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2. 2UVOOEUTLKN ETILOTOAN

2.1 EmiotoAr yvwotomnoinong evoladepovtog

AELOTLN ETULTPOTIH KOl EKAEKTOPLKO CWHA,

Ao NG mapoloag eMIOTOAAG ekdnAwvw To evladépov pou yla Tnv mpoknpuxBeica B€on otn
BaBuida tou emikoupou kaBnyntr tou TUApato¢ FewAoyiog tou Aplototelsiou Mavemiotnuiou
Oeooalovikng, PUe YWWOTIKO avTiKeipevo «Edapuoopévn yewduaoikn».

Ermuxelpwvtag va ouvopiow TNV oKASNUOIKA Kol EMAYYEAUATIK HOU Topeia ota €tn Tou
gnakoAolBnoav g anodoltnong Hou amo to ApLoTOTEAELO MAVETIOTALLO KAl TNV OAOKANPWGON TNG
S18aktoplkng pou Statplpng, Ba nbeia va BEow unmtoYPn oag ta akdAouba:

MeTd TtV OAOKANPWON TWV TPOTITUXLOKWY HoU omoudwv, £AaBa to £tog 2006 TO UETATITUXLAKO
Simiwpa eldikevong (Ms.C) otov topéa tn¢ MeEwduoLkAG, aoXOAOUHEVOC HE TNV «Avamtuén
oAyopiOUwWY avtloTtpodnc YEWNAEKTPLKWY SeSOUEVWVYY, VW TO £€T0¢ 2009 0AOKANPWOO TNV EKTIOVNON
™¢ SLO6AKTOPLKAG Hou dlatpfng pe Bepatikn «Avamtuén oAyoplBuwv SLaxpovikng avtiotpodng
VEWNAEKTPIKWY Sedopévwvyy. EKTOTE €XW TOPOUEIVEL EVEPYOG €peuvnTig, €pyalOuUevog eite oe
TIAVETILOTNHLOKA SplpaTa £(Te O €PEUVNTIKA LVOTITOUTA, CUMUETEXOVTOC Ot TOAAQ Slebvn
E£PEUVNTIKA TIPOYPAULOTA, TIPOBaiVOVTAG OE EMIOTNOVIKEG SNUOCLEVOELG KAl TTPOBAAAOVTAC TTAVTOTE
KOULVOTOEG LOEEC OTO EMLOTNOVLKO eSO TNG YEWDUOLKAC.

EldikOTEpQ, PETA TNV KTHON TNG SL6AKTOPIKNAG Hou SlatplPig ocuvéxloa tn otadlodpopia pou wg
petadidaktoplkog epeuvntrg oto Colorado School of Mines, 6mou cUvtopa anéktnoa B£on Aéktopa.
MapoAo mou 1o B€pa TG LETASIEAKTOPLKNG HOU €peuvag, ATav Bepatikd oploBetnuévo [Avarmtuén
aAyopiBuwv avtiotpo@ng moAdamiwv tunwv Sedouevwy], EMEKTABNKA, KATA TN SLAPKELA TNG
£PEUVAG HOU KOl Of VEA EPELVNTIKA £Ttimeda Kol epOPUOYEC, WOTE VA ATIOKTAOW Lo EUPUTEPN
armoPn mepl TG YeEWPUOIKAG. ITO MAQIOLO QUTO, OUVEPYAOTNKO OTEVA UE OPKETA OUEPLKAVIKA
wvotitoUTa Kal epyaotrpla (0Awg evSelkTikwe avadEpovtal n Environmental Protection Agency (EPA),
United States Geological Survey K.0.k....), CUVEPYQOLEG OL OTIOLEG ADEVOC UEV EUTAOUTLOOV TO YVWOTLKO
pou medio, adetépou de pou mapesixav T SuUVOTOTNTA VO CUMMETACXW O OPKETA evladEpovta
TIPOYPOAULOTA KOl EPYAOLEG.

KaBoAn tnv didpkela tng amacyoAnong pou oto Colorado School of Mines, ouvepydotnka pe
£PEVVNTEG a0 SLAdOPETIKA EMIOTNUOVIKA Ttedia. ATOTEAECUA TWV CUVEPYOOLWV OQUTWV NTAV OTL
QTEKTN OO ETIUTAEOV YVWON ETIL VEWV ETLOTNLOVIKWY OEUATIKWY KOL KATAVONCO TLG TIPOKARCELG TTOU Ta
VEQL OUTA EMIOTNUOVIKA OVTIKE(UEVA OUVETIAYOVTOL JUYXPOVWG Hou Slavoixdnkov kot GAAeC
ETILOTNHOVLKEC TIPOOTITIKEG, KABWE KAOE MPOypaUUd, KATEANYE OE VEEC TIPOOEYYIOELC KAL KALVOTOUOUG
TPOTOUG AVTLLETWILONG TIPORBANUATWY, EVW SLAVOLYE PO VLA TIEPALTEPW EPEVUVNTLKI CUVEPYACTia.
Katd tnv 6Sdpkela tng mapopovig pou oto Colorado School of Mines, eméBAedia opKETEQ
METAMTUXLOKEG Kol SLOAKTOPLKEG epyaoieg, Tapéxovtag oupBouAeuTikn, 1&€eg Kal BonBwvtag otny
OVAAUON TWV OMOTEAECUATWY. OEUATIKEG LE TIG OTIOlEG aoXoAnBnka ektevwg mepllapBavouv ERT,
EM, oslopikn S1aOhaon, yewBeppia kat meptBarlovioloyikr yewduoikr.

Ev ouvéxelo, amodéytnka tnv Béon tou epeuvnth yewduowkol oto lllinois Geological Survey, pe
ipoypappata ou adopoloav LEYAANG £KTaong yewdUOLKAC €peuva. X authv T O£on epyaociag,
BeAtiwoa MepALTEPW TNV YVWON HOU KAl TNV LKAVOTNTA EMKOWVWVIOG — ouvepyaoiag HeTaty



Sladpopwv emioTnUoviKwY GopEwv, KABWC €MIONG KOL TOV TPOTO GUVIOVIOHOU KOl Opyavwaong
TIPOYPOAUUATWY HE KUBEPVNTIKOUC dOopE(C.

AkoAoUBwG, petamndnoa oTtov TOMEA TNG LOLWTLKAG £PEUVOC, EVIAOOOWEVOG OTO EMLOTNHOVIKO
SuvauKO Tou epeuvnTikol votitoutou Deltares otnv OA\avdia oto omoio kat gpydlopatl ta
televtaia 8 £1n. ITO MAPOV £pyaclakd pou TeplBaAlov  Bpnka plo opopdn Loopporia LeTaly
£PEUVAG KAL TIPAKTIKNG PAPHUOYNG BEUATWY, OMOU £WG TOTE £l)0 OVILUETWITIOEL 0 BEWPNTLKO LOVOV
eninedo, PeAtiwoa TIC YVWOELG HOU yla TNV USpoyswAoyia, TNV TEXVIKA YewAoyio, tnv aegpo-
vewduoLkr Kal BaAdoola-yewdUaoLKr, XELPLOTNKO WG CUVTOVIOTAG gyxwpLa Kal SLebvr) mpoypaupata
oto nedio tN¢ edapuoopéEVNC YEwPUOLKAG Kal KANBNKa, cuvepyalOUEVOUG LE TOUG AOLTIOUC EPEUVNTEG
TOU LVOTLTOUTOU, VO XELPLOTW KAl TPOCHEPW TIPAYUATIOTIKEG EMLOTNUOVIKEG AVCELG OE TIPOBARUATAL.

Mapolo mou e¢akoAouBw va Ppilokw To Mapov epyactako pou meplBaiiov evdladépov, avamolw ta
EPEUVNTIKA XPOVIAL OTO TIAVETILOTAMLO KOL TN OTEVOTEPN OUVEPYAOoLa LE TOug ¢olTtnTEC. 2TOV
OKAdNUAiKO XWPo Hmopouca vo cu{NTAOW EMLOTNUOVIKA B€pata os Babutepo eninedo, pe anoPelg
KOL KOLVOTOUEG L6£eg Tou Ttnyalouv amod $oltnTEG, XWPILg TNV mieon tTwv avBpwmowpwv Kol Tou
nipoUmoAoylopou, Tou cuvnBwg cuvSEéovtal Pe TNV £peuva TTou SLle€dyetal os LELWTLKO emimedo.

JTO MAQIOLO TWV TWPLWVWV ETAYYEAUOTIKWY HOU KaBnkovtwv, eéakoloubw va cuvepyalopal Pe
doLtNTEC 08 MPOYPAUUATA HOU Kal va TOpEXW EKMALSEUTIKA osuwvapla otn pebodoroyia. H
ouvepyaoia, wotodoo, auth, AApBAVEL TAVTOTE XWPA, UTIO TO PO TNG MOPAYWYI G CUYKEKPLUEVOU
OMOTEAECHATOC YLt CUYKEKPLUEVO TIPOPBANLA, UE ATIOTEAECOL EV LEPEL VA ATIOLOKPUVOLLALOTE ATtO TNV
£1¢ BaBog €peuva ou poodEpel TIOANATAEG AUCELG, LKAVOTIOLNGN TTOU OVO 0 aKASNUAIKOG XWPOog
umopet va mpodEpeL.

Oé\ovtag va emavaouvoebw e TNV LKAVOTIOLNON KoL TOL OMOTEAECATA TTOU TIOPEXEL N ETILOTNOVLKNA
£€peuva, OMwC autn Sletdyetal otnv akadnuaikn kowotnta, emBupw tnv emiotpodr] HOU OTO
okadnuaiko meptBaiiov, 6mou n cuvepyaoia e poltnTég, Stdackaiia Kal eVPECH VEWV KOLVOTOUWY
6ewv eival mio eAelBepn.

EKTIuw OTL N eumelpio pou oe SLPOPETIKA EPEUVNTIKA TIAVETILOTAMLO KOL LVOTITOUTA, WG AUTH
EKTIOETOL KATWTEPW, e KaBLoTA KatdAAnAo urodridlo yia tnv npoknpuxBeica Béon.

2.2 Npoéodata Epeuvntikad Evbladépovta

OL A€oV TIPOODATEG EPEUVNTIKEG EVAOXOANOELG pou cuvolilovTtal we akoAouBwg:

2.2.1 Drone based EM

Ze AUTO TO EPEUVNTLKO POYPOULA, AvVANTUooW £va drone NAEKTPOUOYVNTLKO CUOTNMA UE Eudaon
OTLG aKOAOUBEG ePOpPLOYEC KAl TTAEOVEKTAUATAL:

Edappoyig

e Xaptoypadnon kat mapakohouBnon dpéokou Baldoolou vepou
e [owotnta emipavelakwy uSETwY (rotduta/kovaiia)

e AypoTikEC epapuoyEC (moldtnta edadoug, pumol, vypacio)

e [lpodotia ppaypdtwy amnod StaBpwon

o Tewloyikég/ popdoloyLKEC edOpUOVEC



KUpLa epeuvnTiKad epwtrparta npog Stepelivnon
To KUPLO EPEVVNTIKA EPWTAMATA, ETIL TWV OTOLWV KAAOU AL VOL omaVTAOW €lval Ta akoAouBa:

e  Xpnon ouoTNUOTOG Pe TTOAATTAEG CUXVOTNTEG Asttoupyiag e XapnAd Bapog (<5 kAwv) ,

e  Meiwon/amoduyn nAektpopayvntikot BopuBou armd to drone,

e BeAtwotonoinon cuvlnkwv ntiong drone (onpo/meploplopdc Bopupou, UPOUETPO, KTA),

e EuéAikto cuotnua yia epapuoyn os Stadopetikd drone, poll e GANEG CUOKEVUEG LETPHOEWV.

JTO OUYKEKPLUIEVO TIPOYPOAUHUO CUHUHUETEXOUV evepynTikd PhD doitntég amd TU Delft, emotnuovikd
TIPOCWTILKO TIou aoxoAeital pe tn Slaxeiplon dedopévwy (Data scientists), etalpeieg die€aywyng
EPELVWV Kal eTalpieg hardware. 1o MAALoLO TOU TPOYPAUUATOG avanTUooovTaL VEoL aAyopLBpol, ot
orolol kat Ba mpémel va AapBdvouv umodn 3d XapaKkTnPLOTIKA, VO EVOWHATWVOUV Sedopéva amd
QAAEC CUOKEUEG ETPNOEWVY, VA EpnVeUOUV SeSopEva KTA.

Karaoulis, M., I. Ritsema, C. Bremmer, and M. De Kleine. “Drone-Borne Electromagnetic (DREM)
Surveying in The Netherlands,” 2020:1-5. European Association of Geoscientists &amp,; Engineers,
2020. https://doi.org/10.3997/2214-4609.202020032.

2.2.2 Fancy-Fusion

H olUvtnén 6e6opévwv moAAamAwy aodntrpwv lval o cuvbuaouog Kat n avaiuon dedopévwy amno
SLPOPETIKEC TINYEC, YLIO VO TIAPEXEL HLOL TILO a€LOTILOTN Kol akpLPBr amavtnon. Mo mapadsypa, ota
avaywpata to £6adoc xapaktnpiletal and SlabopeTIKES LOLOTNTEG OTWCE TUTIO £6Adoug, uSpodopo
opilovta, Tuno PAdctnong KABWG Kal SLadOPETIKEG UNXAVIKEG BLOTNTEG OMwG KAlon, kabilnon,
PWYHEC, BUBLOUO 1} akOpa KAl UTtapEn KOTolkwy Kaotopwv. ETal, £vag Lovo alodntripag Unopsi povo
UEPLKWE va Swaoel akpLpr amavinon. OLStadopeTikég nyég dedopévwy Aappavovtal os StadopeTikd
XPOVO Kal wpLkn avaiuon, dnAadn dedopéva mou culéyovtal anod §opudOpoug VW EXOUV LEYAAN
XwpLKn KaAuyn, dev mapéxouv mMAnpodopieg yla TNV umoyela emiddavela. Amo ta @AAa ta CPT
napéxouv Sebopéva LPNANG avaiuong pe Babog, evw adopolv WLKPOTEPN XWPLKA KGAuyn. H
CUYXWVEUON S€S0UEVWV UMOPEL VA QVTLUETWTIOEL AUTO TO {NTNUA, TIAPEXOVTAS CUMMANPWHOTIKEG
TmAnpodopieg kat petwvovtag tnv apefatdtnta. YIAPXOUV LEPLKEC TIPOKANGCELC ULE TN CUYXWVEUOH
moAvatoBnTnplakwy Sedopévwv:

o MapepBoAn (XPOVIKN KoL XWPLKN) TWV CUVOAWV SE80UEVWV KOL AUTOUATN EMeEEpYACio TWV CUVOAWV
Sebopévwv.

* EUpeon Twv cuvOAwv Sebopévwy Ttou TiepLlypddouv cwaoTd To TPORANUA.

e Avamrtuén HoviéAou Tou va TepAapBAavel TOAATAEG TOPOUETPOUG, TIPOCOPHUOCUEVEG YLa
OUYKEKPLUEVEG eDAPHOYEG. Xprion TEXVNTAC vonuooulvng.

Eva amoé ta KUpla TIAEOVEKTAHATO TNG XPAONG TEXVIKWV ouvtnéng Oedopévwv adopd Tn
oxnuotomnoinon Kal Tmapapetponoinon tou umebddoug. [Miotevetal OtL e TO ouvduOoud
Sladopetikwv ouvolwv Oedopévwy umopel va mpaypatonolnBel ulo mMARPNG TplLodildotatn
oXnUoTonoinon Kot mapapeTpomnoinon tou unedddoug, n omoio UMopel va 0dNyHOEL G GNUAVTLKA
pelwon g afePfatotntag.



Coelho, Bruno Zuada, and Marios Karaoulis. “Data Fusion of Geotechnical and Geophysical Data for
Three-Dimensional Subsoil Schematisations.” Advanced Engineering Informatics 53 (2022): 101671.
https://doi.org/10.1016/j.aei.2022.101671.

2.2.3 BackScatter avaiuon

Ta Multibeam echo sounders (MBESs) eivat xprowpa epyaleia yia tn xaptoypadnon tou mubuéva tng
Bahacocag. Ta tedeutaio €tn €xouv mapouctaoctel pEBodol avaluong Kol XopaKTnpLlopoU Tou
£6adoug mou cuvdiovtal pe TN HEALTN TNG SUvOUN Tou onuatog KabBwg Kal tn xpnon machine
Learning. Ev Tw MAdLolw autol Tou poypAappaTtoc, cuvepyalopal pe PhD ¢pottnti and to TU Delft.

Dijk, TAGP Van, J. Best, M. Karaoulis, P. van Rijnsoever, E. van Onselen, J. Lowag, and M. G.
Kleinhans“Linking Dune Dynamics and Preservation: A Unique Approach Using Multibeam and
Parametric Echo Sounding Time Series, River Waal, Netherlands.” meetingorganizer.copernicus.org,
2022. https.//meetingorganizer.copernicus.org/EGU22/EGU22-8182.html.

2.2.4 Evepyelakn petafaon

H véa oAavdikr kKuBépvnon akoAouBel pLo auotnpr MOALTIKA YLol TO KALUO, HE AMWTEPO OKOTO Vol
EMTUXEL TOUG OTOXOUG TG oupdwviag tou Maplolov. Ta emipavelokd Kal Ta UMOyela LSOt
amnoteAoUV BACIKEG TTNYEG oUCTNUATWY Béppavong, PUEng Kot amobrkeuong BepULKNG EVEPYELAG. 2
ouTn TV £peuva SLEPEUVOULE TIC YEWPUOLKEG HeBOdoug DAS (Katavepnuévn aKouoTikr aviyveuon)
kot ERT (nAektpkn topoypadia avrtiotaonc), yla tnv moapakoAoudnon tng avamtuéng Kot tng
anodoong Twv CUAAOYLKWY CUCTNUATWY Béppavong, otav {eotd vepd eyxéetal oto £6adog yla
anoBnkeuon.

Obando, E., M. Karaoulis, J. Valstar, and A. Chalari. “Cross-Well Tomography Using Das and Ert for
Monitoring Changes Due to Hot-Water Injection in Geothermal Wells,” 2022:1-5. European
Association of Geoscientists &amp; Engineers, 2022. https://doi.org/10.3997/2214-4609.202210788.

2.2.5 Texvikn yewduaolkr — otabepotnta 0To oldnpodpouLko diktuo

Y€ aUTH TNV epyacia, LEAETAE TN OKOTILUOTNTA TNG Topoypadiag nAektpikng avtiotaong (EPT) yia tn
otaBepdtnTa TNG KALONG KOTA MAKOG TOU QVOXWUOTOG OLONPOYPOUMLIKNG Ypauung. H tonoBeoia
SoKLUAC Bpiloketal oto Barendrecht kotd HAKOC TNG ORpOyYAG, OTIOU EMIOKEVAOTNKE Tpoodata n
mAayld Aoyw mpoBAnpatwy actdbelag. To avaxwpa apxlos va oAoBaivel dnplovpywvtag €va
avolypa otnv kopudr mou yEULoE Pe Appo. Me tn BonBsla tng EPT, Soklpdoape av ATav opato To
VEULOUA, TO PABOG Kal TO YEWUETPIKO OXAHMA QUTNG TNG EMLOKEUNG. EmutAfov, Slepeuvolpe tnv
TIAPOUCLA OTWV KATW Ao To otpwua EPS, kabBwg untdpyxouv evbeielg 6tL auto Ba pnopoloe va eivat
N apxn TOU NXaviopoU aotoxiag.

Avapopa 11206720-002

2.2.6 TeXVIKA YEWDUOLKI) — EVIOTILOUOC KOWAOTATWY OE AoTIKO TeptBAAov

AUt N €peuva MOPEXEL MLOL TIPWTN avaAuon g kataBobpag otnv enuddvela Tou SpopoU OTo
Muntplein otig 4 lavouapiou 2021 péow yewdUOIKNG EPeEuvaC. ITOXOG TNG €PEUvAC Elval va
MPOooSLopLOTOUV oL SLACTACELS TG KataBoBpag kat n mbavy mapoucia kal to HéEyeBog GAAwv



Kol\oTATwV. Ta akOAouBa peLVNTIKA EpWTAHATO £XOUV amavtnBel og auTr Tn HEALTN Ue BAon TIg
TAnpodopieg kal TIg avaluoels. OL TPOKATAPKTIKEG EPEUVECG OTA EPWTHMOTA ELval oL €ENG:

1: Noleg NAEKTPOUOYVNTIKEG YEWDUOIKEG TEXVIKEG elvol KATAAANAEG yla TOV TPOOSLOPLOUO TWV
Slaotaoswv tng Katafobpag katw and to Muntplein;

2: Evtonicope avwpalieg mou eival mapopoLEG e TNV KOTaBOBpa otnv meploxn LEAETNG;

3: Nwg pmopolV va xpnotluomnolnBouv ot péBodol yla tnv enibswpnon tou unedadoug Kal Tov
EVTOTILOUO KaTaBoBpwv o€ AAAQ oNUELO TOU AUCTEPVTAY;

Avapopa 11206854-001
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4. Zuyypadko €pyo - Alota SNUOCLEVEVWY EPYACLWY

Ol epyaoieg, TIg omoleg, avd SlaoTApata, £XW EKMTOVAOEL, KATNYOPLOTIOLOUVTAL OE TPELG TUTIOUC:
a) AplBunTikég péBodol, véol alyoplopol.

b) Yépoyewduoikég epapuoyég, OmMou PEAETW TN XPNON TNC YEWPUOLKAG O USPOYEWAOYIKA
niepBarlovIoAoyIKA Kal yewBOepUIKA BEpaTa.

¢) MnXoVIKEG EDAPUOYEC, OTIOU UEAETW TN XPHON YEWDUOIKNG OE TEXVIKA £pYal.

