized that the missing loss could be explained
by the fragmentation of large aggregates into small particles.
Similarly, using robotic observations, Briggs et al (2020)
quantified the total mesopelagic fragmentation across multi-
ple ocean regions and found that fragmentation accounted
for 49 + 22% of the observed flux loss. Therefore, fragmen-
tation may be the primary process controlling the sequestra-
tion of sinking organic carbon.
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Quantification of this carbon flux into the oceans, which is
critical for the carbon dioxide concentration in the atmos-
phere, is highly uncertain, ranging from 5 to more than12
Pg/yr of carbon with a range as large as the present annual
anthropogenic CO: emission rate. Using satellite observations
and models Siegel et al. (2014) predicted a climatological
mean global carbon export from the euphotic zone of ~6
Pg/yr with an uncertainty of ~20% about this mean value.
However, export via sinking particles is one of several path-
ways through which organic carbon is exported from the sur-
face ocean. For example, the advection of dissolved organic
carbon (DOC) with a global estimate of ~2 Pg/yr from the
surface ocean is not included. Thus, this global DOC flux com-
bined with the estimate of the sinking carbon export results
in a total carbon export of ~8Pg/yr. In addition, a complete
assessment of carbon export from the surface ocean must
account for this and other additional pathways (Siegel et al.
2014).

As an indication of the quantification uncertainties, it is noted
that Stukel and Ducklow (2017), consider that the magnitude
of the biological pump in the Southern Ocean is in the range
of 1-2 Pg C/yr, a substantial portion of the global biological
pump estimates which range from 5 to 13 Pg C/yr. Recent
surveys, however, provide much higher levels of the biologi-
cal pump, both in the Southern Ocean and globally.

Based on year-round biogeochemical measurements with
profiling floats, recent work by Chen et al. (2021) has identi-
fied a larger than previously estimated release of carbon di-
oxide from the Southern Ocean to the atmosphere during
austral winter. Deep waters exit the Indian, Pacific, and At-
lantic Oceans spiral southeastward and upward until reaching
the base of the mixed layer in the southern Antarctic Circum-
polar Current. This upwelling process is thought to be the
major return pathway for remineralized carbon from the
ocean's interior to the surface. Observational evidence indi-
cates that there is a substantial transport of old, pre-indus-
trial CO2from the deep ocean to the atmosphere through the
Southern Ocean surface under present-day conditions.

Notwithstanding that the Southern Ocean plays an enormous
role in the global oceanic anthropogenic carbon uptake, CO:
is also released into the atmosphere across large swaths of
the Antarctic Circumpolar Current. Based on data from a
novel array of autonomous biogeochemical profiling floats,
Prend et al. (2021) estimated that Southern Ocean fluxes of
CO: transfer carbon predominantly from the Indo-Pacific sec-
tor of the Antarctic Circumpolar Current.

Predicting future states of the biological pump is presently
considered one of the most challenging and most important
scientific challenges of our time. The field campaign is sup-
ported by the project EXPORTS (https://oceanex-
ports.org/publications.html) aiming at developing a predic-
tive understanding of the export, fate, and carbon cycle im-
pacts of global ocean net primary production. The sampling
array for the EXPORTS Northeast Pacific field deployment was
composed of both ship and autonomous sampling platforms;
two ships were deployed: a Process Ship and a Survey Ship.
The results already shape a new reality for the causes of cli-
mate change, given that the biological pump exports roughly
10 Pg C/yr of organic carbon from the surface ocean to depth
each year, nearly equivalent to the global fossil fuel emission
rate (Siegel et al. 2021).

Integrated over the Southern Ocean south of 30°S, the model
simulates an annual Net Primary Productivity of 17 Pg C/yr
which is about 40% higher than the estimates based on sat-
ellite chlorophyll observations and various algorithms (~12
Pg C/yr). The model simulates an export of 3.2 Pg C/yr while
the estimates derived from observations suggest values be-
tween 2.3 and 3.0 Pg C /yr. It is therefore confirmed that the
global ocean uptake of 2.5 GtC/yr assumed by Friedlingstein

ZeAida 49




et al. (2019) is seriously underestimated and reveals that
global CO: outgassing from the ocean is a significant source
of CO2, comparable to fossil fuel burning.

4. Discussion

First, the main points of the proposed model are highlighted,
and then the arguments on which our views are based are
described. Three climatic periods are distinguished during the
Industrial Era. The final phase of the Little Ice Age until 1900,
the early industrial period from 1900 to 1960, that is until the
Nuclear Testing period, and the Post-Nuclear Era. The short
period of Nuclear Testing coincides with the beginning of a
steady increase of the mean global temperature and the dra-
matic rise of the concentration of carbon dioxide in the at-
mosphere.

It is pointed out that:

in 1957 Ravelle and Suess (1957) concluded that most of the
COg, released by artificial fuel combustion since the beginning
of the industrial revolution must have been absorbed by the
oceans,

measurements of COz in the atmosphere and 13C in the
CO: confirm the abrupt increase of CO: since the Nuclear
Testing,

the global annual mean temperature increases steadily
since the Nuclear Testing,

both CO: outgassing and intake have been quantitively
confirmed along the Antarctic Circumpolar Current,

recent reliable estimates of global CO: intake by the
oceans are quantitatively in the range of the CO: of the
modern fossil fuel burning and because of that an addi-
tional significant source of CO: is inferred,

it is postulated that the additional carbon is transferred
by the oceanic currents from the Pacific, the Indian, and
the Atlantic Oceans at the upwelling sites along the ACC

the circulation of the sequestered CO: into the currents
from deep reservoirs was triggered by the nuclear deto-
nations.

The global temperature increase during the last sixty years is
not unprecedented when evaluated in the context of the cli-
mate fluctuations during the Medieval Global Anomaly and
the Little Ice Age. The current global warming is no doubt a
fact but unfortunately misinterpreted so far. It is attributed
to the Industrial Era, although a clear change in the trend of
global mean temperature evolved only after the nuclear
bomb spike in about 1960, as deduced from Figures 1 and 2.
It was not monotonous regionally, as already explained, due
to the natural erratic variability, seasonal, decadal, or cen-
tennial. The temperature measured over a short period for a
few decades is not the most consistent indicator of climate
change and certainly, projections after fifty or one hundred
years are a precarious and misleading task in the current
state of insufficient understanding of the climate.

By contrast, the global sudden carbon dioxide rise from ~310
parts per million (ppm) in 1950 to 420 ppm presently is un-
paralleled in the last 800,000 years and truly shocking and
alarming, both for the high level of carbon dioxide concen-
trations and the outrageous pace of increase of the concen-
tration of the carbon dioxide in the atmosphere. It is close to
two ppm per year on average compared to 10 ppm per cen-
tury in extreme cases of the geological record in the last sixty
thousand vyears. It is exclusively attributed to land-use
change and fossil fuel burning, and consequently, this as-
sumption has deterred the research for possible alternative
sources, hidden behind the current exponential increase of
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fossil fuel burning. It happened suddenly without any appar-
ent reorganization of the climate system and because of that,
it is most likely anthropogenic in origin. This is witnessed by
the sudden change of slope of the carbon dioxide curve which
in Figure 4 increases abruptly after about 1960 AD. The ab-
rupt change indicates that a new source of carbon dioxide
was added to that from fuel burning.

Paleoclimatic evidence of submillennial-scale variability of
carbon dioxide is available for comparison in the ice records
of the past sixty thousand years. Two principal modes of CO>
variability have been identified: (i) millennial-scale carbon di-
oxide maxima and (ii) centennial-scale carbon dioxide jumps
caused by pulse-like CO: releases to the atmosphere, during
the last deglaciation. The present CO: crisis is like the few
carbon dioxide jumps identified in the geological past. They
have a different pattern since they are superimposed on
gradually increasing millennial CO: trends and lead to a sud-
den, 10 to 15 ppm, COz2 rise within less than ~250 years at
rates of ~10 ppm per century (Nehrbass et al. 2020), which
is about five times slower than the present extreme rate. In
this context, the current climb by 2 ppm annually is not only
unprecedented but rather dramatic.

The abrupt character in the rate of carbon dioxide increase is
also confirmed from the combined study of greenhouse gases
in the twentieth century. The best-substantiated presentation
is depicted in Figures 10, in which three periods are noticea-
ble: the pre-industrial before 1850, the early industrial be-
tween 1850 and 1960 AD, and the Carbon Dioxide Crisis since
the Nuclear Testing.

Figure 8 also is eloquent in the sense that exactly at the
bomb-spike in ~1960 the stable isotope *3C in the CO; of the
atmosphere decreases suddenly and persists so at the new
rate, apparently due to sudden and ongoing release at higher
than earlier rates of carbon dioxide from a new source, in
addition to that from fossil fuel burning.

Similarly, Khatiwala et al. (2009) presented an observation-
ally based reconstruction of the anthropogenic carbon sink in
the ocean over the industrial era. Their results indicate that
ocean uptake of CO: has increased sharply since the 1950s.

Particularly revealing is the study of the West Antarctic cli-
mate by Dalaiden et al. (2021) who confirmed strong and
widespread continental warming, during the second half of
the 20th century since 1958. The West Antarctic climate has
witnessed large changes during the second half of the 20"
century including strong and widespread continental warm-
ing, important regional changes in sea-ice extent and snow
accumulation, as well as a major mass loss from the melting
of some ice shelves. Major warming has been observed since
the International Geophysical Year (i.e., 1958 AD), far ex-
ceeding global warming during the same period. They inves-
tigated the West Antarctic climate variability over the past
two centuries. The climatic reconstruction was based on all
the annually resolved snow accumulation and 8'%0 records
from the Antarctic ice cores, as well as tree-ring proxies, by
using a data assimilation approach that combines paleocli-
mate proxies data and the climate physics from climate mod-
els. The overall observed reduction of sea ice extent in the
Bellingshausen/Amundsen Sea sector starts at the beginning
of the industrial period. In contrast, the increase of sea-ice
extent in the Ross Sea sector has started one century later,
around 1950 AD, and is preceded by a small sea-ice reduction
between 1850 and 1950 AD. It was also shown that the ob-
served general warming since 1958 AD in West Antarctica is
not representative of changes over the past 200 years.

5. Conclusions

The trend of carbon isotopes, the CO2, and the global annual
mean temperature during the last centuries suggest that cli-
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mate change started during the Nuclear Testing. Therefore,
the association of climate change with the wider Industrial
Era is misleading.

The recent observational results indicate that the ocean up-
take of CO: in the carbon cycle, depicted in Figure 11, is un-
derestimated by four to five times and this confirms that the
estimated anthropogenic CO: alone cannot explain the meas-
ured sharp increase in the atmosphere. On the contrary, a
balance should exist between the anthropogenic CO. and
ocean uptake in the absence of an additional CO2 source.

Consequently, in addition to the anthropogenic CO2, a signif-
icant CO2 source is active since the Nuclear Testing, which
has not been considered so far. Based on recent results of
year-round biogeochemical measurements with profiling
floats, it is suggested that a larger than previously estimated
release of carbon dioxide is recorded in the Southern Ocean.
The CO: outgassing originates from deep currents in the In-
dian, Pacific, and Atlantic Oceans which spiral southeastward
and upward until reaching the base of the mixed layer in the
southern Antarctic Circumpolar Current. This upwelling pro-
cess is the major return pathway for remineralized carbon
from the ocean's interior to the surface.

There is strong and concurring evidence that the carbon di-
oxide crisis is related not only to the Greenhouse Effect but
also to the testing of nuclear bombs at the sites depicted in
Figure 18. The detonations disturbed and mobilized seques-
tered carbon dioxide in deep oceanic layers which through
the ocean currents reaches the sea surface at upwelling sites,
predominantly in the Southern Ocean.
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Figure 18. Topographic map of the world with the epicenters
of all known nuclear explosions since 1945 (red dots).
Source: BGR (Bundesanstalt fiir Geowissenschaften und
Rohstoffe (BGR) in Hannover.

Therefore, apart from the Greenhouse Effect, we are con-
fronted with the eventuality of much more severe implica-
tions of the Nuclear Testing Effect. It is not argued that the
Nuclear Testing Effect is a proven fact, but only that there
are recent and strong indications for it and therefore it is an
emergency for the scientific community to accelerate their
investigations by absolute priority, which requires significant
international support and coordination.
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1. ELECTION OF ISSMGE PRESIDENT 2022-2026

As a consequence of the 20ICSMGE being pushed back to
May 2022, and in accordance with the Statutes and Bylaws,
the deadline for receiving nominations for the next ISSMGE
President has been extended to 30" January 2022.

2. 20ICSMGE / 7ZiYGEC NEW DATES MAY 2022

New dates have been confirmed for the conferences in Syd-
ney as follows;

7iYGEC - Friday 29 April - Sunday 1 May 2022
20ICSMGE Sunday 1 May Thursday 5 May 2022.

For more information, please visit the conference website

(https://icsmge2021.org/) which is in the process of being
updated.

3. ISSMGE TC-302 Webinar on "Collapse of Fujinuma
Dam by the 2011 Great East Japan Earthquake and
its reconstruction” by Prof. Tatsuoka on 18th Sep-
tember, 2021

TC-302 of ISSMGE is conducting a webinar on "Collapse of
Fujinuma Dam by the 2011 Great East Japan Earthquake and
its reconstruction", by Prof. Fumio Tatsuoka, Professor Emer-
itus, University of Tokyo and Tokyo University of Science, Ja-
pan, on 18th September, 2021 (Saturday), starting at 17:00
hours (Tokyo time)/ 8:00 hours (GMT) /13.30 hours (Indian
Standard Time).

Prof. Tatsuoka has pre-recorded his lecture, and requested
the TC-302 to circulate the lecture video, along with a few
published literature on the topic, to all the members of
ISSMGE well in advance. Following is the link to the video
file.

https://drive.google.com/file/d/1-
GUbD6BrOb RF0o9VOY9XFY43vCvKLUKj/view?usp=sharing

Also please find below the link to the research papers pub-
lished by Prof. Tatsuoka on the topic of webinar.
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https://drive.google.com/drive/folders/1emfr]-LFN6Zfvn-
MVtXU3loruM5npwDM?usp=sharing

The purpose of sharing the resources before the webinar is
to encourage all the interested to send their queries/ques-
tions on the lecture, so that Prof. Tatsuoka can effectively re-
spond to all the queries in the Q&A session following the
webinar on 18th September, 2021.

Please fill the following registration form for attending the
webinar, and you can also submit your questions/queries, if
any, after viewing the above video, in the same form.

https://docs.google.com/forms/d/1kTZplR3smGiwb84agpW
ODmtxkibug2wXgg4 mvooC Y/edit?usp=sharing

The meeting link will be shared with all the registered people
in due course of time.

