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.DODNN YY T
MPNTIYNNIN 3

95 NVYPI MIYVN MVNN NVAP MY ,NNYLN DITIYM NTIAYN MNPV OXINK P Wapn  3.01
,N2Y98 MTIAYA MNYPN MNNN P XD MY ,NTIAY NIIRN NYNIND DOWNTTH NIVNTN SYNNN
9) TN NHYAN DN NN APV IR OPY NNIN LN
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NY2 IND202 N MTIAYN INND W1 INX QND P NYNINY NP OYNNIN D2 VP Papn  3.02
LOPNN9N KNI NPONRN ,NMNMAN NNNH NPNIN NNPNN ,DIPIND DD DR HY AP MTIAYN MIXdI

MNAYN MY ot My 4

NONN T :OND) NTIAY NONNN INA YAPIV TN MTIAYN NN NNND a»nnn wapn  4.01
V2PN DY VNN OMNIN MDD DXNN NI GOIV 1IN IIOWND 1A DTPNND ,(MNayn s
L0790 DN PHRINNT NI NIAYDY 199101 DY TIT 7IAND DNIMN

YT DY NP 39102 YT DY YXINY 050NN 10Y NNDNI YD ,WNaNI NN PIsN Wapn  4.02
V1IN 7P D) DT PYDA VNN NXINDY NIXNINY NN NT DIDN NAPN YD ,NTIIWVN NIVYNI
NN TON 1PH2 MY ,TI0 YIND NNV N0 DN NONYW MYV 9D NYOOHN
D721y NN MADN MINIVYNI NTIAY D1 ,DOYNNND DI VIPIY 2NNN DIAPN
TINYY YT ,0501N1N 19U NADN NN RIS VPN HMINY NPINT MNIN 9D, TP
DM N2

L NINND ITIVAN OMININ MDA VNN 29 DY ,NTIAVN NN NNPN TIX DY TN dyd wapn  4.03
MINOIPONN TAN 92,0191 NIDA IN DY NIPNAY LPNIN DN HY NN NX HDP TUN
9y 72XNNY YT ,VIP N LPI DN DXTYNN PN IR PN NN VNN PPN PN, NTIAYN
TI2YN DD TYINN ML K NNAN

.D2NIN MDA NPNYD DOWITIN OTNND NIDY DXAXYNN DO NX MXPNY »Nnn Papn  4.04

MY PNIVYNI INIY PV INTIAY MIID ,MWNN MN5IP MTIAY DOV MV TI7 OXINK 1P Wapn 4.05
NNIND NTIAY NN PNIYNID XXM MNIMIN 7PN NTHIAYN G897 9D 191 DI

VNN O NY  4.06
,UPMI91 HMIND PPN NOND ,NT OO0N DY NIINND TVINND DITIOP M 147N 4.06.1
NP2 WINPN WIN MY YNID UNINN DN MY OPIIN TIT NIND 9IAdN VN DINT MY
TATN AN DOVNINN WNINIANOPOM NN NMHPN ,DNININ HY DOINNA VAPN DYLNH
YT DY AWINY 12PN T DY VNN DINTN MY (7)9aPN 27> DY VNP DIINTN MY :)HNY)
N MYIAYD PRI

.17 DO0NY LNVNN DINITN MDD GNN,PHTNN T DY DINPTN MY NN INND 4.06.2

MONA PNIAYNLINPD DINN NNV 2N 19) DN Y299 MNIY X2y ,00N ,MNIY 4.06.3
NIVYN NP NITIAYN INNR NNYD DPINAIN PIN 3D ONIN . )D2APN DY VNN DININ MY
.DMNIN MY MDD Nya

DMDTYN NN I 51D MAYD NNN NYY> MTIAYN VIXXI MNTPNN DY MT 4.06.4
: DONAN

MY 25 AP IMIND OOWIN WX HINKM DY MNTPNN 4.06.5

DTN NN TY IMOWINY NONRY IDNN 125W NINDPYAN 4.06.6

NOVIN KD PYTY DIIN NIINNY MDY DD NNOVND WATIV PIRNY TUNL INDY TN YTOIN -
JPRYAN DY MUYINR N DMININ MDA MY NDIOND MNXIN YD 1PIAPY NI 1NN 4.06.7
DV 2ND2) UNRIN NYOIN TID D2APNIY Y031 DMININ MDA DMINY DIIND THOII AN 1DIAPN
POY NV YD NPINRD PPN NN VIO ION DN MDY PHRIND NN DAY . PRIN
2YDON DN MY DNNNA YTYIND INXIVHNI MTIAYND NN YNID
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NNTA 05D NN .MTIAYN MNTPNN DY WTIN 7T 19TV JPIn> 0N MY 4.06.8
NOPNN NN DIINND IR/ DNWND NIPN DIYI IWIAN KD DXNNINRN DINITYM N TN D
IN/Y YN DY DNYDHD DOPON MINAY DONAPN DXTNN DX IR MTIAYN I8 NN
A9 DY MTIAYN NN YNIAD ININD PPN NN DIVIND N/ DNNIN NID NN ONOWND

DNV YNIZ VOIMNN DNYT DIPIYW 29 DY DIRYA P VPN 7N IR PRINN 4.06.9
,122PN DY DINYNA NN )22 MDTYN ITOY MTIAYNN PON D VN2 NIPYIY DM M2
APINNN DN MY Y9 DY DY oap

DTN TH IR PHRINN T YNNY NWITT IR NYAN INA PRI DIDOINRINN XM V1APN 4.06.10
D09 NNIND NPOHIN MY D20 MY PWIHY TN DD > DY 9NN DI DD 1IN/ VPN
IN/) VPNI9 MW YD TUN,DOINRD DN IR/ MIVNN NYAP MY ,0INNRD DNIDIAPN
MTIAYN WINAN IR OHDON DNINTN M2 NNINHD NINNIND ONY IOV DY X2 ,0NN0 M0
PHRIIN NMDTI INA PPN DY PIMIONND D0 YIND Y020 NN 0O0NN NMINNN I DY NOY
T 929 5Y IR/ DIDNN MR 2 DY

N 122P0 IWUR DY ND HY MDD 2PY IWIND 90X IN/ MITIAYN YIXID 21Dy 4.06.11
YT¥2 T DIDN NIONY IAVNY XD JVINDT YR YMAND 711 D1 XD NI 17PDY NVOY NNON
MDOIOY IMINPNN - O 3 TIN T DY NYTIN VPMIAN HNIND NI VAPV ONINDY PPN
POV ND DY MDD N INYTY TN

DTN T DY NN IWX NINK NDIYI 91 ,NDN MWD ,NNNDN VIV 7IPDY NI T DIDN 1IIND
IN NIVIND 1PN 91D KD NI 7PDY NVIDY NN KD 1PIAPY VPN DNIN NYTY IWR IN J1POY NI HNIWY
10 19IND NMNX MAND
NOIN WPIAD 92PN OXWYA D090 INTITIND 1POY MO NON MTIAYN X1 1Y 0 4.06.12
L9IND TYN NN YAPY VPMI9N DN MITIAYN NROWND VAP TYINa

MITIAYN ING ANP YD YT P NPT IR VPN DN ,NINY Y D1 oN 4.06.13
TININ,VIAPN YOI DNN PON DI INA VPN MTIAYN NHYYN NN NOPVIAND YTI2 TN YVIN
TN OVIPY PAPM,ANDT  PAPD NPINN IR VPNIAN DI YTV ) JNNOWND NINNIY NOIND
NYAPIV NIIND TIN NP TIN MTIAYN NNOWN NN NPVIND Y72 DIWITNTN DIYNNINI
.AN52 NPANDY VPN DNIND DIPDY YT NNISYNY

DN MNNNI VIAPN DN VPIV DIOYININNY NYTI NP INA VPN DM P 4.06.14
(np2)akey MY 9 5y V12PN I 1NN PON DI INA MTIAYN NNOWN DX NMOIND YT DIPYADN
DOYNNND DY AN 1D2PY NPT IR/ VPN DN 1IN - INNOYND MINMIY NIIND TIN N
LDYNNND DOYNNNI TN VIPID APNNN DAPM VIPIY W ONY 1OV

PNIMIT AN YN 3920 PHIYIN INYI NN IMIAPNNN INN 1DAPN XM KD 4.06.15
ANSPN IN DD MTIAYN NN YNIDY INRD D 92PN PODY 1T 929 DY IN/ DIDNN 29 DY
MDD MNXXNN 922 XYW VAP ,192PN PNIAVN DY NINK TIT YD1 IN NN VAP MYSNNI
10% NN MNNINN MXXINT NN NIV TIT D2 1D2PNN MY ORYI 7PN PHRIND .72
PHRIAN IRYI RN 1D .NXINY AT D32 1920 Y)Y DID0 K310 DM ,N1HIIN PNININ NDIY
NIRRT MINSHIND NN MO 1IN DY MINIAN MY NN WHnd

PRIND ININ NI IR/ ININ DIONN MIPOVN 1PN 1YW MVNN YYD DY 1T PYD 4.06.16
.DOONN YW MTIDY N9 NN
TN ,MNIN SV NPODN MNIT VINY ,TNNY DNNNA PPV NP 92PN 4.06.17

TIIYDY DIVWITIN MNINIIN 2D9WDY DNINTN NIYY MIYNY 5PV T, NNV NYITI DD D95 DINNINY
.0N1
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93PN vyvN HMWN S

SYA (PINNNY PPNDPOTIN MWNXPN DIND ANN VPN WX NP TNND POYNY 2>NNN Wapn 05.01
.Y DO0N NIWI NTIAYY DMNNAY DIPINA DIIYT DIVPI YIXXIT NI PO DM TIINPN NNI

To02 02PN DY MDNN MINAN NITIAY DD NN PAPN DY 1NYLN P2 Y8 0NN 5N NN 05.02
M8 NONN MDY

.17 DO0N MNNN OPP HY NP TN I9IND MTIAYN DO DX DN MINN » 2>nnn papn 05.03

{79apn oyvVN NNAYN AN HNIN: YND) VPN DINID NTIAY NN DN NNY I>NNN Wapn 05.04
MWNNPN PN OY,DODFTRM DXOTINNDN DPINA DIV DTINND NPNY PPN DYV NTIAYN TNN 5N DY
SN .IPNN/NNAN NAAD DXVPNMID DY MPIO NITIAYA ONNPN PO DY) MND DNV (5) wHn dY
MTIAYN DD DI IDID ,MTIAYN VIND NNPN DI TN PONINK 71P7 92PN OYLN NTIAYN NN
NPANTIN IN VPNMIIN HINK,PIRYINMI M9 HID NIIND VNHYN

M0 MTIAY MYXINN I MYWN 532 MTIAYN IND NN XD’ 19PN OYVN VPN DM 05.05
PRVIN MXNND ORNND INX MINPNRN NTIAYN MYYD 12yny Mmyva

VP9 DY ININND DOXYATIN DIDILVN HY NIINNNN MMYIL DINNY PPN OYLN LPMI9N DM 05.06
JPIYAY VPMNISN DY NNOWN NNPA NPT IV MITIAYN NN NOYPN DIN)

MNPV NNNN PIOYY 1PAPN DY.PIND THOW NTIAYN DMIN PP PIOY 57N INNOWIND qona 05.07
. IYLN

01 570 myvn M Papn 05.08

22PN PAVN SY IPOY DOWITIN INNOWINR D5 05.09

02920 PP NNV MNH) ,MIDTIYNNN ,MNVA ,NTNY N 6

IN/Y NDIDY ,DINT, P NYIIND DIWITIN MPNIN OYNNN 552, 1NAVN Y INPINKI ,0IPY 12PN 06.01
NVIPI TNXY NMDNNON NMOYN 551 XYM ,0PNION I NYI NIV MTIAYN INN YAV 1Y NY)D
SNNNI PN OYNNIN

,IPNY L INTNID VINI MIXIIND YNIN D52 MNdVIN MINNND NPMIND DN PN 1IYLN MDY PPN 06.02
T2V M MNPV MIRNT MV OIYINN,NINVIN ,VIDY NN
.DINVAN MRNM OOMN WIXD NX XTI INYVN MDY IVAPN YTV NX NN MINMVIAN NNNN 06.03

L U1V T NMDY NT 555321, MNM02N NNNKN NINNNI MNYPN NMOYN D1 XYM 02PN 06.04
N2YDN TPN, DM TN, 07TIIV0 PN TN, MNM 0D, MMNVIN MIDIAN NMIDY D51 191 NNVIAN) NN
PNV T 12 MNVIAN NN Y XDNPY INK TPN D) NNIYRI NIY TN ,0PN9N YINID YT

. MINYVAN NMON WITN DY, 1215 9IN) 9IN SYOPN NI DY

NYNN DIV NTIAY TITN HAPD DXNINND PP IIYVLN NMIYNN MIDAP IR/ OXTIYN INN IAPN 06.05
MIYON MVNN NP INA DTN NN XD RTND 22PN DY, MNd0IN NNHNND YT DY VPN VNI
NI2YN NAYA OPPNN MNPVIN NNNY DY NITTNN .NINOIN NNNHD NPNIM MR DI INKINDOP?
INY PTIY NN PPN D3NN ,)D 1D DTV NAYD DRNNA PIXNNND NIITNY §IND PPN NPINNKD
.MNYVAN NNNN DY NIITN IININ NN 1AM WNHY DNV T DY 1NYLN MWNN NP

NLY NN TP ,NDP92) DY NTIAYD DIMNRNNN DXNNN MYSNNI D2 NTIAYN NVY NN I YAPH 06.06
AN MNNNY OXNNA DOM (DM DY) NTIAYN DDA NLY NX ITH ,D22 NYITIAYN INND D*APNN PN
NN MK NPNIM 1IN

AP ,MTIAYN INNRD THNDD) DINNIAY NN I VIWN D0 HY NN MINPVA NNVAN TNNY  06.07
AN NN PINHD NN DN DD, DMINNN DXINN DIANY NINN )0 ,0IDOVW XN APNNN
DYTIAYN NI NNPN DO TIIND , 20 NPRNN
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, 1T 95 MINMIND M9 OXNNA YD, MTIAYN INNI D>NINND ,0X00WN N 190N , 09 06.08
92 MTIAYN YIN22 5NN KD 19PN ¥ NN NI .1INN0AN NNNN NN NP2)AN AN NI
SNAND MINNDY NIINDD MMNVIN NION DY DI VIDPVD MNVIN NNNN NYIN

MIAVN DY RYM VOV NANNY MONDINN NMYIND DIVITIN DMNYINRND DD MVND R Yapn  06.09
NDNDIN MM JMX T DY HLPY DHVLINM DINYWNN D2

,PIT) DX INAONNY N IWYTND VOV DY NPPNIDY IMNDYD DAPN INXT NTAYD PPN Tona 06.10
199 NMINNN NP Y O ,INND YPRY IN INRDND PO IPIAY IXT NTIAYN DINY
.MNvVIaN

IVINOW 9D, NPADN NNXIYI MNDI NININD 29 DY DNIPNNY ,MNAVN DY INT PYapn ,qona 06.11
YT DY IWIAPY NINND 9N NYYIN MYY .NDPWNN NMIYYL VOVN NX YR WX, MNMOIN NNNND T DY
LINND 9N NOYIN 1H2 DNYNN NINNIN DI XYM 10PN .MNMAN NN

N2VN DY DY PYD 9D POY MOVINN MANN DD NN Y8V Papn 06.12

MDD MY NPNINI NPIAN IMN NININND OXNNA VIVNODD NIPN AN X Yapn  06.13
INT VT NN DOWHWYN YN INDIN TRNM DIVIAND ,NTIAYN YD MPPN NN XTI 1O) ONXIW)
SIS 92 MPIND IN DIDAN THNN DV INAONND

NIV DRI DMV MY ,MIVNN NDAPD INA DITYY NPXIDT MPTA NN NNy 06.14
12521920 DY INN TOIWNNPN NPINN

NYAPY NPYTA,DTPIN DINON XOD WX KD DOWP PNN NN ONINAINA NIDON myva mmay  06.15
MNPVIAN NN NN

95 PY09NYY MTIAYN INNI TP ORYI THOI MNPVIAN NINNVN INA PPN /0PN D 06.16
,TNPN ,DOPIND TN NPWYI WX, MTIAYN INNI NYXININ NTIAY
.17 DODN2 DOXVMNANN DIONN MINNNY TINID) NN NN MNXND,MPPVaN SN 06.17

DY) INPNY MNNHM MNMOIN DINNA DINN IN/ TPNIN INA NYIT OO NN 06.18
911 DY XNYID NPINK DX0N KD )INYVN M T DY IN /NP /70PNI9N DN T DY 19ApD DY)
NON ,TITIAYN INND PTDIY NNV INPINKRD 1VIAPN NN VAN KDY PRI IR NP /7OPNIN
NV NN INA T3 DY PHY NHLINND NN DI DY POIN
DIPNY NP NMINNN 29 DY YD NMITIAYN INRD IND INR NIV DIMNNHOITY 7o 06.19
5215 , WOV PNIN 935 ,)53PN PNIYN DY YK NPVINDIN NIWIN YT DY IWINOY
MMPN NN ,NINDIND PHRYIN DN RTND 12PN DY TN MIAPNNNHT NN DIPYN
MYAIT 95 IN/) DI 99D DI VIV IDINA NYY> INRDN NIIDAN PIDPD .DMIMNN NV
Ratplalaly

92PN DYV MNVIAN NNV T DY VIR NP IYKID MNOPVANOYSNR DD NN NN 06.20

NNNN PRIND MNIN NI IR INIAMN DIDNN MIPIVN 17 1Y MVNN PDYD DY MY PYD 06.21
.D50NN SY MHTID? NIAN

2283 NN DY 7

S PIPOTI NN PNNN PPN MTIAYN VINA YT TN 7.01
210Y UK NN DN DI IR/ MDD 1IN NIYWNN YI MPNT Mwnavipy» . 7.01.1
MNPV NPNA0 DY NNND

MINNM 7920 9NN 29 HY NON ,DINN DINN IN D¥PYIN ,NTHaY YD TP, 09N v 89 7.01.2

LOPNI9N KM NPINN
Page 15 of 43 TN1"MN "100 LIBN




997 IMNNN PNIND ININ NN IN/Y INIDN DIONN POV IO 1AW MWNN YD HY N PYD 7.02
.DODNN YY T

NPT YAV MISIN MPONY NINOYN 8

9272 NN PT 92N ("MPINYN PINY OND) 1978 - NIOUN MPINYN PIN YNMIVHIVNI MPINY 8.01
INONIINIIIN N MDIND INONT TIY DY DNWHD DINK DINN 197 ,NYY NYN GPINT MY 29D MPINY
NYPNIN OYSNNI VIPY 92PN, 0N NPTN PDI) - MTIAYN INND IVIN’ YN DINNK YAV MININ

NRINY DR DT DY TNND KDY DN IN DN NYNION NYNIND DIINRNNN

TOOINN DY VPN DN INA NPANY VAP YT IMIPHRN INTIN 29D XINT NI INNKD TN 8.02
9272 PIN NN DX OMPY 1DAPN 2NNN 1D 0PN DN IN/ NPT MNNN 29D TID WP HYoN
Mpny