Me Bdon Tov TUMO epyaciag, To TEePLEXOUEVO TpPOToOmoleital avoloyws. Emi mopadeiypartt, oe
oplBuNTIKEG epyaoieg, mpoomabw va koatadeifw oAa ta amoapaitnta PApaTa Kol €ELOWOELS TTOU
xpelaovtal, WoTE va UToPEL 0 avayvwaoTtng vo EMOVAAABEL TOL ATTOTEAECOTO. T€ TEXVIKEG EPYAOILEC,
Selyvw - ev ouvtopia - Tn LEB0SO pe avadopEg yla epaltépw avaluaon Kot eoTldlw otnv edpappoyn
KoL 0TO TL Wolaitepo €Aafe xwpa, wote va e€oxOel €va CUYKEKPLUEVO ATMOTEAEOUA, KOOWG KoL oTOV
TPOTIO LLE TOV OTOL0 0 avayvwoTnG Ba Umopeoel va thv epapUdosl o€ avtiotolyo SIKO Tou MPOBAnUa.

OL SnuooLeUpéVEG pyaoieg pou, Epav tng SLdakToplkng pou datpBng, n omola mapouaotaletal
oautoteAwe otov Mivaka |, katoxwpndnkav oto ANEAAA pe ovopa apyeiov, onwe epdalvetal otnv
oplotepn otnAn Tou mopoakdatw Mivaka Il (r.x Abdulsamad, F., A. Revil, A. Soueid Ahmed, A. Coperey,
M. Karaoulis, S. Nicaise, and L. Peyras. “Induced Polarization Tomography Applied to the Detection
and the Monitoring of Leaks in Embankments.” Engineering Geology 254 (2019): 89-101.
https://doi.org/10.1016/j.enggeo.2019.04.001 sival to apxeio pEpov kwdiko 01.pdf)

MNINAKAZ |

Abaktoplkn StatpLpn
Avartuén alyopiBuwv Slaxpovikng avtiotpodng yeWNAEKTPLIKWY SeSoUEVWV

MINAKAZ 11

Kwbikog apyeiov

(xx.pdf) BifAoypadia

Abdulsamad, F., A. Revil, A. Soueid Ahmed, A. Coperey, M. Karaoulis, S.
Nicaise, and L. Peyras. “Induced Polarization Tomography Applied to the
01 Detection and the Monitoring of Leaks in Embankments.” Engineering
Geology 254 (2019): 89-101.
https://doi.org/10.1016/j.enggeo.2019.04.001.

Araji, A. H., A. Revil, A. Jardani, B. J. Minsley, and M. Karaoulis. “Imaging
with Cross-Hole Seismoelectric Tomography.” Geophysical Journal

02 International 188, no. 3 (March 2012): 1285-1302.
https://doi.org/10.1111/j.1365-246X.2011.05325.x.
Coelho, Bruno Zuada, and Marios Karaoulis. “Data Fusion of Geotechnical
03 and Geophysical Data for Three-Dimensional Subsoil Schematisations.”

Advanced Engineering Informatics 53 (2022): 101671.
https://doi.org/10.1016/j.aei.2022.101671.



https://doi.org/10.1016/j.enggeo.2019.04.001

04

Delsman, Joost R., Esther S. van Baaren, Bernhard Siemon, Willem
Dabekaussen, Marios C. Karaoulis, Pieter S. Pauw, Tommer Vermaas, et al.
“Large-Scale, Probabilistic Salinity Mapping Using Airborne
Electromagnetics for Groundwater Management in Zeeland, the
Netherlands.” Environmental Research Letters 13, no. 8 (July 2018): 084011.
https://doi.org/10.1088/1748-9326/aad19e.

05

Haas, A. K., A. Revil, M. Karaoulis, L. Frash, J. Hampton, M. Gutierrez, and M.
Mooney. “Electric Potential Source Localization Reveals a Borehole Leak
during Hydraulic Fracturing.” GEOPHYSICS 78, no. 2 (2013): D93-113.
https://doi.org/10.1190/ge02012-0388.1.

06

Huizer, S., M. C. Karaoulis, G. H. P. Oude Essink, and M. F. P. Bierkens.
“Monitoring and Simulation of Salinity Changes in Response to Tide and
Storm Surges in a Sandy Coastal Aquifer System.” Water Resources
Research 53, no. 8 (2017): 6487—6509.
https://doi.org/10.1002/2016WR020339.

07

Ikard, S. J., A. Revil, M. Schmutz, M. Karaoulis, A. Jardani, and M. Mooney.
“Characterization of Focused Seepage Through an Earthfill Dam Using
Geoelectrical Methods.” Groundwater 52, no. 6 (2014): 952—65.
https://doi.org/10.1111/gwat.12151.

08

Karaoulis, M. C., J.-H. Kim, and P. I. Tsourlos. “4D Active Time Constrained
Resistivity Inversion.” Journal of Applied Geophysics 73, no. 1 (2011): 25-34,
https://doi.org/10.1016/j.jappgeo.2010.11.002.

09

Karaoulis, M., A. Revil, and D. Mao. “Localization of a Coal Seam Fire Using
Combined Self-Potential and Resistivity Data.” International Journal of Coal
Geology 128-129 (2014): 109-18.
https://doi.org/10.1016/j.coal.2014.04.011.

10

Karaoulis, M., A. Revil, B. Minsley, M. Todesco, J. Zhang, and D.D. Werkema.
“Time-Lapse Gravity Inversion with an Active Time Constraint.” Geophysical
Journal International 196, no. 2 (November 2013): 748-59.
https://doi.org/10.1093/gji/ggt408.

11

Karaoulis, M., A. Revil, P. Tsourlos, D. D. Werkema, and B. J. Minsley. “IP4DI:
A Software for Time-Lapse 2D/3D DC-Resistivity and Induced Polarization
Tomography.” Computers & Geosciences 54 (2013): 164-70.
https://doi.org/10.1016/j.cageo.2013.01.008.

12

Karaoulis, M., A. Revil, J. Zhang, and D. D. Werkema. “Time-Lapse Joint
Inversion of Crosswell DC Resistivity and Seismic Data: A Numerical
Investigation.” GEOPHYSICS 77, no. 4 (2012): D141-57.
https://doi.org/10.1190/ge02012-0011.1.

13

Karaoulis, M., P. Tsourlos, J.-H. Kim, and A. Revil. “4D Time-lapse ERT
Inversion: Introducing Combined Time and Space Constraints.” Near Surface
Geophysics. European Association of Geoscientists &amp; Engineers, 2014.
https://doi.org/10.3997/1873-0604.2013004.




14

Karaoulis, M., D. D. Werkema, and A. Revil. “2D Time-Lapse Seismic
Tomography Using an Active Time-Constraint (ATC) Approach.” The Leading
Edge 34, no. 2 (2015): 206—-12. https://doi.org/10.1190/tle34020206.1.

15

Karaoulis, Marios, Pauline P. Kruiver, Victor Hopman, and Bob Beuving.
“Geo-Electrical Detection of Impermeable Membranes in the Subsurface.”
Applied Sciences 12, no. 3 (2022). https://doi.org/10.3390/app12031555.

16

King, Jude, Gualbert Oude Essink, Marios Karaoulis, and Marc F. P. Bierkens.
“A Practical Quantification of Error Sources in Regional-Scale Airborne
Groundwater Salinity Mapping.” Environmental Research Letters 15, no. 7
(June 2020): 074002. https://doi.org/10.1088/1748-9326/ab7h23.

17

King, Jude, Gualbert Oude Essink, Marios Karaoulis, Bernhard Siemon, and
Marc Bierkens. “Quantifying Geophysical Inversion Uncertainty Using
Airborne Frequency Domain Electromagnetic Data - Applied at the Province
of Zeeland, the Netherlands.” Water Resources Research 54 (October 2018).
https://doi.org/10.1029/2018WR023165.

18

MaclLennan, Kris, Marios Karaoulis, and André Revil. “Complex Conductivity
Tomography Using Low-Frequency Crosswell Electromagnetic Data.”
GEOPHYSICS 79, no. 1 (2014): E23-38. https://doi.org/10.1190/ge02012-
0531.1.

19

Meyerhoff, Steven B., Marios Karaoulis, Florian Fiebig, Reed M. Maxwell,
André Revil, Jonathan B. Martin, and Wendy D. Graham. “Visualization of
Conduit-Matrix Conductivity Differences in a Karst Aquifer Using Time-
Lapse Electrical Resistivity.” Geophysical Research Letters 39, no. 24 (2012).
https://doi.org/10.1029/2012GL053933.

20

Meyerhoff, Steven B., Reed M. Maxwell, André Revil, Jonathan B. Martin,
Marios Karaoulis, and Wendy D. Graham. “Characterization of Groundwater
and Surface Water Mixing in a Semiconfined Karst Aquifer Using Time-Lapse
Electrical Resistivity Tomography.” Water Resources Research 50, no. 3
(2014): 2566—85. https://doi.org/10.1002/2013WR013991.

21

Noorlandt, Rik, Pauline P. Kruiver, Marco P. E. de Kleine, Marios Karaoulis,
Ger de Lange, Antonio Di Matteo, Julius von Ketelhodt, et al.
“Characterisation of Ground Motion Recording Stations in the Groningen
Gas Field.” Journal of Seismology 22, no. 3 (May 1, 2018): 605-23.
https://doi.org/10.1007/s10950-017-9725-6.




22

Power, Christopher, Jason I. Gerhard, Marios Karaoulis, Panagiotis Tsourlos,
and Antonios Giannopoulos. “Evaluating Four-Dimensional Time-Lapse
Electrical Resistivity Tomography for Monitoring DNAPL Source Zone
Remediation.” Journal of Contaminant Hydrology 162—-163 (2014): 27-46.
https://doi.org/10.1016/j.jconhyd.2014.04.004.

23

Power, Christopher, Jason I. Gerhard, Panagiotis Tsourlos, Pantelis Soupios,
Kleanthis Simyrdanis, and Marios Karaoulis. “Improved Time-Lapse
Electrical Resistivity Tomography Monitoring of Dense Non-Aqueous Phase
Liquids with Surface-to-Horizontal Borehole Arrays.” Journal of Applied
Geophysics 112 (2015): 1-13.
https://doi.org/10.1016/j.jappgeo.2014.10.022.

24

Revil, A., G. Barnier, M. Karaoulis, P. Sava, A. Jardani, and B. Kulessa.
“Seismoelectric Coupling in Unsaturated Porous Media: Theory,
Petrophysics, and Saturation Front Localization Using an Electroacoustic
Approach.” Geophysical Journal International 196, no. 2 (November 2013):
867-84. https://doi.org/10.1093/gji/ggt440.

25

Revil, A., A. Coperey, Z. Shao, N. Florsch, I. L. Fabricius, Y. Deng, J. R.
Delsman, et al. “Complex Conductivity of Soils.” Water Resources Research
53, no. 8 (2017): 7121-47. https://doi.org/10.1002/2017WR020655.

26

Revil, A., S. Cuttler, M. Karaoulis, J. Zhou, B. Raynolds, and M. Batzle. “The
Plumbing System of the Pagosa Thermal Springs, Colorado: Application of
Geologically Constrained Geophysical Inversion and Data Fusion.” Journal of
Volcanology and Geothermal Research 299 (2015): 1-18.
https://doi.org/10.1016/j.jvolgeores.2015.04.005.

27

Revil, A,, J. D. Eppehimer, M. Skold, M. Karaoulis, L. Godinez, and M. Prasad.
“Low-Frequency Complex Conductivity of Sandy and Clayey Materials.”
Journal of Colloid and Interface Science 398 (2013): 193—-209.
https://doi.org/10.1016/j.jcis.2013.01.015.

28

Revil, A., M. Karaoulis, T. Johnson, and A. Kemna. “Review: Some Low-
Frequency Electrical Methods for Subsurface Characterization and
Monitoring in Hydrogeology.” Hydrogeology Journal 20, no. 4 (June 1,
2012): 617-58. https://doi.org/10.1007/s10040-011-0819-x.

29

Revil, A., M. Karaoulis, S. Srivastava, and S. Byrdina. “Thermoelectric Self-
Potential and Resistivity Data Localize the Burning Front of Underground
Coal Fires.” GEOPHYSICS 78, no. 5 (2013): B259-73.
https://doi.org/10.1190/ge02013-0013.1.

30

Revil, A., D. Mao, A. K. Haas, M. Karaoulis, and L. Frash. “Passive Electrical
Monitoring and Localization of Fluid Leakages from Wells.” Journal of
Hydrology 521 (2015): 286—301.
https://doi.org/10.1016/j.jhydrol.2014.12.003.




31

Revil, A., M. Skold, M. Karaoulis, M. Schmutz, S. S. Hubbard, T. L. Mehlhorn,
and D. B. Watson. “Hydrogeophysical Investigations of the Former S-3
Ponds Contaminant Plumes, Oak Ridge Integrated Field Research Challenge
Site, Tennessee.” GEOPHYSICS 78, no. 4 (2013): EN29-41.
https://doi.org/10.1190/ge02012-0177.1.

32

Revil, A., Y. Wu, M. Karaoulis, S. S. Hubbard, D. B. Watson, and J. D.
Eppehimer. “Geochemical and Geophysical Responses during the
Infiltration of Fresh Water into the Contaminated Saprolite of the Oak Ridge
Integrated Field Research Challenge Site, Tennessee.” Water Resources
Research 49, no. 8 (2013): 4952-70. https://doi.org/10.1002/wrcr.20380.

33

Revil, André, Magnus Skold, Susan S. Hubbard, Yuxin Wu, David B. Watson,
and Marios Karaoulis. “Petrophysical Properties of Saprolites from the Oak
Ridge Integrated Field Research Challenge Site, Tennessee.” GEOPHYSICS
78, no. 1(2013): D21-40. https://doi.org/10.1190/ge02012-0176.1.

34

Rittgers, J. B., A. Revil, M. Karaoulis, M. A. Mooney, L. D. Slater, and E. A.
Atekwana. “Self-Potential Signals Generated by the Corrosion of Buried
Metallic Objects with Application to Contaminant Plumes.” GEOPHYSICS 78,
no. 5(2013): EN65-82. https://doi.org/10.1190/ge02013-0033.1.

35

Rittgers, J.B., A. Revil, M.A. Mooney, M. Karaoulis, L. Wodajo, and C.J.
Hickey. “Time-Lapse Joint Inversion of Geophysical Data with Automatic
Joint Constraints and Dynamic Attributes.” Geophysical Journal
International 207, no. 3 (September 2016): 1401-19.
https://doi.org/10.1093/gji/ggw346.

36

Sava, P., A. Revil, and M. Karaoulis. “High Definition Cross-Well Electrical
Resistivity Imaging Using Seismoelectric Focusing and Image-Guided
Inversion.” Geophysical Journal International 198, no. 2 (June 2014): 880—
94, https://doi.org/10.1093/gji/ggul66.

37

Siemon, Bernhard, Esther van Baaren, Willem Dabekaussen, Joost Delsman,
Wim Dubelaar, Marios Karaoulis, and Annika Steuer. “Automatic
Identification of Fresh—Saline Groundwater Interfaces from Airborne
Electromagnetic Data in Zeeland, the Netherlands.” Near Surface
Geophysics. European Association of Geoscientists &amp; Engineers, 2019.
https://doi.org/10.1002/nsg.12028.

38

Zhou, J., A. Revil, M. Karaoulis, D. Hale, J. Doetsch, and S. Cuttler. “Image-
Guided Inversion of Electrical Resistivity Data.” Geophysical Journal
International 197, no. 1 (February 2014): 292—-309.
https://doi.org/10.1093/gji/ggu001.




5. 2uvedpla

Ta apyeio ouppeToxwv pou os dleBvn ouvédpla, kataxwpndnkav oto AMEAAA e dvopa apyeiou,
OMw¢ epdaivetal otnv aplotepr otnAn tou katwbL Nivaka I (r.x Bauman, Paul, Franklin Koch, Rosa
La, Landon Woods, Marco de Kleine, Marios Karaoulis, Jelle Buma, et al. “LONG TERM MONITORING
OF UNDERGROUND ENERGY STORAGE USING FIBRE OPTICS.” In Symposium on the Application of
Geophysics to  Engineering and  Environmental  Problems 2016, 324-33, 2016.
https://doi.org/10.4133/SAGEEP.29-058. eival to apxeio dp€pov kKwdkd c02.pdf). Aleukpiviletal otL
omnou 6ev avadEépetal otny aplotepr otnAn tou Mivaka I aAdoaplBUNTIKOG KWSLKOC, N CUKLETOXN LOU
oTO oUVESPLO €Aafe xwpa dla tng mapouaciacng poster )} TPodopLKAG MOPEUPACNG 1) N ETULTPOTIH TOU
ouvedpiou dev dnuoocicuoe mpaktikd. H elpeon, wotdoo, Tou cuvedpiou gival mavrote ¢kt dla
avalntnoswg oto dtadiktuo.
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6. EEwTEPLKA EPEVVNTIKA TIPOYPAU AT

MNapakatw napatiBetal pla Alota pe Tnv meplypadr] Twv MPOoyPAUUATWY ota omnoia EAaBa pépog. H
napabeon akoAouBel tov TPOMO pE TOV OMOI0 TO TMPOYPAUMOTA AUTA £XOUV KatoaxwpnBel oto
£0WTEPLKO clotnua avadopwv TN DELTARES n onwg €xouv emikowvwvnBel otov meldtn (otnv
AyyAlkn vAwooa). Oplopéveg amd TG avadopég dev avadépouv ovopacia meploxng n Oev
nepthappavouv  avadopd OTA AMOTEAECHUATA, KATOTILV OXETIKAG Omaitnong tou meAdtn, yla
Aoyoplaopd Tou omoiou UulomolnBnke TO mPoOypappa. H mopdabeon adopd UEPOC TNG
nipaypatonolBeioag £peuvag Twv TeEAeUTAlWY 8 €TWV Kal lval EVOELKTIK KAl OXL TIEPLOPLOTLKN. XTOV
napakdatw Mivaka IV napatiBetal n Alota, VW UTTOTUAMO AUTWV TWV TPOYPAUUATWY TtapatiBetal kot
UE elkovoypadnUéVo Tpomo. O aplBUNTIKOS KWOLKOC Ttou epdaivetal otnv aplotepn othAn tou Mivaka
IV elval katl o KwOLKOE, e TOV oTtolo To avtiotolyo apxeio £xel avaptnOei oto AMEAAA.

NINAKAZ IV

method, transient electromagnetic methos and borehole logging,

joint evaluated to evaluate the feasibility of the area for water storage.
11200173-002

vewAoyiko unéBabpo tou Kota Bharu.

In this report we describe the geophysical field activities that took place in Kota
Bharu, in August 2018. Deltares surveyed the area using seismic reflection

understand the geological background of Kota Bharu. All results analyzed and

Ye autnVv thv avadopd eplypAddoupe TIC YEWPUOLKES Spaotnplotnteg nediou
Tiou TipaypatomnowBnkav oto Kota Bharu, tov Alyouoto tou 2018. H Deltares
€peUVNOE TNV TEPLOXN XPNOLUOTOLWVTAG HEBOSO OELOUIKNG OvVAKAAONC,
NAeKTpopayvNTIKA LEBOSO Kal Kataypadr YEWTPNOEWY, VLA VO KATOVONOEL TO

and configurations sensitive to background electrical resistance.

11200185-001

NAEKTPLKA avTiotoon Tou meplBAaAlovtog.

Deltares has carried out a phased method development for determining the
location of a foil construction in the subsoil, originally for the purpose of
widening the A27. The method is based on electrical resistance tomography
(ERT) due to the high electrical resistance of the foil relative to the surrounding
substrate. Modeling of ERT has shown that two types of electrode
configurations are useful: configurations sensitive to the presence of the foil

H Deltares mpayuatonoinoe pa otadlakn avamtuén pebddou yla Tov
MPocSLoplopo NG B€ong pLag Kataokeung puAAou oto unédadoc, apxLKa Ue
okomo tn Olevpuvon tou A27. H péBodog Paociletalr otnv topoypadia
NAekTpLkAC avtiotaong (ERT) Adyw tng uPnAnc nAekTplkng avtiotaong tou
dUAN\oU ot oxéon pe to TeplBaAAov umtdoTpwpa. H povtelomoinon tou ERT
£6el€e otL SUo tUmMoL Slataéng nAsktpodiwv eival yxpriolpol:  Slatdelg
gvailoBnteg otnv mapoucia tou ¢GUAoU Kal Stotdfelg svaicBntec otnv




11200306-005

The aim of the first three sub-assignments of the TOPSOIL: FRESHEM for GO-
FRESH Flanders project is to realize a three-dimensional electrical conductivity
distribution of the groundwater based on airborne EM measurements in
combination with a-priori data, advanced model techniques, knowledge of the
groundwater system and hydrogeology. This combined approach is necessary
to achieve the desired end result.

O oT0X0G TWV TPLWV TIPWTWV EMIUEPOUG epyaclwv tou €Epyou TOPSOIL:
FRESHEM for GO-FRESH Flanders €ivat n ulomoinon plag tpLodlaotatng
KOTOVOUNG NAEKTPLIKAG OYWYLHOTNTOG TWV UTOYEWwV USATWV Pe Baon Tig
uetpnoelg EM oe ouvbuoopo pe O6eSouévo a-priori, TPONYUEVEG TEXVIKEG
HOVTEAWYV, YVWON TOU CUCTAUOTOG UTIOYELWV USATWY Kal TNG uSpoyswAoyiog.
AUt n ouvduaoTIKA TPOCEyylon eival amapaitntn ywo va emniteuxBel to
EMBUUNTO TEALKO QTIOTEAECUAL..