4. TIME CAPSULE PROJECT (TCP)

You may already know that an ISSMGE Blog section has
been launched as part of the ISSMGE Time Capsule Project
(https://www.issmge.org/the-society/time-capsule), the
idea being to stimulate personal consideration on the practice
of Geotechnical Engineering. Contributions of 200-400
words on any topic that will generate debate within the Geo-
technical Engineering profession are encouraged, and may be
submitted via the website. For further information, examples
of current and upcoming articles, and instructions on submis-
sion, please go to the TCP pages on the ISSMGE site
https://www.issmge.org/news/tcp-blog-posts

5. NEW WEBINAR

New TC103 Lecture "Numerical Simulations by Energy Piles"
by Prof. McCartney, is a hew webinar now available from the
ISSMGE website.

6. 3rd HUTCHINSON LECTURE - 3rd JTC WORKSHOP
NORWAY, 2022 CALL FOR PROPOSALS

The Joint Technical Committee (JTC1) on Natural Slopes and
Landslides of the Federation of the International Geo-engi-
neering Societies (FedIGS) is organizing the 3rd JTC1 work-
shop, which will be held in Norway in Spring, 2022; the pro-
visional title of the event is Landslide initiation, prediction and
risk mitigation.

The workshop will host the 3rd Hutchinson Lecture, which has
been established by the same JTC1 to award a scholar, aged
42 or less at the time of the event, who has significantly con-
tributed to the development of knowledge in the field of slope
stability and landslides. The Hutchinson Lecture should deal
with a subject consistent with the workshop issues. The lec-
ture will be published in an international journal.

The Hutchinson lecturer, who should have a disciplinary
background from one or more of the domains of the geosci-
ences, will be chosen - by vote of JTC1 Committee members
- among candidates proposed by national societies. All coun-
tries are then asked to propose their own candidate. The pro-
posals, accompanied by the candidate CV, should be submit-
ted to the JTC1 chairman, Luciano Picarelli, by September
15th 2021 (luciano.picarelli@unicampania.it) .

7. BULLETIN

The latest edition of the ISSMGE Bulletin (Volume 15, Issue
3, August 2021) is available from the website
https://www.issmge.org/publications/issmge-bulletin/vol-
15-issue-4-august-2021
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8. ISSMGE FOUNDATION

The next deadline for receipt of applications for awards from
the ISSMGE Foundation is the 30" September 2021. Click
here for further information on the ISSMGE Foundation.

9. CONFERENCES

For a listing of all ISSMGE and ISSMGE supported confer-
ences, and full information on all events, including deadlines,
please go to the Events page at www.issmge.org/events.
However, for updated in-formation concerning possible
changes due to the corona-virus outbreak (ie. Postpone-
ments, cancellations, change of deadlines, etc), please refer
to that specific events website.

As might be expected, many events have been rescheduled
and we update the Events page whenever we are advised of
changes.

The following are events that have been added since the pre-
vious Circular:

ISSMGE Events

6™ INTERNATIONAL CONFERENCE ON GEOTECHNICAL
AND GEOPHYSICAL SITE CHARACTERIZATION - 26-09-
2021 - 29-09-2021 Budapest Congress Center, Budapest,
Hungary; Language: English; Organiser: Hungarian Geotech-
nical Society; Contact person: Tamas Huszak; Address:
Muegyetem rkp. 3.; Email: info@isc6.org; Website:
http://isc6.or

GEONIAGARA - CANADIAN GEOTECHNICAL SOCIETY'S
ANNUAL CONFERENCE - 26-09-2021 - 29-09-2021 ON
Convention Centre, Niagara Falls, Canada; Organiser: Cana-
dian Geotechnical Society; Contact person: Lisa Reny; Ad-
dress: 2167 166 Street; Phone: 7788342010; Email:
lisa@karma-link.ca; Website: https://www.geoniag-
ara2021.ca/; Email: admin@geoniagara2021.ca

SECOND GENERATION OF EUROCODE 7 - IMPROVE-
MENTS AND CHALLENGES - 28-09-2021 - 29-09-
2021 Online, Netherlands; Language: English; Organiser:
ISSMGE ERTC10; Contact person: Georgios Katsigiannis
(Chair of ISSMGE ERTC10); Email: georgios.katsigian-
nis@ekfb.com; Website: https://second-generation-of-euro-
code7.nen-evenementen.nl/

FUTURE OF GEOTECHNICS - 04-10-2021 - 05-10-2021
Online, United States; Language: English; Organiser: YMPG;
Contact person: Lucy Wu; Email: info@futuregeo.org; Web-
site: https://www.futureofgeo.org/

INTERNATIONAL YOUNG PROFESSIONALS WORKSHOP
ON RAIL-ROAD INFRASTRUCTURE - 26-11-2021 - 27-
11-2021 Hybrid, Sydney, Australia; Language: English; Or-
ganiser: Transport Research Centre, University of Technology
Sydney; Contact person: Christine Smith; Email: chris-
tine.smith-1@uts.edu.au; Website:
https://www.uts.edu.au/research/transport-research-centre

17™ DANUBE - EUROPEAN CONFERENCE ON GEOTECH-
NICAL ENGINEERING - 07-06-2023 - 09-06-2023
Ramada Parc, Bucharest, Romania- September 2023); Lan-
guage: English; Organiser: Romanian Society for Geotech-
nical and Foundation Engineering; Contact person: Alexandra
Ene; Address: Bvd. Lacul Tei 124; Email: srgf@utcb.ro; Web-
site: http://www.17decge.ro

NON-ISSMGE Events

BUCHANAN LECTURE - 12-11-2021 Online, United States,
College Station; Language: English; Organiser: Jean-Louis
Briaud; Contact person: Blake Thurman; Address: 3135
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TAMU; Phone: 9794581024; Email: blake960@tamu.edu;
Website: https://briaud.engr.tamu.edu/buchananlecture/

International Young Professionals Workshop on
Rail-road Infrastructure (YPWRI)
26th November 2021

International Young Professionals Workshop on Rail-
road Infrastructure (YPWRI) will be held in hybrid (com-

bining a physical event in Sydney, Australia with an online
option) on 26 November 2021.

The workshop receives unreserved support from the ARC
Training Centre for Advanced Technologies in Rail Track
(ITTC-Rail), the Australian Geomechanics Society (AGS) and
the International Society for Soil Mechanics and Geotechnical
Engineering (ISSMGE) through TC 202: Transportation Ge-
otechnics.

This full-day workshop will provide young professional engi-
neers and research students useful exposure to current and
future industry trends, national priorities and current devel-
opments in transport infrastructure, and to learn and share
their knowledge and experience through networking with
peers. The wide array of presentations will focus on R&D out-
comes of significant industry impact, state-of-practice in na-
tional and international mega projects as well as technologi-
cal innovations which will be of interest to a broad audience.

Click here to see more details.

2nd International Workshop on Numerical
Methods for Large Deformation Problems in
Geotechnical Engineering (Tongji University)

Dear colleague,

The 2nd International Workshop on Numerical Methods for
Large Deformation Problems in Geotechnical Engineering
(INLGEO) will be held at Tongji University on18th and 19th
September 2021 (online for international participants). The
workshop focuses on (not limited to) the frontiers of various
large deformation numerical methods, the application of
large deformation numerical methods in the risk analysis of
geotechnical and underground engineering, and the chal-
lenges of large deformation numerical methods in simulating
water-soil-structure interaction.

We sincerely invite you to attend this workshop to share cut-
ting-edge international issues and the latest research results.
This workshop is an invited meeting, and no registration fee
is charged. If you plan to attend, please register on the
webpage of the conference (https://www.event-
brite.com/e/2nd-inlge-registration-169245282195). After
registration, the link of workshop live broadcast stream will
be sent to your email in time.

Future of Geotechnics

FUTU

OF GEOTECHNICS
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The YMPG invites all geo-professionals to the Future of Geo-
technics, a series of online events to explore the future of our
profession. We will explore the intersection of the mitigation
of climate change, adaptation to climate change, technology,
AI, and big data in geotechnics. Come get involved in some
of the most important questions and challenges our society
will face in the next 40 years.

See you there and reshare to your networks!
Register Now for the Future of Geotechnics!

These sessions are meant to be inspirational, not educational.
This is a chance to broaden your horizons about challenges
our world will face and how the geotechnical profession can
be a part of engineering the solution for tomorrow. We hope
you will continue the conversation in your professional com-
munities.

o3 O

International Society for Rock Mechanics
and Rock Engineering

L7

ISRM

New ISRM website launched in August

As you have already noticed, the ISRM has launched a new
website, to be found at the same address www.isrm.net. It
has a new graphical design responsible for mobile phones
and tablets, new functionalities and easier access to content.
This is one more step for the modernization of our Society,
one of the Board's objectives. The ISRM hopes that you enjoy
our new website.

35th ISRM Online Lecture

For the 35th ISRM Online Lecture, the ISRM invited Dr Chris-
tine Detournay, Principal Engineer at Itasca Consulting
Group. The title of the lecture is "Findings from Numerical
Modeling at the Site of a High Dam on the Jinsha River ". It
was broadcasted on the 16th September 2021 at
www.isrm.net.

Christine Detournay started working as a consultant for
Itasca in 1986, where she is now a Principal Engineer. She
holds a Geoengineering degree from the University of Liege,
Belgium and a MSc and PhD degrees in Civil Engineering from
the University of Minnesota. Her expertise is in the develop-
ment of numerical models for application to coupled fluid-
thermo-mechanical problems. She has contributed in the de-
velopment of several Itasca codes, including FLAC, FLAC3D,
3DEC, and XSite. She is a principal developer for the ground-
water-flow and thermal logic in FLAC3D and has been in-
volved in the implementation of several of the constitutive
models available with Itasca continuum codes. She has
worked in consulting and development for various projects
related to the oil and gas industry, including hydraulic frac-
turing, as well as on projects pertaining to underground
waste repository, geothermal applications, slope stability,
soil liquefaction and CO2 sequestration. She has co-authored
more than 65 publications, including conference papers, jour-
nal papers, and book chapters.
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The lecture will remain online so that those unable to attend
at this time will be able to do it later. As usual, the attendees
will be able to ask questions to the lecturer by e-mail during
the subsequent five days. All online lectures are available

from this page.

News
https://www.isrm.net

50 years Commemorative Session of the Journal GE-
OTECNIA, 20-21 September, Lisbon, Portugal 11 Sep,
2021

The Portuguese Geotechnical Society (SPG) celebrates the
50th anniversary of GEOTECNIA Journal (together with the
Brazilian and Spanish geotechnical associations - ABMS
and SEMSIG), with an event that will take place on 20 and
21 September 2021, in person, at the Portuguese National
Laboratory for Civil Engineering - LNEC, in Lisbon, PORTU-
GAL, with simultaneous live broadcasting. Participation is
free of charge but subject to prior compulsory registra-
tion (https://forms.gle/GcPQFYgmM8PreVEY6).

The 35th Online Lecture is online 16 Sep, 2021

35th Online Lecture "Findings from Numerical Modeling at the
Site of a High Dam on the Jinsha River" by Dr. Christine De-
tournay, Principal Engineer at the Itasca Consulting Group

The ISRM Young Members’ Monthly Webinar Series is
on its way 20 Sep, 2021

The program will create a global network for ISRM young
members to connects and share knowledge, experiences, and
ideas. Young rock mechanics professionals and enthusiasts
working for industry, government agencies, research and de-
velopment, or academia, regardless of their sector and their
location in the world are invited to join the talks or consider
giving a talk.

Webinar on "Second Generation of Eurocode 7 - Im-
provements and Challenges”, 28 September 2021,
15:00-17:00 CEST 22 Sep, 2021

We received from CEN (the European Committee for Stand-
ardization) the announcement of the "Second Generation of
Eurocode 7 - Improvements and Challenges", which will take
place on 28 September 2021, 15:00-17:00 CEST.

2021 ISRM Latin American Lecture Tour: 27 September
- 1 October 22 Sep, 2021

The main objective of the “Lecture Tour” is to invite some
known specialists from abroad, selected among ISRM mem-
bers, to give lectures in areas of interest in rock mechanics
and rock engineering for National Groups in Latin America.

Eurock2021: ISRM Awards Ceremony and Closing Ses-
sion is open to all, 24 September, 14:40 CEST 23 Sep,
2021

Both sessions are open to the public

The Autum 2021 ISRM newsletter is online 30 Sep, 2021

The Autum 2020 Newsletter with the latest news and future
events was sent to all members and is available on the site

O3 D
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ASSOCIATION
INTERNATIONALE DES TUNNELS
ET DE L'ESPACE SOUTERRAIN

INTERNATIONAL TUNNELLING
A I TE S AND UNDERGROUND SPACE
ASSOCIATION

Scooped by ITA-AITES #51, 14 September 2021

China-made tunnel boring machine, the world’s largest, put
into use in Georgia

Gary Taylor: Auckland needs a proper metro rail system |
New Zealand

Construction of Loyang MRT station on Cross Island Line to
start in Q4 | Singapore

More excavation works on Davao City Bypass Road's twin
tunnels under way | Philippines

Single bidder shortlisted for Gozo tunnel project | Malta

Modi govt proposes 15.6-km twin road tunnel of strategic im-
portance under Brahmaputra | India

Look back at HS2 milestones hit during first year of construc-
tion | UK

First look at Metrolinx’s tunnel boring machine used on Scar-
borough subway extension | Canada

Sydney’s new harbour road tunnel at risk of delay after con-
tract U-turn | Australia

Silvertown Tunnel contractors prepare for tunnelling with en-
abling works well advanced | UK

Scooped by ITA-AITES #53, 28 September 2021

Ontario reaches next stage of the Scarborough Subway Ex-
tension | Canada

Al-Sisi inaugurates Ahmed Hamdi Tunnel II, several develop-
ment projects in Sinai | Eqypt

London Underground’s Northern line extension comes into
service | UK

Gary Taylor: Auckland needs a proper metro rail system |
New Zealand

Metro’s preferred expansion option would create second Po-
tomac River tunnel, add Georgetown station | United States
of America

Swiss underground goods conveyance network gets go
ahead

Namma Metro: Tunnel boring machine emerges at
Shivajinagar | India

Western Sydney Airport metro secures final planning ap-

proval | Australia

Henggin LRT line extension underwater tunnel completed in
2022 | Macau, China

Construction of new metro station kicks off in Baku | Azer-
baijan
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TUNNELLING
SOCIETY )

YOuNG
MEMBERS

The design of gaskets for segmentally lined
tunnels

Lecture broadcasted live on YouTube
Thursday 9th September 2021 at 18:00 hrs [UTC+1]

Online at : https://youtu.be/o00b43g40e9c
Speaker

Mike King - Director, MK Tunnelling Limited

Waterproofing gaskets for segmentally lined tunnels form a
critical element within the tunnelling system.

Poor design or selection choices can cause problems not only
for the environment, the tunnel internal fixtures and fittings,
and levels of comfort during construction and operation, but
to the durability of the lining itself, operational safety, and
even instability of the lining through the gradual loss of es-
sential ground support. However, with just a little care they
offer a cheap solution to a range of potential issues.