VDY MYYY INWA 1P XD 192910, w1199 2501 1VI9IY DYTNPNN DININT NIND 91902 8.03
NN IPY NI TYPNN DIND VYN IR, MTIAYN INNI DIRNMIN PR IN/ DIN 1N DMYIV DXIMNI
1N NN VIMNN INYT POV 29D IRYI R PHRYIN AN WNRIN PRYIN NNOON NOIAP XOY 290
LDONIN2 ININND INA INNIDN NN I 270D NYIWD

997 IMNNN PXIND ININ NN IN/Y INION DIONN MIPIVN IO I1AY MWNN YD DY N PYD 8.04
.DODNN YV T

293P M0, PIND MNNAY NP 9

PINOYT DY THIITAP NPNY TIN IR PT I MXNND DXNN MTIAYN NN YXID 2PNNN PYIAPN 9.01
, TN NADN DY NPNY PIN 19 DY NNPNM 1965 N7OWN 132N )NIONN

1983 ynYN ,(N2H109 NYVLN)D DINT NYIN PIN 1A DY NNPNM 2004 T7OVN

TIYD) 1P IR/ NN DI IMAVN DY PYND 1DAPN 2NNNI ,DOY0 MNIRND NPOION MY YDan 9.02
.DODNN 9 DY 1T HY MYXIANT MTIAYN NO DY DOONN PN IR PIPIN INA PT DD M Ta

NIV DMDIAPN DY DPI9 DY PN 92PN ,0I0NN 19 DY MTIAYN NN NAPN U TwNa 9.03
DI XIN N2 NPHRN NPTNA SMINN 52PN MNPDA DAPN DYINI DIV ) 400 122N 9Iva

9N INNN PRIND ONIN NI IR/ ININ DIDNN MIPIYNI 1N 1Y MVNN YDYD DY NT PYD 9.04
.DODNN YY T

o ns 10

,O7PYY NNHIYNN DX ,NITIAYN NI YIFTN DTRD NI DX XD MAYN DY paoY arvnnn Ppapn 10.01
Y905 NNV DI MANNHD MINN XD PHRTND .ONOY INN TN DI 197,072 P 1D, NNIANNN OYSNHN
AP2PN YT DY DPOVIND

IN/Y MIWINN DI ODYY DXONN ,01ONNPN DITIY MTIAYN Yo Proyny a»nnn wapn  10.02

NN NN MR MTIAYN MIXIY WITIV DI ,0OWITIN DINYINRD IN/ INPYOIN

WD NI IN DIRNN MNDAIRYD NPT IR/ VPN DN TUN T DI T3 PONND DIApPn DY

0N TONNPN NTIAYD

22PN YTIVN M DY IPIDID IR INATNN NN WITTY DIXRYI P NP IRA VM9 Y 10.03
22PN YTAIVN M) DY IPIDID IR/ INADNN NWITI .ONVINN NN PNID DN IR
DY I9IND WIATIIPIDID / INAYNNY TAIWN DY INPOYN PN

997 NN PXIND ININ NN IN/Y INIDN DIDNN MOV NN AW MYNN OOV Sy M yo 10.04
.D20NN YV T
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nmay N 11
TN MNAYN NN OYY YT 1901 ,00INNKY DONNPN , 03T PPoynd a»nnn wapn  11.01
NPANT INA VPN DN MXNN 9 DY IR/ DIONN TIO NAPN TVINN

NTIAY 15Y OYY 19PN 1T DD MXNND OXNNA NWYN 12PN YT Oy N oTyn nyap 11.02
,DMONINID DININ,NTIAYN ONIND YINI 1T DI NINNN OPP MTIAYN YINA VT DY POV DITIIVD
P79 5y DOWATIN DO DWYWYN MIAD

9005 NIPN DIVA YION XDY 1NN VN0 XD 1DAPN DY PMAIN DY POINY XA Nt pyoamxon 11.03
OTIVDD NN PPN T DY DIPOYIND DIWIND 299 PN DY

OV T 929 DY WITID DNNNI DITIYN NINIL NPHYY MMV OININ NOPVINY NN Papn  11.04
Sv DMYNDY DNIINY NYPN D32 NMINIAN TIVNN M0 DIIRNN DINYIN DIAPDY ,NONDM MY 1T
.D>TIYN

1997 INNN PRIND ONIN NN IN/ INIDM DIDNN MIPIYN 1N 1AW MWD Yo Dy M pyo  11.05
.DoDNN DY IO

SV DTV MTIAVN VINAD DPOVIND DITIYY XIN MAVN DY 1ITOPY nnn Papn 11.06
NPONT DY IMNT MYAYD NMITIAYN INNRI DIMN) NDPIN NIMIPNRI NPMI O NTO DINKN DNYIAPN

MYND DITYD WITTR TSN DD T YN NMITIAYN 9NN X8 Ny Y525 N Yapn 11.07

099N 0PN TN 12

DOYNNIND 9D DN ,DNPNNN ,DD91 , 00U DI TP NN MIAVN DY PODY a»Nnn ypapn  12.1
VYN NI, VPN DTN NS MYV WYITTH AXP MTIAYN DY DN WINAD DOVITH
2NN NPOON

NNTD 2NN NI L,IPAPN NPINNI NN 2PV NN MDD AYITIN DIND NPOON D ANy 12.2
21NN NN OND NN PAPN NPINN GONA .NAXA0N NNNY TIWNN DI 1NN DIND NPNRd
N9 MIND NIV OO NOYPIPN DIN NDRY ¥ HY WINYY DN YT DY TNV TN DIPHN
APVIN OPY NI TNND NPV YT HY IN DN 8 7N Y DMV IN)
DN WINAD DOWITTN DNIPNNM DODIN ,00WN YD, TYNN DI IMYIA 2D 2ONNMY VIS Papn  12.3
TYNN 0PI DTN DY INYT NPV 2991 NIPNA .ONINTN MY 9 DY) VIITH A8P2 MTayN DY
INIAD DINNN IR IN/ P290ND NN DN PON INA DIPNND IR DTN IR/ VIVN YD INA
779 TINA NN ,OVPMNI9N DN DY NN MYV 1MAYN DY DHHNND 10PN DY 1PN ,MTavn
SN MOONN .DMINTN MDA NPY PYTN Y2TNY D20 VPN DTN T HY YaAPOW N
SIYIYY NN ONTY NPAD NMININ NN VPN

VINYID DY DI DINY KOV T, MTIAYN INNRD DXININ DY NIVIW NPADN MVIND NNN Yapn  12.4
PR ,YIN0N PPN NNINRD 91992 .0PI9N DTN DY INYT NNIND DN, 0NN MY 29D MITIAYN
MTIAYN MONY NNVIAN TNXY XON,DIHVYNY NN DIV NITIAYN INRD DXININD NNINA
NNXIND DININ MY NMVD YN KT NPT IN/A DPIINN DN JPIXID DY21DY NYINI
.DMNTNA N0 OXNJA NMNTH YIAND MTIAYN INN OXIDIN TDINND

PRIND ONIN NION IR INIDM DIONN MIPIYN 1IN Y MUNNOIDPYO DY M Pyo 12.5
050NN HY NPT NN INNN
MY 9NN 798 029N 13
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M2 ,MTIAYN VIV NIV PADY VAPN DYV DXININD DI DV 7DXININY MY P39 P1yY 13.01
5 19) D190 PNYA P2 DINNN P2 ,DXIXIN,DIDIAN,DNI,MMNNY IDVINNN TAN INWY
DYTAYNN PON NPND DXPNYN TPXY DNIPNN 00V

DNPINNDY ,D>ININM TPSN VWP DD ,D7NPNNN DY NMLIN DNPNPYY IRINK PYapN 13.02
L0179 YINA NP D TWNI NIVIVN

D997 D2V ININN M PPN 7D 132 DODIN) INXN ,DO0NA NINNK NN DN WY *van 13.03
INA YT DY IPAIDY NININ IN/ DIXIN IN/ VIV 92 IN/ DININ MY DMPIDN INA
,DININN,TPXN ,DIMINN DX DI NMITIAYD DNNRNNA IN/ DN NYPN INN 92T Y52 IN/ DIV
IN/Y VPN DN T DY YIVIN IN/ YINRIWIT JPNN ONINA YTHY DI NNINND ONPNNN NONDNN
DY 952 DYDY DIXRYA P DM NPINN
IN/Y VPN NN NVINN .NYWITIN NN MTIAYN VINAD DIIRNND DN D INNDN NIPNI
SNYIYY 1IN YNDAY MO 7PNN NN NPIN

5, MPPTa 051910 220 NITNN MYIITH VI T NT P92 NN PR D NN 050 13.04
GPDIND YT NIN ,050NY GNNNN INN THDN DI IN/ DXVINIA DOVNANIN ,NINID) TPN VY
DYy

9N INNN PRIND ONIN NI IR/ ININ DIDNN MIPOVNI 1PN 1AW MWNN YPYD Dy N3 Pyo 13.05
.D50NN YY MDD
0197 NPT HAINYNNY B2999NN 20 14

NONDNNY 2NNNI XIN MPPADN NN, 01NN DOWTN DXIMNL PN TR wanws 1vapn 14.01
29N NN NPNN MTIAYN MIX’ID DY NY

NN PADDY 19990 NIWI MTIAYN NINAD OXWITIN DININD DI DY NPT TIYY 2nNn Yapn 14.02
VNI WHNWYND ROV 2)NNN 192N Y9, 010NN D0 NN TIINY DOWITIN DI NYIND
NPT IR VPN DN YT DY DIIRNND KI INKND IN IPTI) NIV DIDIN MTIAYN

DPNMNONA RN - YIRIYIN DNIPNN 1IN DYVN ONIPN ONMP DMLY DN 14.03
NN PN DRIRNNY 12PN 21N - YORIY JPN 0D PRY NN DOIRIWIN DIPND
YH¥a NPNY 02N MTIAYN NN WY DIMINN D .NPNIN INA VPN DMIN YT DY VIOV
DYYI992 NINN INNN ITYNAY,0>I0IN HY MINT NN PN YINRIVN JPNNY DIPNI PN N
N1 NN PNN NN DXININD MR ,NINI)

NONINNNI DIMINDD NINT ,NPNT MIXIN 299 ,NIN MAVN DY Pavd vnnn Wwapn 14.04
VINAD DIWIVTN DXYSNND N DI DTRN M ,0°951 NN 1D, MUIIND NIMIISY IN/) NNV
951 ,NTAYN NPT ©MIPIND DY DNIYNY IN MTIAYN INNRI NNNRD NININN 0NN NPT
NPANN YAPOIW 295 7PIN MPITAN NNINID .NPINN IR/ VPN DN NIPY 29

DYYNN .NPON IR VPNIN NN NPNIND OXNNA NMDNDII MTIYNI PI MYHIAn Mp>Tan 14.05
YNIN IWIRN DTN 22PN NIAVN DY 7P NINK NTAVND IN ONPNN NIND MP>Tan D5 Ny
MNXXIN DOV DIV NP NTAYNN DY 92PN YWY MIYPNNN DIDNA NP IR VPN DN M7y
NPT IN VP9 HNIN SVMIVIN DINI IV MP>TIN

IHN MP>TA2 NMDNDN MRNNN DI IMNAVN HY 1KY NRYD 22PN 2N Y0 NN qona 14.06
MPPTIN NYI MYIWN XD NMIRNINND IRXIND NPINN IN VPN DN NYTY ,YNID TNN DY
MNP

Y205 192PN NPINND YINT 3T 1Y PYD NN MPOTIN PN ONI PR D NN NI 050w 14.07
NTI2YM NONONN DX IMNN O
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LN ND TR OINRYI PHRIND 7PN NPT VINA 1) DTaYNN NIvN NX Dapn obw XY 14.08
VNG )2 NTAYND DVYN PPN DI1PNI,PHRYIN T DY ODW .PAPN DIPNA DN DDYN DHYD
IN LI INRD PNRIND 1DAPN WY NYRIN OPINN PNIAVNN 11 ,0I1DWNN DIID 191D NN MPrT2
PRTIN NYT NPV 290 PMDN NIAVNN NI

DMNINPNN DDV DNV DI MK TIY INY? NNNN ,NT DIDN NN YN Y5aN 14.09
I NN PNYNN DYINT DY IR/ JIXN DY IR INDNN DY NPIN DNDN ININY 1NN
XD IRIND MDINN NPNAN TIY MY PN TIPANT NN TIY MY NPND 29N INNNY
913D NYINRD NXXIAND DIAPN DY NPT IR VPN DNIN NOVINM NYT NPV 97y AR, 21PN
.AN52 DNYIR NN DAPDY 7Ty INYID DININN DMININD NN VPN

SV DTPINN IMYIR DYV 7 TIY INY I DY MD IR/ IMIN IR/ 20 YD NN 1NN 14.10
NP INA VPN DN

PP 21NN DIDN 297 MYITITI MPITI2 NINHNNY DNIYI NONON DTN 1TyNa 14.11
TINNN TN XYNA DIVWN 192PY DWW XD, 971N 79 NONDIN NTIYNI MP T YS8ID
L0P”M79N MYITO OININ

NIV NINYN NDIIN BNV BIIIN PO 15

VNG TONN YT TIN O TY0AN INYT NPOY 29571, NYD NYN PAR0 MMND IRYI NP 15.01
:92727 DY YAPNY NOPNN TIN MXNNN NN YXID 2NNND PPN, MXNN MTIAYN

NP NYTHW NP D52 ,NNIIND PINY TUN AT 799 TINa MTayn 9NN 09N 719°015.01.1
LDTIWMD DIINNN DN PR

2295 DNNNRN DXIMIND DIPNA DIIPRNN OMINN 0PN NNAN1S5.01.2

D19IN2 WINIYW T DY INPINY MTIAYNN NI PON DY UTNN INNPM NN N> 015.01.3
AT 92 MINNIN IN/ DI0NN ONRIND TN IN NPINRNN SNYI MIINI IN DIIINNN dND2

MNXNNNI IRNN PAPO TMNND IRV THROM M NPONY 2D NNIA DI PI0 10N WNo15.02
DD VAPNY NIPN DX INA YT DY 123 IPTI MTIAYN N/ DIMNNY NIPNA D) DPY0 MOVNINN
.DNYYD DY IMOUN DIMYN WP N/ D)2

PIMOT NN I A5 PORYI PRITNN R ,DO¥0 NN NPINN NMIRNN INK 1VIAPN 80 8O 15.03
952 XY VAP 22PN PIAYN DY NPT MINXNN NN YN 1T 5D 29 DY IN/) DI0NN 29 DY
15% NIDINA DN NINKIN MDD IN N2ND ONRWI RN PRI .ININD PIN’ NIDNDN MNRINN
DY ORYI R 191 XINY AT D32 1920 W)Y DID0 91 PHRINN DY NPHDI NINKIN MDD
NN 77T 952 2apnn

NOW IYNIAY MTIAY PPIN WITTY DIPN 21N KD TN IRV NPONN 1PN, 2080 NN Gr Dy 15.04
VMY DIDNN 1IVN NNNNN DIDD NX NI MTIAY JNIN DY TIY NNNSN VIAPY ,0501Y DONNNA
A0apo

SIYIYD NN NS NPAD NMIMNIN DPY0 MNNNRD NPONT MXNM MY 15.05

Page 19 of 43 TN1"MN "100 LIBN




7997 IMNNN PXIND ININ NN IN/Y INIDN DIDNN POV N 1AW MWNN YD HY MY Py 15.06
.D20NN YV D

m7ava Xl 16

INDN YN 7NN NTIAY NONNN N7 YAPOY TN PIONH MY, ININD On wapn 16.01
.MT2ya SN’ 3191 NY 050N NI

DN MDA NYAPIY NINIAN NMPN TIN INNOVND WITTH AXPI MTIAYN M2 P PYapn 16.02
NV IRINN DN NN HP DN VI ,NT DIDNL IVNAY Y95 DIPHNY ORNN) NT DIDND
.AN51 NINKN

mTMaya naws w17

PYIAPY NN DRV T292) DMINTN MDA NYIAPIY MIXIN NP TIN MTIAYN NN OOWND 2NNN 10PN
0Ny VAP MTIAYN NNOYND TN TIND ,IPND NNIND DRNN2 MTIAYN NNHWND NOIN

DNUN PYN DI HY DTPIND WINA IR/ INNOVN 22XD DIDNA WO ININ D0 V1D ¥TI DP¥0 9NN PN
MMy

mTav> onbws n7wvn 18

(as made) x> NS M1y non 18.01

11919 DXVNNN DYINDNN NN NPINY PIDY VAP 2PNNND PPN > DYy MMayn a odwvin 18.02

VY97 ORNN DWG NP2 ,mwnspnn 535 novnn 1 Yy .(AS MADE) yiva anxd nypdn 18.03
NPT YT HY YIWIRY 9D DIDNN 29D MIMINN ,PINNNN NYLON Y5 MY G.L.S VNS 9D 55ON
YMayn yiva onna

.1:250 N7 MPA DPNYIN DXPNY 3 -2 N2 INRD MON - 18.04

NPYTAY OTPIN ONIN ON NPONN YT DY 1NN NPT NN NPIDINN MDD NXIa M 18.05
NOUNN MTIVA 1NN MTIAYN

PYT2 NPONN .OPNIN DN NPIND AN T DY YTV 10PN YT DYy MMayn I nadwn oy 18.06
YTINN NDAP YN NTIAY M 5 TIN NMTIAYN DN PPN MNON1a

MY2WN PMXINN PNDI 1NN DI DY DIDNN ININD MDIRNND MTIAYN NN NPpann xsn - 18.07
(7nNRoVNN HTYN” PNY) NPYTIN DIN DY NNOVN NTIVN VPN DN T DY 192PY 1NN NN
MTIAYNY NPT NI . NNIXD ,MTIAYN WINA NNOYN DY 192910 RYHIN TN 77> DNOWNN TN
NNOYI NPNRN T DY AN 1YAPY 0PN, 050N DXNNA ININI WA XD 110 PIN NDN INA
INND XON NNOVWNN NTIVN 1D2PY 1NN KD (7D%oWNN 93509917 1 10NY)MNIYN DY 00PN
2 PPNDT OONIND DI 720NN IDOPNNY

,D>12)D DXNNA ,INID OPIN 1N ONNN TP ))PON DI DY 1210 MTayn » X¥n Nponn - 18.08
NMINSIN 1IN NN MIATD, DOOINNM NMONN X9 DY WIAPIY DIPNINT DIPMIYD
L0P9N DMINY NPONRN MNNM,DDTININ

950992 VNV 9D NIDVNN INA NPXN NYON DI NN NPONN NN MY avd vy Papn 18.09
.DOwNN

INA PTIADY OWINTN DNYINRN 9I192PNM DI0NN 29 DY PIMIAONNN DO NN XN Papn 18.10
ANNN 9 Y
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AR5YN HNHYN IR ZMNHAYN HOYN DY 111710 12 DOONA DIPN DO NNIA NI 18.11
. DD MNIND DI MNINT INND P MNOYIND MTIAYN MIAVNN