11200415-003

Confidential - The Scoping & Feasibility Study has identified Electrical Resistivity
Tomography (ERT) and Fiber Optical Monitoring (FO) as possibly valuable
technology for Smart Dike monitoring at Singapore. There are however several
aspects that require further investigation

Epmioteutikd - H MeA£€tn OploBetnong & Ikomuuotntag £xet mpoodlopiosl TNV
Topoypadia nAektpikng avtiotaong (ERT) kot tnv mapakoAouBbnon pe xpron
OMTIKWV WV (FO) wg mBavwg MoAUTLUEG TEXVOAOYLEC yLa TNV TtapakoAouBnon
Smart Dike otnv ZiykamoUpn. QoTto600, UTIAPXOUV TIOAAEG TITUXEG TTOU ATIALTOUV
nepaltépw Slepelivnon

11200482-003

During the construction of a new primary flood defense system in Perkpolder in
2014, thermally cleaned soil (TWA) was used. This report describes a set of
geophysical measurements that were performed on two stretches of the barrier
in Perkpolder: at the location of a west-east oriented dike (W-E dike), where
thermally cleaned soil (TWA) was applied in the western part; and on the north-
south oriented old dyke (N-S dyke), where no TWA material has been applied.
The aim of the geophysical measurements is to investigate whether the TWA
material differs from natural sand material.

Katd tnv KoTtaoKeun €VOC VEOU TMPWTOYEVOUC CUCTAATOC OVTUTANLMUPLKAG
aupuvag oto Perkpolder to 2014, ypnoiuomolBnke Bepuikd kabaplopévo
gdadog (TWA). Aut n avadopd meplypddel €va OUVOAO YEWDUOLKWV
LETPNOEWV TIOU Tpaypotonow)Bnkav oe dU0 TUAMATA TOU PPAYUOTOG OTO
Perkpolder: otn 8£0n evog avoxwpatog SUTKOU-avaToALKOU TTPOCAVATOALOOU
(W-E avaywpa), orou edpapuootnke Beputkd kabaplopévo £dadog (TWA) oto
SUTIKO TUAUA, KOL OTO TIOALO avaxwua Boppd-votou mpooavatoAopol (N-S
ovayxwpa), omou Sev €xel epoppootel UAIKO TWA. O 0ToX0C TwV YEWDUGCLKWV
HETPNOosWV elval vo SlepeuvnBel edv to UAIKO TWA Sladépet amd 1o Guoko
UALKO QupoU.

11200537-011

The main goal of the project is to determine if the system (as configured) will be
able to record and monitor fluctuations in the local electric field that are caused
by changes in subsurface seepage/ground water flow (and any related changes
to streaming potential signals, e.g. Revil at al, 2012). Ultimately, Deltares would
like to use these passive geophysical data to evaluate the length of the pipe
feature, and to determine if the seepage/pipe is worsening (backwards
propagation).




O kUpLoG 0TOXOC TOU £€pyou elval va poaSloplosl edv To cuoTnua (OTwe £XEL
SlopopdwBel) Ba eival os Béon va kataypddel kal va TapakolouBel
SLOKULAVOELG OTO TOTILKO NAEKTPLKO TieSio Ttou tpokaAoUvTal amo oAAayEG oTnv
UTIOyeLla Slappon/tn porn Tou UTOYEloU vePoU (KoL OTIOLEGSNTIOTE OXETLKEG
oAAayEg ota onpata Suvapkng pong, T.. Revil at al, 2012). TeAwka, n Deltares
Ba nBeAe va XpNOLUOTOLACEL QUTA T TTABNTIKA YEWPUOLKA deSopéva yia va
a€LOAOYNOEL TO UNKOG TOU XOPAKTNPLOTIKOU TOU CWwANVva Kal va kaBoploel eav
n Stappon/ocwlnvag emibswvwvetal (5ladoon mpog ta riow).

11201350-002

This part of the IVO-O is performed as a combination of geophysical survey
methods. With the Electrical Resistivity Tomography measurement system
(ERT), the layer structure of the underwater bed of Extraction wells 3 and 4 has
been mapped to 16 m —NAP (Pleistocene subsoil). With the data from CPTs
performed especially for this purpose, the measurement results of the ERT have
been validated and the NAP height of the layer units mapped by ERT has been
determined.

AUTO To TUAUA Tou IVO-O ekteleital w¢ ocuvouaopog HeBOSwWY YewdUOIKNG
£peuvag. Me to cuotnua HEtpnong Topoypadiog nAektpkng avtiotaong (ERT),
n doun unedadouc twv nnyadlwv e€6puéng 3 kat 4 £xel xaptoypadnbei oe 16
m —NAP (umédadog MAelotokatvou). Me ta Sedopéva amd ta CPT mou
£KTEAOUVTAL ELSLKA YLOL TO OKOTIO AUTO, £X0UV ETUKUPWOEL Ta amoteAéopata Twv
uetpnoswv tng EPT kat €xel mpoaodioplotel to UPog NAP Ttwv yewAoyLlKWV
HoVASWV oTpWwaong ou £xeL xaptoypadnaoet n EPT.

11201808-008

This report is part of a comprehensive analyses for PUB to improve
understanding of the behaviour of the Singapore groundwater system in a
regional context. It describes analyses of a diverse range of geophysical data
that were initially executed and straightforward processed by Kiso-Jiban in 2017
for five research locations in Singapore; the re-processing of these data; and the
interpretation of these re-processed results towards subsurface insights. The
objectives of this report are to determine the efficacy of these geophysical data
to inform on the geohydrological system; whether these data are of high
enough quality; and how they should be further used and developed to best fill
in the hydrogeological knowledge gaps in the complex hydrogeological system
of Singapore.

AuTi n €kBeon amoteel HEPOG pLag oAoKANpwHEVNG avaAuong yia To PUB yla
™ PBeAtiwon g KATAVONONG TNG CUUMEPLGOPAG TOU CUCTAATOC UTIOYELWY
LVSATWY TNE ZLYKAmoUpng ot €va Tepldepelako mAaiolo. Meplypadel avalloelg
pog TolkAlag yewduolkwv SeSopévwy TIOU OPXIKA €KTEAEOTNKAV Kol
umoBAROnkav oe dueon emefepyaocia anod tov Kiso-liban to 2017 yia mévte
£PEVVNTIKEG TOMOBeoieg otn Xykamolpn; TNV emavenefepyacio aUTWV Twv
Sebouévwy; KAl N EPUNVELD AUTWY TWV EMOVENEEEPYOOUEVWY KATOANYEL OF
UTtoETILDAVELAKES YVWOELG. OL oTOXOL aUTNG TNG £KkBeonG elval va ipoodiloplotel
N AMOTEAECUATIKOTNTA AUTWV TWV YEWDUGOIKWY SE60UEVWV WG TTPOC TN yvwon
OXETIKA HE TO YewUSpoAoyLkd cloTtnua, edv autd ta dsdopéva eival apKetd
vPnAng mowdtnTag kot Tw¢ Oa mpémel va xpnotpomownBolv  Kal va
ovamtuxbolv Tmepattépw vyl va kKaAudpBoUv KaAUTepa TA KEVA TNG
UOPOYEWAOYIKNG Yyvwong oOTo oUVBeTo USpPoyewAOYIKO ocUOTNUA  TNG
Zykamoupng.

11202072-005

EM measurements to understand the heterogeneity within a levee system, to
assess the stability over time (risk analysis).




Metproelg HM yla tnv Katavonon tng €TEPOYEVELAG UECA O €va oUOTNU
QVaXWHUATWY, yla TNV afloAdynon thg otabepdtnTag Le Thv apodo Tou Xpovou
(avaAuon kwvduvou)

11202189-011

This report presents measurements and monitoring of piping at two pilot
locations (Herxen and Hellauw, the Netherlands), using the geoelectrical
technique. In this work we study the feasibility of Electrical Resistivity
Tomography (ERT) and Self potential (SP) into the measure and monitoring
piping.

AUt n €kBeon mMapoucLAlEL LETPNOELG KOl TTOPAKOAOUONGON CWANVWOEWVY OE
600 mAotikeg tomoBeaieg (Herxen kat Hellauw, OAAavéia), xpnoylomnolwvrag
TN YEWNAEKTPLKN TEXVLKN. L€ AUTAV TNV EPYAOCLA LEAETAUE TN OKOTILLOTNTA TNG
topoypadiag nAektpikig avtiotaong (ERT) kattou puoikol Suvapikou (SP) oto
HETPO KAl CWANVWOELS TapakoAouBnonc.

11202460-006

The aim of the measurements presented here is to map the spatial and
temporal variation of the leaching of fertilizer salts. This gives us more
information and insight into the factors (such as crop choice and soil properties)
and events (such as harvesting and rainfall) that lead to nutrient losses. The
results provide starting points for improving existing leaching models and for
taking the right measure in the right place.

2TOX0C TWV HETPHOEWV ToU Ttapouactalovtal edw eival va xoptoypadnbel n
XWPLKN KOl XpOVLIKN StakUpaven TG EKMAUCNG TwV 0AATWY Atmaoudtwy. Autd
pog Sivel meploodtepeg MANPodopieg Kal SLOPATIKOTNTA YL TOUG TTOPAYOVTEG
(6mwg n emAoyn Twv KOAALEPYEWWVY Kol oL L8Lotnteg tou edadoug) Kal Ta
yeyovota (Omwe n cuyKouLsr Kol ol BPOXOTTWOELG) TIOU 08NYyoUV O OTWAELEG
OPEMTIKWY CUCTATIKWY. Ta AMOTEAECUATO TIOPEXOUV CNUELA EKKIVNONG yLa TN
BeAtiwon Twv UPLOTAPEVWY HOVTEAWV EKTTAUONG KoL yio Tt ANPn tou cwotou
UETPOU oTn owotn Ban.

11202663-005

In august 2017 Deltares conducted an infiltration test at a dike section along the
‘Kattendijk’ at ‘Gouderak’. The purpose of this field test was to investigate the
amount of infiltration water into the dike body due to wave overtopping. The
test which was scheduled for 10 hours had to be stopped after 1 hour due to an
occurring instability. The instability could afterwards be contributed to a sand
inclusion (appr. 3x3x0.8m). After this first infiltration test, Deltares was asked
to conduct a second infiltration test along a different dike section along the
‘Groenendijk’ between ‘Klein Hitland’ and ‘Groot Hitland’. The geophysical site
investigation was conducted in order to identify a suitable dike section without
such sand inclusions in the clay body.
The geophysical site investigation consisted of a GPR and EM survey. The
historical data revealed a clay dike which should be relative clear of sand
inclusions. However the ‘Groenendijk’ between ‘Klein Hitland’ and ‘Groot
Hitland’ was severely dikeaged after the 1953 storm and historical data cannot
exclude possible sand reinforcements as emergency measures in the immediate
aftermath of the 1953 storm. Hence the necessity of a 3D investigation methods
in addition to the more ‘classical’ site investigation methods like CPT’s and
borings.

Tov Alyouoto tou 2017 n Deltares mpaypatonoinoe pia Sokiun dielobuong oe
£Va TUAMO avoayxwpato¢ Katd unko¢ tou «Kattendijk» oto «Gouderak». O
OKOTIOG QUTAG TNG SOKLUNG Tedlou ATav va SLEPEUVHOEL TNV TTIOCOTNTA TOU




vepoU Sleiocbuong OTo CWHA TOU avaxwpatog Adyw umépBaong Kupatwy. To
TEOT MOV eiXe mpoypappatiotel yia 10 wpec Empene va Slakomel petd amno 1
wpa Aoyw pLag aotabelag. H aotabela Ba prmopolos 6T CUVEXELA VO GUPBAAEL
o eyKAelOPO appou (mep. 3x3x0,8m). Metd amd autrv TV TPpWTn SoKLUn
Sleloduong, {ntnBnke amd tov Deltares va MPAyUATONMOLNOEL UL SEUTEPN
Sokiun Sleloduong Kata UAKog evocg SLadopETIKOU TUALOTOC OVAXWUATOS KATA
unkog tou «Groenendijk» petaty tou «Klein Hitland» kat tou «Groot Hitland».
H vewdualkn Slepevivnon tng Béong S1e€nxOn yLo Tov eVIOMIGUO KATAAAnAou
TUAMOTOG QVOXWHATOC XWPLG TETOLA EYKAE(OUATA AUUOU OTO WA apyiAou.

H €peuva yewduolkng tonobeoiag cuvictato oe £peuva GPR kat EM. Ta
LoToplka Sebopéva amokGAu P av Eva mRALWVO avaywpa iou Ba EMpeTe va ival
OXETIKA K0Bapo amod eykAelopata appou. Qotoco, to «Groenendijk» petal
tou «Klein Hitland» kat tou «Groot Hitland» katakAUoBnke coPfapd peTA TNV
Katalyida tou 1953 kal ta LoTtoplkd dedopéva Sev PUmopolv vo. amokAEiocouV
TUOAVECG eVIOYXUOELG PE AUUO WG METPA EKTAKTNG OVAYKNG OUECWE HETA TNV
Katalyida tou 1953. E€ ou Kal n avaykalotnta pebodwv 3D épsuvag emumAéov
TWV Lo «KAOOIKWV» HeBOSwWV £peuvag tonoBeaiag, ormwe ta CPT kat ta borings.

11202743-002

The distribution of sea bed sediments is relevant in understanding both physical
processes and ecology in the marine environment. Modern and innovative
techniques allow for high-resolution measurements for sediment mapping. In
this project, we collected multibeam bathymetry and backscatter data, as well
as box core samples for ground truthing, in and around the two sand extraction
pits for Maasvlakte 2, offshore Rotterdam, Netherlands. We applied a Bayesian
bed classification technique, as developed by Delft University of Technology, in
order to create a high-resolution acoustic sediment classification map. This
project is meant to be a pilot study, also aimed at knowledge exchange.
Therefore, bed classification results are preliminary. The acoustic bed
classification results in 4 acoustic classes. Assigning sediment characteristics, as
derived from grain-size analyses of the box core samples, to the acoustic classes
results in an acoustic sediment map. Differences in sediment characteristics in
the study area are subtle, and yet the acoustic techniques are able to
differentiate between these characteristics. The correlation of sediment
characteristics to acoustic classes revealed that median grain size and mud
content alone were not fully discriminative and that sediment sorting and gravel
content correlated well to the acoustic classes. The influence of gravel content
and other sediment and/or bed characteristics, such as thin mud drapes or
benthic fauna, are discussed in this report. The absence of mud layers at the
bed in 19 of 21 box core descriptions, grain-size analyses and 4 water samples
suggest that the pit is not being filled in with mud at a significant rate. However,
two fine-grained samples in the eastern part of the pit fall within an acoustic
class that occurs in the eastern area that was first abandoned for dredging
activities, which could imply that fine sediments are slowly accumulated. More
rigorous interpretation of the method, resulting bed classification map and
assignment of samples is required to fully understand the sedimentological
conditions of these sand pits.

H katavoun twv Wnuatwv tou Bahdccou BuBol eival onuAvTkh yw Thv
KaTavonon toco twv ¢Guolkwv OlEpyaclwv 000 KoL TNG OLKoOAoyiag oTo
Bahacolo meptBaArov. OL oUYXPOVEC KOl KOULVOTOMEC TEXVIKEC ETULTPEMOUV




UETPNOELS UPNANG EUKPLVELAG YLa XopToypadnon WNUATWY. Z€ aUTO TO £pyo,
oUMEEape Sebopéva Babupetplag moAAamAwy Sokwv Kal omiobookédaong,
KaBw¢ kot delypota mupAvwy KiBwtiwv yla aAnbonoinon eddadoug, péoa Kat
YUpw amod ta dUo kolwpata e€0puéng dupou yla to Maasvlakte 2, unepaxtia
neploxn tou Potepvrap, OAavdia. Edappoocape pla TeXVIK Taglvopnong
KAlvng Bayes, onmwg avamtuxbnke amd to TexvoAoylkd [MNavemiotiulo tou
NteAdT, MPOKEIUEVOU VA SNLLOUPYNOOUE £VAV OKOUOTIKO XAPTN TAELVOLNONG
npatwv uPnAng avaluong. Auto to €pyo TpoopileTal va elval pLLa TIAOTIKN
UEAETN, HUE 0TOXO0 eMmiong TNV avtaAlayr YVwoewv. EMopévwg, To anoteAéopato
OTPWHATIKAC TaflvOUNOoNG £ival MPOKATAPKTIKA. H Ta&lvopnon OKOUOTIKWVY
KAlVWV €Xel w¢ amotélecua 4 Katnyopleg akouoTkwv. H avtiotoixlon
XOPOAKTNPLOTIKWY WNUATWY, ONMWE TIPOKUMTOUV amod ovaAUoelg HeyEBoug
KOKKOU TwV OElyHdTwy TuprAva Tou KIPWTIoU, OTLC OKOUOTIKEG KATNYOpPLEC
obnyel og évav akouoTIKO xaptn Wnuatwy. Ot dladopég oTa XapaAKTNPLOTIKA
TWV WNUATWY OTNV TEPLoX MEAETNG elval avemaiobnrteg, kal wotdco oL
OKOUOTLKEG TEXVIKEG UIopoUV val §1adhopomoL)couV AUTA T XAPAKTNPLOTIKA. H
CUOXETLON TWV XOPOKTNPLOTIKWY TOU LWHKOTOC UE TIC OKOUOTIKEG KaTnyoplieg
omokAAu e OTL TO HECO UEYEDOC KOKKOU KOl N TIEPLEKTIKOTNTO O AQOTIN Qo
Hova Toug Sev NTAV evIEAWG SLOKPLTLKA Kol OtL n Stohoyr WHHOTOG Kol N
TEPLEKTLKOTNTO O XAALKL CUCXETIOTNKAV KOAQ LIE TIC AKOUOTIKEG KOtnyopieg. H
eni&paon NG MEPLEKTIKOTNTAC O XaAlKLA KOl GAAWV XOPAKTNPLOTIKWY WNUATWV
A/kat KAlvng, Omwc ol Aemtég Aaomwoel KoupTiveg A n PevOkn mavida,
oculntouvtal og autnv tnv €kBeon. H amoucia oTtpwudtwy Adomng otnv kAivn
og 19 anod Tig 21 meplypadEG MUPNVWY KOUTLWY, AVOAUOELG LEYEBOUC KOKKWVY
Kat 4 Selypata vepoU umodnAwvouv OTL 0 AGKKOG Sev yepilel pe AGoTn e
ONUAVTLKO pUBNO. QaTd00, 5U0 AEMTOKOKKO SELYLATO OTO AVOTOALKO TR TOU
AQKKOU EUTIIMTOUV OE MO OKOUOTIKN Kotnyopla mou eudaviletal otnv
OVOTOALKH TIEPLOXN TWOU OPXLKA eyKaTaAsipOnke yia SpaoctnploTNTES
BuBokdpnong, katL mou Ba pmopoUoEs va onuaivel OTL ta Aemtd WAuoTa
cuoowpelovtal apyd. Amalteltal mo auotnpn epunvela tng pedodou, o
XAPTNG TAELVOUNONG TWV KALVWYV TIOU TIPOKUTITEL Kol N avaBeon Selypdtwy yla
™V MARPN Katavonon Twv WNUATOAOYIKWY CUVONKWY QUTWV TWV KOWUATWY
AUMOU.

11202748-002

The objective of ‘Train your Model’ is to test the applicability of two data-driven
algorithms capable of constructing spatially complex geoscientific models and
at the same time are apt to match measured data and which are
computationally fast. Test results for a selection of suitable cases for which
borings, geophysical data and training images are available will be analysed and
software will be implemented for subsequent use.

O oto)0o¢ Tou «EkmatdeloTe TO LOVTEAD 0aG» Elval va SOKLUATEL TNV edaployn
600 oAyopiBuwv mou Bacilovtal oe dedopéva, LKAVOUG Vo KATAOKEUAIOUV
XWPLKA TIOAUTTAOKQL YEWETILOTNUOVIKA MOVTEAQ KAl TAUTOXPOVA Va Talplalouy
pue Sebopéva PETPNONG Kol Ta omoio elvol UTOAOYLOTIKA ypriyopa. Oa
ovaAuBoUv Ta OMOTEAECUATO TWV OSOKWMWVY Yyl Ml OElpd KATAAMNAwv
TIEPUTTWOEWV YLa TIG OTIOLEC UTIAPXOUV SLaTpnoEeLg, Yewduoka dedopéva Kot
£lkOvec ekmaideuong kat Ba edpoplooTEL AOYIOUIKO YLat LETETELTA XPRON.




11203285-006

Salt intrusion of surface waters in the Netherlands poses a problem for fresh
water resources, for example at drinking water intake points. Currently, the
tools and instruments to monitor and understand salt intrusion are insufficient.
The point sensors of the monitoring network provide valuable information, but
only at specific locations where measurements are made. RWS is looking for
new technologies to gather (2D or 3D) information about salinity variations in
fresh, brackish and salt-water bodies. Two promising techniques are Electrical
Resistivity Tomography (ERT) and Distributed Acoustic Sensing (DAS) with fibre
optic cables. This report describes the
results of a laboratory test using ERT. The results of a laboratory test using DAS
are described in a separate report (Kruiver et al., 2019).

H 6ieiobuon ahatov ota emidpavelakd vdata otnv OAavdia dnpoupyet
MPOPANUA OTOUC TOPOUC YAUKOU VEPOU, ylo TAPASElyPO OTa onueia
npocAnyPng mooLpou vepou. Emi Tou mapovtog, Ta epyaleia Kal Ta opyava ylo
NV mapakoAouBnon Kal tTnv Katavonon tng mopesiodppuong alotol eival
avenapkr. Ot aledntipeg onueiwv tou dikTtuou mapakoAolBnong mapExouV
moAUTIeG TAnpodopleg, ald POVO Ot OUYKEKPLUEVEG TomoBeoieg Omou
vivovtal petpnosic. H RWS avalnta véeg texvoloyieg yia tn cuAAoyn (2D ) 3D)
TIANPOPOPLWV OXETLKA LE TIC SLOKUPAVOELG TNG OAATOTNTAC O owiATA YAUKOU,
ubaApupou Kot aApupol vepou. AUO TOAAG UTTOOXOUEVEG TEXVIKEG £ival n
topoypadia nAsktplkng avtiotaong (ERT) Kal n KATAVEUNUEVN OKOUGOTIKM
aioBnon (DAS) pe koAwdLa OTTKWY tVwv. AuTh n €kBeon meplypddel To
anoteAéopata epyactnplokol eAéyxou Ue xprnion EPT. Ta amoteAéopata pLog
gpyaotnplakng Sokwng pe xprnion DAS meplypadovtal o Eexwploth avadopd
(Kruiver et al., 2019).