Mike’s presentation considered aspects of material choice and
material characteristics for the gasket as well as design and
testing approaches and influencing factors for both well-es-
tablished and new profiles.
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" International Assaciation for
=y Engineering Geology and the Environment

I"AEG Connector E-News

Professor Paul Marinos to receive Honorary President

of IAEG Award in Athens

Emeritus Professor of Engineer-
ing Geology at the National
Technical University of Athens,
Paul Marinos, will receive the
"Honorary President of IAEG
Award" in Athens at our meeting
next week. It will first have to be
ratified by the AEG Council. It

'y
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has been voted on with a unanimous vote by the IAEG Exec-
utive Committee. Professor Marinos has had an incredible ca-
reer. He has been President of the Geological Society of
Greece and also IAEG from 1994-1998. He has also won the
Hans Cloos Medal from IAEG. Congratulations to Professor
Marinos! To read more about his illustrious career, use the
link below.

READ MORE

o3 D

Newsletter of
Environmental, Disaster, and

Crises Management Strategies

Post Graduate Program
Environmental, Disaster, and
Crises Management Strategies

Newsletter #25 - The July - August 2021
Wildfires in Greece

AnuooielTnke To 250 TeUXoG TOoU ‘“Newsletter of
Environmental, Disaster, and Crises Management
Strategies”, nou £kdideTal und Tnv alyida Tou MNpoypauuaTog
MeTanTuxiakwv Znoudwv "ETparnyikég Alaxeipiong Mepi-
BaAAovTtog, Kataotpopmv kai Kpiocswv" Tou EOVIKOU Kai
KanodioTpiakoU NMaveniornpiou ABnvwv napoucialovrag
Ta NpWTA EMNICTANOVIKG dedopéva Kal cuhnepaouaTa nou npo-
€kuwav and TIG ONUAVTIKOTEPEG KATAOTPOPIKEG MUPKAYIEG MOU
€nAn&av Tov eAAadiko Xwpo kaTd Tnv nepiodo IouAiou kai Au-
youoTtou 2021.

To Teuxog pe TiTAO “The July - August 2021 Wildfires in
Greece” cival anoTéEAETUA YOVIUNG OUVEPYaAaiag kal avtaiAa-
YNG yvooewv PeTagU enioTnuovwy and Ta Tunuata FemAo-
viag (Topeic Auvapikig, TekTovikng & Epapuoougvng Mewho-
yiag kai l'ewypapiag & KAipatohoyiag) BioAoyiag, ®uoikng
kal MikpoBioAoyiag Tou EKMA, To TURpa Mewypagiag Tou
Xapokoneiou MavenioTnpiou ABnvayv, Tou AfHou P6dou
kal Tou MupooBeoTIKOU ZMHATOG.

MepiAauBaver:

e Ta anoTeAéopaTta npoo@aATng WEAETNG nou €&nyei yiaTi n
nepioxn TnNG Meooyeiou anoTeAei €va KAIPHATIKO hot spot
yia 3aoikEG NUPKAYIEG,

® Ta PEoa nupooBeong TnG EAAAdAG kal Ta oTaTIoTIKA OTol-
XEIA yIa TIG NUpKaAYIEG TwV daocwv Ta TeAeutaia 20 xpovia
otnv EANGDa,

® TIG €VEPYEIEG ANOKPIONG Mou nepiAapfavouv unvupara
npo&idonoinang anod Tov eupwnaikd apiBud TnAEPwvou &-
KTAKTNG avaykng 112 kal TV svepyonoinon Tou dnxavi-
OJOU NoAITIKAG NpooTaaciag Tng EE,

® TN XapToypa®non TwWV NUPONANKTWV MEPIOXWV Kal Tng
o@odpOTNTAG TNG NUPKAYIAG WE Tn Xpnon eikovwv ESA
Copernicus Sentinel-2 kal 50pUPOPIKES EIKOVEG UYNARG a-
vaiuong (PlanetScope),

® TNV Kabnuepivi EEAIEN TwV NupKayi®y,

® TIG XPNOEIG YNG KAl TIG YEWAOYIKEG KAl YEWHOPPOAOYIKEG
1010TNTEG TWV NUPONANKTWY MEPIOXDV,

® TIG ENINTWOEIG TWV NUPKAYIMV:
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a) oToucC avBpwnoug, CUKNEPIAGUBAVOUEVWY TWV EMNINTM-
oswv oTn dnubaIa uyeia Kal TNV EKKEVWON KATOIKNHEVWV
nNeEPIOXWV

B) otn BAAcTnon kai Tnv navida

y) oTI¢ 1310KTROIEC nou nepiAauBavouv KTipia, KAAAIEP-
YEIEG, PUTEIEC KAR,

3) oTIg unodopéG Nou nepIAapBAvouV enikoIvwvies, dikTua
NAEKTPIKNAC €vEPyEIag Kal UdPEUONC Kal OTOIXEIa TOU Ou-
OTAKATOG NuponpoaoTaciag (de€apeveg)

€) og oxAuaTa d1aPopwV TUNWV

ME BAon emITONIEG EPEUVEC KATA TN JIAPKEIQ Kal WETA ano
TNV NUPKayida oTIG NEPIOXEG MOU €XOUV MANYEI

e Tnv atgoogaipikn pUNavon nou Napatnpeital oTig nAnyei-
0€G NeploxEG and nupkayid,

® TIG OUVBETEG KABNUEPIVEG avwpaAieg Tng Beppokpaaiag
TOU €NIPavelakoU aépa o€ NEPIOXEG NoU €Xouv NANyei ano
nupkayia,

® TIG EVEPYEIEC AVTIMETWNIONG EKTAKTNG Avaykng yia Thv ol-
KOVOMIKN unoaTnpIEn Tou NANBuouoU nou £xel NANyei,

® TOV AVTIKTUMO TWV NUPKAYI®V OTNV WUXIKN UYEia Kata Tn
didpkela TNG AnNoKpIong OTnv KAaTdoTaon €KTakTng ava-
YKNG Kal TNG ¢pAacng anokaraoTacng nou nepiiappavel a-
TOUIKEG avTIdpAacelg, niBavd kai Kolva CUPNTOHATA Kabwg
Kal NPWIKEG OTPATNYIKEG WUXOKOIVWVIKAG UNOOTAPIENG,

® TOV QVTIKTUMO TWV NUPKaylwv oTn dnuocia uyeia katda Tn
JIdpKela TNG AVTIMETOMIONG TNG KATACOTAONG £KTAKTNG a-
vaykng Kal Tng ¢pAaong anokaraoTracng fnou avagéperai
OTIG XNMIKEG OUTIEG Mou BpiokovTal oTov Kanvo Tng nup-
Kayiag, otnv €kBeon o owpaTidld, OTIG KAIVIKEG KAl UMo-
KAIVIKEG ENINTWOEIG TOU KanvoU nupkayiag, otnv €kBeon
HEOW EIOMVONG, OTIG 01APOPEG HETAEU TWV CGUUNTWHATWV
ano Tnv €kBeon oTov kanvo kal Tou COVID-19, os ouyke-
KPIMEVEG OTPATNYIKEG YA TN PEIWON TNG €KBEONG OTOV Ka-
nvod NupKayiag, oTnV avanveuaoTIKA NpoaTacia yia Tov Ka-
nvo Kai Tn oTdyTn anod nupkaylieg Kal

® TOUG MIBavoUg PETAaNUpPIKoUG KIVOUVOUG, aupnepiAauBavo-
MEVNG TNG S1GBPWONG, TWV KATOAIOBNOEWY Kal TV NMANM-
HUP®V, Nou dnuioupyoUV Wia ENITAKTIKA avaykn yia aueon
NOAUNAPAUETPIKN Kal SIENIOTNHOVIKN €PEUVA.

To 250 TeUxog Tou Newsletter of Environmental, Disaster,
and Crisis Management Strategies épxetal yia np®Tn @opd oc
Hia npooBetn, nARPwg on-line £ékdoon.

ExkTdg and Tnv nAekTpovikn ekdoon pdf Tou Newsletter, n kai-
VOTOMOG auTh NPooEyyion xpnoihonolei TNV nAat@opua ESRI
ArcGIS Hub, n onoia evowpatwvel OAA Ta NAEOVEKTAHATA TNG
oUyXpovng wneIakng Texvoloyiag kal Twv Mewypa@ikwv Su-
oTnuaTwv MAnpogopimv. To TeAikd npoidv eival 31adpacTiko,
eUKoAa NpooBAaciyo Kal avavewolho. Xpnaoldonoimvrag £Eu-
nveg diaTa&elg, npdTuna kai epyaieia, n NAATOPHA NepPIAa-
Bavel 31adpaaTIKOUG XAPTEG KAl MEPIEXOUEVO MOAUNECWV NOU
pnopoUv va diapop@wbolv woTe va npoBaAlouv kaAuTepa
TIC 31aB€0INEC NANPOPOPIEG.

ZxedOV ONO TO NEPIEXOHEVO AUTOU Tou TEUXOUG gival d1aBEaipo
og €101ka aplepwpévo Hub, epnAouTiopévo pe d1adpaacTikoug
XAPTEC XPOVOOEIPAG, BIVTED, EIKOVEG MPIV Kal PETA K.d.

To TeUxog sival diaBEoiyo €d®, Vv N WNQPIAKA Tou anoTu-
nwon (Hub) eival npooBaciun €d®.
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NMPOZEXEIZ
FEQTEXNIKEZ
EKAHAQZEIZ

Ma TiIg NaAaIdTEPEG KATAXWPNTEIG NEPIOTOTEPEG MANPOPOPIES
Mnopouv va avalntnBolv ota nponyoUHeva TeUXN TOU «Me-
p1odikoU» Kal OTIG NapaTIBEPEVEG I0TOCENIDEG.

THE FUTURE

‘OF GEOTECHNICS|

rribr Presdertial Broin

4-5 October 2021
www.futureofgeo.org

Be inspired to think beyond your own borders.

Join us for a series of presentations and discussions on the
future of our profession.

What will the World look like in 40 years?

Join us for a conversation on the future of geotechnical engi-
neering.

These sessions are meant to be inspirational, not educational.
This is a chance to broaden your horizons about challenges
our world will face and how the geotechnical profession can
be a part of engineering the solution for tomorrow. We hope
you will continue the conversation in your professional com-
munities.

Technology, Al, Big Data
Artificial Intelligence

Big Data

Remote sensing

Machine learning

The intersection of technology and geotechnical engineering
View Event —

Adaptation to Climate Change
Extreme GeoHazard Events
Coastal Erosion

Resiliency

Sea Level Rise

Designing and building our world to respond to the effects of
climate change, sea level rise, coastal erosion, increased fre-
quency of natural disasters View Event —

Mitigation of Climate Change
Energy Geotechnics

CO: Storage

Renewable Energy

Circular Carbon Economy

Mitigating carbon emissions through circular carbon econ-
omy, renewable energy, energy geotechnics, and carbon se-
questration View Event —
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Resources

Increase your technical knowledge with these online re-
sources, papers, and events

Responding to Climate Change Through Geotechnical Engi-
neering Research

Online webinar from the National Academy of Sciences that
gives an overview of climate challenges and geotechnical en-
gineering research

Digitisation, Sustainability, and Disruption - Promoting a
More Balanced Debate on Risk in the Geotechnical Commu-

nity

A paper that challenges engineers to step back from their
technical work and take a broader view of the world

ICSMGE 2022

The 20th International Conference on Soil Mechanics and Ge-
otechnical Engineering 2022

Virtual University

ISSMGE’s open access educational platform. More courses
added everyday!

i lé.
Wl

YMPG

Sy Member P sl o By

A Board Level Committee of the International Society for Soil
Mechanics and Geotechnical Engineering (ISSMGE)

o3

14 Basements and Underground Structures Conference /
10% biennial Instrumentation and Monitoring Conference, 6
October 2021, London, United Kingdom, https://base-
ments.geplus.co.uk, https://monitoring.geplus.co.uk

EUROENGEO 3R° EUROPEAN REGIONAL CONFERENCE OF
IAEG, 7 - 10 October 2021, Athens, Greece, www.eu-
roengeo2020.or

O3 D
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18th International Symposium on
Waste Management
and Sustainable Landfilling
11-15 October 2021, Cagliari, Italy
www.sardiniasymposium.it
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The Sardinia Symposia are a biennial event organized by the

International Waste Working Group (IWWG), with the
scientific support of the Universities of Padova, Tongji, Fuku-
oka and the Technical Universities of Luled and Hamburg.

Founded in 1987, the conference usually gathers more than
700 participants from all around the world, with more than
400 papers presented at each edition, making the Sardinia
Symposium the most important solid waste management
conference in the world.

Sessions

Environmental issues

Sanitary landfilling

Biological treatment

Thermal treatment

Characterisation, minimisation & recycling
WM in DC’s

Non technical issues

Special & industrial waste

Active lab

EUROWASTE Srl

Via Beato Pellegrino, 23
35137 Padova, Italy
Tel. +39 0498726986
Emal: info@eurowaste.it
url: www.eurowaste.it

TC-Hydraulics Workshop (Hybrid Event):
“Geosynthetics for drainage and filtration in barrier
systems"”

The IGS Technical Committee on Hydraulics hosts a work-
shop on 14 October from 15:00 - 18:00 CEST at the next
Sardinia Symposium, a hybrid event. The workshop, chaired
by IGS Past President Daniele Cazzuffi (Italy), will include
presentations covering state-of-the-art applications of drain-
age geosynthetics in landfill barrier systems.

Part One will feature lectures by Eric Blond (Canada), Pietro
Rimoldi (Italy), Piergiorgio Recalcati (Italy), Maria Clorinda
Mandaglio (Italy) and Adam Maskal (USA).

An hour-long panel discussion will follow in Part Two, where
speakers will take questions from the audience to encourage
an in-depth, expert discussion on this topic.

Join this informative and innovative event today!