DXHWNN HIVI9N NIV N/ NNYYN NTIVH NN PN 2D NN NN 050N P 90N wno  18.12

2NNV IN,GUN) XD ,NOWIY NP ,NPY INA W, NOIY NPINN DN 1PAPN NN INYD >
DPONN T DY MITIAYN NPT MTIAYN NYIAP TONIN INND

MOVND 1PN PPN DYY MITIAYNN DNONN PINN DIWIN IN MITAYN MOWIN D npann vap  18.13
,NNRIHINDVINY 1NN DNDN PON IMNX NN IX MTIAYN DX PHIND NONY 1YIPN 27N, 01010 TYINI
MYIT NNNND ,MTIAYNN ONON PON IN MTIAYN NPON NN DYDY IXYIINN PP ,PNIYN 290 DON
NN DT D999 IN /) PRTHN 299D 10 WY INYID MIYXIAN N/ NNIYY IR

YT DY NYAPIY NNPNN TIN DOV YOVNAY MNOVNN INA DINPINN NN YaApn yany  18.14
DV N1 PR INDM LINMNN DNYT DIPIY 29 DY NP DMIND NYTD 12 NIPN D2 IN,NPIND
MPAYN 1V IN/) MDN N/ 17720 NNPNA OXNNNRD MNYWNN INA DNPINN NN YNIY \DIPn
DNPINN NN YIS PT DI IN/) DIDNN 29 JY PNIDT AN’ D10 V1TID 20210 OIRYI PRIHIN M )N
IN/Y DNPIND VN MXKIN NN DI DI MYNNNI IR XY DN PON DI IR MNOYNN IR/
DDV DIV YN DODNN VN NIDINA NYN MINNIN 122 PHRTN PPN DY IDIN INNIND MINOYNN
NN MY YININ DY TITA MY ,NINN TIT YD 1PAPNN DN NN N DAPY

VYIAPN NPY,0NNOYN DY WTIN DIV T PPN I Dy MMayn i nndwn oy 18.15
,NPONN INA VPN DMINK NINN INNN NYAPD P90 VHN PHYOY MTaN IR NN 18.16

8.17
DIV DD IN/ DMNPIT D5 .DMIMIVNY DXPRNNDI DMPI MTIAYN INNY MTIAYN P> PTIAN

—

TN T DY NPYTAN TVINAY T MTIAYNN PON ONNND DPX TYN NI DXININD DI NN

NTIVN DAP> DIV PAPN YT DY NPINMN YDVI92 DN GNX NIN MTIAYN INND N MTIAYN NP2
.NnHYN

997 NN PNIND ININ NN IN/Y INIIN DIDNN 2PV INN 1AW MWNN POYO HY M Pyo 18.18
.DODNN YY T

2P M P72 19
(1) TANR MY TUND RNN 92PN T DY YW MTIAYN 9O DN 7PTan NYPH” ;N DOON O 19.01

)50 VIV IN/) DITAPNHN DININA YNNI IYIAPIY NIPNL YD NNIL 1NN PID 10N Wno  19.02
NMPN Y3 NNAN KXY NIPN 9321 ,NDIRN PTAN NAPN DINN DP¥0 MNINRDN NV PT2 MNPN ,050NY
7292 NN (1) MY Y NP P12

DYPYND NNYYN NTIVN YV NIPN .NNOVN NTIVA 1NN PIRNND DN PTIN NPN DY D 19.03
OPON NNYYN NTIVN DI NN PIRNN PTAN NPN PIN DN - MTIAYN DY DNV

IN/Y DIPI IN) DIYIP IR OMPOY IN/ DO PTAN NAPN T TIN MWD IRA NN 19.04
NTI2 H91DN NNV N0 9N DXANN D IN/ PN 91D INK DI 9

TN TRDNA NN NPINNY NPINN N2)ON 299 7NN DIION NN MY/ 19.05

NNNY TIVNN,PI XY MY, 70D ©WITIN DININD DI DY DINNI NPNY 1N DN NPVN 19.06
PPN2 VPN NN INA PHRTHN NYTY ONNI KD, 0NN PON IN DMNAN ON ,DXINN NN ,N22I0N
IN/Y 122200 D192 DOPR) IN DIWIDY ,0P2)910 DN INA PHRYIN NYTY ,01N0 D1DY ONPINY IN
LDOYTNA 2PV NN OPY DX PONNY NI MY 19PN ,2PV INNIN DY NNNN NPDVPIND
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INDNDY ANT PHRTNN MIN APV NN YPY ¥ DY PININN DIND TAN DY) WAy D55 > 9N

19.07

INWI TP PHRIND .TIY IWPA MYV DI NN XD 1YAPOY,1PAPN NAYN DY TARY 5INN PH2 vIN DN

7797 INNN PRIND ONIN NN IN/ INIDM DIDNN MIPIYN 1PN 1AW MIVNN Y0 DY NT PYD

2DON MAIYN MOYN X M

19.08
.DODNN YY T

oHYVny 199 2ax 20

720.1 YD

220.19yo

220.1 PYD

‘N 20.1 PyD

VPN POV

MwN 25%
DN NYSN

Mwn 20%
1MONN NYSN

MWN 25%
1MONN NYSN

MWN 30%
1MONN NYSN

("N 2YV) Pann avY

120.29PY0 | .720.2 PYD 220.2 9Py .220.2 Py N 20.2 9y VPN MDY
MYN 10% | MUN 40 % MWN 20% MWUN 22% MVUN 8% ("aaby) yvran aby
MY NYSD | Y NYsN 92y NYSN 92y NYSN M2y NYsN
WNMNINOYW | NN 2OV NN 2OV NI 25V NN 2OV
.20.3 Pyo .220.3 Py .N 20.3 Py (/> avvw) npinn avv
DOV (3) VDY
MYN 6% MWD 7% mby "MNWN 7%
NNPNN MY PN MDY | Y91 NHPNN
51193 5192

YINPNY DOWITI D¥INDNI YIXAD NON VNN NION YNNY 1VAPN WITI NT 2DV Monn ady .20.1

SV NNPNY DMYRIN DDTIND MNXNN DY, 1NN P2 DXODINN (IMNN NYAP 551) NN

.DYOINMN

. D999 1N03 99599 15397 Y 5P 1997 IWIIT OIU TN SISV, 1977 N3 995y
. 71933 A7 OIYI INSIA 12A3 DO AION DIV 15375 B NS
Y, INN DN 9D DPIION SN T HY NN PHINY XY NDINN LION NONN NWIN DY .N

VAP DY PIONN NYNN MWUN 30% 1D2P0 PN

MYN DD 25% 192PY PNINN Y, TADINN DINN T DY DIMINNN NN 1N NYIAP DY

2PN YV NIONN NYNN

VPN TYND DMNYIN NN XD, PRI DYV 97NN NYIIT 290 VPN TYNI POY NP DI’

22PN OV MNONN NYSN OMYN D90 20% 1D2PY PRI IV

PHRYIN PIAY, PINND 7Y NURIIND 1PYY NP YD, PRTHN DY MINT MYIYD VPN DPD DY

22PN DY MONN NYSN MWD D90 25% 0apd

9 DY DMIDNN D¥INDNN IR/ DXVIN DI NNOWN INKD 1172)2N MINN IVAPN KDY DD AN .
TON TYNN N I ITYIIN INYT DIPIV) PRI NVONND A3 P, INNY THONN NN
PN 20W7) 1NONN 2DV X2 NNNNN NIND INIT 12PN PN 2INR,71PIAN AN NIRNIN

Y9 DY YITIN NITIAYN INNI APVINDN NN NNINDY DYPNY 12PN WATI NT 2OV - isran aby 2
220 1PN MIXNM IWINDD PP ION
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123572 5913, MNINNNN DY DPO DY .N

MTIAYN INND DMIPINI, GPIN VY NNPYNT 121 V1Y HOHD) TPXN DY MPPTAIM NMIDNN YOI NN
,DMIVNIN DV 100 D MNAD DXAPVINNN PPY NIDM VIO @

, 9INN MNP NPIND MITIAY VIN TIND DOWITIN DWIN DY NPT MON @

.DNYYAM VITNT MYIIT 292 MNIXN NIIYNI NNIN HDID, VNN MYITT 9D DNMYIN DN NIPN @

DY) NTIAYN DNID DY) 17T, YIDIUN NTHIN, MHTVINRD NY) NPIONI DMWY, DNYN, DNID ONIN e
PHRVIN PAY> ,)PIONN HY ININONA PO YOP NN 591D)1NOWIN 1IN 1NN MY, (D9
NOYHORN IMN DY NININ ADW NIY 1PAPN NYSN MWD 8% VIapH
VPMI9N HNIN T DY NIINN NNPOYN NTIVN NYAPY PIX 9INA DXAPVIND TV 400 NNIN DD DY
- MININ 25W MY PPN NYSN ONYN 22% 92PY PPN DAY

ININN NNOYN NTIYN NYAPY (DY7V1 600 57ND) DXADN PIN INA DIAPVIN VN 200 NNIN DD DY
NOYORN IMN DY NN ADW NN2Y 12PN NYSN MNWN 20% 1DIAPY PHRIND Y OPMNIAN DN T DY

51310 > HY NMINN NNYYN NTIVN NYIPY PIX PINT DXIAPVINDN NHPPM VIXXIN MTIAY DPD DY
39990 XIWI MTIAYN VN N2Y DPVWND 40%- NINNN NN NX PP PHINN DI 0PN
MTAYN NIXI NIAY DVYND 10%- NININD NIN> NN PIAPY PRIN 00w, PTa (1) MY DPD DY
95NN N

PN 25V 20.3

; (7Y NODIN) PHRIAM MY IWINKD YINA INDN NIYNN TN 7% PTaN NPN DINN DWNHN 12 NN .N
; (7Y NODINY PRI MY IWINDN YINA INI0N NIYNN TN 7% PTaN NPN DINN DWNIN 24 PN .2
; (01YND NADINTY PHRYN 7Y IINDN MIX INDN NIYNN TN 6% PTaN NOPN DINK DWNIN 36 MONa )

YTY DY DY KD ,NT PYDI MNNIND VD GON IN INK DIYYN DIV I DI TTNN 2 DIDIN 20.4

VN NN2Y XD ,NT DI0N 29 DY MIVPNNN NYPO INKD NI NITIAYN VXA TONNI XD ,PHINND

LINN ONIN DTN DI RO INYLN M INA PAPD KD 1NN YANN DI INA TN IWPA KDY MTAYN
D10 IR PN DN GON DIVWN IR MODIN DIV INIT M KD 92PN

55 DPD INNY P ,0»NON AWM NPRNN 1IN PTI MY DD I NN I POO 10N Wwnd 20.5
N9 NPRNN /7 P72 NYNNN TP MY TIN OX : 1ONTIMNIYA DAPVLINGI AN NITOM DINPOINN
DPPN DM TN DN, MPTN NNOPNITNNY,NTIA XY 17 1IN NPT )N DP9V HYIp D10

ININ NPINN MY NPNND PRI 7Y DNYIPI
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DMNT MDD 77T NN - /) P9

2v]a)
VY9 mpl)
MY
NONN YINND OINNY 31902 1IN DY NYTIND OPN OITIOP M 14 TN 1
.050NN Yy
NN YNNN NONDY 37902 NI DY NYTINND DPN O TIOP M 14 TN
.DXITIN MVYAN YNADI D NN PNIND 2
NN, PNONN NONNN N NYAP OPN DM TIVP DWTIN (3) VDY TIN 3
95 NN 1INY 191 INAT NN VNN NIONN NN WIAND NIND YININ
LIPNN NYAPY NVIN,NIAN YA TIND DIWITIN D¥I00NN
MYIN T 5 DIMNN NN 2NN NYAP DPN OITIOP M 14 TN 4
WINNT NN WX NTIAYD NONNN N NYIAPY,PT 29 DY TID NONDINN
MTIAYN VI NONND NMINIRNNN 2OW NN 01D NONN
YT DY DIMNNN 12N XINN NYAP DN, MITIOP DWNIN [9] ywn TN 5
WINNT NN, VINAY NONNN IS NYAPY 1T 29 DY o5 NONDIN NMIVIN
39990 XY MTIAYN D VXA IR O»OY NONN
VPN NPON OMITIOP M 14 .6
7920 NN NN TINN DNV (3) YIZWS DAPLINI NPINN NION .7

(PT2N MY DYD INND) PPN
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MI’NR HNVANI MIN NP ~’T P

: NNANY MR NIPI NN 21

1D2PN T LY SYMNN VPN M NIPA NIIWN NHPNY NPNINAY MYIITA PO, P9
TN VN 21270 T2ATI NNNN N NIIWN .("NIIYNNY IN PMDN NIPA NIWN” - o))
Y9 DY YN NITIAYN HDOW WHITY . DPNISN DY NN MDN NN NYMVIAND TYPHN H10N
DYDID DD NNIITYN DNNTNNA (DININ 90N ) YTIVNIAN VIV IR/ TN MIVN VI
Raklal!
92PN DY .YIPN THONN NN NPT YAP> D)1 DOXVI9NN P2 NPND NHMPY NTNI
S IN1NAND NPRNNN NN INKR RIND POY 7P ¥ NAVNI NNPY
NP2 9919) MONX NIPAY NN NNPNY PPN DY IMNINN) INPINK NX NOID NIOIWNN
95 5Y OVINA NN NPT ,NIPA,APYNI INON P2 NPOIWN (MYNN NP DIPID HY
. DP9 MDIND YTY MYOIT DD NTNIY YT TIin DIVNN INYD
Y5901 9921 MIVIAPN MWVITTN D2 TNy’ YMDN IXINNY NYVIND DTV MDINRND NN
GINY ITHN IDINI NON N MDINN NIPA TIVN 199 .0X0999) DNPN ,NPIDNN, DIONN
7Y NTIAYN M2A5WN TNN Y52 WINAN YA5W DD NN TYNN MNDY, MITIAYN NN o1 D53 INNa
L MNINID YNIND YAPIV DNNTN NP DONNNA NINT DY YNH0N AN Noaph
PPN TWNN 799 > 052 pHn NN, (Control Quality) mM>NN NP2 NN
NYPIDLN MYITN DD OXRNNA NNTIAY NN Y¥AM [SO 92000 MNIPY 29 DY SYaN NIIWNN
NIV HPYANY NIANN TPNYI MDNN NP2 NIIWHN NTIAYD HYaPNa . N 7992 MOVLNINN
NP2 NOWN MMYAY MIPA TN wpwn AWK (Assurance Quality) MmN nnvan
MONN
771 NHIND Y2101 DI199N2 ITNND PPN NMDIND MYIIT ¥ 912N POD 10N Wwhb
YNDN . PPN Y IPOYPY DIPIDN IN MIVNN MDAP D30 DN ,10aAPN 299D MOPN
219502 1NN MINX MYOIT DD DMV PPADI MIWNN MDD OY PPN DY MIYPNIN
VPN NDION DI N2Y MINRN NIPAD TPRINN PIAPN DYLN MIPNRN NIPA . NHIND YINON
LY NYN PRI Y IDAPD NN /ATVIND TYN MODINT DMIPY NINNN MY

N 22

9995
NN DNY TP MYNWNN ONY RNN,NT P91 O THN DN YN ,NT P92 DXNNN) DMV N
39901 99P01N2 NINK RN DI I >TI N3 THDN ININA PR .DIONN
$N99¥1N IN 192PN HY MIIN NP NIIYN 2.N
TYNY ,9039 ,91720 NNV YR VPNINN YINI TONN YIAP) I8 1I9IND NYNDN 1P2APN DYLN NN

MYIITA NTRY NVIND NTYPNHM YLD MWNN MJIPI DXPION ,)2APN IYW DIPINDIYI 53 NN TUND
.D20NN
VPNI91 HY MIIND NNVAN NN 3.N
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12N2 1970 PNTVN TYUNRI MR NP TIVND 21 DX PRTHN DYVN NNV NN NYNIND NI
¥ 90210 . MTIAYN WIN TONN 11PNV IV MDINN NIPA NIV DY NN 1IN HY NP
NOYA NPT TP MDOND NNVIAN DTN ,NT VPN TNSD

N NP YN 4.8
Sy PN’ PPN DYV VPN DY MDONN NIPA NN YNIA TV ,(N20D) MDND NIPA DN

20221992 MYXNN MTIAYN MDINNNI AN IX THN INNNNT 1PIAPN DYV MNIXPN

1 0P192 NTAYNN NN S.N
YTY DY 7 NIVIND NTAVNA 7 IR MITIVN NONOND TIMINDTD MYIN YT DY 77 NONDIN NTIYN 7 DYV YTV
MYV VPNIAY OMVIADIN DXNINNT MPITA WINYAD NOVYYNT INDNN TIVNI NPPNN DY MININN
MY TIVN IDMIDY VPN MPITAN VINT NNIDID IRINN DIINN , PPN DY DIYYN NPINNI 1N
LOPMN92 Yapn DYLVN NTAYHN
DUNI M A
LOPMN9N DY MR NP Y TTIN NN WX TOIYN TR0 TN
NN DNVAN INM )

PRI OYLN VPN DY NPONN / MDNN NNVIN DN

$MDINN NIPA NIIYN Y17PAN 21
TIVNA . DYOINNM NPIDINN,DO0NN MYIIT MDD NNVIND PYNNIND NNIND NP MND NIPA NOWN

SY DIWOM DI, NP YT TIN NN P2 VPN YINAN MDON AN MVIND NN MDNN NP

: DININ OMIPOYN DIRYIN

,TNPON 1NN MPIT2 NMIRHIN MM, MPPTI NIPA HY NI MDD NP A

. DYOI9HN MYITI TN ININM DI NTIAYN INNY XTND 7N DY NNY DD

D72 DPININY DIRTNINN DIPADI MIVN MDD, TPX 010N DY NN IIONN N1 2
L0P792 MTIAY2 DDOW MY DXVINN MVIITA

NN AN NN NTIAYN 7PINNT MNNND OX NPIN NIV MY ¥IONN DY 3
TNRNN ON JY NIVNND YININD TN DY NTIAYN 20NN NY DYIT NY AP

NPNTIVN MP>TAN,NIPAN MV NMINXIM DTN ¥DNN YD DY 90N DI NPNY 4
DYINY MDMNRN NN DY NN MIND IWIRNY T2, MM

VY997 NMYOIITAITHY NOY MPITA MY INPNDIV MP 1A MRXIN DI DY NI NVYP S
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The tubes will be manufactured with a reinforcement and filtration geosynthetic that is CE

marked.

It can be either a geotextile providing each of the following characteristics, or a geo-composite
combining at least two geo-synthetics with complementary characteristics in a durable manner.

Geotextiles shall have the following minimum characteristics:

Type of material: Woven and/or non-woven geosynthetic needled with continuous filaments

Type of polymer: Polypropylene with long life additive in marine environment, or polymer

with at least equivalent characteristics in terms of physical properties and durability for
application in marine environment.