11203394-002

Geophysics, in the broadest sense, is the application of physics to investigate
Earth. The specific part of geophysical exploration, to determine properties of
the upper crust and near surface is usually called applied geophysics. ‘Applied
geophysics” covers everything from geophysical experiments to determine the
thickness of the crust to geophysical studies of shallow structures for civil
engineering, exploration for groundwater and minerals, where in general the
total depth of investigation is the first few hundreds of meters. Out of many
geophysical applications that can be used for groundwater exploitation, soil
properties, storage and monitoring, the low frequency electrical field
measurements have the most applications. In this work, we utilize a newly
developed tool to image the interface between water and mud, in sewer
systems. This system is designed to image the boundary between water and
mud, by performing a tomographic inversion. This report presents the findings
from the 1st phase of the tool design, numerical analysis and measuring scheme
in a lab environment.

H yewduaoikn, pe tv eupeia évvola, sivatl n epappoyrn g GUCLKAG yla T
Slepelivnon t¢ Mg. To CUYKEKPLUEVO UEPOG TNC YEWPUOLKNAC e€epelivnong, yLa
ToV MPOoadLloplopd Twv LOLOTATWY Tou avwtepou GAolol Kal Thg gyyuTEPNC
emupavelag ovopaletal cuvnBwe epappoopévn yewduaotkr. H «Epappoopévn
VEWPUOIKN» KAAUTITEL TA TAVTO, aMO YeWUOIKA TEPAUATA YLO TOV
TMPOCOLOPLOPO TOU TAXOUG TOU GAOoU €wC YEWGDUOIKEG HEAETEC PNYWV
KOTAOKEU WV YLA £pYa TIOALTIKOU nXavikoU, e€epelivnon UTTOYELWY USATWVY Kol
OPUKTWV, OTIOU YEVIKA TO OUVOALKO PBdBog¢ tng €peuvag eival ta mpwta
EKATOVTASEG PETPA. ATO TOANEC YewdUOIKEG DAPUOYEG TIOU UITOPOUV va




XPNOLUOTIONBOUV yLa TNV EKUETAANEUCN TWV UTIOYELWV USATWY, TLG LOLOTNTEG
tou edadoug, TNV aAmMoBAKEUON KAl TNV TOpPOKoAoUONON, OL HETPNOELG
NAEKTPLKOU Ttediou XaUNANG CUXVOTNTAC £XOUV TLC TIEPLOCOTEPEC EPAPLOYEG. 2€
ouTn TNV gpyacia, xpnotpomnolol e éva epyaleio mou avamntuxbnke npoodata
yla TNV OTEKOVLON NG Slemadng MeTaty vepou Kal AAOTING, O€ CUOTHUATA
amoyx£tevong. Auto to cloTnua £€xel oxedlaoTel yla va amewkovilel to 6plo
HETAEL vePOU Kal AAOTING, EKTEAWVTACG HLa Topoypadikr avaoctpodn. Auth n
£kBeon mapouolalel Ta eupApaTo Ao thv 1n ¢daon tou oxediou gpyaleiwy,
apLlOuUNTIKAG avdAuong Kal LEtpnong o€ mepLBallov epyaoctnpiou.

11203454-002

In the past decade drones have become available and affordable for civil
applications, including mapping and monitoring the earth with geophysical
sensors. In 2017 and 2019, the feasibility of executing frequency domain
electromagnetic (FDEM) surveys using an off the shelf drone, was investigated
at Deltares. This reports firstly, the preparatory tests executed to determine
the optimal instrumental configuration, flight path, data processing and
inversion schemes and secondly, the three field validation tests executed to
demonstrate the feasibility of the drone-borne electromagnetic survey in real-
scale applications.

Tnv teleutaio Sekaetia ta drones €xouv yivel SlaBéolpua Kol OLKOVOULKA
T(POOLTA YL TIOALTIKEG £DAPUOYEG, cUUTEPAAUBAVOUEVNG TNE XOpTOYpAdNnOoNG
Kol TNC mapakoAoUBnong tng yng KUe yewduolkoug atedntipec. To 2017 kot To
2019, OlepeuvnBnKe n OKOMLUOTNTO TNG €KTEAEONC NAEKTPOUOYVNTLIKWV
£PEUVWV OTOV TopEa ouyvotntag (FDEM) pe xprion drone, oto Deltares. Autd
ovadEpEL IPWTOV, TLG TIPOTAPACKEUAOTLKEC SOKLUEG TIOU EKTEAECTNKAV YLO TOV
npooSloplopd tng BéAtiotng Slapopdpwong opyavou, Sladpopng mtnong,
enetepyaciog dedopévwy Kal oxeblwv avaotpodng kat, SeUTEPOV, TIC TPELS
SOKLUEG emkUpwonG Tmedlou Tou ekteAéotnkav yla va katadewxBel n
OKOTUMOTNTA TNG NAEKTPOUAYVNTIKAG €peuvag pe drone ot edappoyES
T(POYMOTIKNG KALLAKOLG.

11204060-002

With current developments like sea level rise and climate change jeopardizing
fresh groundwater reserves, Aquifer Storage and Recovery (ASR) is becoming
increasingly important to safeguard freshwater supply in the Netherlands and
other coastal areas over the world. Within the project 'Drainstore’', KWR is
currently investigating the potential for ASR at one of the fields of the
agricultural company Meulwaeter, near Kruiningen (Zeeland). For site
characterization, Deltares has carried out an Electrical Resistivity Tomography
(ERT) survey at this site and analyzed these and other geophysical and geological
data. The different types of measurements generally point out the presence of
a freshwater lens with a thickness of about 20 m. At the top of the aquifer a
clayey layer exists, which generally thins out towards the south of the channel.
In the sandy aquifer below, the increase in resistivity towards the
southwest as revealed by the ERT data indicates an increase in grain size and a
lower clay content. At various locations within the sandy aquifer, thin clay/peat
layers can be recognized from the cone penetration tests.




Me TIg TpEXouoeg efelifelg OMwG n dvodog TNG otabung Tng BAalaocoag Kat n
KALLaTik) oAAayr mou B€touv oe kivbuvo ta amoBépata yAukoU umdyelou
vEPOU, N amoBrkeuon Kal avaktnon udpodopéwv (ASR) yivetal 6Ao kal Tio
ONUAVTLKA yla T dtaodaAion tng mapoxng yAukol vepol otnv OAAavsia kal og
OANEG TIAPAKTIEG TIEPLOXEC OE OAO TOV KOOMO. XITO TAALO0 TOUu €pyou
«Drainstore», n KWR Slepeuva emi Tou mopovtog Tig Suvatotnteg yia ASR oe
éva and ta xwpadla NG YEWPYKAG etalpeiag Meulwaeter, kovid oto
Kruiningen (ZnAavéia). Na tov xapoktnplopd tng tomoBecioag, n Deltares
paypatonoinoe o €peuva topoypadiag nAektplkig avrtiotaong (ERT) oe
auUTAV TNV TomoBbeoia kol avéAuoe autd Kal AAAO YEWDUOIKA Kal YEWAOYLKA
b6ebopéva. OL Sladopetikol TUMOL HETPHOEWV YEVIKA ETLONUALVOUV TNV
napoucia ¢akol yAUKOU vepoU HE Taxog mepimou 20 m. Itnv kopudn tou
u6podopou opilovta UTAPXEL €va aAPYIAWOEG OTPWHO, TO OTOIL0 YEVIKA
OPOLLWVEL TIPOG TAL VOTLA TOU KavoALloU. Ztov appwdn udpoddpo opilovra amno
KAtw, n oavénon g edlkAG avtiotaong mPo¢ T VOTLOSUTIKA Omwe
amokaAumrtouv ta otolyeia TG EPT unodnAwvouv avénon tou peyéBoug Twv
KOKKWV KOl XOUNAOTEPN TEPLEKTIKOTNTO O Apylho. I Slddopeg BEOELC eVTOG
ToU appwdoug udpodopou opilovta, UMOPOUV Vo OVAYVWPLOTOUV AETTdA
oTpwpata apyilou/tupdng and tig Sokipég Sielobuong kKwvou.

11204565-002

In this report we present the results from the Electrical Resistivity Tomography
(ERT) for detecting piping growth under a levee. In the test site an induced
piping experiment took place and permanent electrodes are installed for the
duration of the study. We collect a series of ERT (time-lapse) data and we
perform a tomographic inversion from the data.

The results show that the ERT method can image the piping location. The
location is in good accordance with direct measurements from the installed
piezometers installed. Visual validation after the experiment, where trenches
were made, indeed show the location of the piping.
The results allow us to provide a model with all the dynamic changes on the
subsurface. By observing those changes, we cluster the subsurface in 3 areas:
the area where we observe the increase in the water level, an area that remains
stable during the experiments and the piping. A time series analysis can make
possible a predict the piping location and time occurrence before it actually
happens. To validate this prediction, more data from other sites will be
required.

Ye autn Thv avadopd mapouctdlou e Ta anoteAéopota and tnv Topoypadia
NAEKTPLKAC avtiotaong (ERT) yla tnv aviyveuon tng avantuéng cwANVWoewv
KATw amod éva dpaypa. XTo Xweo tnS SoKIUAG mpayuatonol)onke éva neipapa
EMAYWYNG OCWANVWOEWV Kal TOTMoOetOnKav HOVIHa NAEKTPOSIA KATA T
Slapkela TnG HEALTNC. ZUMAEyoupE pLa oslpd dedopévwy tng EPT (time-lapse)
KoL Tpaypatomnolol e topoypadikn avactpodn and to Sedopéva.

Ta amoteAéoparta Seixvouv OtL n pEBodog EPT pmopel va ameswkoviosl tn Oon
TWV owAnvwoewv. H tomoBecia eival oe koA ocupdwvia Pe TIG APECECS
LETPNOELG Ao Ta TLE{OUETPA TTOU €XOUV eyKaTAOTADEL. H OMTIKI EMIKUPWON
UETA TO Telpapa, Omou £ywav tadpol, Seixvel mpdayuott tn B6éon twv
CWANVWOEWV.

Ta amoteAéopATA HOC ETUTPETIOUV VO TIOPEXOUUE £VO LOVTEAO HE OAEG TIG
Suvaukég aAhayég oto umedadog. Moapatnpwviag outéG TIG aMlayeg,




OUYKEVTPWVOULE TNV UTIOYELd eTLbAVELD Ot 3 TEPLOXEG: TNV TIEPLOXN OTOU
TapaATNPOUE TNV aUnon TNG oTABUNG TOU VEPOU, HLA TIEPLOXN TIOU TTAPAUEVEL
otaBepr KATA TN SLAPKELD TWV TEWPAUATWY KOl TwWV CWANVWOoEwv. Mia
OVAAUGCN XPOVOOCELPWYV UIopel va kataothoesl Suvatr tnv poPAedn tng Béong
TWV CWANVWOEWVY KaL TOU XpOvou eudaviong mpLv cuPel mpaypatikd. Mo tnv
eTKUPWON AUTAG TG POPAePNng, Ba amattnBouv neplocotepa dedopéva and
AAAOUG LOTOTOTIOUG.

11204843-002

Electrical Resistivity Tomography (henceforth referred to as ERT) measurements
were performed at the Wetterskip Fryslan field site near the village of Hallum
on the 15th and 16th January of 2020. These measurements are part of the
medium-scale piping experiment which aims to validate and extend the
knowledge obtained from small-scale laboratory piping tests, with the aim to
further assess the resistance of tidal sand to the failure mechanism of piping.

Ol petpnoelg Topoypadlag nAektplkng avtiotaong (epe€ng kaholevn wg ERT)
npaypoatonowBnkav oto nedio Wetterskip Fryslan kovta oto xwpto Hallum otig
15 kot 16 lavouapiou 2020. AUTEC Ol UETPNOELG OMOTEAOUV UEPOC TOU
TMEPAPATOG SLaBpwong HEONG KALLOKAG TIOU OTOXEUEL OTNV ETKUPWON KoL
EMEKTOON TNG YVWONG TIOU QTOKIABNKE amo £pyaoTnplakeG SOKLUEG
OWANVWOEWV HUIKPAC KALMOKAG, HE OTOXO TNV Tepaltépw afloAoynon tng
ovtiotaong TNG TOALPPOLAKAG GUUOU OTOV  HUNXOVIOUO aotoxiag Twv
OCWANVWOEWV.

11204986-004

River dunes occur in low-land rivers worldwide and are vital in estimating
sediment transport and deposition within fluvial systems. River management
and maintenance requires the information of the bed dynamics and sediment
budgets. Dune sizes vary in space and time and therewith may interfere with
inland shipping, and sediment transport in rivers determines aggradation and
degradation of the bed and dune migration, as well as the stability of dykes.
Analysing bed morphodynamics from multibeam bathymetry time series allows
for determining spatio-temporal variations in size and migration rates of
individual dunes, as well as the large-scaled, longer-term trends in river-bed
elevation. However, merely dune tracking does not fully explain sediment
storage/reactivation in river systems. Observing sedimentary structures in the
shallow subsurface of the river bed will enable us to reconstruct the
preservation and reactivation of river dunes over time, and therefore the spatio-
temporal sediment storage and fluxes.

OL mapamotadpol appolodol spdavifovtal os motapols xapnAot eddadoug
maykoopiwg kot sivatl {wWTIKAG onUacilog yla TNV eKTiUNon TS HETOPOoPag Kal
™¢ evamobeong WNUATWY OTO TIOTAWLO cuothpata. H Siaxeipion kat n
CUVTHPNON TOU MOTOUOU amaltel mMAnpodopLeg yla TN SUVOLLKY TN KOLTNG Kl
TOoUG PoUTOAOYLOHOUG WNUATWY. Ta peyedn twv appdlodpwy mowkilouv oto




XWPO KOlL 0TO XPOVO KOl WG EK TOUTOU UMOPEL VO TOPEUTTOSIO0UV TNV ECWTEPLK
vauoumAoia evw n petadopd WnNUATWY ota motapta Kabopilel Th cUCoWPEUON
KOLL TNV UTOBABLOTN TNG LETOKIVNON TNG KOLTNG KAl TWV OoAODWY, KaBwe Kat
TN otaBepoTNTA TWV AVaXWHATWY. H avdAuon thg popdoSuvapikng Tng KAlvng
amo T XPovooelpeG Pabupetpiag TOAAAMAWY OSECUWV  ETUTPETEL TOV
TPOCSLOPIOUO TWV XWPOXPOVIKWY OSLOKUUAVOEWY OTo HEYEBOG Kol Toug
puUBUOUG peTakivnong HEUOVWHEVWY appoAodwy, KABwWG Kal TwV UEYAAWY
KALLOKOUEVWY, HAKPOTIPOOEOUWY TACEWV OTNV avUPwon tng Koiltng tou
ToTapoU. QoTo00, N amAn apakoAouBnon apporodwv Sev e€nyel MANpwE TNV
anoBrkevon/enavevepyornoinon WNUATWY 0T OCUCTAMOTA TIOTAPWY. H
napatnpnon WNUAToyevVwyY SoUwv oTo pnxo unédadog TG Koltng Tou oTo ol
Ba pag emTPEPEL va  AVOKATAOKEUAGOUUE Tn Slatnpnon KatL tnv
EMOVEVEPYOTIOINON TWV AUUOAODWY MOTAUWY LE TNV TIAPOSO Tou XpOvou, Kot
ETOMEVWG TN XWPOXPOVLKH artoBAKeUON KAl TG POES LNUATWV.

11205160-007

The new Dutch government pursues a rigorous climate policy to achieve the
objectives of the Paris climate agreement. Surface water and groundwater are
key sources of heating, cooling and thermal energy storage systems. In this work
we explore the DAS (distributed acoustic sensing) and ERT (electrical Resistivity
Tomography) geophysical methods, to monitor the development and
performed of collective heating systems, when hot water in injected to the
ground for storage. In practice DAS allows measuring acoustic wavefield that
provides valuable information on the dynamic characteristics is geothermal
borehole systems. In geothermal wells the high temperatures can modify the
elastic properties of the solid media around the well, which can be captured via
traditional acoustic surveys. ERT allows measuring the electrical properties of
the subsurface and it's mostly sensitive to the water content. The electrical
properties of the water, among other parameters, depend on the temperature
and thus making ERT a suitable tool to monitor the warm water evolution
(Munoz et al, 2013, Karaoulis et al, 2019). In this project we perform a
laboratory experiment that is compounded by partially saturated sand where
an injection and extraction well were installed. Similarly, we installed on a 4-
well set-up electrodes on each borehole to allow a 4D tomographic inversion of
the resistivity data. By imaging the changes on the electrical properties of the
subsurface, we can image the evolution of the warm water front.

H véa oA avdikr KuBEpvnon akoAouBel pia auotnpr) KALLOTLK TLOALTIKN yLa va
€TUTUXEL TOUC OTOXOUG TG oupdwviag tou MNaplooy yla to KAlpa. Ta
emupavelakd Kol Ta UTOyeLa USaTa amoteAoUV BACLKEG TNYEG CUCTNUATWY
Bépuavong, PuEng kot amobrkevong BepULKAC EVEPYELAG. € QUTH TNV €pyacia
Slepeuvolpe TIC YewduokéG HeBOSoug DAS (kotavepnuévn aKoOUOTIKA
aviyveuon) «kat ERT (nAektpwkry topoypadia avrtictaong), ywa TV
napakoAovBbnon NG avamtuéng KoL TG amodoong TwV CUANOYLIKWV
ouoTnudtwyv Bépupavong, oOtav (eotd VvepO eyx€etal oto £6adog yla
amnoBnkevon.

Ytnv mpdén to DAS emutpémel tn METPNON OKOUOTIKOU Kupatormediou mou
mapéxel TOAUTWEG TAnpodopieg ylo Tt SUVAULKE XAPAKTNPLOTIKA TWV
CUOTNUATWY YEWOEPUIKWY VEWTPAOEWVY. 2T YEWOEPULKA TINYAadia oL uPnAég
Oepuokpaociec pmopolV va TPOMOMOLOOUV TIC EAAOTIKEC LOLOTNTEC TWV
OTEPEWV PECWV YUpW amo to ¢PedTio, oL omoieg prmopolv va cuAAndBolv
HEOW TIAPASOOLOKWY OKOUCTIKWY gpeuvwy. H EPT emutpénel tn pPETpnon twv
NAEKTPLKWV LELOTHATWYV Tou unedadouc Kal eivat kupiwg evaiocbntn oto vepod. Ot




NAEKTPLKEC LELOTNTEG TOU VEPOU, PETAEY GAAWV TTAPAUETPWY, EEAPTWVTAL OO
tn Oepuokpaocia Kal €tol kabiotolv tnv EPT katdAAnlo epyaleio yia tnv
napakoAouBnaon tg e€€ALENG Tou {eoTou vepou (Munoz et al, 2013, Karaoulis
et al, 2019).

Y€ QUTO TO €pYyo eKkTEAOUUE €val gpyaoTnplakd melpapa mou cuvOualetal pe
UEPLKWC KOPECUEVN AUUO, OMOU eyKataotadnke ¢pedTlo €yxuong Kal
gfaywyns. Opolwg, eykataotioape oe nAektpodia 4 ¢peatiwv o kabe
YEwTpnon vywa va ertpéPpoupe i 4D topoypadikry avactpodr Twv
Sebopévwy €0KNG avtiotaong. Amewovilovtag Tig aAayEG OTLG NAEKTPLKEG
1810TNTEG TOU UTESAPOUC, UTIOPOUUE VA ameLkoviooupe TNV e€EALEN Tou Tou
{eotoU vepoU.

11205308-002

In December 2019, Deltares carried out a field test where green field vibrations
from several sources were measured by both accelerometers as well a buried
glass fibres. The final target of the work is to determine the possibility to use
glass fibres in the soil to measure vibration levels and the expected accuracy.
This reports gives a preliminary comparison of the results.

This report contains a literature review on the subject, the development of basic
technics to process the registered fibre optics data and the comparison of the
results from fibre optics measurements with traditional accelerometers.

It is concluded that the results of each equipment show good similarity. This
means that the applicability of fibre optics for soil identification seems possible.
The application of fibre optics for traditional vibration measurements where an
accurate determination of the maximum value is essential, requires further
research.

Tov AeképBplo tou 2019, n Deltares mpaypatonoinoe pia ok nediouv omou
oL Sdovnoslg mpacwvou mediou amo Sladopec MNYEC UeTpROnkav TOCO e
ETILTOYUVOLOUETPA 000 Kal Pe Bappéveg ivec yuaAlol. O teAkdG 0TOXOC TNG
gpyooiag eival va mpoobloplotel n duvatdtnta Xprnong Wwv yuoAlol oto
£6adog yla tn pETpnon Twv emumedwv SoOvnong Kol TNG OVAUEVOUEVNG
okpiPelag. Aut n €kBeon TAPEXEL WO TIPOKATOPKTLKI OUYKPLON TWV
OMOTEAECUATWV.

Autni n €kBeon mepLExel pla BLBALoypadIk OVaOKOTINGCN OXETIKA e To B£ua,
NV OVATTUEN BACIKWY TEXVIKWV YyLlot TNV EMEEEPYAOIa TWV KATOXWPNUEVWV
6£60UEVWV OTITIKWY VWV KaL TN GUYKPLON TWV OITOTEAECUATWY OO LETPHOELS
OTTTIKWV VWV LE TTAPASOOLOKA ETUTOYUVOLOUETPA.

E€dyetal To cuuMEpaOpa OTL TA amoTeAéopata KABe e€omALopoU Selyvouv KOoAn
opolotnTa. AuTo onpaivel 6Tl n duvatotnta ePpapOYNG TWV OTTTLKWY VWV yLa




TNV avayvwplon tou e6adoug daivetat mbavr). H epappoyr oOMTKWY VWV yla
MAPASOOLOKEG UETPAOEL KPASAoUwWV OMou elvol amapaitnto¢ o akplpng
TIPOCSLOPLOUOC TNG LEYLOTNG TLUNG, OTALTEL TIEPALTEPW EPELVAL.