WORKSHOP PROGRAM - ENTRANCE FEES - REGISTER

3

10t International Conference on Scour and Erosion (ICSE-
10), October 17-20, 2021, Arlington, Virginia, USA,
www.engr.psu.edu/xiao/ICSE-10 Call for abstract.pdf

3rd International Symposium on Coupled Phenomena in En-
vironmental Geotechnics, 20-22 October 2021, Kyoto, Japan,
https://cpeg2020.or

ARMS11 11th Asian Rock Mechanics Symposium, Challenges

and Opportunities in Rock Mechanics, 21-25 October 2021,
Beijing, China, www.arms11.com
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HYDRO 2021 Roles of hydro in the global recovery, 25-27
October 2021, Strasbourg, France, www.hydropower-
dams.com/hydro-2021

EURO:TUN 2021 Computational Methods and Information
Models in Tunneling, October 27 - 29, 2021, Bochum, Ger-
many, http://eurotun2021.rub.de

GFAC 2021 International Conference “Geotechnics funda-
mentals and applications in construction: investigations, de-
sign, technologies”, October 27-29, 2021, Saint Petersburg,
Russia https://gfac.spbgasu.ru

Emerging Technologies and Applications for Green Infrastruc-
ture, 28-29 October 2021, Ha Long, Vietnam, https://ci-
gos2021.sciencesconf.org

5™ World Landslide Forum Implementation and Monitoring
the USDR-ICL Sendai Partnerships 2015-2025, 2-6 Novem-
ber 2021, Kyoto, Japan, http://wlf5.iplhg.org

ASIAFUGE 2021 - Tackling Modern Geotechnical Complexity
with Physical Modelling, 18" & 19" November 2021, Singa-
pore, www.asiafuge-sg.com

ICGE - Colombo - 2020 3™ International Conference in Ge-
otechnical Engineering, 6-7 December 2021, Colombo, Sri
Lanka, htt icgecolombo.org/2020/index.ph

2" International Conference TMM-CH Transdisciplinary Mul-
tispectral Modelling and Cooperation for the Preservation of
Cultural Heritage - Rebranding The World In Crisis Through
Culture, 12-15 December, 2021 Athens, Greece
https://tmm-ch.com/

GeoAfrica 2021 - 4th African Regional Conference on Geo-
synthetics Geosynthetics in Sustainable Infrastructures and
Mega Projects, 21-24 February 2022, Cairo, Egypt,
https://geoafrica2021.org

16t ICGE 2022 - 16%™ International Conference on Ge-
otehnical Engineering, Lahore, Pakistan, 23-24 February,
2022, https://16icge.uet.edu.pk/

O3 D

ASlA

15 - 17 March 2022, Kuala Lumpur, Malaysia
www.hydropower-dams.com/asia-2022

(C2 4R -0

THE SECOND BETANCOURT CONFERENCE
“NON-LINEAR SOIL-STRUCTURE INTERACTION
CALCULATIONS"”

April 2022
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Augustin Betancourt was an outstanding offspring of the
Spanish nation and a citizen of the Russian empire, the
founder of the Russian engineering school, the first head of a
Russian agency for architecture and civil engineering.
Betancourt Conferences are devoted to discussion of the im-
portant engineering problems faced by the professional com-
munity. The conference characteristic feature is involvement
of experts of various profiles in discussion of relevant issues
that fosters interdisciplinary communication and synthesis of
knowledge.

The first conference held in June 2019 was devoted to under-
ground urban planning, it drew attention of city planners, ar-
chitects, geotechnical engineers, historical city preservation
activists. Expectedly, the discussion of issues of underground
space development resulted in creation of the regulatory doc-
ument - Set of Rules 473.1325800.2019 “Buildings, struc-
tures and underground complexes. The rules of city planning
design”.

At the Second Betancourt Conference, which is going to be
held in April in the format of video conference, we suggest to
discuss burning issues of soil-structure interaction calcula-
tions taking into account non-linear and rheological proper-
ties of soils and structures which solution is impossible with-
out a synthesis of engineering knowledge in the field of ge-
otechnical engineering and design of superstructures.

For the Organizing Committee of the Conference

Professor Vladimir Ulitsky

Head of Department of Soils and Foundations
St. Petersburg State Transport University
Saint Petersburg, Russia

Tel +7-812-316-61-18

Fax +7-812-575-36-25

e-mail: mail@georec.spb.ru
ulitsky.vladimir@gmail.com
www.georec.spb.ru
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16 International Benchmark Workshop on Numerical Analy-
sis of Dams, 6-8 April 2022, Ljubljana, Slovenia,
https://icold-bw2022.fgg.uni-lj.si

ICEGT-2020 2nd International Conference on Energy Ge-
otechnics, 10-13 April 2022, La Jolla, California, USA,
https://icegt-2020.eng.ucsd.edu/home

2022 GEOASIA7Y - 7th Asian Regional Conference on Interna-
tional Geosynthetics Society, April 11 - 15, 2022, Taipei, Tai-
wanh, www.geoasia7.org

WTC 2022 World Tunnel Congress 2022 - Underground solu-
tions for a world in change, 22-28 April 2022, Copenhagen,
Denmark, www.wtc2021.dk

o3 D
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RaSiM Y10

LA~
|
|' Rockbursts and Seismicity in Mines
Rockbursts and Seismicity in Mines

24 - 29 April 2022, Tucson, USA
WwWw.rasimsymposium.com

Explore Innovations in Rockbursts & Seismicity in
Mines

RaSiM10 provides a forum to share state-of-the-art scientific
advances, to introduce technical innovations, to discuss the
state-of-practice engineering and mine operations in seismi-
cally active mines experiencing rockbursts.

Interact with industry experts sharing the latest in technol-
ogy, innovations and safety at RaSiM10: Rockbursts and
Seismicity in Mines Conference. This global mining event fo-
cuses on topics surrounding this vital aspect of mining, in-
cluding:

e Seismic Monitoring and Data Analysis
— Seismic Monitoring hardware and software
— Seismic Data Processing and Interpretation
— Operational Seismic Management in Mining
Spatial/Temporal Seismic Analysis
e Mechanistic Analysis
— Strainburst mechanics
Fault slip mechanics
— Dynamic modelling
— Back analysis and modelling
e Risk Assessment and Mitigation
— Advances in Rockburst Seismology
Spatial Seismic Risk Recognition
— Advances in Seismic Risk Mitigation
— Engineering Geology and Seismic Hazard
e Management and Control
— Advances in Rockburst Seismology
Spatial Seismic Risk Recognition
— Advances in Seismic Risk Mitigation
— Engineering Geology and Seismic Hazard
e Comprehensive Industry Case Studies

Organized in partnership by the Society for Mining, Metal-
lurgy & Exploration, the University of Arizona, and Queens
University this features a tailored, high-end technical ses-
sions focusing on innovation and practical knowledge, this
dynamic event connects industry professionals leading the
way in technology and process development.

Contact Us
Conference Organizer & General Information

SME

12999 E. Adam Aircraft Circle

Englewood, CO 80112

Tel: 720.738.4085 or 1.800.958.1550 (US Only)

Email: cs@smenet.org

(C2 4R -0
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SYDNEY 7iYGEC 2021 7™ International Young Geotechnical
Engineers Conference A Geotechnical Discovery Down Under,
29  April - 1 May 2022, Sydney, Australia,
http://icsmge2021.org/7iygec

SYDNEY ICSMGE 2021 20" International Conference on Soil
Mechanics and Geotechnical Engineering, 1-5 May 2022,
Sydney, Australia, www.icsgme2021.0rg

LARMS 2021 - IX Latin American Rock Mechanics Symposium
Challenges in rock mechanics: towards a sustainable devel-
opment of infrastructure, 15 - 18 May 2022, Asuncion, Par-
aguay, https://larms2021.com

2022 ICOLD 27% Congress - 90" Annual Meeting 27 May -
3 June 2022, Marseille, France, https://cigb-icold2022.fr/en

CPT’22 5th International Symposium on Cone Penetration
Testing, 8-10 June 2022, Bologna, Italy, http://cpt22.or

3 European Conference on Earthquake Engineering and
Seismology (3ECEES), 19-24 June 2022, Bucharest, Roma-
nia, https://3ecees.ro

3rd International Symposium on Geotechnical Engineering
for the Preservation of Monuments and Historic Sites
22-24 June 2022, Napoli, Italy, https://tc301-napoli.org

o3 D

JICEG

9th International Congress on Environmental
Geotechnics
Highlighting the role of
Environmental Geotechnics in Addressing
Global Grand Challenges
26-29 June 2022, Chania, Crete island, Greece
www.iceqg2022.org

The 9th International Congress on Environmental Geotech-
nics is part of the well established series of ICEG. This con-
ference will be held on an outstanding resort in the town of
Chania of the island of Crete in Greece. The theme of the
conference is "Highlighting the role of Environmental Ge-
otechnics in Addressing Global Grand Challenges" and will
highlight the leadership role of Geoenvironmental Engineers
play on tackling our society's grand challenges.

Contact Information

e Contact person: Dr. Rallis Kourkoulis
e Email: rallisko@grid-engineers.com

o3 D
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IS-Cambridge 2020 10™ International Symposium on Geo-
technical Aspects of Underground Construction in Soft
Ground, 27 - 29 June 2022, Cambridge, United Kingdom,
www.is-cambridge2020.eng.cam.ac.uk

5.ICNDSMGE - ZM 2020 5% International Conference on
New Developments in Soil Mechanics and Geotechnical Engi-
neering, June 30 to July 2, 2022, Nicosia, Cyprus,
https://zm2020.neu.edu.tr

O3 D

: UNSATzOz The 8 international Conference on
Unsaturnted Saikts, Milos ksland, Greace

UNSAT2022
8th International Conference on Unsaturated
Soils
June or September 2022, Milos island, Greece

(C2 4R -0

ICONHIC2022: THE STEP FORWARD - 3rd International Con-
ference on Natural Hazards & Infrastructure, 5 - 7 July 2022,
Athens, GREECE, https://iconhic.com/2021

o3 O
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4th International Conference on
Rock Dynamics
an ISRM Specialized Conference
17-19 August 2022 in Xuzhou, China
http://rocdyn.or

The Fourth International Conference on Rock Dynamics and
Applications (RocDyn-4) will be held on 17-19 August 2022
in Xuzhou, China. This follows the successful series of RocDyn
conferences since 2013 (RocDyn-1 in Switzerland, RocDyn-2
in China, RocDyn-3 in Norway) .

RocDyn-4 is a Specialized Conference under the International
Society for Rock Mechanics and Rock Engineering (ISRM).
The main theme is "Rock Dynamics: Progress and Prospect”,
with the aim to take stock of the significant progress that
rock dynamics has made since the formation of the ISRM
Commission on Rock Dynamics in 2008 and the RocDyn-1
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conference in 2013, examine new research areas and appli-
cations, and look to the future of rock dynamics.

Rock dynamics has wide applications in defense, civil engi-
neering and infrastructure, energy and mining, and geo-haz-
ards and the environment. It covers a wide scope of topics
on the behavior of rock materials and rock mass under dy-
namic loads, ranging from characterization and the propaga-
tion of stress waves in geological media to dynamic response
of rock and rock structures and dynamic rock support.

We invite all those involved in rock dynamic research and
engineering to submit papers and join us in Xuzhou in 2022,
to share, to exchange, to cooperate and to renew our friend-
ship.

Due to the impact and limitations of COVID-19 pandemic,
RocDyn-4 will adopt a hybrid on-site and virtual at-
tendance format.

Main Theme

The main theme for RocDyn-4 is “"Rock Dynamics: Pro-
gress and Prospect”.

Topics

The technical programme will cover all the aspects related to
rock dynamics and engineering applications, including, but
not limited to the following topics:

e Theory and experimental techniques

e Dynamic properties of rock material and rock mass
e Multi-scale and multi-physics

e Analytical and numerical methods.

e Sources and characterization of dynamic load

¢ Wave propagation in geological media

e Response and damage of underground structures
e Structural damage under repeated dynamic loads
e Dynamic rock support

e Blasting vibrations

e Penetration and Impact

e Seismic design

e Dynamic issues in deep underground engineering
¢ Rock fragmentation and excavation

e Instrumentation and monitoring

o Engineering applications and case studies

Email: RocDyn-4@aconf.org

o3 D

ISFOG 2020 4th International Symposium on Frontiers in Off-
shore Geotechnics, 28 - 31 August 2022, Austin, United
States, www.isfog2020.0rg

3
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TORING =022 arenohis - milano

16th International Conference of the
International Association for Computer Methods
and Advances in Geomechanics - IACMAG
30-08-2022 - 02-09-2022, Torino, Italy
www.iacmag2022.org

The aim of the conference is to give an up-to-date picture of
the broad research field of computational geomechanics.
Contributions from experts around the world will cover a wide
range of research topics in geomechanics. The conference
program will include plenary lectures, mini-symposia, se-
lected oral and poster presentations.

Sessions/mini symposia
Parallel sessions:

PS1 - Laboratory and field testing
PS2 - Monitoring and remote sensing
PS3 - Constitutive modelling

PS4 - Coupled T-H-M-C processes
PS5 - Multiphase modelling

PS6 - Reliability and risk analysis

PS7 - Surface and near surface structures: excavations,
foundations, tunnels

PS8 - Deep structures: tunnels, caverns
PS9 - Dams and earth structures

PS10 - Natural slopes

PS11 - Coastal engineering

PS12 - Mining engineering

PS13 - Earthquake and dynamics

PS14 - Soil-atmosphere interaction
PS15 - Ice mechanics

PS16 - Landfills and waste disposal

PS17 - Ground improvements, reinforcement, geosyn-
thetics

PS18 - Preservation of historical sites
PS19 - Gas and petroleum engineering

PS20 - Underground storage of petroleum, gas, CO: and
nuclear waste

PS21 - Geothermal energy
PS22 - Offshore technology
e PS23 - Energy geostructures

Mini Symposia:

e MS1 - Complex formations with a block-in-matrix fabric
and field testin

e MS2 - Quantification and reduction of uncertainty in geo-
mechanical numerical models

e MS3 - Computational rail geotechnics

e MS4 - Advanced constitutive modeling of soils in practical
applications

e MS5 - Large strain problems in geomechanics

e MS6 - Building and infrastructure response to ground
movement
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e MS7 - Material Point Method in Computational Geome-
chanics

e MS8 - Probabilistic site characterization and data analyt-
ics

e MS9 - Validation of Numerical Modeling Techniques for
Analysis of Soil-Liquefaction and its Conseguences

e MS10 - Inverse analysis for parameter calibration and as-
sessment of model perfomances

Organizing Secretariat

/,/g Are
SymrosiuM

PRSILSSIONAL EVEMT ORGANIZLR

www. symposium. it
Symposium srl
Via Gozzano 14, 10073 Cirié (Torino) - Italy
Phone +390119211467 - Fax +390119224992
info@symposium.it
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INTERNATIONAL | [IELD MONITORING

SYMPOSIUM Il IN GEOMECHANICS

September 4 - September 7, 2022, London, UK
https://isfmg2022.uk

It is my very great pleasure and honour to welcome you to
the official website of the 11th International Symposium on
Field Monitoring in Geomechanics (ISFMG). As the name sug-
gests this event is part of a series of Symposia that have
been staged roughly every four years since the early 1980s.
Originally titled FMGM (Field Measurements in Geomechan-
ics) the name was recently changed when responsibility for
organising the Symposia passed to the newly formed TC220
(part of the International Society of Soil Mechanics and Geo-
technical Engineering, ISSMGE). This was to avoid any con-
flict with the work of other technical committees that deal
with in situ testing of soils and rocks. The purpose of TC220
is to address field monitoring, which is the repeated obser-
vation in time of a process or phenomenon through the meas-
urement of one or more indicators. You will find more infor-
mation at www.field-monitoring.org.