Tensile strength according to ISO 10 319 :

in production direction > 190 kN/m

in cross direction > 190 kN/m
Elongation at break according to ISO 10 319 :

in production direction < 15 %.

crosswise < 15 %.
Tensile strength at 10% according to ISO 10 319 >150 kN/m
Tensile strength at 5% to ISO 10 319 > 55 kN/m
Punching resistance according to ISO 12236 > 20 kN
Dynamic perforation according to EN 918 < 6mm
Resistance to thermal oxidation according to EN 5132 class B
Xenon test (50 MJ/m?) according to ENV 12224 UTS > 80
Tensile strength of seams according to ISO 10321 > 150 kN/m
Normal permeability to ISO 11058 plane at h 50 mm > 500 1/m?/min
Filter aperture according to ISO 12956 50 < 110 microns

The manufacturer will provide the client with a test to check the strength of the seams made. The
seams shall have a strength equivalent to that of the geosynthetic on which they are made, at least
150 kN/m.

If a woven geosynthetic is combined with a non-woven geotextile in order to achieve the above-
mentioned resistance and filtration aperture conditions, the non-woven geotextile shall be
connected to the woven geotextile by sewing or any other arrangement of equivalent effectiveness
at intervals of approximately 50 cm.

: (5°93N3 9230 ) (anti scouring) 72 9%t N2y VY PVINIY TaY MWrIT 36
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The design study will clearly indicate wether an anti scouring mat is or not necessary, or if an anti
puncture sandy bed or geosynthetic mat is to be installed.

Due to the nature of the support soil and the design of the structure, it will be necessary to protect
the support soil before the pipe is laid to avoid any risk of scouring later on using an anti-scouring
geotextile, made of large panels, laid in the same direction as the pipes and before the pipes, and
having a ballast system on both sides, will make it possible to avoid the risk of scouring while
being stable (no twisting, folding, etc.) during the implementation or operational phase. during
implementation or in the operational phase). The panels will have the following maximum
dimensions: 24.00 m wide x 20.00 m to 40.00 m long each.

They will have ballast devices, possibly by secondary tubes of minimum diameter 0.50m, to be
filled with sand by injection pumping, like the main tubes.

The overlap width between 2 successive panels shall be at least 2m.

The geotextile, subject to the approval of the project manager, shall be CE marked and shall be
of the woven polypropylene type, treated with a long life additive, or a polymer with at least
equivalent characteristics in terms of physical characteristics and durability. It shall be suitable
for application in a marine environment.

It will have the following minimum features:
e Tensile strength, according to ISO 10319 > 150 kN/m
e Elongation at break according to ISO 10319 < 16 "%.

e Tensile strength of seams according to ISO 10321 > 50 % of the tensile strength of the
geotextile

e Dynamic perforation according to E 918 < 10 mm
e Filtration opening according to ISO 12956 < 250 microns
e Resistance to thermal oxidation according to EN 5132 class B

e Xenon test (50 MJ/m?) according to ENV 12224 UTS > 90

The geotextiles may also be fitted with fixing points every 0.50m in both directions, in order to
ensure easy ballasting during immersion.

179002 NIpaY MmNy 37
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Coastal defense strategy along Hatzuk beach

(northern Tel Aviv, Israel)
Definition of best geotube solutions after Nearshore Optimal Theory

BRL Ingénierie

@7 In a few words...

In this report, we handle the question of the defense of the Hatzuk beach (north-
ern Tel Aviv, Israel, a piece of coast forced by Mediterranean storms) from a
moderate erosion of the beach cliff and a progressive vanishing of the nearshore
sand stock resulting in the occurence of rocky bedrocks at some places along the
emerged/immersed beach. To fight against such an erosion, a solution based on

geotextile tubes has been planed. This report focuses on the determination of the
geometric features of such geotextile tubes to be deployed in the nearshore zone
to fight against the hazards mentioned above. To determine the best shape of the
defense structures, taking into account both rheologic, environmental and engineer-
ing constraints existing for this system, a coastal shape optimization strategy is
promoted. Taking into account engineering constraints, it is found that a linear
geotube deployed in between 350 and 290 off the current shoreline would consist
in the best solution with respect to a strict optimization methodology to control
the wave energy in the nearshore zone where sediment stock vanishes. If other con-
straints are considered (local trough in the sand stock, sagging of the geotube,...) a
best optimization+engineering location of the geotube would be around 280 -260 m
off the shoreline.

Please quote this report as follows:

BRL Ingénierie, 2017. Coastal defense strategy along Hatzuk beach (northern Tel Aviv, Israel).
Definition of best geotube solutions after Nearshore Optimal Theory. BRL Ingénierie report 17-5.
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1 Introduction

The term geotextile refers to a wide category of robust man-made woven fabrics used in civil engineering
to coat granular material, to prevent clogging by fine sediment particles and for many other usages.
Originally, the term geotextile tube — or simply geotube — in coastal engineering refers to decametre
long and metre wide sockets made of UV-resistant geotextile adapted to marine environment which
are used to be deployed mostly onto the emerged beach to stabilize sand or nearby the wave closure
depth to stop losses of sediment driven by currents. Through language evolution, the term geotube
now refers to any structure made of geotextile that helps the beach system to recover health. Its
functions can be largely extended to the control of nearshore hydrodynamics, water levels, energy
distribution, morphodynamic control by supervision of hydrodynamics. Deploying geotubes is a kind
of soft engineering, or even reverse engineering in the way that it uses tentatively the proper features
of the natural system to influence its intrinsic evolution rather than to dictate a behaviour based on
a partial understanding of its dynamics or defined after the immediate goal to achieve.

Along the Hatzuk Beach (Fig. 1) to the North of Tel Avil (Israel), it has been decided to deploy
geotextile tubes aiming at fighting against on-going erosion of the emerged beach and abrasion of
the cliff foot observed at several locations (BRL Ingénierie, 2017¢). More generally, expectations are
placed in the ability of such a type of defense structures to protect the whole nearshore beach system
and to favor a beach widening of several tens of meters.

5.7 km

Tel Baruch
i tombolo point

Figure 1: Hatzuk beach, the zone of concern and surrounding areas. The studied site is located in between two sediment disruption
points (Herzliya Marina HM and Reading power station RPS). Another striking feature is the isolated Tel Baruch Tombolo (TBT).



A coastal defense strategy based on the intelligent design of defense structures requires investigating
several perspectives complementing each other to ensure that final recommendations to the decision
makers are devoid of subjectivity and convincing enough to reach consensus. This report is part of
such a global strategy which includes what follows:

1. determine what are the best shape, location and features for geotubes specifically dedicated to
the protection of the Hatzuk beach system;

2. estimate the efficiency of the geotubes with respect to various targets (erosion, submersion,
natural nourishment of the beach, general health of the beach);

3. check that a solution based on geotubes has a negligible impact on the regional circulation,
especially downstream;

4. quantify the alteration of currents and waves nearby the geotubes and the possible subsequent
scouring around geotubes;

In the list above, the present report is dedicated to the point (1) exclusively. It aims at performing
optimal shape design of the geotextile tubes with a home-made automatic optimizer developed at the
University of Montpellier since a few years, which has already been at the origin of very interesting
developments in coastal protection strategies along the Northern Mediterranean shorelines. In the
following, we first explain why we decide to use optimization to design the geotube location and shapes.
Then we describe with caution the methodology and how it is applied to the case of Hatzuk beach.
Last, we simply provide the type of solutions highlighted by the optimal design. The recommended
solutions will be then confronted with engineering, environmental and cost constraints. The writing of
this report depended upon some informations for the configuration of the optimization strategy which
have been extracted from BRL Ingénierie (2017¢) and others relative to the naming of the geotextile
tubes categorization come from BRL Ingénierie (2017h). Wave statistics used for the definition of the
functional (see the definition of the cost function in this report) are extracted from CAMERI (2013).
The main insights from the present report are collected and synthetized in the PHASE 2 general report
from BRLi (BRL Ingénierie, 2017d).

2 Rationales & Principles

2.1 Why using Nearshore Optimal Theory in Hatzuk beach ?

In Hatzuk like in many other dissipative beaches worldwide, the cross-shore profile consists of 1) a
shoreface with one to three sand bars (in Hatzuk, typically one), 2) a 20 to 50 m wide emerged
beach and a beach cliff stopping paroxysmal wave/ wind setups during storms and thus recording a
subsequent abrasion. In Hatzuk, the mean nearshore slope between the high-water line and the outer
margin of the nearshore bar zone at a depth of about 8 m below the mean water level is about 1:70
(mean slope around 1.4%) which defines a dissipative beach.

Such beaches around the world are often eroded during storms and their shoreline position usually
records a moderate shoreward displacement of several tens of meters in a few decades. In reply to
this erosion, coastal managers usually use classical sand beach nourishments in the form of hundreds
of metre long flat-topped berm regularly rebuilt along the coast, which are used to be destroyed
soon after their edification by major winter storms (e.g. that of 2004, december 1% in the northern
Mediterranean sea, or January 2010 in the eastermost Mediterranean basin).

Alternatively, a quite exotic set of artificial structures are considered to decimate the water waves
impact and thus to reduce such an erosional trend. The structures most constructed along the coasts
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are emerged breakwaters and groins. However, they are expensive and they are known to shift the long-
term erosion at other places along the coastline instead of reducing it. In addition, their efficiency
at the place where they are deployed is criticable, especially regarding their impact on the local
circulation and their nearfield scour effects. As a consequence, it has been more recently proposed
to deploy alternative coastal protection structures, typically Low Crested coastal defence Structure
(LCS) made of immersed rugged concretes that dissipate wave energy while waves propagate to the
shoreline, although the surface water still circulates freely; however, such structures are very expensive.
Other solutions are based on the use of geotextile tubes, usually deployed far from the beach to stop
the net offshore sand displacement, or on the emerged beach (within the swash zone) to prevent the
departure of sediment from the upper beach. It has been largely demonstrated that the efficiency of
such strategies remain speculative.

Last, a classical approach is to combine the deployment of an artificial coastal defence structure
together with sand beach nourrishment.

Former discussions by the decision makers in charge of the Hatzuk project have resulted in the will
to combine a deployment of geotextile tubes and sand beach nourishments to protect the beach. Now
the deployment of a geotube solution has been recommended definitely, the question is what is the
best shape and best position for this geotube solution ?

Nearshore Optimal Theory arises at this point of the discussion. This methodology is used to ensure
the best design possible for the geotextile tubes, considering that classical deployments (on the emerged
beach or very far at the closure water depth) are not forcefully relevant.

2.2 Nearshore Optimal Theory practically applied to Hatzuk beach

The defence project consists in 1) supplying sand to the beach for immediate use, 2) supplying sand
to the hydraulic bar system to increase the sand volume of the shoreface, 3) constructing a set of
submerged geotextile tubes filled with sand; these geotubes would be placed side-by-side in two files
cross-shore, and would be placed one behind another longshore. Two separate files are considered to
take into account the possible destruction of one of the device. In such a case, the other file would
continue to protect the beach. The length of the geotube is limited only for technical reasons (it is
not possible to fill up of sand infinitely long sockets).

The resulting artificial outer bar may operate as a wave attenuator device: it may let the shorter
waves propagate to the beach with no attenuation and may smooth the longer waves occuring during
storms, acting like a permanent low-pass filter of the wave energy may do.

Thus the main function of this structure is to initiate sediment deposition in the lee of the outer sand
bar, thanks to the modification of nearshore wave orbital velocities and currents. The structure may
reduce the amount of storm wave energy in its lee; in the same time, the structure may maintain
in its lee the incoming energy of fair-weather waves, usefull for the construction of sand bars and
the migration of sand towards the shoreline (Silvester and Hsu, 1999). Submerged LCS (not only
made of geotextile) have been already described in Tomasscicchio (1996), Lamberti and Mancinelli
(1996), Jackson et al. (2002), Lamberti et al. (2005) or Zanuttigh et al. (2005) and their deployment
resulted in beach widening. More recently, Ranasinghe and Turner (2006) reviewed the deployments
of submerged LCS (including narrow ones) and stated a more mitigated opinion; but the efficiency
of strict geotube solutions acting as a wave attenuator (and not a rugged LCS) has been proven only
from the in-situ experiment in Séte (Northermost Mediterranean Sea).

In this context, the following supplementary constraints have to be taken into account:

e geotextile tubes may be 50 m long and would be placed one behind another in two files along
the shoreline, forming a km long submerged narrow LCS;



e The width of the LCS cannot exceed 12 m, and the water depth over the crest of the geotube
must be enough (i) to maintain the beach recreative activities (e.g. beach sailing) and (ii) for
obvious aesthetic reasons.

3 Methodology

3.1 Available bathymetry and hydrodynamic data
3.1.1 Bathymetric data

The bathymetric data available for this study consisted in a discrete set of contour lines provided by
ATARIM (Fig. 2). The horizontal and vertical uncertainty for this submarine digital elevation model
is not known. As it has been acquired at a specific time, and beach dynamics in the nearshore being
very changing through time, it is not relevant to use the exact digital elevation model to perform the
shape optimization.
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Figure 2: Bathymetric contour lines in Hatzuk beach in the main zone of concern and comments relative to main morphologic
perturbations of the nearshore seabottom. The extrusion profile explicited in the figure correspond to the cross-shore profile from
where water depth, mean slope and representative geomorphic features have been extracted to construct the idealized seabottom
profile for the optimization procedure.



For the optimization procedure, it is better to consider a mean seabottom that shows the same mean
slope like in the field, the same mean global geomorphic features (a single discrete sand bar, sand-
dominated profile) and that smoothes any local or very changing geomorphic features (scours, tem-
porary rocky outcrops, bar mobility). The figure 3 displays the final bathymetric data used for the
optimization process, with an example of geotube deployed by the optimization (at this stage, just to
illustrate how it is inserted on the seabottom).

Shoreline

0 25 5.0 7.5 10.0

Figure 3: The idealized seabottom used for the optimization procedure in Hatzuk beach. In the picture, an example of geotube is
added to illustrate how coastal defense structures are inserted by optimal design; obviously, it is not part of the original seabottom.
The seabottom itself is constructed by (i) extracting from the bathymetric data a typical cross-shore profile, then (ii) smoothing any
local and non representative geomorphic feature along the profile and (iii) extruding this profile along shore to build an idealized
bathymetric elevation model for the numerical purposes.

3.1.2 Wind and wave data

CAMERI handles more than 25 years of wave measurements, 21 years being documented in CAMERI
(2013). The usage of the CAMERI raw data is conditioned upon an expensive fee; the usage of the
data in this work does not justify such an expense. Thus the informations used in this report are (1)
a two years long time serie of the mean wave features from CAMERI provided by ATARIM, (ii) the
content of the report CAMERI (2013) based on full raw wave data acquired at Ashdod and Haifa
wave buoys. A presentation of the data is done in BRL Ingénierie (2017c, section 1.5.1). The exact
methodology for the processing of the raw buoy data is performed originally in Perlin and Kit (1999)
and following literature.

CAMERI (2013) shows that mean annual wave heights are in the range [50;100] cm. Forth, most
of the waves are in the ranges [0;50], [50;100] and [100;150] (in cm). During summer, the relative
distribution of waves in those three ranges remains approximatively the same. This means that most
representative waves distribute like summer waves do. During winter, wave heights increase and a
significant number of waves higher than 150 cm occurs. The relative distribution of waves changes
with a more consequent tail corresponding to the occurence of storms. Several plots have been provided
in BRL Ingénierie (2017c, figures 8 and 9, and relative sections) to illustrate this. This observation
simply demonstrates that most of the energetic events occur during winter. The objective of the
project being to protect the beach against storm events, we may consider in the following that winter



wave regimes characterize adequately the conditions when the beach is altered.

Regarding wave direction, the main wave direction is approximately normal to the shoreline (mean
azimut around 285°). In practice, the natural spreading of the incoming waves changes with wave
period and wave height — as well as season — but the mean azimut is approximately still the same.
This peculiar wave angle distribution has some consequences on nearshore circulation (BRL Ingénierie,
2017¢c,a) but not on the optimization procedure as it will be evidenced in a section below.

Regarding more specifically severe storm events, for the 21 year long time serie of wave data, CAMERI
highlighs five events with wave height peak higher than 650 c¢m in deep water. In particular, the event
on December 12** 2010 is considered as being the typical strong storm with return period of 5 years.
This type of storm at its peak shows the following characteristics (determined at the Ashdod buoy in
24 m of water depth):

H,0=613 cm,T, =125 s, Dir = 285°

with a directional spread at storm peak around 8.4° (a quite narrow banded storm). This is a typical
storm striking the Hatzuk shoreline mostly normal to the shore, with quite long waves and moderate
energetical conditions. Under such forcings, the theoretical closure water depth (derived from linear
wave theory) is around 60 m of water depth and the instantaneous wave-driven transport may occur
in a few tens of meters of water depth.

Forth, these most energetic events always occur during winter which confirms that alteration of the
beach is directly connected to winter conditions.

Alternatively, we compute several informations relevant for the optimization procedure from the wave
data provided by ATARIM. The data provided consist in a time serie of 11417 records of hourly
averaged wave features (wave height H,,,, wave peak period T, and wave peak direction 6,). This time
serie stands from 1** October 2002 to 31" December 2004, which is a little bit more than 2 years (27
months).

According to these in-situ data, the mean annual significant offshore wave height is around 1 m and
the mean annual significant offshore wave period is around 6.7 s. During major storms (less than 2%
of observed waves), wave height increases up to 3 m to 4 m with corresponding periods of 5 s to 10 s.
These storms waves are usually from the W, but SW to NW storms have been reported to induce
important modifications of the nearshore morphology (direct in-situ observations).

Amplitude of tides is about 30 ¢ with no significant effect.

The table 1 summarizes informations recalculated after the data provided by ATARIM/CAMERI.

Yearly conditions
Wave height H,,o
Average H,., 1.00 m
Standard deviation Sy, 0.84 m

Wave period T,
Average T, 6.7 s
Standard deviation St, 2.1 s

Table 1: Processing of the 2 year-long wave dataset from CAMERI. It highlights the main features of the yearly averaged wave
regimes.

As it has been highlighted, morphodynamics are strongly controled by winter conditions. Thus we
discriminate winter conditions (october to march) and summer conditions (april to septembre) to
show what are the wave regimes at the origin of the alteration of the beach. The table 2 summarizes
informations recalculated after the data provided by ATARIM/CAMERI.



Winter conditions Summer conditions

Wave height H,,, Wave height H,,,

Average H,,, 1.15 m Average H,, 0.75 m
Standard deviation S,, 0.98 m Standard deviation Sy, 0.39 m
Wave period 7, Wave period T,

Average T, 6.99 s Average T, 6.16 s
Standard deviation Sr, 222 s Standard deviation St, 148 s

Table 2: Processing of the 2 year-long wave dataset from CAMERI. It highlights the main features of the wave regimes during
winter conditions (destructive waves) and summer conditions (constructive waves).

The wave period spectra during summer are narrow with a relative standard deviation Sstd/ﬁmo around
25%. During winter, the relative standard deviation of wave period spectra is around 32%, recalling
the occurence of severe storms. Regarding the wave height, the relative wave height standard deviation
Su. . /ﬁmo during summer is around 44% while it overpasses 85% during winter. This clearly suggests
that the spreading of wave heights during winter is much more important.