11205313-001

Between November 9 and 13, spectral induced polarization (SIP) measurements
will be carried out at two locations in the Netherlands (Figure 1) by Lund
University and Deltares. The SIP 256C instrument of Radic Research will be
employed, facilitated by Lund University. Based on the results and field
procedure, Deltares will further evaluate this hardware as well as future
research goals related to SIP. Lund University will use the field data to compare
SIP with time-domain inducted polarization (TDIP) data. All data collected will
be shared between Deltares and Lund University. Furthermore, the date at site
2 will be share with the water supply company Dunea, which will facilitate site
access and hydraulic and lithologic data of the area. Deltares and Lund
University will jointly intend to publish the results.

Metafl 9 kat 13 NoeuBplou, LeTpr ol GACUOTIKAG eEMayOUevnc toAwaonc (SIP)
Ba mpaypatonownBolv oe o tonoBeoieg otnv OAMavdia (Ekéva 1) and to
Mavemnotuio Lund kat to Deltares. To 6pyavo SIP 256C tng Radic Research Ba
xpnotluornotnBei, pe tn SteukoAuveon tou Mavemotnuiov Lund. Me Bdon ta
anoteAéopata kat tn Stadikaoia mediou, n Deltares Ba aflohoynosL mepattépw
QUTO TO UALKO KaBwG Kal Toug HEANOVIIKOUG €PEUVNTLKOUG OTOXOUC TIOU
oxetiovtal pe to SIP. To MNavemotuo Lund Ba xpnolponotrosl ta dedopéva
niediou yla va cuykpivel to SIP pe ta dedopéva eMayOUEeVNG TOAWGCNG O TOUEQ
xpovou (TDIP). OAa ta 6edopéva ou cuAAéyovtal Ba kowvomotnBouv peTagy
tou Deltares kat tou Navenotnpiov Lund. EmutAéov, n nuepounvia otn 6€on 2
Ba kowvomolnBel pe tnv etatpeia U6peuong Dunea, n omnola Ba SleukoAUVEL THV
npooBacn otov XWPEOo KalTa USPAUALKA Kot ALBoAoyika dedopéva TG ePLOXNAC.
H Deltares kat to Maveniotiuio Lund okomelouv amo Kowou va dnuocteloouv
TO QMOTEAECATA.

11205665-002

The demonstration project “Usage of glass fibre optics measurements along
railways" targets on showing the applicability of measurements of fibre optics
for improving the effectiveness of the activities by ProRail, by getting insights of
geotechnical parameters of the subsurface and the control of environmental
vibrations.

To €pyo “Xpron METPAOEWV OMTIKWYV LWVWV YUQAlOU KOTA HAKOC Twv
odnNpodpouwv» otoxelel otnv gudavion tg duvatotntog ebapUoync Twv
UETPNOEWV OMTIKWY VWV yla T BeAtiwon tng amoTeAEoUATIKOTNTAC TWV
SpaoctnplotAtwy amd tnv ProRail, pe tn AMPn yvwoewv yla TIC YEWTEXVIKECG
TAPAPETPOUC TOU UTeESAdOUC Kal TOV EAEYXO TwV MEPLBAANOVTIKWY SoVACEWV.




11205817-002

This report describes and discusses the measurement setup and results of an
Electromagnetic Survey (EM) conducted under a drone for the Rivierenland
Water Board with the aim of determining the cover layer thickness in 5 areas in
the floodplains near Vianen. The derived top layer thickness from the
measurements shows a picture of gradual thickness variation in the floodplains.
A comparison with field measurements (bores) of the coating thickness shows
that the derived EM coating thickness is generally overestimated by about 0.5
meter. This is partly due to heterogeneity such as thin clay layers at the top of
the sand pack. On the other hand, the thickness of coatings over 4 m is
underestimated with the measurement set-up used. It is possible that for
individual areas a better match can be obtained between actual coating
thickness and inferred coating thickness by calibrating areas individually using a
few field measurements.

Autl n €kBeon meplypddel koL oulntd TN PUBULON HETPNONG Kal Ta
anoteAéoparta plag HAektpopayvntikng Epeuvag (EM) mou Ste€nxdn katw amod
£va drone yla To Rivierenland Water Board pe otoxo Tov nmpooSloplopo Tou
TLAXOUG TOU OTPWHOTOC KAAUYNC Og 5 MePLOXEG OTIC ANV pllouoeg tedLASEG
Kovtd oto Vianen. To mAX0G TOU aVWTEPOU CTPWHOTOG TIOU TPOKUTITEL OO TIG
UETPNOELS Oeixvel pla €lKOVOL OTASLOKAC HETABOAAG TOU TIAXOUC OTLC
MANUuUpilovosg medladeg. Mia olykplon pe petpnoelg mediou (omég) tou
mayxoug emkoAudng Oeixvel OTL TO TPOKUTTOV TAXOC emioTtpwong HM
UTIEPEKTLUATAL YEVIKA Katd Tepinouv 0,5 pétpo. Autd odeiletal ev pHépEL oTtnVv
ETEPOYEVELQ, OTIWCE TA AEMTA OTPpWHATA apyiAou otV Kopudr TNG cuokevaoiag
Quuou. Ao TNV AAMn TAEUPQ, TO TAXOC TWV EMIOTPWOEWV AVW TWV 4 m
UTTOEKTIUATAOL UE TN Stataén pEtpnong mou xpnotpomnoleital. Eival mbavo ott
VL0 LELOVWUEVEC TIEPLOXEG UIMOPEL va eTiTEUXOEL KAAUTEPN OVTLOTOLXLON HETAEY
TOU TIPOYHOTLKOU TIAXOUCG ETUKAAUYPNG KOL TOU CUUTIEPALVOUEVOU TIAXOUG
enMioTpwonG PaBUOVOUWVTOC TI( TEPLOXEC HEMOVWHEVO XPNOLUOTIOLWVTOG
HEPLKEG LETPROELG TES OU.

11206203-002

In the Houtrakpolder in Noord Holland, municipality of Haarlemmermeer,
Staatsbosbeheer, at the request of the Port of Amsterdam, has been
commissioned to conduct a feasibility study into the construction of a water
storage facility. For this, an area of 2 ha with a maximum depth of 2 - 2.5 meters
must be excavated. Part of the feasibility analysis is to assess the current soil,
mechanical and hydrological aspects i.r.t. the realization of water storage.
Important points for attention are: (A) The (permanent) stability of the adjacent
Groene Schip storage complex (approx. 35 meters high). (B) Prevention of
bottom cracking in a seepage-prone zone (along the North Sea Canal).
In order to carry out this research and to answer the questions, existing
information was examined, groundwater monitoring points were installed and
geophysical investigations were carried out with the aim of better
understanding the shallow subsurface: (a) geological structure, (b) the salinity
of groundwater and surface water (c) phreatic groundwater level and hydraulic
head distribution in the deeper groundwater.

2to Houtrakpolder oto Noord Holland, é&nuog Haarlemmermeer, oto
Staatsbosbeheer, KatoMLV ALTAUATOC TOU ALUEVA TOU AUOTEPVTAL, AVATEDNKE N
Sle€aywyr HEAETNG OKOTUUOTNTOG Yl TNV KOTOOKEUN HLOG EYKATAOTAONG
amoBrkevong vepou. MNa auto mpenel va avaokadel Ektacn 2 ektapiwv pe
péyloto Babog 2 - 2,5 pétpa. MEPoG TNG avaAuong oKOTULUOTNTAG £lval va




afLoAoynoEL TIG TPEXOUOEG €SADLKEG, UNXAVLKEG KAl USPOAOYLKEG TITUXEG i.r.t.
TNV Mpayuatomnoinon anobnkevong vepou. INUAVTIKA ohuelo pocoxnG eivat:
(A) H (noviun) otaBepoTnTa TOU MOPAKEIEVOU QMOBNKEVTIKOU CUYKPOTHLOTOG
Groene Schip (O og mepinou 35 pétpa). (B) MpoAnyn pwypwv mubuéva os {wvn
gnppenn os dtNBnaon (katd PRKog tou Kavailol tne Bopelag O@alaooac).

Mo tn dle€aywyn auTAg TG EPELVOC KAl YL TNV ATIAVTNON TWV EPWTNHATWY,
gfetdotnkavy  UTMAPYXOUOEC  TANpodopieg,  eykataotdOnkav  onueia
A paKOAOUONONG TWV UTTOYELWY USATWV KOl TTpayuatonofnkav yewduoLkeg
£PEUVEC UE OTOXO TNV KOAUTEPN Katavonon tou pnxol umedddoug: (a)
vewAoyLkr Soun, (B) TNV aAaTtoTNTA TWV UTIOYELWY KOL ETILGAVELAKWY USATWV
(y) otaBun dppeatikwy UTOYELWY ULOATWV Kol USPOAUALKN KaTavour Kepaing ota
BaButepa unoyela vdara.

11206720-002

In 2006, ProRail built a roof near Barendrecht station with a green slope on the
west side consisting of a lightweight core of expanded PolyStyrene (EPS) and
cover soil. Since it was built in 2006, the slope has subsided, resulting in holes
in the topsoil. ProRail, on behalf of the Municipality of Barendrecht, has
commissioned Deltares to investigate the situation and to submit proposals for
temporary and definitive measures.

This report contains the reporting of a feasibility study on the detection of
cavities with Electrical Resistivity Tomography (ERT), the investigation of the
slope with camera soundings, field measurements during the excavation of the
slope, analysis of the observations, calculations of future settlement and
recommendations for final measures. The letter report 'Assessment of
measures for rail slope Barendrecht' [9] contains advice on temporary
measures.

To 2006, n ProRail kataokebaoe plo otéyn kovtd oto otabpo Barendrecht pe
pLa mpaoivn mAayld otn SUTIKN TIAEUpd Tou amoteAeital and évav eAadpu
nupnva Sloykwuévou moAuotupeviou (EPS) kat xwpa kaAudng. And tote mou
KaTaokeuaotnke to 2006, n KAlon €xeL UTMOXWPNOEL, HUE OMOTEAECUA VA
UTIAPYOUV TPUTEG oTo PpuTiko £€6adoc. H ProRail, yla Aoyaplacuo tou Anpou
Barendrecht, avéBeoe otnv Deltares va gpsuvroeL TNV KATAOTOON KAl va
UTTOBAAEL TTPOTACELG YL TIPOCWPLVA KAL OPLOTIKA LETPAL.

H éxBeon autr meplhappavel tnv UAOTOLNON UEAETNG OKOTILLOTNTAG YLO TNV
avixveuon kolotitwv pe Topoypadia nAektpkng avtiotaong (EPT), Tt
Slepelivnon tng KALONG Pe nXoypadnuo KAUEPAS, LETPNOELG TTESIOU KATA TNV
ekokaodn TNG TAAYLAG, QVAAUCN TWV TAPATNPNCEWV, UTIOAOYLOUOUG
HEANOVTIKNG EYKOTAOTAONG KOL CUCTAOELG YLO OPLOTIKA METpa. H €kBeon
«A€loAdynon PETpWV yla TNV KAlon tou owdnpodpopou Barendrecht» [9]
TLEPLEXEL CUMPBOUAEG yLa TPOCWPLVA HETPAL.

11206854-001

This report uses geophysical research to provide an initial estimate of the
location and dimensions of the hollow at Muntplein that led to a hole in the
road surface on 4 January 2021. The purpose of the examination is furthermore
to determine the possible presence and extent of other cavities. The following
research questions were answered in this study based on the information and
analyses presented:

Answer question 1: Can the location and dimensions of the cavity under the
road surface be determined with the proposed electromagnetic
measurements?




The research has resulted in ERT and ground radar (GPR) measurements that
are of sufficient quality for further interpretation. The results of the EM
measurements are not suitable for further analysis because the GPS sensor is
disturbed and the positioning of the measurements is therefore insufficiently
accurate. The combined application of ERT and GPR appears to be valuable for
the research question. The ERT measurements provide a first estimate of the
area, the location of anomalies that may be associated with the object of study
(in this case a cavity) and has a sufficiently large depth range for the application
in question. The GPR is a more direct measurement of possible interfaces, as
are also the case with cavities. The contour and underside of the sand-filled
cavity can be clearly seen on the GPR images.

AUt n €kBeon XpnolUomoLel yewdUOLKA £PEUVA Yl VA TIOPACYEL ULl APXLKN
ekTipnon tn¢g Béong kot twv Slaotdcswv Tou Kothou oto Muntplein mou
oénynoes og pla tpuma oto oddotpwua otig 4 lavouapiou 2021. IKOMOG TNG
g€étaong elval emumA£ov va poadloplotel n mBavh mapouoia Kot n €KTaon
AWV kolthotNTtwv. Ta akoAouBa £peuVNTIKA €pwTAHATA amavindnkav oe
outn TN MeALTn, e Bdon TG TAnpodopieg Kal TIC OVAAUCEL( TOU
TAPOUCLACTNKAV:

Amnavtnon otnv gpwtnon 1: MmopoUv va TpocSloplotolv n B£on kol ot
Sl00TAoELC TNC KOWNOTNTOG KATW Omd To 0800TPWUA HUE TI TPOTELVOUEVEG
NAEKTPOUOYVNTLKEG LETPHOELG;

H £peuva odnynos oe petpnoelg EPT kal pavtap edadoug (GPR) mou eival
EMAPKOUG TIOLOTNTOC Yl TIEPALTEPW e€punveia. Ta amoteAéopata Twv
puetpnoewv HM 8ev eival kat@AAnAa ylo mepaltépw avaluon, emneldny o
awodntipag GPS eival Slatapaypévog Kol €MOMEVWE N TOMoBETNoNn Twv
petpnoewv Sev gival apkouvtwe akpLpng. H cuvduaouévn epappoyn EPT kat
GPR ¢aivetal va gival TOAUTLUN YLO TO EPELVNTIKO EpWTNUA. Ol LETPAOELS TNG
EPT mapéxouv pla mpwtn eKTiHnon tng mePLoXng, TNG B€ong Twv avwUaALWY
mou prnopel va oxetilovtal pe To avtikelpevo PeEAETNG (oTnV epimtwon autnh
ML KOWAOTNTA) Kol €XEL QPKETA UEYAAO €UpoG BdaBoug yla tnv &v AOyw
edappoyn. To GPR elval pla mo dpeon peEtpnon mbavwy dlemadwy, Omwg
oUMPalvel kal PE TIC KOWOTNTEG. To Teplypappa Kol n KATw TAEUPA TNG
KOWOTNTAC e Appo daivovtal kabapd ot elkoveg GPR.

11206875-022

This report shows the performance of various inSar processing algorithms to
monitor landslides. Deltares tested and applied them in South Netherlands and
evaluate the subsidence results with known measurements from the field. A
workflow is developed for further analysis of the inSar data.

Auti n avadopd Seixvel tnv anddoon Stadopwv alyopibuwyv eneepyaociag
inSar yLo tnv mapakoAolBnon kotoAloBroswv. H Deltares ta dokipooe Kat Ta
edpappooes otn Nota OMavdia kat aflohoynoe ta amoteAécpota TNG
KaBilnong He YyVWOTEG UETPNOELS amd To Tmedio. AvomtlUoostal pLo. por
£PYOOLWV YLO TIEPALTEPW AVAAUCH TwV Sedopévwy inSar.




11206883-002

This methodological programme entails the fundamental and quantitative
analysis of risks, the development of (probabilistic) methods applicable in
projects or processes involving risk management, as well as the development
and improvement of risk management frameworks for both natural disasters
and infrastructure. As such, the programme contributes significantly to the
Deltares mission areas ‘Safe deltas’, ‘Resilient infrastructure’ and ‘Future
Deltas’. Risk management plays an essential role in making delta areas safe and
sustainable and is hence relevant to many Deltares projects. The probabilities
and consequences of adverse or even disruptive events (such as flooding, other
climatological events or unavailability of critical infrastructure) need to be
reduced as much as possible. At the same time, risk reduction measures need
to be taken with societally acceptable costs and often within scarce space.
That is the reason why quantitative knowledge of risk and risk reduction
measures is essential in managing risk. Risk quantification entails a variety of
probabilistic tools. These tools enable us to quantify risk as well as the effect of
mitigating measures. These tools quantify the probability of events (e.g.
‘probability of failure’) and the consequences in terms of life loss, economic
damage (direct and indirect), availability of (critical) infrastructure or social
disruption. Relevant risk indicators are then based on a combination of
probabilities and consequences. Reliability analysis has important advantages
in assessing and designing infrastructure assets. Often the probability of failure
of unavailability can be assessed less conservatively using reliability-based
approaches, leading to extended life-time of aging infrastructure or cost savings
in new construction. For managing risk in governance contexts, various Disaster
Risk Management Frameworks are being developed. Currently, incorporating
resilience and social inclusiveness important developments within these
frameworks. This program produces essential modules (methods and tools) for
research areas as covered in the programmes Flood Risk, Natural Hazards,
Infrastructure Networks and Renovation and Replacement, among others.

AuTO to pHeBoSoloyikd mpdypappa mepAapUPAavel T BepeAlwdn KAl TTOCOTLKNA
avaAuon Ttwv KwdUvwyv, TNV avamtuén (mbavohoykwv) peBOdwv TOU
edappolovral o €pya ) Stadikaoieg mou nmephapBavouv Staxeiplon kwvduvou,
KaBw¢ KaL TNV avamntuén kat BeAtiwon mAatoiwy dlaxeiptong kwvduvou T16o0 yLa
duaoikég KataotpodEC 600 Kal yla UTtodopEG. Q¢ €K TOUTOU, TO MPOYPOUUA
OUUBAAAeL onuavtikd otn otoxoBecia tng Deltares «Aodalny SéAta,
«AvBekTiK umodoun» Kat «MeAlovtikd AgAto». H Siaxeiplon kwdlivou
Sladpopatilel ouolaotikd pOAo OTO va yivouv ol TieploxEg SéAta aodaleic kal
Blwolpeg Kal, w¢ €k TOUTOU, oOxetiletal pe mMoAAA €pya tng Deltares. Ot
TUOAVOTNTEG KOL OL CUVETIELEC SUCHEVWV 1] KOL AVOTPETTTLKWY YEYOVOTWV (OTWG
TMANUUUPEG, GAAO KAlLaTOAOYKA cupBavta n un Swabsopdtnta {WTIKAG
onuaociag umodopng) mpEmel va pelwBouv 6co To Suvatdv TEPLOCOTEPO.
Tavtdxpova, TPEMEeL va AndBolv PETpO HeElwoNg TOU KWVSUVOU HE KOWVWVLKA
omoSEeKTO KOOTOG KOl GUXVA OE TIEPLOPLOUEVO XWPO.

AuTOg eival o Adyog ylo ToV OTolo N MOOOTLKA YVWon Tou KdUvou Kal Twv
UETpWV pelwong Tou KwwdUvou eival amapaitntn ywa T Slaxeiplon tou
KwwdUvou. H TmoooTtikomoinon Ttou KWOUVOU OUVETIAYETOL Hla TOLKIALa
TuBavoloylkwv epyadeiwv. Autd ta gpyadeia pag Sivouv tn duvatotnta va
TLOCOTLKOTIOL)COUE TOV Kivduvo KaBwg Kal tnv emidpacn Twv HETPWY
UETPLOOMOU. AUTA Ta gpyaleiat TOCOTIKOTOLOUV TV MLBavoTnNTa YeyovoTwy
(m.x. «mBavotnta amotuyiog») Kal TIC CUVENELEG 600V adopd TNV OMWAELA




{wNg, TNV OLKOVOULKN {NULA (apeon kal éupeon), Tn dtabeopudtnta (kplowng
onuaociag) umoSoung r TNV KOWWVLKNA ovaotatwon. OL oxetikol Oeikteg
KwvdUvou Bacilovtal otn cuvEXELD 0 GUVSUAOWO TILOAVOTITWY KAl CUVETELWV.
H avaAuon aflomiotiag £l ONUAVTIKA TTAEOVEKTAATO OTNV afloAdynaon Kal To
OXEOLOOUO TWV TEPLOUCLOKWY OTOLXElWV umodoung. Zuxvd n mbavotnta
aotoxiag pn SwaBsowpotntag pmopel va ektiunBel Alyotepo ouvtnpnTKA
XPNOLUOTIOLWVTAG TPOCeYYioels mou Bacoilovtal otnv aflomiotia, odnywvtag o
TOPATETAUEVN SLapkeLa LwnG TN ynpavong tng urmtodoung n os e€olkovounon
KOOTOUG OTLG VEEC KATAOKEUEC. MNa tn Slaxeiplon tou kwwduvou oe mAaiola
SlakuBépvnong, avamrtuocovtal Siadopa MAaicla Awaxeipiong Kwduvwv
Kataotpodwv. Eni Tou MOpOvVIoG, N EVOWUATWON TNG AVOEKTIKOTNTOG KAl TNG
KOLWVWVLIKNG €vtaéng odnyel o€ onuavikeg e€eAifelg o autd ta mAaiola. Autd
TO TPOYPOAUHO TOpAyel PBaolkég evotnteg (uéBodol kal epyoleia) yla
EPELVNTIKOUG TOMELG OMWG KOAUTITOVIOL OTO  TIPOYPAMMATA  Kivduvog
TMANUUUpag, ¢uokol kivduvol, Siktua  umodopng, avokaivion Kot
OVTLKOTAOTAON, LETAEU AAAWV.

11206883-012

This document describes the outlines of the 2021-programme of Enabling
Technologies. The objective of Enabling Technologies is to support our mission
enabling delta life by implementing key technologies in data science, modelling
and (remote) sensing. We do this at three levels. We scan specific technologies,
often applied in other disciplines, and assess their applicability in our mission
areas. Next, we implement promising technologies in specific applications and
fields of work and take care of knowledge transfer to a wide group of experts in
the sector. At last we aim for a leading role in the digitization of the water and
subsurface sector through existing and to be established partnerships.
Concerning specific technologies, Enabling Technologies will focus in 2021 on:
e Al-algorithms for an advanced utilization of earth observation data

e Combination of spatial and in-situ data to improve the reliability of models
and forecasts.

e Exploring data fusion technologies and digital twins
¢ Data acquisition and data assimilation from experiments
¢ The use of autonomous platforms for monitoring.