In 1948, when addressing the 2nd International Conference
on Soil Mechanics and Foundation Engineering in Rotterdam,
Karl Terzaghi wrote, "Compared to this task (of field obser-
vations) all the other types of fundamental soil mechanics
research such as refinement of our theoretical methods and
laboratory techniques become of secondary importance. All
these and various other observations convey the impression
that the properties of undisturbed clays are more complex
than laboratory tests on undisturbed clay samples indicate.
Hence, the further advance of our knowledge in soil mechan-
ics depends to a large extent on the scope and the quality of
our field observations.” When presenting his ideas on The
Observational Method in his 1969 Rankine Lecture, Terzaghi’s
friend and colleague Professor Ralph Peck said, "However the
field observations are made and whether they are elaborate
and precise or '‘quick and dirty,’ the results are only useful if
they are displayed promptly in such a manner as to show
quickly and clearly the essential features. The reports con-
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taining the results should be regarded as working documents,
issued whenever the information needs to be brought up to
date.” These two statements capture perfectly why field mon-
itoring is assuming ever greater importance in many con-
struction projects around the world. Advances in technology
have made it possible to collect and present measurements
very quickly, enabling decisions to be made in near real-time.
This Symposium will bring together designers, suppliers, us-
ers, and researchers of field monitoring data to discuss all
that is new in field instrumentation and monitoring.

All conferences and symposia should have a theme and for
this one we have chosen “analysis and interpretation of field
monitoring data.” In a letter I received when I accepted the
role as Chair of this event, Professor Shunsuke Sakurai (Con-
venor of the 2nd International Symposium, Kobe Japan
1987) wrote “Field measurement data are only nhumbers un-
less they are properly interpreted. Therefore, the most im-
portant aspect of field measurements is the quantitative in-
terpretation of measurement results.”

At the Symposium we will inaugurate the ISSMGE Dunnicliff
Honour Lecture to be given by Allen Marr (CEO of Geocomp
Inc.). John Dunnicliff was an inspirational leader in this sub-
ject and it is very fitting that he will be remembered and hon-
oured in this way. There will also be presentations from
across a wide range of applications including slopes, tunnels
and other types of construction. We will run the now tradi-
tional Young Person’s Paper Competition and announce the
venue for the next Symposium in 2026. As always the Sym-
posium will be accompanied by an exhibition where you will
get the opportunity to see all that is new in field instrumen-
tation and catch up with representatives of the major suppli-
ers.

Field instrumentation is uniquely able to answer the ques-
tions that geotechnical engineers ask. This will be a live face-
to-face Symposium and the programme will include Special
Lectures, Technical Presentations, Young Engineers Paper
Competition, Poster Sessions, Exhibitions, Workshops and
Technical Tours, as well as a parallel non-technical pro-
gramme.

The theme of the symposium is data analysis and interpreta-
tion and the subjects are.

Tunnels and Underground Spaces
Bridges and Transport Infrastructure
Dams and Embankments

Slopes and Earthworks

Buildings and Foundations

Mining and Landfill

Environmental Monitoring

The Observational Method
Specifications and Standards

Congress Organisers:

In Conference Ltd, UK

Q Court, Quality Street,

Edinburgh, EH45BP

Tel. +44 (0) 131 336 4203

Email us: ISFMG@in-conference.org.uk
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The 17th Danube - European Conference
on Geotechnical Engineering
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5-7 September, 2022, Bucharest, Romania
https://sites.google.com/view/17decgero/home

o3 D

Eurock 2022 Rock and Fracture Mechanics in Rock Engineer-
ing and Mining, 12+15 September 2022, Helsinki, Finland,
wwwe.ril.fi/en/events/eurock-2022.html

IAEG XIV Congress 2022, Chengdu, China September 14-20,
2022, https://iaeg2022.0rg

28th European Young Geotechnical Engineers Conference
and Geogames, 15 - 17 - 19 September 2022, Moscow, Rus-
sia, https://www.eygec28.com/?
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AUSROCK

CONFERENCE 2022

6th Australasian Ground Control
in Mining Conference - AusRock 2022
29 November-1 December 2022, Melbourne, Australia

Embracing the opportunity to provide world-leading profes-
sional development and networking opportunities to the
global resources community, we are excited to announce
the AusRock Conference will be delivered in a hybrid
event format. Delegates will now be able to attend in per-
son or access the conference content wherever they are in
the world.

AusRock 2022 follows on from earlier conferences that have
successfully covered the various aspects of geotechnical en-
gineering servicing the mining industry and shared best
practices.

The conference is a vehicle for information exchange be-
tween the coal and metalliferous sectors of the industry with
a focus on new technologies and developments, industry
needs and mine site problem solving, and practical case
studies.

Conference themes

e Ground Control and Support

— Tendon systems, surface liners, injection systems in
open cut and underground mining

— Alternative materials in ground support

— Backfill technologies

— Mine subsidence - prediction and control

— New challenges and innovations in ground control

e Rock Mechanics in mining, civil and petroleum engineer-
ing
— Rock mass characterisation techniques and practice
— Jointed rock mass behaviour
— Drilling, blasting and excavation
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— Tunnelling and underground space development

e Structure stability
— Regional stability
— Pillar design and performance
— Slope stability
— Tailings performance and management

— Fracture diagnostics and surveillance: new technolo-
gies and methods

e Dynamic events and managing large deformations
— Rock and coal burst

Induced seismicity

Wind and air blast

— Water in-rush

e Geotechnical instrumentation

— Underground and open pit monitoring techniques and
performances

— Monitoring for unconventional gas and petroleum

e Data management

Artificial intelligence applications
Data visualisation

Data analytics

— Data driven decision making

® Mining Systems and Design
— Geotechnical considerations
— Geotechnical design methodologies
— Caving mechanics and control
— Multiseam, multireef and complex orebodies

e Geotechnical challenges in extreme environments
— Deep mining
— Underwater mining
— Severe climate conditions
— Planetary rock mechanics

e Interdisciplinary
— Geothermal considerations
— Subsurface storage and sequestration
— Coupled behaviour
— Pore pressure and fracture gradient

— Petrophysics, Rock Physics, Geophysics for Geome-
chanics

— Interdisciplinary aspects of theory, performance, and
interpretation

e Geotechnical risk management

e Geotechnical education & training
— Skills shortage and future needs
— Professional ethics

Contact us by phone
T: 1800 657 985 or +61 3 9658 6100 (if overseas)

(C2 4R -0
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10th International Conference on Physical Modelling in Ge-
otechnics (ICPMG 2022), September 19 to 23, 2022, KAIST,
Daejeon, Korea, https://icomg2022.org

11% International Conference on Stress Wave Theory and De-
sign and Testing Methods for Deep Foundations, 20 - 23 Sep-
tember 2022, De Doelen, Rotterdam, The Netherlands,
https://www.Kkivi.nl/afdelingen/geotechniek/stress-wave-
conference-2022

o3 D

2022

10th Nordic Grouting Symposium
https://www.ngs2022.se

The Swedish Rock Engineering Association have the pleasure
to invite you to the 10th Nordic Grouting Symposium which
will be held at Stockholm City Conference Center.

Conference Themes

Grouting design and concepts for grouting
Grouting Strategy

Theory in relation to practice

Novel methods for grouting execution

Aspects that govern grouting — grouting difficulty
Completion criteria for grouting

Investigations of steering parameters for grouting
Concepts with environmental aspects

Grouting materials

e Grout components

e Grout mixing

e Grout characteristics

e Environmental aspects - greener grouting

Soil- and Rock grouting
e Grouting the zone between soil and rock
e Grouting with low rock coverage

Grouting design verification

e Measuring the grouting result
Observational method
Hydrogeology

Hydraulic tests
Environmental permit

Case studies
e Execution of grouting and results

Grouting Equipment

e Development of grouting equipment

e Possibilities and limitations of current equipment
e Health and safety

Grouting contracts and compensation

TA NEA THZ EEEEIT'M - Ap. 154 - ZENTEMBPIOZ 2021

e Time studies of grouting work
e Grouting compensation and adjustment of time
e Grouting education - Licence to Grout

Contact info

Swedish Rock Engineering Association
Box 55545, 102 04 Stockholm, Sweden
Tel. +46 (0) 70 554 94 04

Email: info@svbergteknik.se

url: www.svbergteknik.se
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IX Latin American Rock Mechanics Symposium - Rock Testing
and Site Characterization, an ISRM International Symposium,
16-19 October 2022, Asuncion, Paraguay,
http://larms2022.com

AUSROCK Conference 2022, 6th Australasian Ground Control
in Mining Conference —an ISRM Regional Symposium, 29 No-
vember - 1 December 2022, Melbourne, Australia,
www.ausimm.com/conferences-and-events/ausrock/

4th African Regional Conference on Geosynthetics — Geosyn-
thetics in Sustainable Infrastructures and Mega Projects, 20-
23 February 2023, Cairo, Egypt, www.geoafrica2023.org

88t ICOLD Annual Meeting & Symposium on Sustainable De-
velopment of Dams and River Basins, April 2023, New Delhi,
India, https://www.icold2020.0rg
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17th Asian Regional Geotechnical Engineering
Conference
14-18 August 2023, Nur-Sultan, Kazakhstan

Organiser: Kazakhstan Geotechnical Society;

Contact person: Ms. Bibigul Abdrakhmanova;

Address: 2, Satpayev Street, Eurasian National University,
Geotechnical Institute;

Phone: +7-7172- 34479;

Fax: +7-7172-353740;

Email: bibakgs@gmail.com; milanbi@mail.ru

O3 D

XII ICG - 12th International Conference on Geosynthetics,
September 17 - 21, 2023, Rome, Italy, www.12icg-roma.org

O3 D
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Organiser: SPG
Contact person: SPG
Address: Av. BRASIL, 101

Email: spg@Inec.pt
Website: http://www.spgeotecnia.pt

: 2023
15™ISRM CONGRESS

International Congress in Rock Mechanics
Challenges in Rock Mechanics and

Rock Engineering
9-+14 October 2023, Salzburg, Austria
https://www.isrm2023.info/en

The Austrian Society for Geomechanics has the pleasure to
invite you to the 15th ISRM Congress 2023 to be held in con-
junction with the 72nd Geomechanics Colloquium in Salz-
burg, the city where the International Society for Rock Me-
chanics (ISRM) was founded in 1962. The Geomechanics Col-
loquium in Salzburg since its initiation in 1951 has always
been a perfect and distinguished meeting place for research-
ers and practitioners. The success of this concept not only
shows in the continuous meetings over more than 70 years,
but also in the attendance of regularly around 1000 partici-
pants.

Preliminary topics
The following topics are currently planned:

Deep geothermal energy

Underground storage for liquid and gaseous media
Geological risks and natural hazards

Long term behaviour of underground structures
Challenging rock engineering projects
Digitalization & Automatisation

Monitoring

Numerical methods in rock engineering
Geological investigation and characterization
New developments in rock support

NATM versus TBM

Comparison of international tunnelling contracts
Hydropower projects and dams

Rock and rock mass properties

Mining engineering

Petroleum engineering and carbon sequestration
Early Career Forum (Young Researchers)

Address

Austrian Society for Geomechanics
Innsbrucker BundesstraBBe 67
5020 Salzburg, Austria

Tel.: +43 662 875519

Email: salzburg@oegg.at

(C-fR-0)

XVIII European Conference on Soil Mechanics
and Geotechnical Engineering
25-30 August 2024, Lisbon, Portugal
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This is what a rockfall looks like in the Himala-
yas. It's scary

d" TikTok

& kop gwalkl

Pietro Kopiewski - 7-26,
https://www.tiktok.com/@kopiewski/video/6989102307757
608193
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George County: a drone video of the site of a fa-
tal landslide triggered by Hurricane Ida

The landfall of Hurricane Ida across the southern USA earlier
this week caused high levels of rainfall, inducing flooding and
landslides. In terms of mass movements, one of the most
significant events occurred in the Benndale community in
George County in Mississippi, where a substantial failure de-
stroyed a section of MS26. The landslide had substantial con-
sequences - it killed two people and injured a further 10,
three of them critically.

The Sun Herald has a detailed article about the event, and
has published a drone video of the aftermath. The site is
quite interesting, as this overhead view shows:

The fatal landslide in George County, Mississippi. Image
taken from a drone video posted by the SunHerald. Drone
video by Travis Long.

The view below, also from the drone video, provides an un-
derstanding of the form of the landslide:

An oblique view of the fatal landslide in George County, Mis-
sissippi. Image taken from a drone video posted by the Sun-

Herald. Drone video by Travis Long.

The SunHerald article provides some information about the
landslide:-

"It is a slide, which means the ground under the roadway and
embankment was super-saturated and we can tell right now
that’s what caused the slide,” said Kelly Castleberry, district
engineer for the Mississippi Department of Transportation.
“"The ground liquified and it spread several hundred feet to
the south.”

Castleberry said the drone footage shows a path created by
groundwater, which is beneath the earth, not surface wa-
ter...He said groundwater from all the rain, a water-line leak,
or both, could have caused the collapse that killed two people
and injured 10, three of them critically. MDOT is investigating
the cause and will have an update when more information is
available, Castleberry said.

The road appears to be on embankment, which has failed.

(Dave Petley / THE LANDSLIDE BLOG, 1 September 2021,
https://blogs.agu.org/landslideblog/2021/09/01/george-
county)

(C2 4R -0
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Shimla landslide

Shiv Aroor, @ShivAroor, https://twitter.com/ShivAroor/sta-

tus/1434756431484387331
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Natural Hazards 101: Forecasting and model-
ling
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With the Natural Hazards 101 series, we mean to bring
our readers closer to the terminology often used in the
field of natural hazards, but that may not be so famil-
iar.

In the first episode of the series, we focused on the
definition of hazard and natural hazard. We moved
then to the concept of risk, which brought us to define
exposure and vulnerability. Later on, we digested the
disaster terminology provided by the United Nations
Office for Disaster Risk Reduction. In this episode, we
will explore the meaning of “Forecasting and model-
ling” natural hazards.

It is hard to find an official or commonly accepted definition
of “"Natural hazard modelling” since models can be applied in
different scientific fields besides natural hazards and geosci-
ences. If you search on the web, it is easy to find that mod-
elling (and simulating), in science, is defined as a scientific
activity aimed to make a phenomenon easier to understand,
define, quantify, visualize, or simulate by referencing it to
existing and usually commonly accepted knowledge. All mod-
els are thus reflections of reality that, despite being approxi-
mations, can be extremely useful [1].

Models are typically used when it is either impossible or im-
practical to create experimental conditions in which scientists
can directly measure outcomes. They are generally cheaper,
safer and sometimes more ethical than conducting real-world
experiments. Simulations can often be performed faster than
the real-time phenomena they describe [2].

Scientific models can be divided in:

Physical models: smaller and simpler representations of
the phenomenon or object being studied. A globe or a map is
a physical model of a portion or all of Earth.

Mathematical models: sets of equations that take into ac-
count many factors to represent a phenomenon. Mathemati-
cal models are usually done on computers. Among them, sta-
tistical models based on Machine Learning algorithms are
currently finding a growing application.

Concerning natural hazards, GNS Science provides a syn-
thetic description of their geohazard modelling activity [3].
This activity can be representative of the typical approach
adopted by scientists to model natural hazards.

e Earthquake Hazard Modelling: they model strong
quakes to determine and design for the severity and char-
acteristics of strong ground shaking.

e Landslide Hazard Modelling: they forecast the magni-
tude and frequency of new and pre-existing landslides in
response to event scenarios (for example, rainstorms or
earthquakes).

e Tsunami Hazard Modelling: they use hydrodynamic
models that provide quantitative estimates of the propa-
gation of tsunami waves away from their source and their
impact when they reach the coast.

e Volcano Hazard Modelling: they provide a dynamic as-
sessment of the likelihood of size, frequency and location
of future eruptions, based on the current level of volcanic
unrest, coupled with analysis of past historic and geologic
data.