In the report BRL Ingénierie (2017c¢, section 1.3), we explained how a dissipative beach where sand
bars occur behaves. Forth, it is explained that a fundamental process must be pointed out. If one
combines short-term and long-term nearshore morphodynamics, the behavior of the system to the first
order is controlled by a wave energy threshold named ;... defined as follows:

Erwave = %ngi (1)
where g is the gravity acceleration in [m.s™2], Hy a critical wave height and p the density of water.
ETwave 18 a surface density of energy in [J.m™]. When the system is in an energetic state stronger than
the threshold £r,,,. wave, bars (i) are damaged, sand is re-mobilized in the water column every where
along the profil, thus may be taken away by alongshore of seaward-oriented currents and (ii) bars tend
to move seaward and thus let the shoreline more exposed to the wave attack. On the contrary, when
the system is in an energetic state lower than the threshold &£;,.,. , bars migrate to the beach, may
feed it and sand is much settled down into the sea bottom profile.

In such a context, we have to define correctly £y, Which directly depends upon the correct quan-
tification of Hr. Following a Bollinger-like rule, 95% of the wave heights are in the range (whatever
may be the season considered, or the full year):

[Fmo - 2SHm0;FmO o 2SHm0]

as far as the wave height distribution follows a normal probabilistic distribution (which is not forcefully
the case). In the same way, ~ 70% of the wave heights are in the range

[ﬁmo = SHmO; F‘mo + SHmo]

We want to define H; for Hatzuk beach. We consider that summer conditions are all constructive
which means that the waves in the range

[—summer ——summer ]

summer summer
H,, " -28gmme T " 4 ogpm

m0

represent 95% of those waves that do not alter the beach and should have a positive effect on the
beach. In other words, wave height up to 1.52 m should be considered as constructive waves (Table 3).
Following the same reasoning, we consider that winter conditions are all destructive which means that
the waves in the range

—winter . —winter ;
winter winter
[Hmo —2Syineer T 4 oG ]



represent 95% of the destructive waves. This means that wave height of the order of 0.21 m are still

destructive, wich is not relevant (Table 3). Forth, destructive wave heights could be negative, which
is a nonsense.

SUMMER Hauteur Wave period
Average 0.75 6.16
Standard deviation 0.39 1.48
H,, " = 2Sgummer 0,02 3.19
H, " — Sgummer 0,36 4.68
H,, " +28gmmer 159 9.12
H,y  +8gomer 118 7.64
WINTER Hauteur Wave period
Average 1.20 7.09
Standard deviation 0.99 2.20
T ~8fusts g 2.70
Hoy = Ggnler 0.21 4.89
H., = sagmses 817 11.48
oy G 2.19 9.29

Table 3: Calculation of the various critical waves £ q46

This simply highlights that the use of traditionnal Bollinger rules is not relevant in such a context. It
results from the fact that (i) considering wave height, we deal with exceedance probabilities more than
tendencies and (ii) during winter, most of the waves are still constructive, the tail of the distribution
being the only to provide destructive waves. Thus we prefer the following approach. For constructive
waves, we consider the following half-Bollinger domain:
[0;H,,, " +28gmmer]

This suggests that most of the constructive patterns occur during summer, with waves in the range
of the Bollinger rules for that period. For destructive waves, we consider the following half-Bollinger
domain:

H

—winter
™m0

|
This suggests that (i) destructive waves occur during winter but all waves during winter are not
destructive, (ii) destructive waves during summer have negligible effect because they are not taken
into account, (iii) the most efficient winter wave for the destruction of the beach are the 30% higher
waves within the distribution.

Doing so, we say that the critical waves £r,4,. should be comprised between 1.53 m and 2.19 m.
With the optimization procedure described in the next section, a sensitive analysis of the value of the
critical wave Hy on the determination of the best geotube configuration has been performed with the
following values for H :

Hy€[1.6;1.7;1.8;1.9;2.0;2.1]

No significant effect was observed. This is an evidence of the robustness of the criterium in the
determination of the energetical state and its ability to determine the best geotube configuration.
Indeed, as the methodology to define the critical wave Erq,. remains empirical, based on probability
and objectionable, the fact that a significant alteration of such threshold does not change the geotube
deployment forecasting is fundamental. In the following, for sake of simplicity, we present the result
for

gTwa.ue = 4070 J-m_2 , HT = 18 m (2)
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3.2 Computation of water wave propagation combined with numerical shape op-
timization

This section describes the Nearshore Optimal Theory, a methodology to apply optimization in coastal
dynamics, typically in Hatzuk beach. It is presented how the hydrodynamic model REF-DIF (Kirby
and Dalrymple, 1983a) and our shape optimizer (Istbe et al., 2008c, 2014, 2008a, 2005a,b, 2006a,b,
2005¢e,d,¢,f, 2008b, 2005a) form the basis of a coastal shape optimizer adapted for the determination
of the best geotube solution in Hatzuk. Although a short introduction to REF-DIF model is proposed
below (see also appendix A), a full description of the REFDIF model equations is beyond the scope of
the present paper. It can be found in Kirby and Dalrymple (1995a). the features of our optimizer are
detailled. A comprehensive presentation of the fundamentals of optimization can be found in Ivorra
(2006).

3.2.1 REF-DIF model (hydrodynamic module)

In the study presented here, the water wave propagation and the transformation of a forward scattered
wave field along an irregular mild slope is computed using an adapted version of REF-DIF (Kirby and
Dalrymple, 1983b). This model provides the wave height H in the whole computational domain
necessary for the calculation of the functional (see next section). Basically, the governing equation is a
combination of the Berkhoff’s equation (Berkhoff, 1972; Radder, 1979; Booij, 1981) and the diffraction
equation on a plane bottom (Mei, 1989), numerically solved by an implicit finite difference method
(Kirby and Dalrymple, 1994, 1995b). It takes into account both refraction and diffraction phenomena,
wave attenuation through various mechanisms including that described by Phillips (1977) and Dean
and Dalrymple (1984). REF-DIF does not manage wave reflexion nor process-based wave breaking
over sand bars. However, the software takes into account wave breaking through a semi-empirical
approach (Dally, 1985; Kirby and Dalrymple, 1986a). REF-DIF includes some improvements of a
dispersion equation for shallow water and effects of superimposed current (Hedges, 1976). REF-DIF
has been efficiently validated in various configurations (van Dongeren et al., 1994; Svendsen et al.,
1997; Chawla and Kirby, 1998; Svendsen et al., 2002, 2004). Moreover, it belongs to the Berkhoff
inherited models that have been already used for the design of defence structures (Zanuttigh et al.,
2005). Outputs at each point x = (z,y) € Q (€ is the simulation grid) concern wave amplitude A(x),
wave frequency o, wave number k(x), wave angle 8(x), or orbital velocity:

Agk
U,o(x) = 22 cos(k - x) (3)
o
with k = (kcos 6, ksin @) the wave number vector.

Bouchette (2001) modified the computation of lateral boundary conditions, and proposed some im-
provements to limited local unrealistic exageration of A(x). They are embedded in the current version
of REF-DIF used for this study.

The wave height field is simply reconstructed with:
H(x)=2A(x) (4)

assuming linear wave theory asumptions (the free surface is a sine function). Last, we can calculate a
surface density of wave energy in [J.m™2]:

E(x) = 5pgH(x) ©)

If one wants to characterize the global energetical state of the beach, we define a so-called functional
J on a domain D, as follows:

J=ch£(x).dx (6)

The lower the functional J, the lower the global energetical state of the sea surface in the domain D..
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3.2.2 Shape optimization of coastal defence structures: principle

The optimization of coastal defence structures refers to the minimization of the impact of wave and
currents either on the seabottom or on articifial structures in the nearshore zone. A general shape
optimization problem applied to coastal engineering is summarized in figure 4. The modelled domain
£ corresponds to a nearshore zone from the emerged beach to the shoreface in 20 m of water modelled
by a rectangular. The search domain indicates the part of the modelled domain where seabottom and
artificial structures may change in shape during the optimization process to reach their best position.
In hatzuk, we assume that the search domain is the whole modelled domain . If it wouldn’t be,
coastal defense structures may not occur outside the search domain.

Hydrodynamics forced by winds and waves are computed on the whole modelled domain 2. The cost
function J as defined in the previous section is the most important concept of the optimization process.
It refers to an equation that gives the state of the search domain for specific forcings. This state uses
to be representative of the impact of the forcings on some hydrodynamic parametres (orbital velocity,
wave height, wave orbital velocity, wave energy, or any combination of other hydrodynamic parametres)
that have to be minimized or maximized. The state given by this cost function is computed in the
cost function domain D,, usually distinct from the search domain. For our application, the domain
D. is defined from the shoaling zone to the inner surf zone. The sub-domain where swash processes
dominate is excluded (REF-DIF is not relevant for that physics, and the swash dynamics control more
the short term shoreline processes than the long-term sand stock evolution).

Q computation 5

Let us consider an initial

: domain Let us consider any kind of
geosystem with a relevant : . .
P e / — meteo-marine forcings required
parameterization Yo of cot for the hydrodynamic module
hard/soft structures and /or _D 5 function y yne —
sea bottom in a domain §? domain /

(time-dependant or not]

@
i g;)‘t,,ey; ! 5 - 3 Hydrodynamic module: loop over
dynamic Optimization module: compute in {2 a set of physical || time if
equilibrium. P Lomoteaney: t:onflgu.ra.ho.n vars [; (could be H,,U,y, ,...) required
wj which tentatively minimize
J into the geosystem

calculate a cost function:

J = fDC g (;u'i) .dv

It \7 > -.,7;10(11

6 If the problem is stationary
you get the BEST ¥; possible.

Figure 4: The principle of optimization applied to coastal engineering,.

Basically, the optimization process lies on a hydrodynamics module, a shape optimization module and
an efficient parameterization of the structures to be optimized.

3.2.3 The Global Recursive Multi-Layer Optimization Algorithm [GOA]
The global solution of minimization problems is of great practical importance and this is one of the

reason why evolutionary algorithms received tremendous interest in recent years (Goldberg, 1989).
The main difficulty with these algorithms is their complexity in term of the number of functional
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evaluations.

A fundamental remark on classical gradient based minimization algorithms — having a continuous
representation as a cauchy problem for a first order dynamical system (Mohammadi and Saiac, 2003;
Attouch and Cominetti, 1996) — is that they can numerically approach the global minimum if the
initial condition belongs to the attraction basin of the infimum and that otherwise the minimizing
sequence they build is in principle captured by a local minimum. In that sense, the problem of global
minimization with a gradient based algorithm becomes the prescription of an initial condition for the
mentioned Cauchy problem in the suitable attraction basin.

For the definition of best defense structures, we developed a formulation of global minimization prob-
lems in term of over-determined boundary value problems (BVP’s); then we discussed the existence
of their solutions and we present some relevant algorithms in the framework of the Hatzuk beach
questionning. For more explanation on this algorithm, the reader can refer to the works of B. Ivorra
(Debiane et al., 2006; Ivorra et al., 2006a,b).

Consider the following minimization problem:

min J(x) (7)

€4

where J : Qs — IR is a function, z is the optimization parameter and belongs to a compact admissible
space {l,,. We make the following assumptions (Ivorra, 2006): J € C?(Q.4,IR) and is coercive. The
infimum of J is denoted by J,,..

Boundary value problem formulation Most deterministic minimization algorithms, which per-
form the minimization of a function J : Q,; — IR, can be seen as discretizations of the following
dynamical system (Attouch and Cominetti, 1996; Mohammadi and Saiac, 2003):

{ M(©.)z.(¢) = —d(z(¢)) (8)
z(¢=0) =,

Where z denotes the vector of control parameters belonging to an admissible space Q... ¢ is a
fictitious time and z, = %f. M is an operator, d: Q,; - IR" is a function giving suitable directions and

O¢ = {t,z(t),d(z(t))/t € EO,C]} is a set.

For example if d = VJ, the gradient of the functional, and M(©;) = Id, the identity operator, we
recover the classical steepest descent method while with d = V.J and M (©,) = v2J(z(¢)) the Hessian
of J, we recover the Newton method. Quasi-Newton methods can also be recovered using approximate
Hessian definitions (G.N.Vanderplaats, 1990).

We consider that system (8) gives a numerical solution for the minimization problem (7), if for a given
o € {Jeq, we can find a finite Z,, € IR such that J(2(Z,,)) ~ J,. (this approximation is defined by
user):

M(©z)z, = -d(z(())
z10) ==, (9)
J(2(Zsy)) ® Tm

This boundary value problem is over-determined by z,. i.e, the choice of z, determines if system (9)
admits or not a solution. For example in the case of a steepest descent method, system (9) has a
solution only if @, is in the attraction basin of the minimum. This over-determination explains why
we should not solve global optimization problems with methods which are particular discretizations
of first order differential systems.
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In order to keep an exploratory character during optimization allowing us to escape from attraction
basins, we could use variants of previous methods after adding second order derivatives.

For instance we could consider methods coming from the discretization of the following 'heavy ball’
dynamical system (Attouch and Cominetti, 1996):

{ NZec(C) + M(O7)z(¢) = —d(z(C)), (10)
z(0) = z,, z:(0) =z,
with 1 € IR.

In this case, the associated BVP for optimization problem is:

NZec(C) + M(O©7)z(¢) = —d(z(¢)),
z(0) =zo, z.(0) =1z, (11)
J(2(Zs,)) % Im

This time, system (11) is over-determined by z.,. In a particular case, which is interesting in numerical
analysis, it can be proved that the previous BVPs admit a numerical solution:

Theorem 3.1. Let J: R* - R be a C? such that ming. J ezists and is reached at T, € R*. Then
for every (z,,0) e R™ x IR*, exist (0,t) € IR™ x IR* such that the solution of the following dynamical
system:

nzec(¢) + 2 (¢) = -vJ(2(¢))
#(0) =z, (12)
z.(0) =0

pass at time ¢ =t into the ball Bs(z.,).

Proof. We assume x, # z,,. Let € >0, we consider the dynamical system:

MYz (7) + €y (T) = -2V JI (z(7))
U(O) =X (13)
y-(0)=¢

with ¢ in IR™\{0}.

e Assume that € = 0, we obtain the following system :

T}y‘r'r,O(T) = 0
Y0(0) = x4 (14)
Yr0(0) = o(2m — o)

System (14) describe a straight line of origin z, and passing at time 0, by the point z,,, ie:
yO(gg) =Tm-

e Assume that € # 0. System (13) could be rewritten as:

( ) ) - ( o) vy )

y(0) =z
y'r(o) = Q(.Tm - :EO)

(15)

System (15) is of the form y, = f(7,y,€) , with f verify the Cauchy-Lipschitz conditions. Ap-
plying the Cauchy Lipschitz theorem (Brezis, 1983): [y.(6,) = ¥o(8,)| =c0 O uniformly.

Thus for every 6 € R*\{0}, there exists e; such that for every € < €;: |y.(6,) — .| <8 (T.1)
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Let 6 € R*\{0}. Consider the following variable change ¢ = ¢;7 and z(¢) = Yes (i) System 13 becomes:

12 () +2(C) = -V JI(2(¢))
z(0) = = (16)
.’E(O) = ;L:T(xm - :EO)

Let ¥ = €50, Under this assumption, z(9) = y.,(6,). Thus, due to (T.1) : |z(3) - z..| < 5. We have
found o = — € R} and ¢ =¥ € R such that the solution of system (12) passes at time ¢ into the ball
Bs(z,,).

O

Solving an optimization problem by using a discretized dynamical system method is often equivalent to
solving a Boundary Value Problem. We can solve such BVPs using classical techniques (e.g. shooting,
finite differences,...). Because we are interested in low-cost optimization we prefer to use a simplified
method which is based on the deletion of over-determination.

3.2.4 Global Optimization Algorithm (GOA)

The over-determination can be removed, for instance, by considering z, = v for (8) (resp. @ =v for
(11)) as a new variable to be found by the minimization of:

h(v) = J(2(Z,,v)) (17)

where z(Z,,v) is the solution of (8) (resp. (11)) found at ¢ = Z, starting from v. In practice Z, is
determined by the selected stopping criterium.

h is usually a discontinuous plateau function. For example, if a Steepest Descent is used, we find the
same local minimum starting from all the points of an attraction basin. In other words, h(v) is piece
wise constant with values corresponding to the local minima of J(z(Z,,v)). Furthermore, h(v) is
discontinuous where the functional reaches a local maximum, or has a plateau (see Figure 5).

1.4 - . 1 .

1.2

-4 -2 0 2 4

Figure 5: J(z) (continuous line) chosen to have a non-convex hull with several minima close to each other.h (+), h? (0) and A3 (*)
built on a uniform sampling of the control space z € [-4,5] at each level of the algorithm.
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One way to minimize such a kind of function is to use a Genetical Algorithm. But this method is
numerically expensive. We propose a cheaper algorithm based on line search methods (Mohammadi
and Saiac, 2003). The next section present the algorythm used in the project Hatzuk practically.

3.2.5 General GOA implementation

We first consider the following algorithm A, (v,,v,):
- (v1,v3) € Qayg x Doy given
- Find v € argminco(, h(w) where O(v,) = {vy + t(v, — v1),t € R} N Qyuy using a line search method
- return v

The line search minimization in A, is defined by user. It might fail. For instance, a secant method
(Mohammadi and Saiac, 2002) degenerates on plateaus and critical points. In this case, we add an
external level to the algorithm A, by minimizing a new functional h’ defined by:

h'(v') = h(A: (v, 0")) (18)

with w’ chosen randomly in Q.

This leads to the following two-layer algorithm A, (v;,v}):
- (v}, v}) € oy x Quu given
- Find v' € argmin,cowy)h'(w) where O(vy) = {v; +t(vy—v;),t € R} N Qyq using a line search method
- return v’

The line search minimization in A, is defined by user. The choice of (v}, v}) in this algorithm contains
the non-deterministic feature of the algorithm. The construction can be pursued by building recursively
hi(vi) = R (A1 (v3,v5)), with h'(v) = h(v) and h?(v) = h/(v) where i = 1,2, 3, ... denotes the external
level.

3.2.6 One dimensional geometrical interpretation

We give a simple geometrical interpretation of the approach above when the secant is used to solve
the external minimization problems (i.e. minimization of h*;i =1,2,...) and when a Steepest Descent
method is used as the core minimization method (i.e. in the construction of h).

A one dimensional geometrical construction of the different functionals (J, h, h?, h®) is shown in
Figure 5 with J chosen with a non-convex hull, v, fixed and v} for i = 1,2, 3 take successively all the
values of the discretized search space. h* and h® show growing attraction basins around the infimum.
In that case, the attraction basin for A? is the full search space.
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3.2.7 Search of a global minimum: Examples in academic cases

As far as we are concerned, we are particularly interested by the search of the global optimum for
optimization parameters belonging to an unconnected search space. Actually, during the optimization
of the position of geotubes, we are brought to consider a unconnected search space, due to economic
or policies reasons who prevent construction on such or such zone. Consequently, to illustrate this, we
consider the minimization of the following academic cost function defined on a unconnected domain.
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Figure 6: search space X

The aim is, for a given cost function to minimize, to find the global minimum starting from an initial
point in the unconnected component not containing the global minimum.