Through the utilization of key technologies, we aim at providing new
perspectives for the societal programs ‘Infrastructure Systems’, ‘Water




resources (drought)’, ‘Replacement and Innovation Task’, ‘Ecosystems and
Health’ and ‘Energy Transition’. These 5 research programs have agreed to pilot
a new approach to speed up the uptake of key technologies in society driven
programs.

We will commit ourselves actively to let the Digishape network grow further and
realize, through Digishape, the cooperation with the Al NL-coalition in order to
utilize and further strengthen our role in the digitization of the water and
subsurface sector.

AUTO 1O éyypado Teplypddel TA TEPLYPAUMOTO TOU Tpoypdupatog 2021
Enabling Technologies. O otoxoc tng Enabling Technologies eivat va
umootnpiéel TNV amootoAn poag va smtpéPel tn Lwn 6éAta pe TNV edappoyn
Baolkwv TeEXVOAOYLWV OTNV EMIOTAUN Twv dedopévwy, TN Lovtelonoinon Kal
v (tnAeaviyveuon). Autd TO KAVOUUE Ot Tpla emimeda. ZAPWVOUME
OUYKEKPLUEVEG TEXVOAOYLEG, TTOU edappolovtal cuxva og aAoug KAadoug, Kal
aflohoyolpe tn Suvatotnta epapoyrG TOUG OTOUC TOUELG AMOCGTOAARG HaG. 3TN
ouveExela, epapuoloupe TIOAA UTIOOXOWEVEG TEXVOAOYLEC OE OUYKEKPLUEVEG
edappoyég kot mebla epyaociag kol ppovtiloupe yla tn petadopd yvwong oe
g eupeion opdda eldikwv Tou KAGSou. Emitéloug, otoxeUOUUE Of
TPWTAYWVLOTIKO poAo otnv Yndlomoinon Tou Topéa TwvV USATWV Kal Twv
UTIOYELWV ETILHAVELWV HECW UDLOTAUEVWY KOlL UTIO 18puch GUVEPYOOLWV.
Oocov adopd ouykekpluévee Ttexvoloyieg, n Enabling Technologies 6a
eTkevtpwOel to 2021 ot:

e AAyopLBuoL Al yia mponyuévn xprion 8e8oUEVWY YEWOKOTNGNG

e JUVOUOOUOG XWPLKWV Kol emtomiwv Sedopévwv yla tn PBeAtiwon tng
alomiotiag Twv LOVTEAWV Kal Twv MPoPAEPEwY

e Alepelvnon texvoloylwv ocuvtnéng dedopévwy kat Pndlakwy Siupwv

e Antoktnon dedopévwy Kat adopoiwon Se5oUEVwy amo MELPAOTO
e H xpron autovouwyv mMAaTpopuwy yLo TapakoAoldnon.

Méow NG aflomoinong Bactkwv TeXVOAOYLWYV, OTOXEUOUE OTNV TIAPOXH VEWV
TIPOOTITIKWY Yl TA KOWWVIKA TPOYPAMMOTA «ZuoTnpata  Ymodoung»,
«YSatwkol mopol (Enpaocia)», «Epyacia Avtikatdotacng kot Kawotopioagy,
«OwoovuotAuata kot Yysia» kot «Evepyelakn MetaBaon». Autd ta 5
£PEVVNTIKA TIPOYPAUUATO CUUGWVNOAV VA TUAOTAPOUV LLA VEX TIPOCEYYLON YLO.
TNV EMLTAXUVON TNG ULOBETNONG BACIKWY TEXVOAOYLWVY OE TIPOYPAUUATO TIOU
Bagcilovtal otnv Kowwvia.

Oa deopeutolpe evepyd va adrjooups to Siktuo Digishape va avamtuyBet
TIEPALTEPW KAL VOl TIPAYLLATOTOL 00U UE, Léow Tou Digishape, tn cuvepyaoia pe
Tov ouvaoTiopo Al NL TpoKeLUEVOU Vo OELOTIOLCOUE KAl VA EVIOXUCOUWE
TEPALTEPW TOV POAO pag otnv Pndlomoinon tou Topéa Twv USATWY Kal Twv
UTIOYELWV ETILHAVELWV.

11206887-026

InSar data for hygrogeological applications. Report in progress.
Aedopéva InSar yLa uypoyewAOYIKEG edapUoYES. Avadopd o eEEALEN

11207357-052

Data fusion of ERT/IP and CPTs data, the characterize clay. Development of Al
algorithms to process the data. In progress.

Juyxwvevon dedopévwy EPT/IP kat Sedopévwy CPT, 0 XapaKktnpLopog apyhog.
Avarmtuén alyopiBuwv Al yia tnv enefepyacio Twv dedopévwy. e eEEALEN.




11207628-001

In this work we explore to what extent Electrical-Resistivity-Tomography (ERT)
monitoring can be used to study the influence of holes (animal burrows) on
internal erosion in a levee during an overflow experiment. The electrical
properties of the subsurface over time are used to assess the time needed the
holes to be water filled and possible development of new holes. This is the
factual report and no interpretation of the results is given, besides some key
observations.

Je aut tnv epyacia Olepeuvolue oe mowo PBabud n mopakoAoubnon
NAEKTPLKAG avtiotaong-topoypadiag (ERT) pmopel va xpnotponownBel yia ™
HEAETN TNC eniSpaong Twv onwv (Aayoupla {wwv) otnv ecwteplkn SltaBpwaon
o€ éva Gppaypa Kata tn SLApKELO EVOC TIELPAUATOG UTIEPXEIALONG. OL NAEKTPIKES
L810TNTEG TOU UTESAPOUC LE TNV TTAPOSO TOU XPOVOU XPNGLLOTIOLOUVTAL YLO VO
EKTLUNBEL 0 XpOVOG IOV aTaLTELTAL YL TNV TTANPWON TWV OTIWV LE VEPO KaL TNV
mBavr avantuén véwv omwv. Auth elval n TEKUNPLWHEVN avadopd Kot Sev
Slvetal kapia gppnvela Twv AMOTEAECUATWY, EKTOC ATO OPLOUEVEG PBOOLKEG
TapaTNPNOELC.

11208057-026

Al and machine learning to 3d stochastic schematize soil. In progress
Texvntl vonuooUVn Kol TEXVIKEG HUNXAVIKAG HABnong oe tplodidotatn
OTOXQOTLKN oxnuatomnoinon tou edddouc. 2e e€€ALEN

1204096-001

The survey campaigns, carried out in the intertidal zone on the beach of
Raversijde, had multiple objectives within the scientific part of the SeArch
project:

- Test seismic methods using shear waves and surface waves, both on land (on
the beach during low tide) and under water (during high tide) and their ability
to scope with biogenic gas.

- Test marine electrical resistivity tomography (ERT) and assess its ability to
obtain useful subsurface information in the presence of biogenic gas.
- Compare marine to land ERT in the intertidal setting.

O €peuveg mou mpaypatonowibnkav otnv moAlppolaky {wvn otnv mapaiia
Raversijde, gixav mMOAAQIAOUG OTOXOUCG OTO EMLOTNHOVIKO HEPOG TOU E£PYoOU
SeArch:

- AOKWIN OEOMIKWYV MEBOSWVY Xpnolomolwvtag SLOTUNTIKA KUMATO Kol
empavelakad KUPATa, T000 otnv Enpd (otnv mapalia katd tn SlapKela TNG
AUMWTNG) 600 KAl KATW Ao To VEPO (KaTA T SLAPKELA TNG MOALPPOLAG) KOL TNV
LKOVOTNTA TOUC VA avTILETWIT{ouV BLOYEVEG aEpLo.

- Aoklun topoypadiag Baidoolag nAektpikng edkng avtiotaong (ERT) kat
afloAoynon TNG LKAVOTNTAG TNC VO ATOKTA XPHOWES TMAnpodopleg ylo tnv
UTOyELa emipavela tapouoia Bloyevolg aegplou.

- ZUyKplon Baldoolag pe xepoaiog EPT oto maAippolako meptBaiiov.

1209220-003

FRESHEM Zeeland is short for FREsh Salt groundwater distribution by Helicopter
ElectroMagnetic survey in the Province of Zeeland. The FRESHEM project
established a detailed, spatially consistent and validated image of the fresh-salt
distribution of the groundwater system, based on helicopter-borne
electromagnetic measurements (HEM). Compared to previous large scale HEM
mapping campaigns, FRESHEM additionally provides (1) a quantitative
translation of HEM-measured resistivity profiles to groundwater salinity, (2) a
novel approach to interpolation of measurements to a 3D result, aimed at
preserving small-scale linear features in the data (creek ridges), (3) a rigorous
approach to quantitatively assess the uncertainty of the end-result and (4) a
validation with different ground truth measurements.




To FRESHEM Zeeland eivat cuvtopoypadia yia to FREsh Salt dtavopn unoyswwv
vdatwv pe Helicopter ElectroMagnetic épguva otnv enapyia tou Zeeland. To
£pyo FRESHEM kaBlépwoe pLa AEMTOUEPT), XWPLKA CUVETIH KAl ETUKUPWHUEVN
£1KOVA TN KATOVOUNG PPECKOU aAATIOU TOU CUCTAUATOC UTIOYELWY USATWVY, e
Baon TG NAEKTPOUAYVNTIKEG LETPNOELS e eAkOTTEPO (HEM). Z€ GUYKpLON UE
TPONYOUUEVEG €eKOTpateieg yaptoypadnong HEM peyaAng kAlpakog, n
FRESHEM mapéyel emumAéov (1) pLo moootikn HeTddpacn Twv MPodiA eLOLKNAG
avtiotaong mou petpribnkav pe HEM otnv aAatdtnta Twv UNOYELWY USATWY,
(2) pla véa mpooéyylon yla TapeUPoAr] UETPOEWV Ot €va TPLodLAcTATO
OMOTEAEOMQ, HE OTOXO TN SlatApnon NG YPAMULIKAG MKPAG KALAKOG
XOPOAKTNPLOTIKA ota SeSopéva (kopudoypopupeg KoAmiokwy), (3) po avotnpen
TMPOCEYYLON ylo TV TOOOTIKA afloAdynon tng aBePfaldotntag tou TEAWKOU
anoteAéoparog kat (4) pa emkipwon HeE SLadOPETIKEG LETPNOELS £6ADLKAG
aAnBeLac.

1210624

The measured Vs profiles were converted to VS30 values (the time averaged Vs
for the first 30 m below the surface) and compared to the modelled VS30 map
of GMPE V3 (Bommer et al.,, 2016, Kruiver et al., 2016b), which represent
regional VS30 values for geologically similar zones. The measured VS30 values
lie within two standard deviations of the modelled VS30 for all stations. The
measurements, however, provide more accurate data on a local scale. This
stresses the importance of acquiring local Vs profiles for the purpose of
determining local ground motions, e.g. for the calibration of the GMPE.

Ta petpnBévta nmpodiA Vs petatpannkav os TipEG VS30 (o pécog xpovog Vs yla
to mpwta 30 HETPA KATW amo TtV emibAvela) Kol ouykpiBnkav pe Ttov
povtelomnotnuévo xaptn VS30 tou GMPE V3 (Bommer et al., 2016, Kruiver et al.,
2016b), o omoiog avtimpoowrnelouv nepldePELakES TIHES VS30 yla yEwAOYLKA
mapopoleg {wveg. OL petpolpeveg TIHEG VS30 Bpiokovtal evtog SU0 TUTIKWV
amokAioswv and to povtédo VS30 yia 6Aoug toug otabuoug. Ol LETPNOELG,
WoTO00, MapEXOUV Tio akpLPr dedopéva og Tomikn KALpoka. Autod

Tovilel tn onpaoia g anmdktnong TomKwy PodiA Vs yla Tov mpoodLloplopo
TWV TOTUKWYV KLVAOEWV Tou e8adoug, T.x. yia tn Babuovopnon tou GMPE.

1210713

The aim of this research is to develop a strategy for monitoring the injection of
WEEC bottom ash in a dredging depot. Based on the analysis of the
measurement methods, measurement configurations and parameter testing in
the laboratory are some potency methods selected. A distinction is made here
between monitoring during the injection phase and during the subsequent
curing phase.

O otdx0o¢ AUTAC NG £peuvag elval va avamrtUéel PO OTPOTNYLKN yla TV
napakolovOnon Tng é€yxuong tédppag PBubol WEEC oe pa amobnkn
BuBokdpnonc. Me Pdon tnv ovaluon Ttwv peBOSwv pétpnong, ot
Slopopdwoele HETPNONG Kal O EAEYXOG TAPAUETPWY OTO EPYACTAPLO €ival
opLopévec pEBodol Loxvog mou emhéxOnkav. ESw yivetal Stakplon PeTaty Tng
napakoAoOnong katd tn ¢Acn TNG €yXUonc Kal Katd Tn OSlapKela TG
gnakoAoudng paong okApuvong.




1210915

During the construction of the highway tunnel close to the Marina Barrage,
seepage of seawater under the barrage was observed. In the near future a
metro tunnel will be built north-west of the Barrage. This activity could cause
similar problems. A reliable monitoring system detecting sea water seepage is
therefore highly desirable. The scope of this work is to evaluate the
performance of a system for monitoring the dynamic behavior of saline water
intrusion in a fresh water reservoir. his report describes the results of a pilot
survey employing a remote controlled monitoring system using Electric
Resistivity Imaging technique. The system clearly shows the dynamic
behavior of saltwater intrusion close to the Marina Barrage. This monitoring
system for salt water intrusion can be deployed at other locations and data
could be used in an operational setting for real time monitoring.

Katd tnv KOTaoKEU TNG orpayyas Tou auToklvntodpopou kovtd oto Marina
Barrage, mapatnpnOnke Siappor] Bahaccivol vepol KATW amd To Gppayua. XTo
£YYUC HEAOV Ba KOTAOKEUOOTEL [Lol orjpayyo Tou PETPO BopeloSUTIKA TOU
Barrage. Aut n &paotnpotnta Oa pmopoloe va TMPOKAAECSEL TapoOpOLa
npoBAfuata. Q¢ ek toutou, elval TMOAU emBuPNTod £va aflomioto cuotnua
napakoAouBOnaong mou aviyveLel Tn Stappor Baldoolou vepoUl. IKOMOC QUTHG
¢ epyaciag eivat n  afloddynon TG amodoong €vOC OUOCTAUATOG
napakoAouBOnong tng duvaplkng cuumepldpopdg tng dieicduong alatovyou
vepoU oe pia de€apevr) YAukoU vepou. H €kBeon meplypddel ta amoteAéopata
HLOG TIAOTIKNG €PEUvVaC IOV XpnoLUoTolel £va thAekateuBuvopevo clotnua
napakoAouBOnaong xpnolpomnolwvtag tnv Texvikn Electric Resistivity Imaging. To
ovotnua Oeiyvel €ekaBapa tn Suvaulkn cupneplpopd £l0BoANg aApupol
vepoU kovtd oto Marina Barrage. Auto To cuotnua nmoapakoAouBnong yla ™
Sleioduon aApupoul vepou pmopel va avamntuyBel oe aAAeg TonoBeaoieg kat Ta
6edopéva Ba pmopovoav va xpnoLponotnBouv os Lo AsLTtoupyLkn pUBULoN yla
TlapakoAoUOnoN o€ TPAYUATIKO XPOVO.

1220339-004

Long term morphological development of the tidal inlet systems in the Dutch
Wadden Sea.

MakponpoBeoun HopdoAoylK QVATTUEN TWV TIAALPPOLOKWY CUCTNUATWY
gl0660u otnv OMavdikr Odlaocoa Wadden




1221107

A literature survey and assessment has been conducted into the possibilities to
estimate soil behaviour for locomotion in planetary terrains, so as to provide a
critical assessment of existing techniques and to identify the most meaningful
options to be discussed with ESA. The document has been prepared in
conjunction with [RD04], “Literature Survey and Assessment, Rover and Soil
Interaction”, prepared by RUAG Space, and the chapter 4 of this report contains
a paragraph prepared largely by RUAG Space. It was found that parameters for
locomotion performance on soil can be derived from in situ wheel tests using a
model developed for ESA in previous work. Remote sensing and geophysical
measurements can provide information to characterize terrains to be traversed
by a rover in planetary missions. Orbital remote sensing provides data to be
used as contextual information for terrain analysis. Rover based remote sensing
provides data with high spatial resolution that can be used for soil identification.
The data can be analyzed using simple algorithms that make use of signatures
of spectral absorption and reflection of the soil surface, and of specific terrain
morphologies. Analysis of rover based remote sensing of soil surface
temperature variation provides information on porosity and thickness of soil
covers, and thus a first approach for locomotion properties. Geophysical
measurements, notably ground penetrating radar and possibly acoustic
measurements provide information on the soils. Off line characterization of
trafficability of the terrains with soil covers requires the forward looking
capabilities of rover based remote sensing, and determination of the
locomotion parameters for the soils to be encountered using in situ tests. A
summary of components involved in a system for off line characterization for
trafficability is provided. A limited set of components to support the current
practice, which relies on experts analysis, would comprise a dedicated
standardized in situ wheel test, and remote sensing data on thermal behavior
with a framework for analysis of such data. Additional information from tests is
required for the development of a dedicated in situ wheel test, and for
assessment of the uncertainty ranges that rover based soil surface temperature
analysis provides on porosity and soil cover thickness.

Mua BiBAoypadikny €peuva kol afloAoynon €xel Sie€oyxBel OXETIKA ME TIG
Suvatotnteg ekTipnong tng ocupnepldpopds tou 6adoug yla PeETaKivnon o€
mMAQVNTIKA €8Adn, £TOL WOTE va TOPEXETAL MO KPLTIKA afloAdynon Twv
UODLOTAPEVWY TEXVIKWY KOL VO EVTOTILOTOUV OL TILO CNUOVTLKECG ETILAOYEC TTou Ba
oulntnBouv pe tnv ESA. To éyypado €xel cuvtoxBel os ocuvbuaouod pe to
[RD04], «Epsuva kot aflohoynon BiBAloypadiag, aAAnAsmtibpoon pe podeg Kal
e6adougy, mou ekmovrBnke amno tnv RUAG Space kal to keddAalo 4 autng Tng
£kBeong TepLEXEL pLa Ttapaypado Tou ekmovhOnke o peydAo Babuod amo tnv
RUAG Space. AlamiotwBnke OTL oL TTapapeTpol yla tTnv anodoon kivnong oto
£6adog pmopolv va TmpokOPOUV amd  ETUTOMIEC OOKIUEG TPOXWV
XPNOLUOTIOLWVTAG £Va LOVTEAO TIOU avartuXOnke yla tnv ESA og mponyoUpevn
gpyooia. H tnAemiokomnon Kot oL YewhUGOLKEC LETPHOELG UITOPOUV VA TIAPEXOUV
TANpodopleg yla tov XOpoKTNPLOPO edadwv Mou MpEMeL va dlacylosl Eva
pOPep o€ MAAVNTIKEG ATIOOTOAEC. H TpoxLaKr TNAETLOKOTINGN TtapEXeL dedopéva
Tou Ba xpnoLponolnBouv we ecTLACUEVEG TTANPOodOpLe yia avaluon eddadouc.
H tnAenokonnon pe Baon Rover mapéxel Sedopéva pe uPnAn xwpLkn avaiuon
TIOU HmopoUlV va xpnotldomotnBouv yla tnv avayvwplon tou edadoug. Ta
Sebopéva pmopolv va avaAuBouv xpnolonolwvtag armAols alyoplBoug mou
KAVOUV Xpron Twv umoypadwv TG GACHATIKNG anoppodnong Kal avakAaong




™G enudpavelag Tou 6AdouG Kal GUYKEKPLUEVWY pLopdoAoyLwy Tou edddouc. H
avaAuon tng Stakupaveng tng Beppokpaaciag tng empavelag tov eddadoug pe
Baon TNV tnAemiokomnnon Ue Bacn poBep mapéxel mAnpodopieg yia 1o mopwdeg
KOl TO TIAX0C TwV £8adIKWV KAAUWPEWY, KOl ETOUEVWE LA TIPWTN TIPOCEYYLoN
yla TG Wdlotnteg petakivnong. Ol yewdUOLKEG HETPROELS, WOlwG To pavidp
Slelobuong oto €6adog kal mBAVWE OL AKOUOTLKEG ETPNOELS TIOPEXOUV
mAnpodopieg yia ta edadn. O eKTOC yPAUUNG XAPAKTNPLOKOE TNE SuvatotnTag
kKukAodopiag tTwv edadwy pe KaAUppata e6ddoug amalttel TG SuvatotnTeS TNG
tnAeavixveuong mou Paoiletal o poBep KAl TOV TPOCSIOPLOUO TwV
TapaUETPpWY Kivnong yla ta €dadn mou Ba cuvavtnBouv XpnNOLUOTOLWVTOC
SOKLUEG in situ. MopéxeTal pa cuvoyn TwV OTOLXELWV TOU EUMAEKOVTAL OE €va
oUOTNUA XAPAKTNPLOUOU €KTOC oUVOEDNG yla eMLOKOTNON. Eva mepLlopLlopévo
oUVOAO €€QPTNUATWY YLO TNV UTIOCTAPLEN TNG TPEXOUOAG TIPAKTIKAG, N omola
Baoiletal oe availuon el6kwy, Ba epAapBAvVeL Lol ELSLKH TUTIOTOLNUEVN in
situ SoKLpr) TpoXoU Kal Sedopéva TNAETILOKOTINGNG YLo TN Bepkr) cupmepldopd
UE €va MAaioLo yla TtV avaAuon Tétolwv Sedopévwy. Antattouvtol mpdoBeTeg
TIANpodopieg amod SOKLUEG yLoL TNV avamTuén plag el8IkAg SokIUAg Tpoxol oTo
nedio kal yla tnv afloAdynon Twv MeploXwV aBeBaldTNToC MOV TIAPEXEL N
avaAuon Bepuokpaoiag enidavelog edadouc e BAcon To rover yLa To TopwdeG
Kall To axog kaAupng tou edddouc.