In the context of the disaster cycle, as described in the latest
episode of the series, natural hazards modelling can be con-
sidered a non-structural measure that contributes to mitigat-
ing risk and developing preparedness. Natural hazards mod-
elling is also at the basis of disaster risk assessment. The UN
Office for Disaster Risk Reduction (UNDRR) describes model-
ling as a qualitative or quantitative approach to determine
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the nature and extent of disaster risk, including identifying
potential hazards and their characteristics, such as their lo-
cation, intensity, frequency and probability [4].

Finally, natural hazards modelling is propaedeutic to natural
hazards forecasting. The latter is a complex science that
aims to determine where, when, and how intensively the next
natural hazard event will occur. Scientists attempt to predict
natural hazards and their consequences using a variety of
approaches, which can be loosely grouped into two broad cat-
egories: theoretical (mechanistic, deterministic, physically
based, “hard”) and empirical (statistical, functional, “soft”)
approaches. Unlike other natural phenomena, natural haz-
ards are difficult to predict since they are typically chaotic or
exhibit distinct nonlinear behaviours, complicating the possi-
bility of using past occurrences to predict future events [5].
However, low predictability is different from unpredictability
[6], and efforts should be made to improve our ability to fore-
cast natural hazards and determine and communicate the un-
certainties of such forecasts [5].
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Read episode 1: What is a -natural- hazard?
Read episode 2: The concept of risk.

Read episode 3: The disaster cycle.

(Gabriele Amato / EGU Blogs - Divisions - Natural Hazards,
September 6, 2021, https://blogs.equ.eu/divi-
sions/nh/2021/09/06/natural-hazards-101-forecasting-and-
modelling)
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Network Rail and HS2 look to fibre optic tech-
nology to monitor railways

Both Network Rail and HS2 Ltd have announced trials involv-
ing fibre optic technology to improve their monitoring sys-
tems.

HS2's trial will focus on monitoring ground movements in em-
bankments and cuttings, and could help prevent land slips
and detect the formation of sink holes.

Meanwhile Network Rail’s separate trial will use Fibre Optic
Acoustic Sensing (FOAS) technology to improve train move-
ment and position reporting; detect rail and wheel defects;
support level crossing safety management; and detect tres-
passers and people on the trackside.

HS2 trial

University of Cambridge’s Centre for Smart Infrastructure &
Construction (CSIC) and geosynthetics manufacturer HUES-
KER have combined to lead on the HS2 project, which also
includes main civils contractor Align and Jacobs.

The technology being trialled is called Sensorgrid and the
team estimates that its use could save millions of pounds in
repairs due to avoiding early ground movements.

The first stage of the trial has already taken place at HS2's
Chilterns tunnel south portal site. Heavy-duty water-filled
bags were laid in the base of the pit, sections of the Sen-
sorgrid were laid over it and then buried.

Monitoring equipment then generated pulses of light that
travelled through the fibre optic cable. To simulate ground
movement, water was released from the bags causing the
weight of the ground above to move and strain the mesh
which in turn causes a change in characteristics of the light
pulsing through it.

The technology is now undergoing a full scale live trial else-
where at HS2’s South Portal site near the M25 motorway.
Two kilometres of Sensorgrid has been incorporated into a
cutting for the railway. It will provide continuous data to the
monitoring team over the next two years.

HS2 Ltd innovation manager Rob Cairns said: “Sensorgrid is
a great example of how we're leveraging HS2's size and scale
to draw on British expertise to develop a technology and
demonstrate its innovative capability in the early stages of
construction. This will act as a test bed for proving out sig-
nificant benefit to the operational railway, with long term
benefits in bolstering the resilience of the UK’s transport net-
work.”

Align’s innovation manager, Nick Podevyn said:

“A lot of hard work has gone into this innovation, which has
been in incubation for more than a year. It has been an ex-
emplar of open collaboration and working as one team to de-
liver the solution. It's fantastic to see the prototype being
physically tested on our site and then the technology being
implemented on the live project.”

CSIC Operations Manager, Cedric Kechavarzi said:

“Sensorgrid opens a wealth of new opportunities to use fibre
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optic sensing in geotechnical applications, as it vastly im-
proves strain transfer from the soil to the sensor.”

Network Rail trial

Thales Ground Transportation Systems Ltd has been awarded
a contract by Network Rail to develop and trial Fibre Optic
Acoustic Sensing (FOAS) technology that will support im-
provements in safety and performance on the railway.

The awarding of the contract follows a Design Contest
launched in November 2020, led by Network Rail in collabo-
ration with Dutch rail infrastructure operator ProRail, which
challenged over 40 suppliers of different sizes to come up
with proposals for a funded 12-month outcome-focused trial
of FOAS, IoT sensors and smart CCTV cameras, amalgamated
through intelligent data fusion and processing.

The trial work with Thales’ successful bid - featuring a con-
sortium comprising SMEs to deliver different parts of the
technology - will be conducted at Network Rail’s RIDC Melton
test track, and on the mainline railway from Melton Mowbray
to Leicester, commencing in Autumn 2021.

Network Rail’'s R&D portfolio programme manager Huw Ev-
ans, said: “This is a brilliant example of collaboration between
Network Rail and ProRail to research and develop solutions
to problems that are common to us both, and we look forward
to working closely with the Thales-led consor-tium.

“"RIDC Melton and the adjacent main line provide the perfect

operational scenarios for us to safely and expertly test the
technology and fully evaluate its potential.”

(Rob Horgan / New Civil Engineer, 08 Sep, 2021,
https://www.newcivilengineer.com/latest/network-rail-and-
hs2-look-to-fibre-optic-technology-to-monitor-railways-08-
09-2021)

o3 D

Paimio: a very unusual landslide in Finland

Last week a very unusual and interesting landslide occurred
close to the town of Paimio in Finland. The image below,
published on ts.fi, provides a wonderful overview of the land-
slide:-

The landslide at Paimio in Finland.

Once again I don't think I've seen one quite like this be-
fore. The source area appears to be an aggregate store from
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a nearby quarry. The aggregate pile has has clearly failed -
there is a scar and some tension cracks visible. The material
in the fields appears to be clay, common in formerly glaciated
areas. The failure of the aggregate pile has propagated
through the clay substrate over a distance of perhaps 100
metres, forming a set of compressive ridges. This is unusual.

It is interesting to ponder what might have happened here.
My working hypothesis is that this might be a bearing capac-
ity failure in the clay below the aggregate pile - essentially
the clay did not have the shear strength to withstand the
stresses imposed by the heap. Its failure caused the pile to
collapse.

The nearest comparative event I can remember of the Hat-
field Colliery failure close to my now home in Sheffield, in
England. In this case colliery spoil was piled on gravels that
subsequently failed. However, in the case of the landslide at
Paimiossa the failure has propagated a relatively longer dis-
tance from the source, presumable reflecting the properties
of the clay.

Fortunately no-one was killed or injured in the landslide at
Paimiossa, and only one building was damaged.

The location of the landslide is, I believe, 60.434, 22.610.
There is a Google Earth image of the site from 2018:-

Google Earth image of the site of the landslide at Paimio in
Finland.

Interestingly this image does not show the large pile of ag-
gregate that was involved in the failure, so this might be a
comparatively recent addition.

Acknowledgement

Many thanks to loyal reader Tomi for highlighting this one to
me.

(Dave Petley / THE LANDSLIDE BLOG, 9 September 2021,
https://blogs.agu.org/landslideblog/2021/09/09/paimio-a-
very-unusual-landslide-in-finland)

O3 D

Huge boulders break off a mountain near Mex-
ico City, plunging into a densely populated
neighborhood

A part of a mountain in Tlalnepantla, located on the
outskirts of Mexico City, gave way on Friday, Septem-
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ber 10, 2021, sending huge boulders -- some of them
the size of small homes -- into a densely populated
area, and leaving at least 1 person dead and 10 miss-
ing.

The landslide followed days of heavy rain in central Mexico
and M7.0 earthquake on September 7 in Acapulco!. Mexico
state Gov. Alfredo del Mazo said Friday night that both factors
likely contributed to the slide.

Residents immediately started search and rescue operations
and continued until the night when authorities pulled them
off due to the risk of more landslides.

@rahulrajnews

m Rahul Upadhyay L 4

#Mexico: A landslide occurred in the Cerro del Chiquihuite
in Tlalnepantla de Baz, Mexico City. Several houses were
reportedly destroyed and there are reports of casualties...
#Landslide

0:00/045 P W 7

"We don't want to anyone to take additional risk," said Ri-
cardo De La Cruz, Mexico state's deputy interior secretary.
"The geologists have told us that the landslide is complicated.
We have made flights with drones and we don't want to put
anyone in danger."?

De La Cruz added that the priority on Saturday was to stabi-
lize the slope and continue the search. However, the likeli-
hood of finding survivors is falling as rescuers with dogs and
sensitive equipment did not detect anything under the rub-
ble.

Images from the area showed a segment of the steep, green
side of the peak known as Chiquihuite sheared off above a
field of giant rubble with closely packed homes remaining on
either side.?
References:

! Very strong and shallow M7.0 earthquake hits near Aca-
pulco, Mexico - The Watchers

2 Landslide near Mexico City leaves 1 dead, 10 missing - CBC

3 At least 1 dead, 10 missing in landslide near Mexico City -
AP
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https://www.youtube.com/watch?v=]jyRRDfGyyw

(THE WATCHERS, September 12, 2021, https://watch-
ers.news/2021/09/12/tlalnepantla-landslide-mexico-city-

september-2021)

(C2 4R -0

Rare phenomenon blamed for Michigan dam
collapse

Figure 20: Edenville left embankment breach at 7:13 p.m. on Tuesday, May 19, 2020

A “rare” type of ground failure led to the dramatic collapse of
a Michigan dam that sparked the evacuation of 10,000 people
last spring, an official report has found.

An independent forensic team commissioned by the US Fed-
eral Energy Regulatory Commission (FERC) this week said
static liquefaction was the most likely cause of the breach of
the Edenville Dam on 19 May 2020.
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The team’s interim report described “strong evidence” that
this phenomenon - whereby saturated loose sandy soil under
shear pressure suddenly loses strength — was behind the in-
cident.

“This failure mechanism has been rare but not unprecedented
for water storage dams,” said the study. “Water storage dam
engineers have not typically considered it.

“It has generally been assumed by geotechnical engineers
that, under loading conditions other than earthquakes, water
will be able to flow in and out of sands and their strength will
be defined by the drained shear strength, regardless of the
density of the sand - ie there will be no dramatic strength
reduction as occurs in static liquefaction.”

After water breached the Edenville Dam on the Tittabawassee
River, it soon overwhelmed the downstream Sanford Dam,
leading to major flooding and residents being forced out of
their homes in nearby towns.

“The physics of the Sanford Dam failure are very clear,” said
the report. “The failure was the result of embankment over-
topping. Regulators and engineers understood that should a
breach occur at Edenville, Sanford would almost certainly be
overtopped and fail.”

The Edenville and Sanford Dams were two of four 1920s-built
dams along the Tittabawassee River in Michigan owned at the
time of the failures by Boyce Hydro Power.

The dams consisted of earthfill embankments, gated concrete
spillways, powerhouses, and, in the case of Sanford Dam, a
fuse plug spillway. At the time of the failures, Sanford Dam
was an active hydroelectric facility, while Edenville’s power-
house was inactive because its FERC licence had been re-
voked.

(Greg Pitcher / GROUND ENGINEERING, 16 September,
2021, https://www.geplus.co.uk/news/rare-phenomenon-
blamed-for-michigan-dam-collapse-16-09-2021)

3

Strathclyde exploring fungi to prevent landslips

Researchers at Strathclyde University are exploring
the use of fungi in strengthening soil and reducing in-
filtration of rainwater, a common cause of landslips.

The project will use fungi and soil collected from the UK and
Italy to understand how the growth of different fungal species
can be controlled to improve the engineering performance of
natural soils.

Lead researcher Dr Grainne El Mountassir, a senior lecturer
in Strathclyde’s Department of Civil and Environmental Engi-
neering, has received a UKRI Future Leaders Fellowship
worth £1.3m over four years for the project. Cardiff Univer-
sity, the University of Naples Federico II and engineering
company BAM Ritchies are also partners in the study.

“Our research aims to understand the factors controlling fun-
gal growth in natural soils, such that we can engineer it to
grow over a large area,” El Mountassir said. “We will be ex-
amining different types of soil, including pyroclastic soil which
originated from eruptions of Mount Vesuvius, and looking at
how fungal growth changes soil cohesion.”

El Mountassir explained how the fungus builds a 3D network
of biomass which acts both to bind soil particles together but
also releases products that can modify how water moves
through soil.

The idea of the study, she said, is to create a biological geo-
textile at the soil surface which could reduce the ability of
water to penetrate into soil, improving the stability of slopes
after heavy rainfall.

“Fungi are incredibly resilient and adaptable,” she com-
mented. “Fungi on the floors of North American forests are
believed to be some of the oldest living organisms of Earth,
with individual organisms dated as around 1500 years old.

“"We know a lot about the uses of fungi in making food and
drink, such as bread and beer, but we know relatively little
about them in other contexts.

“The research is part of a transition towards a more sustain-
able, low-carbon civil engineering sector and as a growth-
based system, it would reduce the amount of materials need-
ing to be transported to site.”