The academic cost function considered is given by J : X - IR where J(z,,z,) = 2,2 +2,%> and X = X, U
X, with X, = [-3,3]x[-3, -2]u[-3, -2]x[-2,2]u[2, 3] x[-2,2]u[-3,3]x[2,3] and X, = [-1,1]x[-1,1],
is an unconnected space in IR* (See Figure 6).

In this case, the theoretical global minimum is 0 and is obtained for x°7* = (x?pt, zgpt) =(0,0).

We choose arbitrarily a starting point in X, because x°** ¢ X, (see Figure 6).

We use a steepest descent method to solve this minimization problem. Firstly, we show that a classical
gradient method with a small step of descent p cannot find the global minimum. Secondly, we apply
our GOA with the same step of descent and we point out the fact that the use of recursive multi-layer
and shooting method permit to find the global minimum.

The gradient method with a fixed step p = 0.00001. The algorithm converges initially in direc-
tion of global minimum. Indeed, we can see that from the starting point x° = (2,°,z,°), the direction
of research (See Figure 7) is directed towards the point (0,0).

However, as soon as the algorithm arrives on the border of X, this gradient method with a small step
of descent cannot jump to X, and what is more, we observes a projection along the border of X, in
direction of the minimum of this space.

Thus the algorithm converges towards the point (-2,0) for which the functional calculus is equal to
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J=4. This result is the minimum of X, space but represents only a local minimum of whole space
X. For us, there is no doubt that a such classical algorithm is not enough powerful and this bring
us to think that it does not allow to give satisfactory results for industrial applications, especially
in complex environment such as Hatzuk beach where coupled non-linear processes may occur, with
unpredictable behaviours.

2k

Figure 7: Left: The circs represent all the x*tested during the optimization for the computation of J.Right: History of the
direction of descent during theoptimization.

GOA with p=0.00001 fixed. The global minimization algorithm is applied for the research of the
minimum of J with a fixed p not optimized. We go to show that this algorithm is well adapted to this
configuration. Actually, and it is what we would like to stress, the power of this multi-layer algorithm
is that it is able to visit several attraction basins by using a shooting method. In addition, the choice
of the step of descent is not crucial and the convergence is ensured by the addition of several layers
on the traditional gradient method.
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Figure 8: Left: The circs represent all the x*tested during the optimization for the computation of J.Right: History of the
direction of descent during theoptimization.

We notice that the method finds the local minimum of X, in (~2,0) but the various shootings prevent
the algorithm to be catch in this attraction basin and make it possible to reach X, in order to find
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the global minimum of J (Figure 8).

3.2.8 Geotube parameterization

The initial attenuator device for the water waves recommended for the protection of the site will be
constitute by two lines of geotubes placed more or less longitudinally to the coast (keeping in mind
that this is not a constraint imposed to the search space).

For the model, we consider that a geotube in this final shape is comparable with a flattened ellipsoid.
The width [ for one tube is equal to 6 meters and the height H to 3 meters. The degrees of freedom
in the search space are thus relative to the location of the geotube, its shape and the relative water
depth above the crest of the geotube (Figure 9).
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Figure 9: Cross section for the attenuator device for the water wave (GT). Source: BRL engineering

We must define a suitable admissible space for the parameters and correctly account for various
constraints in order to reach optimal realistic devices. We expose the methodology to model geotubes.
The principal idea is to control the position of a geotube by two or more points (forming a Spline
function) and its shape by a Gaussian function as we can see on the figure 10. Obviously, there
are advantages and drawbacks concerning this parameterization but according to the results in BRL
Ingénierie (2017D), the approximations promoted here do not strongly alter the best shape and position.

Parameterization:
sandy bar profile

Figure 10: Example of immersed sand bars in the littoral zone
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3.2.9 inputs for the REF-DIF model

Definition of computational mesh : For the computation, REF-DIF use a finite difference mesh
— —

grid. The grid is defined by a couple (mr,nr) representing the distance in the 0z and Oy direction

and the step is given by dzr in the x-axis and dyr in the y-axis (See Figure 11).
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Figure 11: input for the REF-DIF model

We can compute the (z,y)-coordinates corresponding to the node (4,5) by z = (mr —4) * dzr and
y = (nr-j) * dyr.

Definition of a bathymetry. To each node (4,7) is associated a coefficient Vi(%,7) corresponding
to the distance between the water wave free surface and the sea bottom. For example, for a classical
linear topography, we define this coefficient by V;(i,5) = (mr - i) * dzr * tan(0,,,.) for all j, where
Os10pe is the platform mild slope angle.

3.2.10 Geotube modelling

According to the previous section, take into account a geotube simply amounts adding a value V, to
the value V; on the nodes where the modification appears. We detail this protocol in this section.

First, we determine the position of a tube by a series of points (ac,c,yk)ke{l _____ ~y on the grid defined
by [0,mr % dzr] x [0,nr * dyr], where N equals the number of points used to define the tube. The
position of a straight tube, for instance, is given by two points (z,,4,) and (z,,y,). Nevertheless, we
can decide to determine the position of the tube by using 3 points (or more...). In this case, we use a
construction by splines to find the line crossing by these points (See Figure 12).

Then, as soon as we have the position of the tube, we design this shape by using a gaussian function
of the form f(z) = He™* where z is the distance between a point of the mesh and its orthogonal
projection on the line defining the tube.

More precisely, for a point defined by the coordinates (z,y):; in the node (7,5) of the grid, we have
the following steps :

1. We orthogonally project this point on the line formed by points (Zk> Ye)keqr,.. vy We obtain a

point (2',y");; and we compute the distance d between the two (See Figure 13- Left).

2. e If d is greater than a critical distance €, we assume that the bathymetry Vi(3,7) is not
modified by the tube,

20



e If d <= |¢|, we compute the value A defined by He **)* where d’ is a point depending
geometrically on d. From this, the distance between d and A represents the variation
Va(1, 7) of topography caused by the sandy bar at the node (4,7). So, the new bathymetry
at the node (i,7) is given by Vi(3,5) + V2(7,7) (See Figure 13-Right).

(x3,y3)
(x1,yl)
(xL,y1)

(x2,y2)

(x2,y2)

(x1,yl)
(x3,y3)

(x2,y2) (x4,y4)

Figure 12: The choice of the geotube position can be made by 2, 3, 4 points (or more)
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Figure 13: Left: Straight line (D) along which the Gaussian, centered in (z’,3"); ;, is calculated . Right: Profile for a i fixed
corresponding to a linear bathymetry.

3.2.11 use of a smoothing function

A drawback of the preceding modelling is that at each extremity of the tube we have singularities.
So, for each node (z,7) such that d <= |¢|, we multiply the value V,(%,7) by a function with an aim of
smoothing the tube in his extremities.
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More precisely, we use the following smoothing function (Figure 14)

(1) = (el-m)" Vite[0,1]

where, for a point of co-ordinates (z’,3');; corresponding to the projection of the point (z, Y):; on the
tube (See Figure 13- Left), the value of t is given by

_ dist((zll) : (5))
T dist((zi);(iz))

(U(1-(2'%-1)""2)))"*(0.3) ——

ti

0.8
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Figure 14: the smoothing function f0-3(t)

4 Results

4.1 The cost function

Since the optimization algorithm objective is to minimize a functional J, it is clear that the choice of
J greatly influences the quality of optimization. The more physically relevant the cost function is, the
better the results.

The criteria which we wish to optimize is the global energetical state of the nearshore beach that
directly control the total sediment transport. The objective of the device is thus to release this energy
somewhere in the domain to decrease the global mobilization of sediments.

We assume that a wave regime observed at a node (4,7) in the D, domain within Q shows a signif-
icant wave height H(i,7), a peak wave period T'(¢,5) and a direction of propagation (i, 7). Those
parameters are calculated in 2 with REF-DIF forced by various wave conditions including the wave
height H, at the closure water depth.
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We already explained in a previous section that we discriminate incoming waves with a positive effect
(constructive) and incoming waves with a negative effect (destructive). The wave height H; sets the
threshold between constructive and destructive waves.

For any wave height condition H, observed at the closure water depth, we thus have:
Hy<Hy — H(i,j) are assumed to be constructive in the domain Q (19)
Hy>Hr - H(i,7) are assumed to be destructive in the domain

This means that all waves H(7,j) observed in the domain ) are considered constructive (resp. de-
structive) as soon as the forcing conditions are constructive (resp. destructive). This point is very
important because it supports the idea that an Incoming wave regime acts on the nearshore system
globally.

We call p(H, < H;) the probability that an incoming wave height is constructive, we call p(H, > H)
the probability that an incoming wave height is destructive and p(0;) the probability for an incoming
wave to propagate in the direction ,. As a consequence, p(6,).p(H, < H;) is the probability of
occurence of constructive waves of direction 6, and p(8,).p(H, > H;) that of destructive waves of
direction 6,.

For the optimization, we consider a cost function that would calculate:

Y. Energy for water waves with Hy > H
D,

= 20
2. Energy for water waves with H, < Hy (20)
D,
This can be traduced by the following definition of the functional:
T &
J= P(00) " | dfo (21)
00<[0;27] Eoy’
Ho<HT
where 1
&= [ SpoH(,j) didj (22)

is the global wave energy in D, for waves with a wave incident angle 6, and a wave height Hy at closure
water depth.

Remark 1: By definition, we know that the total surface density of flux of energy is :
F(4,5) = £(3,5)-C, (4, 5) cos 0(3, 1) (23)

where most parameters have been defined above and C,(%,7) is the group velocity of the waves, that
can be calculated by linear wave theory after :

1 2kh
=201+ —— 2
Ce 20[ " sinthh] (24)

where kh is the relative water depth, ie the product of the water depth h with the wave number k&
defined in (4,5). C(4,7) is the wave velocity calculated after the results of REF-DIF like H (%,7). The
density of flux of energy could be used instead of the surface density of energy itself in the various
expressions of the functional. However, tests demonstrates that this option is not discriminant.
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Remark 2: All these expressions involving energy (or fluxes) could be normalized with respect to
the total energy (resp. total flux). But previous works demonstrated that this does not change the
results.

4.2 Grid for the computation

We consider for the computation a part of the lido of Hatzuk of approximately 2.5 km length and
with an offshore distance equals to 1.2 km. The figure (15) shows the initial bathymetry chosen for
the optimization which is representative of what can be observed in Hatzuk (mean slope, occurence
of a sand bar moderately developed).

For the computation, we have two grids to represent this region (1205 m in width by 2400 m in length)

1. A grid with a step of 5 m in the offshore direction and a step of 5 m in the longshore direction,
ie the data for the model are mr = 241, nr = 480, dzr = dyr = 5. We call this grid, for the future,
G5m'

2. A grid with a step of 1 m in the offshore direction and a step of 5 m in the longshore direction,
ie the data for the model are mr = 1205, nr = 480, dzr = 1, dyr = 5. We call this grid, for the
future, G1,,.

Coastline
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=12 1 I} ]
0

1
200 400 600 800 1000 1200
distance offshore (meter)

Figure 15: .The current bathymetry considered for Hatzuk: Up: A 2d-view where the legend bar corresponds to the depth variation.
Down: An cross-shore section.
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4.3 Optimal results w.r.t distance to the shoreline & incoming wave directions

The starting configuration is random with a geotube located to any cross-shore distance off the current
shoreline and height and width of the defence structure set to Ay = 3 m and I, = 12 m respectively
(this represents two lines of attached geotube). We show this kind of configuration in figure 16,

200 m

-&m :
Om 100m 200m 300m 400m 500m 600m

Figure 16: Up: A starting configuration. Down: Its implementation in a REF-DIF topobathymetric file.

The results are exposed in figure 17.

0.60 ' . . , ; :

0.55
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0.40 ' , , ' ' '
100 200 300 400 500 600 700 800

Figure 17: Evolution of the cost function J w.r.t the position of the geotube.

We see that the minimum — which defines the best solution — is obtained for geotubes located at a
cross-shore distance of 350 m down to 290 m off the current shoreline.
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Furthermore, we are interested, for a given direction of propagation, by the contribution in J of the
energy for the constructive and the destructive water waves. It appears that the energy is not modified
by the position of the geotube for constructive water waves (Figure 18). This is a very good result for
the beach reconstruction: the effect of summer conditions is not vanished at all by the deployment of
the defence structure.

In contrast, the global energy of the nearshore zone in case of destructive water waves conditions is
strongly controlled by the position of the geotube (Figure 18). This is also a very important results
that demonstrates that the location of the geotube is a first rank parameter in the strategy of defense
of the beach.
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Figure 18: Evolution of the energy w.r.t the position of the geotube, for a given direction: Up- for the constructive water waves
(Hs < 2m); Down- for the destructive water waves (Hs > 2m). The results are given for typical dominant incoming wave directions.

In the results, it is important to note that for each direction of propagation, the minimum of the energy
resulting of the propagation of water waves with seems to be reach for geotube disposed around a cross-
shore distance in the interval [290; 300] m. This interval defines the best locations for the deployment.
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We assume that, in this range, all the uncertainties related to the methodology (representative profile,
2 years long time serie of incoming wave height, morphodynamics not taken into account,...). This is
the way we choose to illustrate the fact that the determination of the best location for the geotube
cannot be an exact and single solution. It is a set of solutions, amongst which engineers have to select
the best with respect to technical and cost constraints not embedded in the optimization process.

4.4 Final comment

Those results have been performed using the two-layer algorithm A,, introduced in section 3.2.3 with
a steepest descent algorithm as core optimization method. Each steepest descent iteration number is
equals to 100. The layers iteration number is set to 5 (i.e. K =J =5). We optimize the distance d,
and the height h,,,. of the geotube. The results confirm that the use of global optimization algorithm
is of great importance in engineering because it is not affected by the presence of attraction basins.
More precisely, we obtain a theoretical optimal position d. = 353m and an optimal height h,.;. = 2.5m.
This represents a benefit of 26% in comparison to the unprotected configuration. We expose the cost
function evolution for this configuration in the figure 19.
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Figure 19: Cost function evolution during the optimization. We see the importance of using global minimization.

For information,figure 20 shows a cross-shore section representing the wave height for a water wave
with a wave direction from 6 = 270 (West), an offshore significative height H, = 3.5 m and a wave
period T' = 8.0 s. We see clearly that the height, in the zone 100 — 250 m, resulting from a geotube
located at 350 m is lower than the height for a geotube located at 550 m. This example illustrates the
fact that the best location for the geotube defines a large domain where the wave height (and thus
nearshore energy) is reduced significantly.
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Figure 20: The height from 600m to the coast resulting from (i) a geotube disposed to a cross-shore distance of 350 m from the
shoreline (solid line) and (ii) a geotube located at 550m off the shoreline (dashed line).

Finally, figure 21 shows example of best solutions dealing with the optimization (range 290 - 350 m off
the shoreline) and other constraints as the occurence of a trough in the field, as well as the presence
of rocky outcrops in the seabottom locally.

¥ ',—) }
Elementary geotextile

unit : 6 m x 50 m bag
Heigh ot the unit: 3 m

Sand nourishment
mandatory for

Figure 21: Three typical best solutions dealing with the optimization (range 290 — 350 m off the shoreline) and other constraints
as the occurence of a trough in the field, as well as the presence of rocky outcrops in the seabottom locally.

28



Solutions A and B are consistent with the solutions found with a strict optimization procedure. So-
lution C is a little bit less efficient (23%) but offers a more robust solutions with respect to classical
engineering: the trace of the geotubes follow a current iso-contour line of bathymetry. If solution B
is retained, a significant amount of sand should first fill up the trough currently observed in the field.
As far as geotubes usually sag after their deployment, we recommend a solution C that would be the
equivalent of a solution A after the sagging.
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A REF-DIF

A.1 Fundamentals

By a combination between the Berkhoff-Radder-Booij approach for the mild-slope equation and Yue-
Mei-Tuck approach for the diffraction, Kirby and Dalrymple proposed the model called ” weakly
nonlinear” combined refraction and diffraction, called the REF/DIF model (Kirby and Dalrymple,
1983b). The fundamental equation in this parabolic form is:

99y

(0:5:) _k(CC,)K'|[APA=0  (25)
Ay g -

mccg +2k (k- ko) (CC,) A+i 8(200)
T

By linearization, we recover the parabolic forms of Berkhoff, Radder or Booij.

Kirby and Dalrymple, thanks to Booij’s works, integrated in the model the effect of currents of any
intensity. Finally, Kirby extended Radder’s works and Booij’s works evoked above to tolerate water
waves with direction of propagation of 70 with the direction of the initial incidental water wave (I{irby
and Dalrymple, 1985. (Revised June, 1986, 1986b). The equation governing the propagation of the
water wave in the REFDIF model is thus the following one:
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where p = CC,, U is the mean current velocity in the  co-ordinate direction and V in the y co-ordinate
direction, w’ is a dissipation factor and a4, a,, b, are constants chosen by Kirby in order to obtain
waves diffracted up to 70 compared to the incidental wave direction (Kirby aund Dalrymple, 1986h).
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We have also:

ok ak(P-U?)
A PR 27
TR Y D) 27)
Al = a; — bl (28)
A, = 1+2a,-2b, (29)
A - a —blg (30)

The model is said "weakly nonlinear” in A because, in (26), the non-linearity is marked by only one
term in A%, This non-linearity is due to the use of a Stokes water wave third order approximation i.e.
by considering the terms in € = k|A| and €* in the disturbances method of the linear solution. The
celerity C' is thus expressed in the third order approximation by:

Cg = (1+€°D)tanhkh (31)

0
where C is the celerity for a linear deep water (initial offshore condition) and D is defined by:

_ cosh4kh +8 -2 tanh?® kh

D —
8sinh" kh

(32)

This dispersion equation is distinguished from the linear case by the term in €* and the corresponding
water wave amplitude is thus in second order approximation (Liu and Tsay, 1984).

A.2 numerical implementation

REF/DIF computes the complex amplitude of the water wave A by a finite differences resolution of the
equation (26) in any point (z,y) of a grid of dimension (mr,nr). In fact, all the quantities calculated
or used are indexed by (i,7) with:

z=(-1)Az (33)
y=(-1)Ay (34)

where Az and Ay are dimensioning coefficients. For a good stability, it is necessary that these
quantities are selected in order to have 5 points of the grid by wavelength. By using an implicit finite
difference for terms A(i, ;)

% _ Ai+1,j - Ai,j (35)

0z Az
and centered finite differences for second derivatives with respect to y, we obtain an explicit form of
A, for all j. But, these explicit representation is less precise than an implicit computation. It’s why
the computation is done with an implicit Crank-Nicolson scheme. For a line i, the Crank-Nicolson
scheme is given by

@Ay + DAL+ CA o = dA i +eA + fA (36)

where the coefficients a,b,c,d,e and f vary in the complex plane.

This equation is then solve by the Carnahan, Luther and Wilkes method based on the inversion of a
tri-diagonal matrix (Carnahan et al., 1969).