1230049-005

In this work we explore the optimization of 3D ERT (Electrical Resistivity
Tomography) measuring protocols in the case of a 3D borehole grid. Those
measurements are used to monitor ground conditions for geotechnical
purposes in a time lapse monitoring mode. The ERT monitoring set-up involved
in the current application requires the collection of multiple cross-hole
measurements in a fully 3D mode. There is not a known standard measurement
scheme that could be used for such a measuring setup. Additionally, the
involvement of such a large amount of electrodes and possible cross-borehole
configurations can end up with a huge amount of electrode combinations that
can be measured, without any control on how many of these measurements are
significantly contributing to the formation of the final model. Within this work
we propose a 3D measurement optimization approach that will result in an
efficient measurement scheme which will produce optimum inversion while
minimizing measurement and processing resources. Note that the optimization
weights drops on the minimization of acquisition time, rather than optimal
results.

e auti tnv epyoocia Slepeuvolpe tn BeAToTomoinon Twv MPWTOKOA WV
uétpnong 3D ERT (Electrical Resistivity Tomography) otnv mepinmtwon &vog
TPLOSLACTATOU TAEYUATOC YEWTPNOEWV. AUTEG OL LETPAOELG XPNOLOTOLOUVTaL
yla tnv mapakoAolBnon twv ouvBnkwv tou £86Aadoug yla YEWTEXVIKOUG
OKOTIOUC 0g Asttoupyia mapakoAolONong xpoviking kabuotépnong. H puBuion
napakoloOnong ERT mou gumAékeTal otnv TpExovoa ebapuoyn amattel ™
ouM\oyn MOAAOTTAWY HETPHOEWV SLACTAUPOUHEVNG OTIAC 0 TTARPN AELToupyla
3D Sidotaon. Asv UTAPXEL £Val YVWOTO TUTILKO oXAUa pETpnong mou Ba
umopoloe va xpnoluornotnBei yia pia tétota puBuLon pétpnong. EmumAéoy, n
CUUUETOXH TOOO PEYAANG toooTNTOC NAEKTPOSiWY KoL TtBavwy Stapopdwoswv
SlotpAoswy pmopel va KataAnéel os pla TEPAOTIO TOCOTNTA CUVSUACUWY
NAEKTPOSiwV mou urmopolV va HeTpnBoUv, XWPLG Kavévay EAEYXO YLOL TO TIOOEG
OO QUTEC TLG LETPNOELG CUMBAAAOUV ONUOVTLKA OTOV OXNUOTLOUO TOU TEALKOU




HOVTEAOU. 2TO TAAIOLO QUTAG TNG €PYAciog TPOTEIVOUHE WLl TIPOCEYYLON
BeAtiotonoinong Ttplodlaotatng METpnong mou Ba odnynosl oe éva
OMOTEAECUATIKO OXAHO METPNONG, To omoio kol Ba moapdyel T PEATIOTN
avtiotpodn, elaylotonolwvtag mapdAAnAa ta Sedouéva  HETPNONG Kol
enetepyaociag. Inuelwote OTL  Blaitepn onuacia amodidetal  otnv
eh\aylotomoinon Tou XPOVOU amoOKTNoNng Kot OxL otnv emiteuén PBéATioTwy
OTMOTEAECUATWV.

1230282

For the 'Markerwadden' nature development project, which is currently being
carried out in the Markermeer, large-scale earthmoving will take place
(including the construction of a sand extraction pit). This earthmoving may
affect any archaeological values in the subsoil. To gain insight into the presence
of archaeological values in the underwater bed of the plan area, an Inventory
Field Study was carried out in the form of drilling (Huizer, 2016). In order to
obtain a flat and efficient picture of the relief of the Pleistocene sand surface
for the Stone Age forecast (to avoid 'river dunes'), geophysical measurements
were performed in addition to the drilling research. Three measurement
systems were tested, that of the Chirp Sub Bottom Profiler (Chirp), that of the
Sparker system (Sparker) and that of the Electric Resistivity Tomography (ERT).
The investigation revealed that the Chirp system provided no information
regarding the depth of the Pleistocene surface. The Sparker's measurement
results could only be interpreted using the existing bores, because the reflection
patterns in the measurement profiles were not unambiguous. The ERT
measurements yielded the best geological contrasts, but the depth range of the
measurements performed (about 14 m below the water surface) was just a little
too small to get a good picture of the top of the Pleistocene deposits. In future
research into the relief of the Pleistocene surface in the underwater bed of the
Markermeer, it is recommended to use the ERT system in combination with the
Boomer system so that mutual comparison and control between the systems is
possible and a better result is obtained. Compared to the measurements
performed in this study, the ERT system requires a number of adjustments to
be made with regard to measurement settings and the measurement protocol
performed so that the subsurface up to 20 m - NAP is also properly observed.

MNa 1o €pyo avamtuéng tng dpuong «Markerwadden», To omoio ekteAeital emi
Tou Tapovtog oto Markermeer, Ba TpAyUATONONOOUV XWLATOUPYLKES
gpyooieg peydAng kAipakog (cupmephopBavouévng TG KATOOKEUNG AGKKOU
£€6puénc Guuou). Aut N XWHATOUPYLKA Kivnon LMOpEL va EMNPEACEL TUXOV
opxotohoykd gupnpata oto unédadog. Mo va yvwpiloupe edv udlotavtol
opxXOloAOylKA  eupnuato  otnv  umofpuxla  koitn  tng  katoyng,
npaypotono|Onke pehétn mebilouv amoypadng He TN popdr YEWTPNONG
(Huizer, 2016). Mpokelpévou va AndOet pia emimedn KoL amoTEAECUATIKA ELKOVA
tou avayAudou Tng empdvelag tNg AUPou Tou [MAELOTOKALVOU Yyl TNV
npoPAePn tng AlBwvng Emoyng (mpog amodpuyr Twv «UpUOAoPwY MOTAUWYY),
TpAyHOTOTOONKAV YEWDUGCLKEC LETPNOELS, TIEPAV TNG EPEUVAC YEWTPIOEWV.
Aokwaotnkay tpia cuothpata pétpnong, auvto tou Chirp Sub Bottom Profiler
(Chirp), auto tou cuotruatog Sparker (Sparker) kat auto tng Topoypadlog
Electric Resistivity (ERT). H €peuva amokaAue OtL T0 clotnua Chirp Sev
napeixe mMAnpodopieg oxeTka e To BAB0C TNG emidavelag Tou MAELOTOKALVOU.
Ta anmoteAéopaTa TWV UETPHOEWY Tou Sparker pmopoucav Vo EPUNVEUTOUV
LOVO XPNOLULOTIOLWVTOC TLG UTIAPXOUOEG OTIEC, EMELSN TA OoTiBa avakAaong ota
npodiA pétpnong dev ftav povoonuavra. Ot HeTpRoelg TnG EPT anédwaoav Tig




KAAUTEPEG YEWAOYIKEG avTIBEoELG, A TO €UPOG BABOUG TWV HETPHOEWY TTOU
nipaypotonow|Bnkayv (repinouv 14 pétpa KATW amnod tnv enbavela Tou vepou)
Atav Alyo TOAU UIKPO ylo vol £XOUHE HLa KAAr €LKOVOL TNG KOPUGNG Twv
anoBéoswv tou MAeLOTOKALVOU. Z& UEANOVTIKN £peuva yla To avayAudo Tng
empavelag tou MAswotokalvou otnv umoPpuxla koitn tou Markermeer,
OUVLOTATOL N Xprion Tou cuotnuatog EPT og cuvduacoud pe to cuotnua Boomer
wote va eilvat duvati n apolfaia oUykpLOn KoL €AEYXOG METALL TwV
OUOTNUATWY Kal va erteuxOel KoAUTEPO aMOTEAECUA. € OUYKPLON HE TLG
LUETPAOEL TIOU TipaypatonolOnkav o€ autr tn HEAETN, To ovotnua EPT
arottel va yivouv opLOUEVEC TIPOCAPHIOYEG OGOV adopa TIG pUBUILOELS HETPNONG
KOLL TO T(PWTOKOAAO PETPNONG WOTE VA TNPELTAL CWOTA KoL N UTTOYELA ETILDAVELAL
£w¢ 20 m - NAP.

1230623-002

An inventory and assessment of geophysical shellfish bed detection methods
has been carried out for Rijkswaterstaat. The inventory included literature, a
shellfish bed definition and detection criteria, interviewing geophysical service
companies on current and near-market technologies and reviewing shellfish
bed detection pilot experiments. Our analysis has resulted in an overview of
promising geophysical techniques for detection of epifauna and infauna
shellfish beds at potential sand production locations below 20 meters depth in
the North Sea. Recommendations are given for future steps to test and build
confidence in the technologies proposed.

MNa to Rijkswaterstaat mpayuatomolOnke amoypadrn kot afloAdoynon twv
VEWPUOIKWY PEBOSWY avixveuong tng KAivng ootpakosldwv. H amoypoadn
nepleAapPave BiBAoypadia, oplopd Kol Kpltipla aviyveuong tng KAlvng
00TPAKOELOWV, CUVEVTEUEELG OO ETALPEIEG YEWDUOLKWV UTINPECLWY OXETIKA UE
TPEXOUOEG KAL CUMBATEG LIE TNV OyOpA TEXVOAOYIEG KOL AVOOKOTINON TUAOTLKWV
TEPAUATWY avixveuong kKAlvng ootpakosldwy. H avaluor pag odnynos o pla
emokonnon eAmibodopwy yla To HEAOV YeEWUOLKWY TEXVIKWY ylad TNV
avixveuon enupaveLwV Kal 00TPAKOELSWY 0 SUVNTIKEG TomoBeoieg mapaywyng
AQUpOU KATw armo 20 pétpa fabog otn Bopela OdAaocoa. Alvovtal GUGTACELS Lo
HUEANOVTIKEG OOKIUEC KOl OLKOSOUNONG EUMLOTOCUVNG OTLC TIPOTELVOWEVEC
teXVOAOyisC.

1230663-002

For the 'Marker Wadden' nature development project, which is currently being
carried out in the Markermeer, large-scale earthmoving is taking place,
including the construction of sand extraction pits for the work. This earthmoving
may affect any archaeological values in the subsoil of the Marker Wadden
planning area.

In this report, the underwater bed of this area has been investigated for the
purpose of the prospective archaeological preliminary investigation of the
Winput Zuid. The focus was specifically on the top of the buried Pleistocene
surface. In particular, the high parts of the surface are archaeologically
promising for preserved heritage from the Stone Age. The survey was
conducted as a combination of geophysical survey methods, namely: CPTs, the
Boomer Seismic Measurement System, and the Electrical Resistivity
Tomography Measurement System (ERT). Using CPT's and Boomer seismics, 4
geological lines were first placed over the sand extraction area. With the
acquired insight into the profile structure, a map of the top of the Pleistocene
surface was subsequently produced, mapping an erosional area of Holocene
tidal channel cuts (low archaeological expectation) and a non-erosive area of
the Pleistocene surface. The Pleistocene surface has its highest elevation in the




eastern part of the Winput South, at a depth around 12 m - NAP. The ERT
measurement results confirm the location of the Holocene trench incisions, but
in the non-erosive Pleistocene region the ERT resistance measurements
fluctuate (too) strongly. The ERT large measurement results are not confirmed
there by the CPT and Boomer measurements and are therefore not used for the
Pleistocene contour line pattern for the Pleistocene non-erosive top sand area.

MNa 1o £pyo avantuéng tng puong «Marker Wadden», To omoio ekteAeital eml
Tou Tapdvtog oto Markermeer, TPAYLATOTIOLOUVTAL XWLOTOUPYLKEG EPYACLEC
HUEYAANC KALMOKOC, SUMTMEPAAUBAVOUEVNG TNG KATAOKEUNG AAKKWY ££0pUEng
QUUOU. AUTEG Ol XWUOTOUPYLKEG €PYACLEC UTTOPEL va EMNPEACOUV TUXOV
apxaloloyka eupnuata oto unedadog tng mepLoxng HeA€tng Marker Wadden.
Jtnv mapouca €kBeon, n umoBoAdcola Koitn autng TNG TEPLOXNG EXEL
SlepeuvnBel yla Toug oKOmoUG TNG UEAAOVTLKNG aPXALOAOYLKAG €EETOONG TOU
Winput Zuid. EcTlAc0 e GUYKEKPLUEVA TNV KOpudr TNG Bappévng emidpavelag
tou [MMAelotokawvou. ElSIkOTEpa, Ta Avw onueia tng embdvelog eival
opxolohoykd eAmibodopa yla dtatnpntéa suprpata anod tn Aibwn Emnoyn. H
gpeuva Ole€nxbn w¢ ouvduaouog HeBOdwvV yewdUGCIKAG £peuvag, Kol
ouyKekplpéva: CPTs, to Boomer Seismic Measurement System kot To Electrical
Resistivity Tomography Measurement System (ERT). Xpnolpomowwvtog
oslopkd CPT kot Boomer, TomoBetrOnkav apxikd 4 yEWAOYLKEG YPOUUES TIAVW
amno tnv neploxn €€6puénc dppou. Me tnv texvoyvwoia mou nén amnoktnénke ,
ot ouvéxela dnuloupyndnke évog XApTng TG Kopudng TNG emdAveLaC TOU
MAelotokawvou, xaptoypadwvtag pla Teploxn Olafpwong HeE TOUES
TIOALPPOIKWV KavoAlwv Tou OAOKavou (xaunAn apxaltoloyikn npoodokia) Kat
pLla un StaBpwtikn meploxn tng emibavelag tou MAslotokawvou. H enipavela
tou MAelotokawou €xel to UPNAOTEPO UYPOUETPO OTO OVOTOALKO TUHLO TOU
Notou Winput, oe BaBog repimou 12 m - NAP. Ta amoteAéopata TNG LETPNONG
¢ EPT emBePfatwvouv tn BEon Twv TopwV g Tddpou tou OAdKalvou, aAAd
otn 1N SlaBpwTtikn mepLoxr tou MAELOTOKALVOU OL LETPAOELG TNG aVTioTAoNG TNG
EPT kupaivovtal (o peydlo Babuod) évtova. Ta amoteAéopata Twv HEYAAWV
petpnoewv tng ERT Sev emPBefatwvovtat and tig petproelg CPT kot Boomer kait
ETOUEVWG OEV XPNOLLOTOLOUVTAL VLA TO HOTIRO YPOUUNAG TTEPLYPAULATOC TOU
MAeloTOKaLVOU yla TN pn SlaBpwtikn mepLoxn TG Kopudng TG GUUOU TOu
MAeloTOKALVOU.




1231021-006

In the context of increasing the capacity of the Wilhelmina Canal for shipping,
the canal will be widened and deepened and the level may be lowered between
Sluis Il and Il in Tilburg. The lowering of the water level may lead to an
undesirable lowering of the groundwater levels in the area. The latter can be
prevented by a water-inhibiting layer that is so deep under the channel floor
that the chance of bursting due to seepage pressure is negligibly small.
Rijkswaterstaat (WVL, GPO and PPO project Wilhelminakanaal) has asked
Deltares and Van 't Hek foundation techniques to accelerate the development
of the PLAID-lJzeroer method (PLAat Injection Deltares) to enable possible
application as a water-retarding layer near Tilburg. In the PLAID Iron Rule
method, a water-inhibiting layer is applied under the channel floor. For this
purpose, a mixture (the 'brownie') is injected of basic chemical substances that
are available in bulk on the world market and that occur naturally in the (Dutch)
subsoil. The mixture is liquid during the injection and precipitates fairly quickly
in the pores of the sand due to chemical reactions. This clogs the pores and
creates a water-inhibiting layer. This so-called young-iron layer will within a
period of years further converted by bacterial activity into a layer of a naturally
similar crystal form of iron rock, whereby the water-inhibiting effect further
increases. The layer takes on a plate shape because it is three-dimensionally
bounded by a hydrological water shield during application. The water barrier
and the water shield are generated between rows of lances that are placed at
the required depth below the channel floor. The development of the iron layer
can be monitored during and after the injection. Because ferric iron is highly
electrically conductive, the three-dimensional growth over time (i.e. in 4D) of
the layer during injection can be monitored (ERT technique), and controlled on
the basis of the observations. Because the iron layer has a relatively large mass
after installation, its size can also be monitored acoustically for a long time after
application. If necessary, the layer can be maintained or strengthened in a
targeted manner — even after years.

210 MAaiolo NG av€nong g xwpentkotntag tng dtwpuyag Wilhelmina yua tn
vauTiAia, n Swwpuya Ba SteupuvBei, anoktwvtag peydho Babog kot n otadun
evbeExetal va pelwdel petaty Sluis 1l kai Il oto Tilburg. H pelwon tng otabung
TOU vepoU umopel va odnynoel oe averubupuntn pelwon tng otabung twv
UTIOYELWV USATWYV otnV Tteploxn. To teleutaio pmopei va epmodiobel amnd éva
oTpWUA VePOL TOU €ival TOoo PabLd kdtw armd to ddmnedo Tou KavaAlol Tou N
mBavotnta va okAoel AOyw tN¢ Tieong Slapporg elval CUYKPLTIKA pikpr. H
Rijkswaterstaat (¢pyo WVL, GPO kot PPO Wilhelminakanaal) {tnoe amd tig
Deltares kat Van 't Hek va emtayxUvouv tnv avamntuén tg puebodouv PLAID-
lJzeroer (PLAat Injection Deltares) yia va kataotel Suvatr n mbavn sdappoyn
™¢ emPpaduvong tou vepou kovta oto Tilburg. Itn uéBodo PLAID Iron Rule,
edapuoletal éva oTpwpa ou epnodilel tn por vepoU KATw armo to damnedo Tou
KavoAloU. Ta To okomod auto, eyxéetal éva peiyua (to «brownie») Bactkwv
XNUIKWY ouowwyv Tou SlatiBevtal eAelBepa otnv mAyKOCULX Oyopd KAl TToU
anaviwvtal puolkd oto (oAAavSLkd) urteédadog. To pelypa lvat uypo KaTd TNV
£€yxuon Kol KoBLwAaveL apKETA Ypryopa oToug MOPOUG TNG AUUOU AOYW XNULKWV
avTdpacswv. Auto ¢palel Toug MOPOUG Kal SNULOUPYEL €va OTpWHA TIOU
geunodileL tn pon vepou. AUTO TO AMOKAAOUHEVO OTPWHA VeapoU oLdrpou Ba
uetatpanel péoa o €va Paboc etwv TeEpaltépw  amd  PakTnplokn
Spaoctnplotnta o €va oTpWHA PUOCLKAG, TIAPOUOLAG, KPUOTOAALKNG HopdNng
OLONPOMETPWUATOG, OMOTE N AVAOTAATIK &pdon Tou vepoU aufdavetol




nepatépw. H otpwon maipvel oxnua TAAKaGg, emeldny  TeplopileTal
TpLodldotata anmd plo USPOoAOYIKN aoTida vepou Katd tnv edappoyr. To
dpayua vepou kal n aomida vepol SnpLloupyolVTaL OVAUECSO OE LA OELPA aTTO
AOyxec mou tomoBeTolvtal 0To analtoupevo Babog kKatw amd to damnedo Tou
KavaAloU. H avamrtuén tou oTpwuaTog odnpou Unopel va mapakoAlouBeital
KATA TN SLAPKELD KoL META TNV €kxuon. Emewdny o oidnpog owdnpou eival
NAEKTPLKA QyWYLLOC o peydlo Babud, n tplodiactatn avamtuén HE tnv
ndpodo tou xpovou (6nAadn oe 4D) TOU OTPWHOTOC KATA TN SLAPKELA TNG
£€yxuong pnopel va mapakoAouBnBel (texvikn EPT) kot va eAeyyBei pe Bdaon tnv
napatnpnaon. Emeldn to otpwpa oldrnpou €XEL OXETIKA HeYOAn pala HETA TNV
£YKATAOTOON, TO UEYEDOC TOU Umopel emiong va mapoakoAouBeital akouoTIKA
yla peyalo xpovikd Siactnua PeTd tnv edpappoyn. Eav eival anapaitnto, t0
oTpwpa propet va Statnpnbel i va evioxuBel Ye oToxeupévo TPOTTO — AKOUA
KOl LETA Tt £7TN.




TitAog SENSING TECHNIQUES TO CHARACTERIZE LOCOMOTION ON SOILS TO BE TRAVERSED BY A ROVER
Etaipeia Xwpa Overall ApLOpog NeAdtng Mnyn Xpnpatodotnong Hu. ZuvepyalOHEVOG
project TIPOCWTIILKO
value (EUR) v}
Deltares Netherland 150000 3 European Space European Space Agency 2016-2017 RUAG
S Agency

Neplypadn Tou MpoypaARUATOG

The scientific success of rover-based exploration is a result of the rovers’ capability to access diverse
terrains and surface materials. Previous Mars and Moon missions based on surface mobile elements
have demonstrated very well the importance and criticality of locomotion performances. Engineering
expertise and modelling capabilities in the area of mobility performances are therefore important to
support the rover design phase, locomotion qualification testing and ultimately mission operations
planning.

Using mathematical models for this purpose implies the need to know the parameters which
dominate tractive performances, and their values. However, soil conditions can vary significantly in a
natural terrain, which has also been observed on Mars. Therefore not only mathematical modelling
tools of vehicle—terrain interaction processes, but also specific knowledge of the relevant properties
of the terrain are needed before the terrain is actually traversed.

10cm_099.csv.

The purpose of the ESA UNDERSTAND activity is to investigate and report the most meaningful
options of techniques to characterize locomotion on soils in terrains. This study uses as much as
possible the existing on-board assets for characterization of the terrain, in particular in view of the
avoidance of temporary or permanent immobilization of a rover on Martian and Lunar surface.