(THE ENGINEER, 20th September 2021,
https://www.theengineer.co.uk/strathclyde-exploring-fungi-
to-prevent-landslips)

3

The Role of Liquefaction on the Seismic Re-
sponse of Quay Walls during the 2014 Cephalo-
nia, Greece, Earthquakes

Georgios Zalachoris, Dimitrios Zekkos, Adda Athana-
sopoulos-Zekkos, and Nikos Gerolymos

Abstract

Following the Cephalonia, Greece, 2014 earthquake se-
quence (Mw=6.1 and Mw=6.0), liquefaction of gravelly
earthfill materials at the ports of Lixouri and Argostoli re-
sulted in the manifestation of ground cracking and coarse-
grained soil ejecta, and the quay walls in these ports exhib-
ited lateral ground displacements ranging from 0.1 to 1.5 m.
To evaluate the seismic performance of the port quay walls,
numerical analyses using the finite-difference method were
performed, and the results compared with the observed re-
sponse. Three commonly used constitutive models
(PM4Sand, UBCSand, and URS/ROTH) calibrated based on in
situ site investigation data were considered in modeling the
liquefiable earthfills. The results of the numerical analyses at
both ports using the best-estimate parameters indicate that
taller walls exhibit smaller lateral ground displacements than
shorter walls, something that is in line with field observa-
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tions. For the shorter walls, liquefaction-induced Iateral
spreading played an important role in the observed response,
whereas for the taller walls, the seismic behavior is domi-
nated predominantly by the dynamic response of the struc-
tural system. PM4Sand and UBCSand models seem to yield
very similar deformational results, but the URS/ROTH model,
which assigns residual shear strength parameters once lique-
faction is triggered, resulted in horizontal displacements that
are closer to the observations for short-wall geometries but
overpredict the response when the effect of liquefaction on
the overall displacements is small. Finally, the numerical
analyses demonstrate the strong influence of the pulselike
characteristics, as well as the polarization of the input motion
on the seismic response of the Lixouri quay walls, indicating
that forward directivity contributed significantly to the ob-
served quay wall deformations.

https://asceli-
brary.org/doi/abs/10.1061/%28ASCE%29GT.1943-
5606.0002662

o3 O

A New Dynamic Cone Penetration Test-Based
Procedure for Liquefaction Triggering Assess-
ment of Gravelly Soils

Kyle M. Rollins, Jashod Roy, Adda Athanasopoulos-
Zekkos, Dimitrios Zekkos, Sara Amoroso and Zhen-
zhong Cao

Abstract

Developing a reliable, cost-effective liquefaction triggering
procedure for characterizing the liquefaction potential of
gravelly soils based on in situ penetration testing has always
been a great challenge for geotechnical engineers and re-
searchers. Typical correlations based on the standard pen-
etration test (SPT) and the cone penetration test (CPT) are
affected by large-size gravel particles, which can lead to er-
roneous results. The Becker Penetration Test, well known for
gravelly soil characterization, is cost-prohibitive for routine
projects and is not available in most of the world. With a cone
diameter of 74 mm the Chinese dynamic cone penetration
test (DPT) is superior to smaller penetrometers and can be
economically performed with conventional drilling equip-
ment. DPT has previously been directly correlated to field
performance data, and probabilistic liquefaction resistance
curves were developed based on one earthquake and geo-
logic environment in China; however, the use of these data
in other tectonic and geologic environments was not vali-
dated. In this study, 137 data points from 10 different earth-
quakes and different depositional environments in seven
countries have been used to develop probabilistic liquefaction
resistance curves. The data set was expanded by performing
DPT soundings at sites around the world where gravelly soil
did or did not liquefy in past earthquakes. Based on the ex-
panded DPT database, a new set of magnitude-dependent
probabilistic triggering curves has been developed using lo-
gistic regression analysis. The new triggering curves are bet-
ter constrained by data and the spread between the 85% and
15% probability curves is reduced. Liquefaction resistance is
shifted upward at lower DPT values. A new magnitude scaling
factor (MSF) curve has also been developed specifically for
gravel liquefaction which was found to be consistent with pre-
vious curves for sand.
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brary.org/doi/abs/10.1061/%28ASCE%29GT.1943-
5606.0002686

(Sep 24, 2021, https://twitter.com/AZekkos/sta-
tus/1441194684034871297?cn=ZmxleGlib-
GVfcmVicw%3D%3D&refsrc=email)
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The first fully scientific report ever produced
about a major landslip

In 1840, Lyme geologists Rev William Conybeare and Dr Wil-
liam Buckland produced the first fully scientific report ever
produced about a major landslip — the Bindon Landslip of
1839... (1/6)

It was beautifully illustrated with coloured maps and sections
by William Dawson and engravings by Mary Buckland. Here
is a dramatic excerpt from the report describing the midnight
account of an on duty coast guard... (2/6)

“James Robertson and a companion were at that hour cross-
ing the fields which then stretched along this tract; they
stumbled across a slight ridge of gravel, which at first they
thought only the work of mischievous boys... (3/6)

...but proceeding a few steps further one of them jambed his
leg into a narrow fissure; when he was extricated they looked
around in alarm, and observed more extensive fissures
opened and opening in the same direction... (4/6)

... they experienced no tremulous motion and only heard
noises which they describe as the rending of cloth; as their
station was on Whitlands Cliff they soon cautiously picked
their way out of this disturbed tract... (5/6)

... before the subsidence, of which they thus witnessed the
initial disruption, had made any material progress in the de-
pression of the surface; but by daybreak the next morning
this depression is said to have been considerably advanced.”
(6/6)

(Lyme Regis Museum, Sep 26, 2021, https://twit-
ter.com/LymeRegisMuseum/status/1442208058776690702)
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M5.9 earthquake in Crete

NOA (red) & AUTH (green) epicenters for the M5.9 earth-
quake in Arkalochori, Crete southeast of Iraklio city. Epicen-
ters (orange) of the three month sequence (Jul-Sept) & early
aftershocks from NOA catalogue.

(Sotiris Valkaniotis, @SotisValkan, Sep 27, 2021,
https://twitter.com/SotisValkan/sta-
tus/1442421600301760514)

Deformation for the M5.9 earthquake in Crete

Deformation for the M5.9 earthquake in Crete, Greece, ex-
tracted from Sentinell interferogram decomposition
(asc+desc). 20 cm of max subsidence near Arkalochori. Dis-
placement pattern favors a west-dipping NNE-NE source
fault. Epicenters from NOA, ifgs processed with SNAP.

20210927
M58

.+ Vertical Displ |
{em)

(Sotiris Valkaniotis, @SotisValkan, Sep 30, 2021,

https://twitter.com/SotisValkan/sta-
tus/1443566071810859011)
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Spectacular valleys and cliffs hidden beneath
the North Sea

Scientists discovered this esker (a sedimentary cast of a
meltwater channel formed beneath an ice sheet), in a tun-
nel valley beneath the North Sea floor. The landscape is
shown in an image based on high-resolution 3D seismic
data. (Image credit: British Antarctic Survey)

Like a bowl of spaghetti noodles spilled across the floor of the
North Sea, a vast array of hidden tunnel valleys wind and
meander across what was once an ice-covered landscape.

These valleys are remnants of ancient rivers that once
drained water from melting ice sheets.

Now, scientists have achieved the clearest view yet of these
channels. They're buried hundreds of feet beneath the sea-
floor, and they are enormous, ranging from about 0.6 to 3.7
miles (1 to 6 kilometers) wide.

The new imaging reveals fine-grained details within these ex-
pansive features: small, delicate ridges of sediment, larger
walls of sediment that can be miles long and craters called
kettle holes left behind by melting chunks of ice.

"We didn't expect to find these kinds of footprints of the ice
sheet within the channels themselves," said study lead au-
thor James Kirkham, a marine geophysicist at the British Ant-
arctic Survey and the University of Cambridge. "And that tells
us, actually, that the ice was interacting with the channels a
lot more than previously assumed."

21,000 yea
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depth im) |
— |

0

A map of the North Sea showing the distribution of buried
channels (tunnel valleys) that have been previously mapped
using 3D seismic reflection technology.

Footprints of glaciers

These channels are the footprints of glaciers left behind from
between 700,000 and 100,000 years ago, when most of the
North Sea, as well as the northern two-thirds of the United
Kingdom and all of Ireland were often buried under huge ice
sheets. (The ice advanced and retreated seven or eight times
within this period, Kirkham told Live Science.)

During periods when the climate warmed and the ice re-
treated, these ice sheets discharged water through hidden
glacial channels beneath the ice. These channels left their
imprint on the sediments below. More sediments then piled
on top as the ice vanished, entombing the imprints deep be-
neath the seafloor.

To see these ancient impressions, geophysicists use a tech-
nology called 3D seismic reflection. In this process, scientists
shoot bursts of compressed air toward the seafloor. The re-
sulting sound waves travel through the rock and sediment
layers beneath the seafloor and bounce back, where they're
picked up by a shipboard receiver. Because sound travels at
different speeds through different types of rock and sedi-
ment, the data can be reconstructed into a picture of the sub-
surface.

A map of the undersea tunnel valleys looks like a vast array
of squiggles, like a scattering of spilled noodles. But zoomed
in, the channels are visible in stunning detail. They meander
and wind like rivers (which they once were), bounded by
shear cliffs and rugged slopes. Some plummet 310 miles (500
km) deep into the sediment and are dozens of miles long.

Image of two cross-cutting tunnel valleys discovered using
the new 3D seismic reflection data. In this image, the chan-
nels are shown in context of the high-resolution 3D seismic
data which can be ‘sliced’ both vertically and horizontally to
reveal ancient glacial landscapes buried beneath the sea-
floor of the North Sea.
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Scientists discovered this esker (a sedimentary cast of a
meltwater channel formed beneath an ice sheet), in a tun-
nel valley beneath the North Sea floor. The landscape is
shown in an image based on high-resolution 3D seismic
data. (Image credit: British Antarctic Survey)

Image of an esker (a sedimentary cast of a meltwater chan-
nel formed beneath an ice sheet) that we have found within
a tunnel valley using the new 3D seismic reflection data.
(Image credit: British Antarctic Survey)

Water and ice

The landforms within the tunnel valleys paint a complicated
picture of ice retreat, Kirkham said. At times, there are signs
of fairly slow and steady retreat. For example, eskers are
ridges of sediment around 16 feet (5 meters) high that can
stretch for many miles. They're also seen in modern-day
glaciers that are moving gradually.

In other spots, the channels are punctuated by small, delicate
ridges that indicate fast, dynamic ice flow, Kirkham said. An-
other sign of fast-moving surges of ice and water are kettle
holes, which are spots where a large iceberg that has de-
tached from the main ice sheet and moved to a new location
finally gets stuck and melts.

The channels seem to have been carved by both water and
ice. In some spots, there are braided channels meandering
through the bottom of the canyons, Kirkham said. These
were formed by flowing water, which seems to have eroded
the sediment beneath the ice sheet. Once that void formed,
however, the underside of the ice sagged into that gap, carv-
ing out a broader path. There are also places where valley
walls seem to have collapsed, probably after the ice that was
filling the valley melted away, enabling the sediment to
slump in its stead.

These undersea tunnel valleys are an interesting snapshot of
the past, but their real value may be in helping to predict the
future. As the climate warms, the ice caps are again on the
retreat. If the climate gets hot enough, West Antarctica might
someday look a lot like the North Sea did 100,000 years ago,
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Kirkham said. The Greenland ice sheet, too,_is melting rap-
idly. Studying the remnants of the North Sea channels and
how they formed could reveal more about the dynamics gov-
erning the loss of today's ice sheets. In particular, the geo-
logical record could hint at how small-scale factors like mov-
ing water affect how much ice ends up melting into the sea,
and how quickly, which could lead to better models of sea-
level rise.

"In the future, we'd like to explore that idea a bit further by
continued mapping, and also some computer modeling to
work out how we've produced these landforms and what
would need to happen at the base of an ice sheet to generate
them," Kirkham said.

The findings appear today (Sept. 8) in the journal Geology.
Originally published on Live Science
(Stephanie Pappas / LIVESCIENCE, September 10, 2021,

https://www.livescience.com/north-sea-ice-age-tunnel-val-
leys.html
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To 6alpa TnG PUOoNG

Ano Ta kapéva Tou AuyouaTou, To Baupa Tng puong onpepa. H pwToypagia sival Twv JECWV Tou ZenTepPpiou anod To Meuki Eu-
Boiag (Tng 'Epng MavayiwTonoUAou - Mapivou).
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ENAIAG®EPONTA -
AOIMNA

Bridge Load Test

(Civil Engineering Discoveries, 01.09.2021, https://twit-
ter.com/CivilEngDis/status/1433129722377031684)
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ENAIAGEPOYZEZ2
ANAMNHZEI2

Ai@ionia kai Aouou
MaUAog Mapivog
H eniokeywn €yive To 2012.
Mpap6nke 10 2021

Eipar €dw yia Aoyapiacuo peyalou EAANVIkKoU MeAeTnTikoU
Ipageiou NPoKeIUEVOU va dwow TEXVIKN anoyn yia B€0eig yia
KATAoKeUN QPpayudaTwyv Nou enicnuavenkav and 1o ypageio.

AoUou, o AucTtpaloniOnkog

To 1974, avBpwnoAodyol ékavav atnv AiBionia pia eEKNANKTIKN
avakaAuyn, evronifovTag Ta ooTd Nou avikav o€ €va ov nou
€iXE MEYAAEC OMOIOTNTEG HE TOV AVOPWMO KAl MEPRAATNOE GTOV
nAavnTn npiv anod 3,2 ekatoppuplia xpovia. Autoé ATav n Aou-
ou. Apaye, enpdkeiTo yia ansuBeiag npoyovo Tou Homo Sa-
piens; ATav n AoUou “n unTépa Tou avBpwnivou yévoug”; *

'HOn 10 1970, FaAAol nalaioavBpwnoAdyol avakdAuyav oTo
Tpiywvo AQap anoAIBwpaTa Kal XpnoTIKA avTIKEiJeva. SXETI-
KWG npooskAndnoav didonuol enioTripgoveg, Na avapepoupe
Tov Donald Johanson, Tou pouceiou Tou Cleveland. H ano-
oTOAN &ekivnoe To @BIvonwpo Tou 1973 yia avaokageg aTo
Tpivwvo A@ap. 'HOn Bpebnkav oToixeia yia éva avlpwnosidég
nou nepnaTouce ora duo nddia.

H anooToAn enéoTpeywe TNV €nduevn nepiodo avackapwy, &-
neira ano évav Xpovo, aTig 24 NosuBpiou Tou 1974. O Johan-
SON HE TOUG OUVEPYATEG TOU anopakpuvenkav nio népa, Kovra
oTov notapyo Awash, koITwvTag navra yia ootda. O Johanson
anogAacioe va gpeuvnoel oTo Babog evdg HIKpoU pEPATOG, Na-
pOTI AON Nponyoupévwe dUo pydTeg ixav eAEyEel TNV nepi-
oxn. To €uneipo paT Tou Johanson evrtonilel éva Bpavoua and
avBpwnivo Bpaxiova. AinAa kal dAAa Bpalopara, To €va PeTa
TO AAAo, €EWPOAANWG Npogpyopeva and To idlo avBpwnoel-
5éc. To anoyeupa, 6Aa Ta PEAN TNG anooToAng paleuTnkav
OTO péPa Kal apxioav MpooeEXTIKA avaokagn kal culAoyn
BpauopaTwy nou kPATnoe Tpelg eBOopadss. Ekeivo To npwTo
Bpddu To ylopTacave TpeAd oTrAvovTag Peyalo navnyupl, He
TO KAOETOPWVO va nailel JouaIKn ouveéxela. To TpayoUudi rnou
TOUG Apeoe Kal enavaAaupBavav kad’ oAn Tn didpkeia Tng vU-
XTAG, OE EKKWQAVTIKN €vtaon nTav T1o “Lucy in the Sky with
Diamonds” Twv Beatles, Tou 1967 [L(ucy) in the S(ky) with
D(iamonds)]. Natn Aoinoév n Aoucu!

Méoa o€ auTeEG TIG TPEIG BOONAdEG, N oada BpnKe NOAAEG -
KAToOVTAdeG TePAxn f BpavouaTta, Xxwpic enavalnyeig Bepalw-
vovTag OTI Ta TEPAxn NpoEpxovTal anod To idlo aTopo. YrnoAo-
yioTnke 0TI 40% Tou avBpwnoeidoug OKEAETOU oUVEAEYN. E-
KTIMABNKe ano Tov Johanson OTI gival BRAu.