The Newton-Raphson iterative method is used for solving the linear dispersion, the Hedges and the
Stokes relations.
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A.3

technical abstract

Parabolic approximation by the Minimax method allowing a 70° water waves dispersion with
respect to the initial incident direction (Kirby and Dalrymple, 1986b);

The reflected water wave is not taken into account by this model,
Taking into account the currents applied on the distribution of water wave heights;
Taking into account the dissipative effect of the emerged zones by the thin film method,

Taking into account lateral boundary conditions either by reflective conditions, or by open
boundary conditions;

Taking into account specific incident (forcing) water waves of various types: a) monochromatic,
b) pluri-chromatic ¢) spectral.
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Coastal defense strategy along Hatzuk beach

(northern Tel Aviv, Israel)
Insights from the ZUK1 physical experimentation with rigid bottom

BRL Ingénierie

Please quote this report as follows: BRL Ingénierie, 2017. Coastal defense strategy along hatzuk
beach (northern Tel Aviv, Israel). Insights from the ZUK1 physical experimentation with rigid seabot-
tom and monochromatic waves. Report 17-6, BRL Ingénierie.



(Z/?In a few words...

A physical experimentation called ZUK1 is conducted in a wave flume under the
supervision of GLADYS (www.gladys-1littoral.org). A 6 m long rigid mild-slope
bottom is forced by monochromatic waves in the presence of geotextile tubes at
different locations. Different sizes are tested also. The features of the experimental
beach are compatible with the analysis of energy flux dynamics at Hatzuk beach
(northern Tel Aviv, Israel) while scale laws are respected as much as possible for
wave energy transporation and transformation (potential, kinetic, friction). TThe
various configurations combining wave regime & geotube location provide a good
overview of the transformation of flux of wave energy between the shoaling zone
and the inner surf zone. We define a transfer function for the potential wave energy
over the geotube with a good accuracy. It is demonstrated that the geotube may be
deployed in an intermediate position although a position as close as possible w.r.t
the beach could have been a possible best solution if one would have considered the
absolute attenuation at the shoreline only. The results are clearly consistent with
what has been determined by automatic optimal design. Forth, we analyse the var-
ious component of the cross-shore velocity (mean flow, orbital flow) and we discuss
how the geotube alter the spatial distribution of such variables nearby the geotube
for various conditions. The transfer function helps the characterization of the best
place for the geotube with respect to wave energy attenuation, with no consideration
for other effects. The analysis of the circulation over the geotube helps the design
of the scour apron to be deployed at the foot of the geotube if necessary. Regarding
the transfer coefficient, the ZUK1 experiment demonstrates that a geotube deployed
In an intermediate position, in between the shoreline and the fair weather closure
water depth (typically around 300 m off the shoreline in Hatzuk) can result in an
attenuation up to 25% approximately. This result is consistent with the forecasting
provided by the optimal design. As a consequence, the ZUK1 experimentation can
be considered as a successful model calibration of the optimal design for the Hatzuk
project. Regarding the alteration of velocity nearby the geotube, since the exper-
imentally measured currents remain of an order of magnitude equivalent with or
without geotube, from a distance L of the structure, the risk of generalized scouring
of the foot of the structure is considered to be low. Nevertheless, if dramatic global
increases are not considered for the currents, local phenomena can occur against the
structure. This is an area not covered by the experiment. The question will then
arise, on a case-by-case basis, of the definition of a local protection device according
to the geotechnical conditions of the site.
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1 Introduction

The term geotextile refers to a wide category of robust man-made woven fabrics used in civil engineering
to coat granular material, to prevent clogging by fine sediment particles and for many other usages.
Originally, the term geotextile tube — or simply geotube — in coastal engineering refers to decametre
long and metre wide sockets made of UV-resistant geotextile adapted to marine environment which
are used to be deployed mostly onto the emerged beach to stabilize sand or nearby the wave closure
depth to stop losses of sediment driven by currents. Through language evolution, the term geotube
now refers to any structure made of geotextile that helps the beach system to recover health. Its
functions can be largely extended to the control of nearshore hydrodynamics, water levels, energy
distribution, morphodynamic control by supervision of hydrodynamics. Deploying geotubes is a kind
of soft engineering, or even reverse engineering in the way that it uses tentatively the proper features
of the natural system to influence its intrinsic evolution rather than to dictate a behaviour based on
a partial understanding of its dynamics or defined after the immediate goal to achieve.

Along the Hatzuk Beach (Fig. 1) to the North of Tel Avil (Israel), it has been decided to deploy
geotextile tubes aiming at fighting against on-going erosion of the emerged beach and abrasion of
the cliff foot observed at several locations (BRL Ingénierie, 2017b). More generally, expectations are
placed in the ability of such a type of defense structures to protect the whole nearshore beach system
and to favor a beach widening of several tens of meters.

We Herzilia Marina point

Figure 1: Hatzuk beach, the zone of concern and surrounding areas. The studied site is located in between two sediment disruption
points (Herzliya Marina HM and Reading power station RPS). Another striking feature is the isolated Tel Baruch Tombolo (TBT).



A coastal defense strategy based on the intelligent design of defense structures requires investigating
several perspectives complementing each other to ensure that final recommendations to the decision
makers are devoid of subjectivity and convincing enough to reach consensus. This report is part of
such a global strategy which includes what follows:

1. determine what are the best shape, location and features for geotubes specifically dedicated to
the protection of the Hatzuk beach system;

2. estimate the efficiency of the geotubes with respect to various targets (erosion, submersion,
natural nourishment of the beach, general health of the beach);

3. check that a solution based on geotubes has a negligible impact on the regional circulation,
especially downstream;

4. quantify the alteration of currents and waves nearby the geotubes and the possible subsequent
scouring around geotubes;

The present report is dedicated to the exploitation of the ZUK1 experiment. Results from this physical
experimentation with rigid bed provide informations mostly about the topics (1), (2) and (4) in the
list above. The writing of this report depended upon some results from BRL Ingénierie (2017a), where
best geotubes for Hatzuk have been calculed. The main insights from the present report are collected
and synthetized in the PHASE 2 general report from BRLi (BRL Ingénierie, 2017c).

2 Experimental setting and methodology

The ZUK1 experiment is
performed with facilities lo-
cated at SEATECH (France),
where members of the GLADYS
network are hosted. The
equipment used consists of
a wave flume equiped with
a wave maker, a ridig (plas-
tic) sea bottom that mim-
ics a mild slope hard beach,
a set of 18 capacitive gages
to monitor waves and sev-
eral Vectrinos (devices that
measure the 3D component
of the instantaneous veloc- 25 i L L ;
ity at one point in the wa- 0 100 200 300 400
ter column). The experi- X (cm)

ment concerns a typical dis- Figure 2: Sketch of the 6 m-long (4.5 m practically used), 0.5 m wide and 0.3 m deep

sipative sand beach proﬁle experlmentall flume at SEA_TEQH us_ed by GLADYS for _the ZUK1 experiment. The' wave
maker generates waves which incoming and transformation along the flume are measured

from the shoaling zone to at regularly spaced wave gages (every 10 crm) with a time resolution of 4 Hz. The colored

the emerged beach (Figs 2)‘ rectangles represent the various positions (exactely 13 locations) explored for a 12— cm wide
and 3-cm high geotextile tube. Alternative geotubes have been tested but are not presented
here. Results are similar.

Z (cm)

2.1 Scaling of the experiment

Physical modeling may introduce strong biases if the scaling of the experiments is not managed with
care. The experiments in this study respect a similitude between the physical model and the field



(Michallet et al., 2007; Lambert et al., 2008; Grasso et al., 2009; Castelle et al., 2010). Indeed, time
and length scale ratios with respect to field are roughly set to 1 /9 and 1/100 respectively. The 4.5 m-
long flume could represent a 450 m long natural cross-shore profile, from the foreshore to a point
seaward the outer bar. Notice that the scale is not fixed exactly so that the real profile covered by
the experiment can be of the order of 500 — 600 m as soon as the outer boundary of such a profile
is a location where wave already started to shoal. The still water level in the flume is 0.22 m (fixed
at the start of the experiment), which corresponds to a water depth of a little bit more than 20 m
in the field, close to the mean offshore limit of the upper shoreface (Short, 1999). It is set to 6 m
in northernmost Gulf of Lions (Certain et al., 2005) which is similar to what can be observed along
israelian shorelines. The regular slope of the beach (¥ 5%) is thus not to the scale (too strong)
but we tentatively respect the spatial distribution of wave shoaling, wave breaking and swash along
the bottom profile. The experimental beach is clearly dissipative like Hatzuk beach. The Reynolds
number is in the range [10%;10°] which defines a clear turbulent regime. The Froude Number Fr,is
set to the same order of magnitude as the one measured on typical beach profile. For the record, in
this work, such a parameter is calculated as follows:

<

Fr = (1)

9

Re =

v.L

— (2)
v

with g the Earth gravity, v a representative fluid velocity, h a representative water depth, v [m?.s7]

the kinetic viscosity of the water (of the order of 107%) and L a typical length scale for the physics
considered.

2.2 Wave forcing for the experiment

The wave forcings selected for this analysis are monochromatic and are representative of various wave
regimes one can observe during eastern Mediterranean storms and their scaling with respect to real
wave data (CAMERI, 2013) in Israel is good. The table 1 shows the 10 wave regimes considered for
the ZUK1 experimentation.

Casel Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case9 case 10

H, [em] 134 6.9 3.8 6.5 4.2 7.4 9.2 7.4 7.7 9.8
To [s] 1500 2.000 1.000 0.700 0.500 1.500 0.700 1.200 0.700  1.500

Table 1: Various "cases” (wave forcing conditions) applied at the wavemaker for the ZUK1 experiment. Hg and Ty are respectively
the height and period of the incoming monochromatic waves considered.

During the ZUK1 experiment, Case 3 has not been used. We suspect a severe bias in the measure
due to device malfunctions. The other configurations have been performed successfully and a flux of
energy is calculated with the following equation:

T = Qi.Hg.T0 (3)
s
where g is Earth gravity, H, and T, the incoming significant wave heigh and peak period respectively.
Following such a definition, the various wave forcing can be ranked (See Table 2).

An alternative way to consider such forcings is not to consider the energy flux but the relative value
for the wave height and wave period. This allows to compare the forcings with in-situ conditions
that could be observed in the field. Such a qualitative interpretation in terms of in-situ conditions is
summarized in the Table 3.



Whatever may be the methodology used to decipher very energetic conditions from more moderate
ones, the interpretation in terms of transfer function in the next section remains the same. This is
mainly due to the fact that the most important parameter for the control of the geotube efficiency is
the location of the breaking point along the profile, which depends upon many parameters, including
the mean slope and the wave features.

Casel Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case9 Case 10

H, [em] 134 6.9 3.8 6.5 4.2 74 9.2 74 7.7 9.8
Ty [s] 1.5 2 1 0.7 0.5 1.5 0.7 1.2 0.7 1.5
Fo [em?.s] 42017 14854 2253  46.14 1376 128.14 9243 10251 64.74  224.73
Ranking 1 3 9 8 10 4 6 5 7 2

Table 2: Ranking of the various forcings with respect to the calculation of the incoming energy flux Foy = -Q%HS.TO. Flux of energy
in deep water is linearly linked to the wave period and the squared wave height according to linear wave theory. Cases 1, 10 and 2
are the most severe conditions with respect to flux of incoming energy. Cases 6, 7, 8 and 9 are severe conditions, and cases 3, 5, 5
are much more moderate (case 3 being unused for the interpretation).

Wave regime  q, kq koay  kohy comment

Case 1 6.70 1.79 11.99 0.39 Very severe long wave

Case 2 3.45 1.01 347 0.22 Moderate long wave

Case 3 190 403 765 0.89 Conditions not validated. Unused
Case 4 3.25 8.22 26.70 1.81 Severe intermediate wave

Case 5 2.10 16.10 33.82 3.54 Severe short wave

Case 6 3.70 179 6.62 0.39 Moderate long wave

Case 7 4.60 822 37.79 1.81 Very severe intermediate wave
Case 8 3.70 2.80 10.34 0.62 nearshore Mediterranean wave
Case 9 3.85 822 31.63 1.81 Very Severe intermediate wave
Case 10 490 1.79 8.77 0.39 Moderate quite long wave

Table 3: A brief description of the various forcings in terms of relative wave height kh and free surface perturbation ka (where
a = H/2 is the wave amplitude). Values are given at the wave maker (the fact that they are incoming forcing conditions is indicated
by the zero subscript). The water depth hg = 0.22 m at the wave maker is set for all the experiment. For kh, values below
7/10 » 0.3 point out shallow water conditions. Values greater than = clearly indicate deep water conditions. In between, values
refers to intermediate water wave incoming conditions. For ka, the lower its value, the less perturbated the free water surface.

2.3 Methodology

One must understand that the methodology for the definition of a transfer function is based on a
normalization of the experiment. We are not concerned by the definition of a best position for this
experiment in particular. We look for a general relationship between the forcings and the relative
location of the geotube (with respect to slope and/or water depth) so that we can provide more
constraint on the case study in Hatzuk. For that purpose, we recall what is a flux of energy:

f:Cg/n(£p+£C+€m+Q).dv (4)

where C, is the wave group velocity, £, the surface density of potential energy, &, the surface density
. of kinetic energy, &, the surface density of mechanical energy (that given by the water to the rigid
bottom) and @ the heat produced by the agitation of the system. We assume that those various



contributions are all embedded in a general definition of the surface density of energy as follows:

1
&=—pgH’ (5)
8
where p is the water density, g the Earth gravity and H some representative wave height. Alternatively,
the energy can be associated to a given wave frequency if a spectral definition is considered.

Now, we define more precisely the following terms:

1 (H(X) _ [P E(X)
Ex = gpg (Tg) Ex = /; S(U—,_-X)'df (6)

where H, are wave height measured at a given point along the beach profile and £ in the equation
to the right are surface density like in Eq. 5 for a given wave frequency. One will note that £y are
normalized surface density of wave energy.

The equation to the left defines the surface density of wave energy from the representative wave height
(e.g. the significant wave height H,) over a domain X. The equation to the right defines the surface
density of wave energy over the same domain X after the full wave spectrum calculated at the wave
gages located within X.

The Figure 3 provides the definition of transfer coefficient K useful to understand how wave attenuate
over the geotube while they propagate to the beach. In this report, we focus on the coefficient:

_ Fa(Se)
(<2 FR(SG) (7)

where indices in G refer to experiments with geotube (G = geotube) and indices in R refer to experi-
ments without geotubes (R = reference). The domain Sg includes the geotube itself and its immediate
surrounding area. The term F(S¢) defines like in Eq. 4 represents the surface density of flux of en-
ergy that passes through the domain where the geotube occurs in the presence of a geotube, and the
term Fr(Sq) represents the surface density of flux of energy that passes through the domain where
the geotube may occur, calculated when the geotube is removed (we call this a reference experiment).
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Figure 3: Definition of domains and transfer coefficients.



3 Results

The results consist in systematic calculations of wave heights and fluxes of energy for the various wave
regimes described in Table 3 and for the 13 locations of geotube tested (Figure 2).

3.1 Wave heigh attenuation
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deployment. These Figure 4: Variations of wave height attenuation without the occurence of geotube, and depending

plots define the refer- upon the wave regimes (described in tables in the text). Left: wave attenuation is computed with a
wave height defined at the wave peak spectrum. Right: wave attenuation is computed with a wave
ence. height defined after the full wave spectrum.

Figures 5 to 13 plot the attenuation for a given wave regime and changing geotubes.

Casl, Peak spectrum, Ho=10.8311 cm Casl, Full spectrum, Ho=13.4605 cm
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Figure 5: Variations of wave height attenuation depending of geotube position for the wave regime Case 1. Left: wave attenuation
is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is computed with a wave height
defined after the full wave spectrum. Hp is recalculated at the wave gage located "offshore” (first wave gage after the wavemaker).



15 Cas2, Peak spectrum, Ho=6.7406 cm 15 Cas2, Full spectrum, Ho=6.8649 cm
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Figure 6: Variations of wave height attenuation depending of geotube position for the wave regime Case 2. Left: wave attenuation
is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is computed with a wave height
defined after the full wave spectrum. Hy is recalculated at the wave gage located "offshore” (first wave gage after the wavemaker).
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Figure 7: Variations of wave height attenuation depending of geotube position for the wave regime Case 4. Left: wave attenuation
is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is computed with a wave height
defined after the full wave spectrum. Hy is recalculated at the wave gage located "offshore” (first wave gage after the wavemaker).
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Figure 8: Variations of wave height attenuation depending of geotube position for the wave regime Case 5. Left: wave attenuation
is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is computed with a wave height
defined after the full wave spectrum. Hj is recalculated at the wave gage located ”offshore” (first wave gage after the wavemaker).
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Figure 9: Variations of wave height attenuation depending of geotube position for the wave regime Case 6. Left: wave attenuation
is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is computed with a wave height
defined after the full wave spectrum. Hy is recalculated at the wave gage located "offshore” (first wave gage after the wavemaker).
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Figure 10: Variations of wave height attenuation depending of geotube position for the wave regime Case 7. Left: wave attenuation
is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is computed with a wave height
defined after the full wave spectrum. Hjp is recalculated at the wave gage located “offshore” (first wave gage after the wavemaker).
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Figure 11: Variations of wave height attenuation depending of geotube position for the wave regime Case 8. Left: wave attenuation
is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is computed with a wave height
defined after the full wave spectrum. Hyp is recalculated at the wave gage located "offshore” (first wave gage after the wavemaker).
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Cas8, Peak spectrum, Ho=7.0963 cm Cas8, Full spectrum, Ho=7.3572 cm
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Figure 12: Variations of wave height attenuation depending of geotube position for the wave regime Case 8. Left: wave attenuation
is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is computed with a wave height
defined after the full wave spectrum. Hp is recalculated at the wave gage located "offshore” (first wave gage after the wavemaker).
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Figure 13: Variations of wave height attenuation depending of geotube position for the wave regime Case 10. Left: wave attenuation
is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is computed with a wave height defined
after the full wave spectrum. Hp is recalculated at the wave gage located “offshore” (first wave gage after the wavemaker).
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3.2 Transfer coefficient

We get 130 distinct values for K se that defines the transfer law for waves over a submerged geotextile
tube. Case 3 has been removed from the interpretation (bad gage configuration).

The figure 14 synthetizes the various calculations of the transfer coefficient K sg- First, it is demon-
strated that the different methods to calculate K (with full spectrum or with wave height defined at
wave peak period) provide results of the same order of magnitude. In the following discussion, we do
not distinguish the methods anymore.

1.3 T T T

1.2r

11lr

, . s . s 0al_d . . . . :
50 100 150 200 250 300 350 50 100 150 200 250 300 350
X geotube X geotube

Figure 14: The transfer coefficient calculated after the flux of energy. Left: calculation with wave height taken at wave peak density
spectrum. Right: calculation with the full wave spectrum. Discrepancies indicate some kind of uncertainty on the methodology.
The shape of the curve is the same.