50 100 150 200 250 300 5 100 150 200 250 300

30cm_099.c5v 40cm_098.csv
L

The rover designed for the ESA ExoMars 2020 mission is taken as an example. Included in the scheme
that is sketched are the necessary facilities of the rover, their functions, the data to be collected and
handled, and the processing of the data and information to determine the nature of the soils in the
terrain to be traversed. This work includes preliminary concept validation of two selected on-board
experiments: monitoring a wheel digging into a soil and the data processing of surface temperature
variation based on infrared imagery.

0 /0 W 50

100 150 0 250 300

Figure: Thermal test to validate simulation. Thicker sands have
different temperature characteristics.




TitAog Inversion of HEM data in New Zeland
Etaupeia Xwpa Overall ApLOpog MeAdatng Mnyn Hu. ZuvepyalOpMEeVOQ
project TIPOGWITILKO Xpnuatodot
value (EUR) v} nong
Deltares New 75.000 1 NZ Ministry NZ Ministry 4-2014/ NZ Ministry of Business Innovation and

Zealand - of Business of Business Employment (MBIE)

Netherland Innovation Innovation >-2014

s and and
Employment | Employment
(MBIE) (MBIE)

Nepypadn Tou MPoypaARUATOG

EM data were collected with Fugro’s helicopter-borne RESOLVE electromagnetic (HEM)
system, in a series of parallel lines, each 300m from the last. 52,000 lines kilometres were
collected, with 2-3 m resolution approximately along the survey lines. Thus, 18,144,974 data
points were collected and each point is considered as a typical 1D sampling-sounding. This is a
typical approach for HEM data due to the computation weight of Maxwell equation in 2D or
3D combined with the large number of data points. Additional post-processing is possible in
order to remove part of the 1d uncertainties and they will be discussed in a latter chapter.
Frequency used for inverting the data EM data is shown in the next table. This range of
frequencies is suitable for imaging in the range of 100+ meters. Additional specifications for

the EM survey can be found in the previous reports.

The multifrequency AEM data were inverted using the code Airbeo (P223f suite, Australia). The
data was processed on collaboration with GNS Science in the New Zealand Smart Aquifer.
Characterization Programme, funded by the NZ Ministry of Business Innovation and

Employment (MBIE)

Figure : Resistivity slices from the 3D interpretation of EM data.




TitAog Inversion of HEM data in New Zeland
Etaupsia Xwpa Overall ApLOpog NeAdtng Mnyn Hu. ZuvepyalONEVOG
project TLPOCWTILKO Xpnpatodot
value (EUR) v} nong
Deltares Netherland 58500 1 Zealand Zealand 2015- TNO, BGR
S stakeholders | stakeholders | 2017

Nepypadn Tou Mpoypappatos

Type of services provided

Coastal lowlands are inhabited by around a quarter of the global population, owing to their
low relief, fertile soils and easy transport. The availability of freshwater, however, presents a
clear challenge in these coastal lowlands. The Province of Zeeland, in the Netherlands, is a
prime example. In this island province, surrounded by saltwater estuaries and the North Sea,
groundwater resources have been largely salinized by marine incursions and freshwater is
scarce. As a result of land reclamation and subsidence, 25% of the area currently lies below
mean sea level. The area is both an agricultural and tourism hotspot, putting stress on the
available freshwater resources. Successful freshwater management, however, requires a clear
and detailed picture of available fresh groundwater resources.

From its first successful application in the late 1970s, airborne electromagnetic induction (EM)
surveys have since become increasingly common to map saltwater intrusion, delineate
freshwater occurrences, or detect the presence of buried valleys. Airborne EM is especially
suited to these kind of surveys, as the electrical conductivity of the subsurface is determined
by (1) the salinity of the groundwater, and (2) the conductivity of the host material, with clay
being a conductor and sand not . The airborne EM systems currently in use have been shown
to yield good results when compared with ground-based geophysical and borehole
measurements.

Figure : a) Slice from voxel model (p50 chloride concentration), showing a
section from a dune area with deep freshwater to the hinterland with
generally shallow occurrence of saline groundwater. Extent is indicated by
black rectangle in b), b) Depth of median 1500 mgL-1 chloride contour, c)
uncertainty in depth of 1500 mgL-1 contour (defined as (p25-p75) / p50 *
100%), d) freshwater occurrence below saline groundwater. Roman
numerals are referred to in the text.




TitAog Real time monitoring using ERT with buried cables.
Etaupsia Xwpa Overall ApLOpog NeAatng MnynR Xpnpoatodatnong Hu. JTuvepyalOMEVOG
project TLPOCWITILKO
value (EUR) v}
Deltares 60000 2 Anoppnto Anoppnto

Neplypadn Tou MPoypARLATOC

During the construction of the highway tunnel south-east of Barrage, seepage of seawater under the
barrage was observed. This was probably caused by a hole under the barrage. In the near future a metro
tunnel will be built north-west of the barrage. This activity could cause similar problems; therefore a
monitoring system detecting sea water seepage is highly desirable for all critical areas in the area. This
report describes the monitoring tool which is used to image the dynamic behavior of saltwater intrusion
in the Reservoir close to the Barrage.

The method we used to detect the presence of salt water is called Electrical Resistivity Tomography
and it is based on the imaging of the resistivity of the subsurface.

Starting from gate G2 and towards gate G1 (47.5m length), we installed the monitoring cable. We used
96 electrodes with 0.5m spacing, with a Wenner-a array. Date acquisition is 20 minutes. Data repetition
is 1 hour.

Here we present two snapshots from the whole monitoring period. Figure shows the inverted model
and associated sea level and reservoir level, at 11 of March at 13:15 and 23:15 (UTC +2) time. We
observe that the area at x=12m from gate G2, shows significant resistivity changes, an indication that
the fresh/salt water interface is dynamic in the region and possible to be mapped with this method.
Additionally, changes in the thin zone, between 0 and 2m (below fresh water), are associated with
changes to the salinity of the water. Moreover, we observe that the sea level is lower at 13:15.
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Figure: Monitoring results between 13:15 and 23:15 (UTC+2), at
11th of March. We observe a dynamic changing fresh/sea water
system at distance= 10m. RL= Reservoir Level; SL = Sea Level




TitAog

TEM measurements for aquifer storage and recovery

Etaupsia Xwpa Overall ApLOpog NeAatng MnynR Xpnpoatodatnong Hu. JTuvepyalOMEVOG
project TLPOCWITILKO
value (EUR) v
Deltares 800000 2 Anoppnto Anoppnto 2017- Anoppnto partners

Neplypadn Tou MpoypaARUATOG

Deltares has executed a Time Domain EM (TDEM) survey.The target of the survey was acquiring a data
set to be used for determining the suitability of the subsurface for an Aquifer Storage and Recovery
(ASR), selecting the optimal location for such a project and supply data which can be used for the final
design of the ASR system. Resistivity is correlated to the lithology (porosity), the water content and the
water quality of the subsurface. The correlation between the inversion and the borehole data allows
us to use a geological steer inversion, where lithology is used as information to the geophysical data.
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Barehole description
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Figure: 3D resistivity area and

borehole logging used to perform a geological steer inversion




TitAog Real time monitoring of coal fires.

Etaupsia Xwpa Overall ApLOpog NeAatng MnynR Xpnpoatodatnong Hu. JTuvepyalOMEVOG
project TLPOCWITILKO
value (EUR) v
Deltares Amoppnto 2 Colorado state Colorado State

Neplypadn Tou MpoypaARUATOG

The remediation of coal seam fires requires, as a first step, the precise localization of the burning
front. Various geophysical methods can be employed for this purpose but not all of them can provide
an unambiguous localization of this type of target. We propose a combined inversion of self-potential
and resistivity data and the use of joint attributes (characterizing the target) to localize the burning
front of a coal seam fire. This new methodology is applied to the 3D reconstruction of a shallow coal
seam fire in Boulder, Colorado. The coal seam fire is located in the Gorham subbituminous coal
formation at a depth comprised between 10 and 15 m. The self-potential survey comprises 160
stations (5 profiles and 32 stations per profile) located at the ground surface with self-potential
anomalies amounting +70 to -50 mV with respect to an arbitrary reference located further away from
the burning front. The resistivity survey comprises 5 resistivity profiles with 118 measurements per
profile (590 measurements in total). The burning front is associated with very low value of the
electrical resistivity (<15 Ohm m) and source current density probably of thermoelectric nature. The
combined inversion and interpretation of the self-potential and resistivity data indicates clearly the
position of the coal seam fire, which is corroborated by a thermal anomaly observed at depth of 30
c¢m and indicating that the minimum depth of the thermal source is approximately 9 m. This
methodology can be easily extended to greater depths using resistivity derived from galvanometric or
airborne electromagnetic methods and large-scale self-potential surveys.

a Sell-potential inversion as seen from East

Figure: 3D ERT resistivity profiles and SP profiles on top of

a coal fire.




TitAog MARINE ERT METHOD
Etaipeia Xwpa Overall ApLOpog NeAdtng Mnyn Xpnpatodotnong Hu. ZuvepyalOHEVOG
project TIPOCWTIILKO
value (EUR) v}
Deltares Several 2 2014-
Projects Ongoing
25.000

Nepypadn Tou Mpoypappatos

Since 2014, | have developed a marine imaging tool, using the ERT method. This tool has a flexible
resolution and depth of investigation setting, that can be used in several sites. Additionally, | have
optimized the processing of the collected data, to generate reliable 3D results. This tool is currently
used in several projects.
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TitAog DRONE/BOATS AUTONOMOUS BASED EM SURVEYS
Etaipeia Xwpa Overall ApLOpog NeAdtng Mnyn Xpnpatodotnong Hu. ZuvepyalOHEVOG
project TIPOCWTIILKO
value (EUR) v}
Deltares NL Amoppnto 3 TKI (OMawvSLK6 tpoypappa 2019- Skytools,
Xpnpotoddtnong)
Watermappers,
K.l

Neplypadn Tou MpoypaAppATOC

I am developing an EM drone. My role is to design and define the sepcs. | am working with drone
developers, survey companies and hardware developers in a joint effort (TKI).

There is a niche to for em surveying/monitoring due to the following reasons:

Pro: Drone based em surveying will be faster than land or water surveys, it can work better
in less accessible terrains; Con: drone cannot fly in some areas because of flight limitations
Pro: the spatial (and temporal) resolution of drone measured data will be higher than
airborne data (2 m2 versus 100 m2); Con: the coverage of data acquisition is higher with
airborne systems (1 km2 per day versus 50 km2 a day)

Pro: regularly (daily/monthly?) repeated surveys/monitoring of small areas is affordable
due to acceptable mobilization costs of drones compared to airborne surveys; Con: for larger
areas this does not hold, mobilization costs can be shared. A new system should fill in the
niche between helicopter (typically flight lines 200 m apart, speed 20 km/hour) and
land/water based systems (2m apart, 2 km/hour) offering above advantages to clients.
Mobilization and survey costs should be factor 4 lower. It should be possible to buy and
apply a system dedicated to a specific application area/process to be monitored (fresh water
resource, levee, etc.).

Figure: Test flight




TitAog Fusion of geological and geophysical data for levee

Etaupeia Xwpa Overall ApLOpog MeAdtng Mnyn Xpnpatodotnong Hu. ZuvepyalOpHeVOg
project TIPOCWTILKO
value (EUR) v}
Deltares NL 50000 2 Pilot study. 2019-
ongoijng

Nepypadn Tou MpoypappaTos

During this project we develop new interpolation methods to better follow geological structures.
Those interpolation methods are using, besides typical kriging, Machine Learning, Image Inpainting
and fouriier interpolation, to better predict models.

Secondly, we merge different data sets to better understand the subsurface. We use clustering
algorithms, Gaussian mixture and Machine Learning to identify patterns in the different type of data.
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Project TitAog Ground Water monitoring using ERT and Fibre Optics
Etaupeia Xwpa Overall ApLOpog MeAdtng Mnyn Xpnuatodotnong Hu. ZuvepyalOpevog
project T(POCWITLKO
value (EUR) v}
Deltares NL 200000 4 Vittens Vittens 2018-
Nepypadn Tou mpoypAappatos
With Vittens (water company) we use innovative methodologies to image subsurface flow of
infiltrated water, identify flow paths and optimize the pump operation. . o
Well13 Well 13 Well'4 mellg

We merge two types of data, ERT and Fibre Optics.

This way, we expect a better management from operational point of view

Goals:

e Avoid clogging of the wells
e Identify preferential flow patterns.
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Figure: ERT and borehole resutuls from the site




Project TitAog ERT measurements of salt intrusion in the laboratory
Etaipeia Xwpa Overall ApLOpog NeAdtng Mnyn Xpnpatodotnong Hu. ZuvepyalOHEVOG
project T(POCWIILKO
value (EUR) v}
Deltares NL MoAAamAd 4 RWS RWS 2017-
120000

Neplypadn Tou MpoypaARUATOG

Salt intrusion of surface waters in the Netherlands poses a problem for fresh water resources, for
example at drinking water intake points. Currently, the tools and instruments to monitor and
understand salt intrusion are insufficient. The point sensors of the monitoring network provide
valuable information, but only at specific locations where measurements are made. RWS is looking
for new technologies to gather (2D or 3D) information about salinity variations in fresh, brackish and
salt-water bodies. Two promising techniques are Electrical Resistivity Tomography (ERT) and
Distributed Acoustic Sensing (DAS) with fibre optic cables. This report describes the results of a
laboratory test using ERT. The results of a laboratory test using DAS are described in a separate report
(Kruiver et al., 2019).

Electrical Resistivity Tomography is a well-known geophysical technique used all over the world
mainly on land. The technique uses electricity to image sub-surface structures of electrical resistivity.
In recent years there has been application of this technique for measuring salinity in waterbodies. ERT
is a suitable tool to map and monitor salt/fresh water movements both in the water column and in
the subsurface.

In this study, laboratory experiments were conducted to test if the ERT technique could potentially be
applied in a field setting for measuring salinity intrusion in inland waterways and to demonstrate a
feasible monitoring set-up to do so. These laboratory experiments were conducted in cooperation
with another ongoing laboratory test using the IJmuiden scale model, constructed in the Hydrohal
facility of Deltares. Four different experiments were done, using different configurations of ERT
cables.

Figure: ERT setup and lab test




Project TitAog Ground Water monitoring using ERT and Fibre Optics

Etaupsia Xwpa Overall ApLOpog NeAatng MnynR Xpnpoatodatnong Hu. JTuvepyalOMEVOG
project TLPOCWITILKO
value (EUR) v
Deltares NL 180000 3 RWS RWS 2018-

Neplypadn Tou MpoypaARUATOG

PVC membranes are used as groundwater barriers in infrastructure works in situations with high
groundwater levels. When reconstruction works are necessary, the position of the membrane in the
subsurface needs to be known. Deltares developed a method based on Electrical Resistivity
Tomography (ERT) using the high electrical resistivity of the PVC membrane. Modelling showed that
the PVC membrane has a profound effect on the electrical field lines. Classical ERT employed from the
surface does not have sufficient spatial resolution to locate the membrane. Electrodes need to be
closely spaced and within ca. 1.5 m from the membrane. To this end, a prototype tool was developed
that can be pushed in the ground and measure while approaching the membrane. This prototype was
tested in the laboratory. Measurements at different distances from the membrane showed that the
tool can detect the distortion of field lines. Inversion was used to pinpoint the position of the
membrane within 10 cm. The next step is to develop a tool that can be used in the field.

Figure: ERT (TBM) setup and lab test




7. EniBAen kat StdbaockaAia

2tnv Deltares

EniBAeyn intern. Oépa epyaciag: Fuse and interpolation of geophysical data at FancyFysion
Project. (2019-2020). Pieter Zitman

EniBAedn PhD Student ywpig kpion (University of Utrecht). @éua SiwotpBrg: Monitoring and
simulation of salinity changes in response to tide and storm surges in a sandy coastal aquifer system
(2017). Sebastian Huizer. Mapoxy OUMPBOUAEUTIKAC UTOOTAPLENG Kol KaBodnynong aveu
OUMHETOXNG OTN TPLUEAN EMLTpOTI AOYW OXETLKAC SLOKNTIKNAC anodaong tng DELTARES

EnipAedn PhD student ywpic kpion (University Utrecht). @¢upa Statptpig: ERT and Fibre optics to
image subsurface flow (2018-ongoing). Wiecher Backx. Mapoxr) cupuBoUAEUTIKAG UTTOOTNPLENG Kal
KaBobrnynong Aveu CUUUETOXNG OTN TPLLEAN EMLTPOT AOYW OXETIKAG SLOIKNTIKAG amodaong g
DELTARES

EniBAedn MsC Student kat kpion(TU Delft). @¢pa dtatpfng: Geologically steered inversion of Time
Domain Electromagnetics: modelling an aquifer for an Aquifer Storage and Recovery system in
Dubai (2017). Maarten Diels. Epmoteutikdé mpoypappa/datplpy xapaktnplobeica wg
gprmotevTiky Tou  dev  sivat dnuooiwg avaptiowun. https://www.tudelft.nl/en/ceg/about-
faculty/departments/geoscience-engineering/research/subsurface/delft-subsurface-
storage/database/theses

EniBAedn kat kpion MsC. @¢ua StatpLpng: Groundwater flow imaging (2020), using ERT and Fibre
Optics. Alexander Van Ballaer. TU Delft.
https://repository.tudelft.nl/islandora/object/uuid:68835460-920e-4799-8f44-
39d6dbf74d36/datastream/OBJ/download (umepolvbeouog yla Ty amoktnon npocBacng)

EnipAedn PhD (University of Utrecht) kat kpion. Oéua dwatplprng : Airborne electromagnetic
mapping of coastal groundwater salinity. (2022-). Jude King. (apxelo: Assess manuscript_jude.pdf).
Aladikaoia umo eEEALEN.

EnipAedn PhD (University of Utrecht) kat kplon. Oféua SwatptPng: Sustainable operational
management of coastal groundwater resources using geophysical measurements and data-model
integration. (2021-). Thijs Laurens. (apxelo: Assess manuscript_thijs.pdf). Atadikacio untd €EALEN.

EnipAedn PhD (Aplototédelo Mavemotipo Oecoalovikng) kot kpion. Oéua datptBng: TupBoin
otn Slaxpovikn mapakoAoUBnon HeTaBoAwv YewdUOIKWY MOPAUETPWY O SOULKA OTOLXELQ KOl OTO
unédadog pe tn nEBodo tng NAeKkTpLKAG Topoypadiag(2021-).

(apxeio: Ekthesi_Proodou_2022 Polydoropoulos.pdf ). Atadikaoia og €€EALEN.

210 Colorado School Of Mines

Ground Water geophysics (Co-Teaching, GPGN 574).

Colorado school of Mines, Department of Geophysics

Inversion theory (co-teaching)

Epyaoieg unaibpou (GPGN 486)

Colorado school of Mines, Department of Geophysics

BonBa¢ kabnyntr oto Colorado School of Mines (hydrogeophysics courses)



https://repository.tudelft.nl/islandora/object/uuid:68835460-920e-4799-8f44-39d6dbf74d36/datastream/OBJ/download
https://repository.tudelft.nl/islandora/object/uuid:68835460-920e-4799-8f44-39d6dbf74d36/datastream/OBJ/download

Zuv-entiPAePn PhD (xwpig kpion) : Image Guided Inversion. Jiehi Zhou (2013)

Juv-eniPAedn PhD (xwpig kpion) : Crosswell EM inversion. Kris MacLennan (2014)

Juv-eniBAePn MsC (xwpig kpion) : Groundwater flow in Pagosa Springs. Joyce Hoops (2012).

Juv-entipAedn PhD (xwpig kpion) : Couple hydrogeophysical inversion (2013).

Juv-entipAedn PhD (xwpic kpion) : Self Potential measures for well leakage. Allan Haas (2013)

210 AplototéAclo Naveniotipio Osccalovikng

BonB4¢ kaBnyntr otig aplBunTikég pebodoug avaiuong.

8. Kolwwvikee- dlokntikeég  Opaoelg (katd tn OLApKELA TIAPOXNG

unnpeotag mpoc touc dopeic anaoyoAnonq)

MéAog tng SteBvouc evwong aAAoSanwv emiotnuovwy the DELTARES. 2komog: n SteukoAuvaon
™G ouvepyaoilag petafd oMhodamwv emotnuovwv/dopéwv kot tng DELTARES emi
E£PEVVNTIKWY TIPOYPAUUATWY

2019-2020: Mé£Ao¢ TnC oUPBOUAEUTIKAG emLtpormg thg DELTARES yla tnv evioxuon start up
ETIXELPNOEWVY

2018- Emkedalng tng opadoag mou avélaPe tov Pndlakd PHETOOKNUOTIOUO TOU TUAUOTOG
lewAoylag kat Epapupoopévne Newduowkng tng DELTARES kal tnv kaBodnynon twv VEwv
ETULOTNUOVWY oTNV Xprion Wndlakwv péowv

2014-3ta avwtépw avadepoOueva gpeuvnTikA Tmpoypdupota (16 MNINAKAZ V) mou
vloronBnkav otn DELTARES avélaBa poAo emLOTNUOVIKWE UTIEUOBUVOU Kal € Oplopéva €€
autwv (evbelktika avadépetal to 11202189, to 11203394,) avélaPa kabrikovta project
manager/8laxelpLotr) mpounoAoyLopol

9. Nowuéc PePalwoelc AMOOELKTIKEC TwWV AVAPEPOUEVWY OTO
Bloypadiko onpelwpa

BeBaiwon tng DELTARES miotomnolovoa Tnv anacyoAnor] pou otn DELTARES kat ta kUpLa
ETILOTNMOVLKA QVTLKEIPEVA amaoxoAnong pLou

JupBadoelg epyaoiag pe tn DELTARES

YupBaoelg epyaoiag pe to Colorado School of Mines, amodstkviouaoeg tn Stdaxtikn Béon
ToU Kateiya

ZupBaon epyaociog pe to lllinois State Geological Survey