H Aouou €ixe 1,1 p Uwog, unoAoyioTnke og 29 KIAG Kal Euolale
KANwG e évav XIunaTdn, €€ ou Kai 0 HIKPOG EYKEPAAOG TNG.
And Ta XapakTnpIoTIKA TWV YAOUTWV PBYNKE TO CUMNEPACHaA
OTI TO eV AOYw avBpwnosidég aTekdTav O0pBio kal nepnatoloe.
H nAikia Tng AoUou npoadiopioTnke PE PASIOUETPIKEG HEBO-
doug.

1 ApyoTepa BpéBnkav Aiyo naAidTEpa guprjpaTa aucTpaAoni-
Onkwv oTa 1dia Xpovika KiI nepIBaAAovTika nAaioia

Zfnuepa n Aouou (agou eixe kavel pia BoAta oto Cleveland)
gival auotnpd neplopiopévn oTa UNOYEIA TOU HOUCEiou TNG Av-
Tic Aunéuna kail ekTiBeTal yovo €va NeTUXNUEVO, NAACTIKO O-
Hoiwpa.

Side view of cast of Lucy in the Naturmuseum Senckenberg
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Kai Aiyn FewAoyia

Anod Ta avoiypaTa Tou gAoloU €Bydlve Kal n KATaoTaon napa-
MEvel evepyn, AaBa. AuTr dnuioupyei peyaia nAatw okenalo-
VTag Toug OMoIoug oxXnUaTiodoUg Kail iIZiuaTta kKaAunTtav Tnv
TOTE eniPAveid.

MNa Ta ppdyuaTa pia TéTola KaTaoraon eival enikivduvn yiarTi
EVW TA NPAICTEIQKA NETPWHATA €ival YEVIKWG IKAVA yia T Oe-
MeAiwon Tou PPAYHATOG, Ta KpUuMéva IZnparta, av ival a-
00evn) kal eudiaupwTa, JNopouv va dNUIoUPYHOoUV KIVOUVOUG
aoTadeiag ) diappowv ano To £pyo. H £peguva Aoinodv Tng He-
AETNG Npénel va €ival npoocavaToAIoPEvn yia TETOIEG avalnTn-
oEIC.
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H MAareia ABnoouviag otnv ABriva BpiokeTal oTo 10TOPIKO
Tpiywvo TnG naAaidg noAng. H ovopacia Tng npogpxeTal ano
Tnv naiaid ovopacia Tng AiBioniag, ABnoouvia, nieavwg Aoyw
TwV AIB1I6NWV Nou NaAldTEpa kaToikoUoav aTn NEPIOXH auTrh.
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NEEZ EKAOZEIZ 2TI2
FEQTEXNIKEZ
EMNIZTHMEZ

Edenville and Sanford

Edenville and Sanford Dam

Dam Failures Failures: Field Reconnaissance
P.—w— 5 | Field Report
A .# % | Reconnaissance
== | Report . .
——— Edited by Daniel Pradel and
Enachomn, 24 B ot Adam Lobbestael
ASCE  muriloce  (ge

Prepared by the Embankments,
Dams, and Slopes Committee of the Geo-Institute of ASCE.

Following heavy rain over 2 days, the Edenville Dam experi-
enced a slope instability on May 19, 2020 and failed cata-
strophically. Waters released by the breach of the Edenville
Dam overwhelmed the Sanford Dam which was overtopped
and failed on the morning of May 20, 2020 resulting in the
evacuation of 11,000 people in the surrounding areas of Mid-
land, Michigan, and along the Tittabawassee and Tobacco riv-
ers.

Edenville and Sanford Dam Failures: Field Reconnaissance
Report, GSP 327, presents the results of on-ground and aerial
assessments that took place in the weeks following the fail-
ures.

The team employed aerial reconnaissance using optical, ther-
mal, and LiDAR sensors; geophysical testing including seis-
mic surveys and electrical resistivity surveys; geological re-
connaissance to assess the nature of the geological materi-
als; geotechnical sampling and laboratory testing including,
moisture, density, grain size distribution, shear strength, and
permeability testing; post-failure condition assessments; and
reviewed historical documents and pre-failure LiDAR and sat-
ellite data.

This Geotechnical Special Publication focuses on the applica-
tion of multi-sensor techniques to collect perishable data im-
mediately after a disaster. It illustrates a range of site char-
acterization technologies and extensive data analysis that will
be of interest to practitioners, researchers, and community
stakeholders in areas where old earth dams are nearing the
end of their design life.

(American Society of Civil Engineers, 2021)
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SHAFTE = DEFINTIONS AND CLABSIFICATIONS

Shafts - Definitions and
Classifications

Working Group 23

The ITA general Assembly ap-
proved the proposal for establish-
ing Working Group 23 on «Design
and Construction of Shafts» in May
2019 at the World Tunnelling Con-
gress in Naples.

O'! .

Following the first WG 23 meeting in Naples, the need for
defining common terms was raised and it was decided to pre-
pare a document to explain and develop the correct termi-
nology and nomenclature for shaft design and construction.

It was also discussed that suitable classifications for shafts
based on their geometry, application, ground conditions, and
construction methods was needed for a more uniform under-
standing of design and construction implications.

This document is prepared in response to the above men-
tioned needs and provides common definitions for relevant
terms in addition to introducing different types of classifica-
tion systems for shafts that can be implemented during de-
sign and construction of these structures.

The document contains contributions of various individuals.
Work has been coordinated by Siamak Hashemi (Animateur
of WG 23) and Jamal Rostami. Tarcisio Celestino was the Tu-
tor of WG 23.

Download document 026 2021 WG23 Shafts — definitions
and classifications.pdf

(ITA Report, WG Publications, 2021)

Guidelines on Services of Ma-
chinery for Mechanized Tunnel
Excavation

ITAtech Guidelines on Services
of Machinery for Mechanized
Tunnel Excavation

6 - ITAtech Activity Group Excava-
tech .
tion
The acquisition and the utilization of a Tunnel Boring Machine
is a long process passing through a variety of steps and ac-
tivities that can last several years in total from TBM design
to final tunnel breakthrough. The different activities include
design, manufacturing, shop assembly, transport, site as-
sembly, disassembly, maybe reassembly, operational assis-
tance, maintenance & repair, spare parts delivery and gen-
eral technical assistance. Many of these activities involve Pro-
ject Owner, Equipment (TBM) manufacturer, Equipment
(TBM) user (Contractor) and Equipment (TBM) service pro-
vider as well as other specific suppliers. However, there is a
clear line separating this long process in two distinct phases:
exworks delivery will determine the end of the TBM manufac-
turing phase and the start of TBM Services phase. TBM Ser-

ZeAida 83



vices are preferably provided by the TBM manufacturer but
can also be provided by the TBM user itself or other qualified
organizations (other TBM service provider). The purpose of
this report is to provide guidance for project owners, design-
ers, TBM users, TBM manufacturers and TBM Service provid-
ers when specifying requirements for TBM Services.

This guideline creates a common language in terms of TBM
Services, listing all potential activities that must be scheduled
as well as their ideal timing sequence along a tunnelling
project. The correct understanding of TBM Services at the
start of the project will help project owners, designers and
TBM users realize correct planning of the works, evaluating
the capacity to cover all activities and eventually take the
decision to selfperform or outsource, as the case may be.
Correct planning of the works will minimize both technical
and commercial risks for the project, ensuring good coordi-
nation between planned activities and budgets and actual
work performed. This report does not cover TBM refurbish-
ment which in some cases may be considered a TBM Service
activity. Guidance for this is given in ITAtech Report No 5-V2
“Guidelines on rebuilds of machinery for mechanized tunnel
excavation”.

Download document T012 2021 Guidelines On Services Of
Machinery for Mechanized Tunnel Excavation P.pdf

(ITAtech Publications, 2021)

Contractual framework check-
list for subsurface construction
contracts

Working Group 3

This 2nd edition of the Contractual
Framework Checklist builds upon
the 1st edition by identifying and
clarifying key contractual practice
subject areas that ITA believes are
fundamental for the success of subsurface construction pro-
jects independently of the form of contract and risk appor-
tionment used. This 2nd edition also endorses third party
documents that ITA considers to have special subject matter
or geographic significance and will further assist formulation
of contractual practices for improved project performance.

ITA believes most existing standard forms of construction
guidelines and contracts could deal better with the variabili-
ties inherent in subsurface environments, and the impact of
those variabilities when an Employer seeks to have an un-
derground facility constructed in this variable environment.
Application of this Contractual Framework Checklist will help
all parties achieve the ultimate objectives of on-time, on-
budget and fitness for purpose delivery of the subsurface (be-
low the surface of the earth, be it water or land) infrastruc-
ture.

Download document ITA REPORT #25.pdf

(ITA Report, 2021)
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HAEKTPONIKA
NMEPIOAIKA

A )
-

International Journal of Geoengineering Case
Histories

An official journal of the International Society for Soil
Mechanics and Geotechnical Engineering

Volume 6, Issue #3, https://www.geocasehistoriesjour-
nal.org/pub/issue/view/49

40 Years of Full Scale Infrastructure Testing at a National
Geotechnical Experimentation Site: Clay Site Jean-Louis
BRIAUD

40 Years of Full Scale Infrastructure Testing at a National
Geotechnical Experimentation Site: Sand Site Jean-Louis
BRIAUD

o3 O

@. International S y for Rock Mech
and Rock Engincering

ISRM

ISRM Newsletter No. 55 - September 2021
https://isrm.net/newsletter

KukAogpopnoe 1o Teuxog Ap. 55, ZenTtepPpiou 2021 pe Ta a-
KOAouBa nepiexopeva:

e Presidential election for the 2023-2027 term of office

e New ISRM Fellows inducted during the ISRM International
Symposium - Eurock2021

e 35th ISRM online lecture by Dr Christine Detournay

e New ISRM website launched in August

e [SRM International Symposium LARMS2022 - call for pa-
pers

e ARMS11, Beijing, China, 21-25 October, the 2021 ISRM
Asian Regional Symposium

e FEurock2022, Helsinki, Finland, 12-15 September - call for
papers

e ISRM 2020 and 2021 Awards given during the ISRM In-
ternational Symposium - Eurock2021

e ISRM Rocha Medal 2023 - nominations to be received by
31 December 2021

e 2021 ISRM Latin American Lecture Tour: 27 September -
1 October

e Mongolian was added to the ISRM Glossary

e Video of the Suggested Method on Needle Penetration
Test

e ISRM Sponsored Conferences

o3

International Geosynthetics Society

KukAho@opnoe To IGS Newsletter Tng International Geosyn-
thetics Society pe Ta napakdTw NepiEXOUEVA:

IGS NEWSLETTER - September 2021

Helping the world understand the appropriate value and use
of geosynthetics

httpwww.geosyntheticssociety.org/newsletters

e IGS Opens Call to Host the 13th ICG 2026! READ MORE
e Out Now! Chapter Chat Summer 2021 READ MORE
e Book Now For IGS 'Big Four’ Conferences READ MORE
e Chapter News - IGS Chile
— IGS Chile Hosts First Members’ Assembly READ MORE
— Watch: Educate the Educators Invitation from IGS
Chile READ MORE
e Sustainability eBook Now In Portuguese! READ MORE
e Upcoming Webinars - September 2021
— The design of drainage geocomposites for long term
applications, September 14, Presented by Eric Blond
REGISTRATION INFORMATION
— The Role of Geosynthetic Liners: Minimizing Leakage
and Contaminant Impacts, September 15, Presented
by R. Kerry Rowe REGISTRATION INFORMATION
— Technical Forum #2 - Geosynthetics in Reinforcement
Applications, September 15 (Brisbane time), Panelists
include Richard Bathurst, Pietro Rimoldi, Ivan Puig
Damians, Chris Lawson, and Mike Dobie REGISTRA-
TION INFORMATION
— Successfully specifying, performing and interpreting
interface shear tests, September 22 (Brisbane time)
and Repeat Session on September 30, Presented by
Gary T. Torosian REGISTRATION INFORMATION
— AASHTO Migration from the Simplified Method to the
Stiffness Method for internal stability design of MSE
walls, September 23, Presented by Richard Bathurst
REGISTRATION INFORMATION
e Calendar of Events
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EKTEAEZTIKH ENITPONH EEEENM (2019 - 2022)

Mpoedpog : MixaAng MMNAPAANHZ, Ap. MoAITikdg Mnxavikog, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

A’ AvTinpoedpog Xpnotog TSATSANI®OS, Ap. MoAITIKOC Mnxavikog, MANTAIA SYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr

B’ AvTinpoedpog MixaAng MAXAKHZ, MoAITIKOG Mnxavikog
mpax46@otenet.gr

levikog Mpapparteéac: Mwpyog MMNEAOKAS, Ap. MoAITIkog Mnxavikog, Enikoupog Kabnyntng TEI ABrvag
gbelokas@teiath.gr, gbelokas@gmail.com

Tapiag : Mwpyog NTOYAHZ, MoAITIkoG Mnxavikog, EAAOOMHXANIKH A.E.- TEQTEXNIKESZ MEAETES A.E.
gdoulis@edafomichaniki.gr

'EQopog : rewpylog FIKAZETAS, Ap. MoAITIKOG Mnxavikdg, OudTigog Kabnynthg E.M.M.
gazetas@central.ntua.gr, gazetas50@gmail.com

MéEAn : Avdpeag ANATNQZTOMOYAOS, Ap. MoAITIkog Mnxavikdg, OudTINoG KadnynThg EMM
aanagn@central.ntua.gr

Mavayiowtng BETTAS, MoAITIkdG Mnxavikog, OMIAOZ TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

Mapiva MANTAZIAQY, Ap. MoAITIKOG Mnxavikog, AvanAnpwTtpia KadnyAaTtpia E.M.M.
mpanta@central.ntua.gr

AvanAnpwuarika
MEAN : XpnoTtog STPATAKOZ, MoAImikdg Mnxavikdg, NAMA A.E.
stratakos@namalab.gr

BaAia SENAKH, Ap. MoAITIkog Mnxavikog, EAAGOMHXANIKH A.E.
vxenaki@edafomichaniki.gr

Ek3OTNC : XpnoTtog TEATZANIOOE, Ap. MoOAITIKOS Mnxavikoc, MANFAIA SYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr

EEEEI'M

Topéag MEWTEXVIKAG TnA. 210.7723434

ZXOAH NMNOAITIKQN MHXANIKQN Tot. 210.7723428

EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTteXVveIOUNOAN Zwypagpou geotech@central.ntua.gr

15780 ZQrPA®OY IotooeAida www.hssmge.org (und KaTaokeun)

«TA NEA THZ EEEEMM» Ekd0TNnG: Xpriotog Toatoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-3I. ctsatsanifos@pangaea.gr,
editor@hssmage.gr, info@pangaea.gr

«TA NEA THX EEEEMM» «avapT®vTal» Kal oTnv 1I0ToogAida www.hssmge.gr
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