When the geotube is located close to the shoreline (small z), the transfer coefficient is good, in the
interval [0.3;0.7]. This means that the attenuation of the flux of energy can be up to 70% of its
value without geotube for most of the wave regimes. This is a trivial result: in such a position, the
geotube acts like a small seawall or breakwater. However, for these configurations, the nearshore
domain protected by the geotube is very limited in the cross-shore direction. In particular, the zone in
between 150 cm and 300 em off the shoreline, where the wave breaking occurs for all the wave regime
is located OFF the geotube. This would be a non sense to deploy a geotube in such a configuration,
because most of the morphodynamic processes would occur offshore the defense structure, which
would not have any defense effect but partly blocking the net seaward sand transport during storm,
like beach foot defense structure can do in some (good) cases. Alternatively, when z are strong (close
to the wavemaker), the transfer coefficient can be greater than 1, which means that the deployment
of geotube increases the surface density of energy flux to the shoreline. The best locations are those
that correspond to the lower transfer coefficient in the zone where wave strong shoaling and breaking
can occur. This is approximately the domain

x € [160 cm;200 cm] (8)

To the field scale, for a dissipative beach like that considered at Hatzuk, it corresponds to intermediate
locations in between the shoreline and the closure water depth for fair weather conditions. In Hatzuk,
such a closure water depth has been set approximately at 600 m off the shoreline. Thus intermediate
locations in the range [160 c¢m;200 cm] in the experimentation correspond to locations around 300 m
in the field. One will keep in mind that a significant uncertainty is set on that determination (not
quantifiable).
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The transfer coefficient in the domain [160 cm;200 cm] shows a energy flux reduction up to 24%
(for the wave regime case 4). This is quite consistent with that determined by the optimal design
procedure where we have determined a decrease of the agitation (global wave energy) in the nearshore
domain around 26%. For all the wave regimes (to the exception of case 5 in full spectrum analysis),
the attenuation of the wave agitation in the nearshore always occurs.

3.3 Velocities over and nearby the geotube

We have determined that a geotube located in between z = 160 and z = 200 should be at the best
position with respect to the transfer coefficient K. For the analysis of the circulation, we consider
those two extreme geotube positions keeping in mind that the analysis for velocities in between (at
X =170,180,190) results in the same conclusions. For that two positions, we analyze the distribu-
tion/alteration of the circulation (water velocity) driven by the deployment of the geotube.

To do so, with the measurement of the instantaneous water level at several gages together with the
measurement of horizontal and vertical velocity at specific points in the water column nearby the
geotube, it is possible to reconstruct the total velocity u which is given by:

u= 0 + Urms + Uturb (9)

where U, is the contribution of turbulence to the velocity, U, .., = U, is the orbital velocity (averaged
over a wave period) and U the mean velocity (averaged over the experimental burst) that describes
the unidirectional dominant mean flow.

Regarding the cross-shore circulation, the aim of the experiment is to define the variations of velocity
in the area at the lee side of the geotube compared to the situation without geotube. For experimental
reasons (sensor size and accuracy of the measurement), we analyze the circulation at two points termed
"bed” and "top”, and more especially at the point "bed”, located in the lee side of the geotube, at a
distance L equal to the width of the whole defense structure (Figure 15).

Measurement of velocity at 32Hz:
u=U+ Urms - [/'l urh

geotube

Ume bottom

2L

Figure 15: Presentation of the setting for the measurement of the velocity u nearby the geotube. The points ”bed” and "top”
measure the velocity at different points, respectively at a distance L and 2L at the lee side of a geotube of width L. The vertical
distance § is set so that the measurement is done where it is not fully dependent upon the boundary layer features.
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Figure 16: Top: Alteration of the mean velocity U (left) and the orbital velocity Urms (right) for a geotube deployed at X = 200
with respect to the configuration without geotube. Each vertical alignment of circles and stars describes the result for a given
wave regime. All velocities are positive oriented shoreward. Bottom: wave skewness and wave asymetry (not directly used in the
analysis).
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Geotube Position = 160
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Figure 17: Top: Alteration of the mean velocity U (left) and the orbital velocity Urms (right) for a geotube deployed at X = 160
with respect to the configuration without geotube. Each vertical alignment of circles and stars describes the result for a given
wave regime. All velocities are positive oriented shoreward. Bottom: wave skewness and wave asymetry (not directly used in the
analysis).

Current measurements were conducted for a wide spectrum of energy flows. The two contributions
to the total current mentioned above were derived from the raw measurement. We assume that the
mean current (U) is notably representative of the transport capacity and we consider that the orbital
velocity (U,,,,) is responsible for the remobilization of the sediment. The contribution associated with

the turbulence U,,,, was not retained for the analysis.

The compared analysis of the results of the two potential wave attenuator configurations (location
at 160 and 200 cm in reduced scale, i.e. approximately 300 m off the coast) leads to the following
observations.

At a relative distance L from the foot of the geotube ("Bed” position):

e Whatever the energy flow may be, the orbital speeds are little influenced by the deployment of
the geotube;

e For low to medium energy flows (less than 100 cm.s72), the average velocity are modified, in
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very unpredictible direction and intensity according to the energy level. However, they remain
systematically much lower (by a factor 2) than the average currents observed without geotube
under extreme conditions;

e For larger energy fluxes (above 200 cm.s7?), the average velocity are greatly reduced.
At a relative distance of 2L from the foot of the geotube ("Top” position):

e For low energy fluxes, orbital velocities are little influenced by the geotube deployment;

e For intermediate and strong energy fluxes, the orbital velocities are strongly influenced by the
deployment of the geotube. Such changes reveal the effects of the surge caused by the structure
while waves pass over;

¢ The average velocities remain relatively unaffected (position 200) or limited (position 160) by
the deployment of the geotube.

Velocities (mean and orbital) are modified in direction and intensity by the presence of a geotube.
Here we measure the effect of the wave breaking due to the geotube. However, they do not undergo
extreme modifications after the deployment of geotubes, the orders of magnitude remaining rather
close to the situation without geotube.

Such experimental results are consistent with those observed during the reanalysis of the COPTER
tests, showing slight sediment bed modifications at distances L and 2L of the geotube, and therefore
orders of magnitude of the total current quite close between situation with and without structure.

4 Conclusion

Regarding the transfer coefficient, the ZUK1 experiment demonstrates that a geotube deployed in an
intermediate position, in between the shoreline and the fair weather closure water depth (typically
around 300 m off the shoreline in Hatzuk) can result in an attenuation up to 25% approximately.
This result is consistent with the forecasting provided by the optimal design. As a consequence, the
ZUK1 experimentation can be considered as a successful model calibration of the optimal design for
the Hatzuk project.

Regarding the alteration of velocity nearby the geotube, since the experimentally measured currents
remain of an order of magnitude equivalent with or without geotube, from a distance L of the structure,
the risk of generalized scouring of the foot of the structure is considered to be low. Nevertheless, if
dramatic global increases are not considered for the currents, local phenomena can occur against the
structure. This is an area not covered by the experiment. The question will then arise, on a case-by-
case basis, of the definition of a local protection device according to the geotechnical conditions of the
site.
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attenuation is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is
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Variations of wave height attenuation depending of geotube position for the wave regime Case 8. Left: wave
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Variations of wave height attenuation depending of geotube position for the wave regime Case 8. Left: wave
attenuation is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is
computed with a wave height defined after the full wave spectrum. Hg is recalculated at the wave gage located

"offshore” (first wave gage after the wavemaker). . .

Variations of wave height attenuation depending of geotube position for the wave regime Case 10. Left: wave
attenuation is computed with a wave height defined at the wave peak spectrum. Right: wave attenuation is
computed with a wave height defined after the full wave spectrumn. Hg is recalculated at the wave gage located

offshore” (first wave gage after the wavemaker). .

The transfer coefficient calculated after the flux of energy. Left: calculation with wave height taken at wave
peak density spectrum. Right: calculation with the full wave spectrum. Discrepancies indicate some kind of

uncertainty on the methodology. The shape of the curve is the same.

Presentation of the setting for the measurement of the velocity u nearby the geotube. The points "bed” and
"top” measure the velocity at different points, respectively at a distance L and 2L at the lee side of a geotube
of width L. The vertical distance J is set so that the measurement is done where it is not fully dependent upon

the boundary layer features.

Top: Alteration of the mean velocity U (left) and the orbital velocity Urms (right) for a geotube deployed at
X =200 with respect to the configuration without geotube. Each vertical alignment of circles and stars describes
the result for a given wave regime. All velocities are positive oriented shoreward. Bottom: wave skewness and

wave asymetry (not directly used in the analysis). . .

Top: Alteration of the mean velocity U (left) and the orbital velocity Urms (right) for a geotube deployed at
X = 160 with respect to the configuration without geotube. Each vertical alignment of circles and stars describes
the result for a given wave regime. All velocities are positive oriented shoreward. Bottom: wave skewness and

wave asymetry (not directly used in the analysis). . .
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PREAMBLE

The Tel Aviv — Yafo Municipality and/or "“Atarim LTD", a subsidiary of the Tel Aviv — Yafo Municipality, intend
to consiruct submerged detached breakwaters at the front of Ha'tzuk Beach based on Sand Filled Containers
method. The breakwaters shall be designed to reduce the energy of waves that strike the shore and to preserve
an optimal minimum coastal strip width throughout all seasons of the year.

The scope of work of stage A - feasibility study- contains 6 tasks :

1 Recommended impact area boundaries (sedimental littoral cell): Recommendation regarding the
boundaries of the area that will impact the sand movement, based on an assessment of the physical outline
of the coastal strip, marine measurements \survey and aerial photos from previous years and other existing
wave data measured using a floats located near the city of Haifa and the city of Ashdod.

2 Preliminary review of the littoral cell where submerged detached breakwaters with Sand Filled
Containers would be constructed and preparation of an initial plan. The review shall include wave and
flow data analysis with reference to the timing defined by the planner and approved by the Ordering Party;
seabed data; and data of the coastal strip's width and composition. The planner shall submit an engineering
report and plans with the aforementioned details, initial recommendations regarding a proposed structure of
the aforementioned breakwater and preliminary setup of the proposed breakwater on the basis of this review.

3 Preparation of specifications of marine models for a laboratory. The marine models are intended to
determine, among other things, what is the optimal minimum coastal strip width that could be preserved
throughout all seasons of the year, considering given constrains.

4 Supervising of marine modeling by the laboratory:
5 Validation of the results of the marine models:

6 Submission of preliminary planning documents. After the model validation, the planner shall submit a
set of preliminary planning documents to the Ordering Party.

This document is a contribution to the project “Marine engineering planning services of submerged detached
breakwaters with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv — Yafo, Israel” contracted
by BRL Ingénierie with ATARIM (Tel Aviv, Israel). It is written to fulfil the tasks 1, 2 and 3 of the stage A. The
task 3 is detached apart from the present document.

This document aims at (i) understanding the shallow water hydro- morphodynamics of the Ha'Tzuk sand beach
system, (ii) pointing out the origin of some natural hazards in the area, (iii) promoting a relevant strategy to
fight against such hazards, (iv) explaining such a strategy in plain terms, (v) demonstrating that this
strategy is relevant and robust and (vi) providing important informations to the client for a fluent development
of the next stages of the project and for any kind of communication need.

This document regarding tasks 1, 2 and 3 does not correspond to an official and contractual solution to the
problem. This one will arise after task 6 to perform in the following months.

Marine engi nning services of submerged detached breakwaters
with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv - Yafo, Israel- Report Stage A.
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1. PART 1: INTRODUCTION & KEY ISSUES

Along the coastal zone of Israel, in the vicinity of Tel Aviv city (precisely at its northernmost border),
the sand beach of Ha'Tzuk (or Ha'tzuk) suffers a significant erosion, a moderate cliff retreat and beach
submersion events during storms. Such mechanisms make vulnerable economic stakes and human activities
in the area. Indeed, the over- washing of the beach has already jeopardized some restaurants and sheds in
recent years; the width of the sand beach is reducing through time and so the feasibility of beach recreative
activities; forth, many stakes lay on top of surrounding coastal sand dunes which could be threatened at a
longer time scale in the on-going climate change perspective. In such a worrying context, the organization
ATARIM in Tel Aviv has been commissioned to develop and to implement a comprehensive coastal defense
strategy. The practical goals of such a strategy with its already existing constraints — provided as we learn the
larger lesson — are synthesized in the figure 1.

Figure 1: A general overview of the northern part of Ha'Tzuk Beach and beyond (to Herzlya Marina) with a simple
formulation of the questionings and constraints by ATARIM and their partners.
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Source: Frederic Bouchette, BFI
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The objectives formulated after the point of view of ATARIM are as follows:

> Geotextile tubes — or geotubes — are large sockets made of a robust geotextile and filled up with sand taken
from the local shoreface. Geotubes can be deployed and shaped in many different manners. The beach
defense strategy must be based on the usage of geotubes in some way. It is mandatory in this project
simply because the use of geotubes has been originally mentioned in a previous (and now voted) global
strategic plan. In this document, it must be demonstrated how we can organize the most efficient defense
thanks to such a material. In particular, we must highlight how we hijack the geotubes from their classical
purpose and how we set them at the very cenire of an optimal design approach of the questioning;

> the solution advocated for Ha'Tzuk beach has to secure a minimal width for the emerged beach. Ideally,
the beach wideness would be as large as possible; a critical threshold of 40 m has been demanded by
ATARIM. In this document, we keep in mind that this objective is crucial and we define a solution to reach
this objective as much as possible, although a given width cannot be guaranteed if sufficient sand resources
within Ha'Tzuk shoreface do not exist;

> the beach defense strategy may tentatively reduce the formation of upper beach scarps during storms (ie
when severe waves coupled to high water levels occur), and thus better control the retreat of the beach cliff
at longer time scales;

> the beach defense solutionimplemented in Ha’Tzuk may not alter the hydro- morphodynamics of the
domain located down-drift (i.e. to the North) and especially the Marina in Hertzlya;

> the beach defense solution has to be thought locally within a limited alongshore segment of beach in
between the administrative Tel Aviv municipal boundary to the North and a (not precisely defined) dune
topographic high point to the South. The solution may not be defined at the larger scale of the supposed
sedimentary cell.

This document presents the first results of our study of Ha'Tzuk beach (we call this PHASE A) which are
prerequisites for a correct edification of the beach defense strategy. First, we contextualize the study and we
introduce the field site. Second, after we have gotten many data from ATARIM and their partners late April
2017 in Israel, we tentatively characterize what matters in the hydro-morphodynamics of Ha'Tzuk beach for
our purpose and we establish from this analysis several assumptions relative to the physical processes at the
origin of beach erosion and submersion within the field site. We question also the existing sand resources.
Forth, the characterization of the ecosystem itself as well as all the informations relative to socio-economic
activities are provided. Then, we introduce a first instance of defense strategy (which won't be the final one
but provide a base for technical discussions). We document such a methodology. Last, in a discussion,
we provide ATARIM with elements to make some choices for the next stages of the project. An appendix
describes the specifications of a physical experimentation to come, required to achieve the project and by
ATARIM to prepare an externalized call for proposal.

In this document, it is mostly referred to nearshore and shoreface hydro-morphodynamics relative to microtidal
wave-dominated sand beach systems. The term hydro- morphodynamics refers to the relationships
between :

1) the water mass transport (velocity and water levels) forced by waves, tide, temperature and salinity (both
of them controlling buoyancy) gradients, winds an atmospheric pressure,

2) the sediment transport and

3) the morphological response of the sea bottom and the emerged beach through beach erosion and accretion
patterns, dynamics of sediment stocks, plan view shoreline displacements.

When the concern is a microtidal wave-dominated beach system, tide and very fine particles may not be
considered as they have a subordinate influence on global dynamics. The term nearshore points out the narrow
natural beach system ranging from the wave breaking zone to the swash zone where waves collapse and
vanish onto the emerged beach. Alternatively, the term shoreface refers to a wider zone, extending from the
top of the active profile on the emerged beach down to the closure water depth seawards, a location where
the impact of waves on the sea bottom vanishes definitely. It includes the shoaling zone where waves
transform as they propagate to towards the coast, and where regional current may have a significant impact
under certain conditions.
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For research and engineering, those terms corresponds to a very well defined set of hydro-sedimentary
mechanisms whose characterization is of major concern for any activity in relation with coastal management
& defense strategies.

In this document, we use a set of proper words in relation with nearshore and shoreface hydrodynamics which
are recalled in Figure 2.

Figure 2 : Main Hydrodynamic processes and sediment transport involved in wave dominated sand beach
environments
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morphodynamics through sediment transport.
Source: Frederic Bouchette, BRLI

To achieve the afore mentioned goals, BRLi usually combines traditional engineering and innovative
approaches. In this project, we extensively use what we call optimal theory for the design of coastal defense
structures following our previous successful experiences of such a R&D for the deployment of geotubes in
Seéte (South of France) in

2006-2008 to fight against a dramatic beach erosion. In the document, we clearly highlight how
traditional engineering and innovation are intimately combined in a robust manner to ensure the best defense
strategy possible.
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2. PART 2: ENVIRONMENTAL AND SOCIO-ECONOMIC
CHARACTERIZATION

This chapter presents an overview of Israel marine and coastal areas, and a focus on Ha'Tzuk shoreline
activities, its environmental characteristics as well as summary of sensitivity.

It is based on different national documents, Coastal Agency and Tel Aviv Municipality documents on Hatuk
Beahc and Israeli websites:

> Coastal Area Management Programme lIsrael, 2000,

» Marine Policy Plan for Israel, 2014,

» Israel Marine Plan, 2015,

» www.touristisrael.com, www.selectisrael.com, www.bookingisrael.com, www.go-telaviv.com.

» Ha'Tsuk beach report (Municipality of Tel Aviv, Mediterranean Coastal Cliffs Preservation Government
Company Ltd-Ethos-Pro-SIE), 2016.

2.1 ISRAEL MARINE SPACE, GENERAL USES AND COASTAL ISSUES

2.1.1 Marine area and spatial delimitations

Israel's marine space in the Mediterranean Sea is larger than the country's terrestrial land area, and can serve
many needs of society, the economy and the environment. It contains enormous potential energy resources
and is also the main source for the production of water for domestic consumption. it holds as well valuable
natural and cultural heritage resources. At the same time, the marine space is also Israel's "blue lung", offering
a vast open seascape and opportunities for leisure and recreational activities.

In recent years, the marine space, due to emerging human activities, has become an arena of conflicting uses,
and between these uses and the natural and heritage resources it harbours.

There are three different zones within the Israeli marine area:

» Coastal waters (territorial/sovereign waters) — up to 12 nautical miles westward from the shoreline, with
a total area of over 4,000 km2.The State has full sovereignty in this area, but foreign vessels have the right
of "innocent passage".

» The Contiguous Zone — a strip that extends a further 12 nautical miles beyond the coastal waters (in other
words, between 12 and 24 nautical miles from the shoreline), and constituting part of the Exclusive
Economic Zone. The State may operate limited enforcement authority in order to prevent infringement of
the law.

» The Exclusive Economic Zone (EEZ) — extending beyond the coastal waters to 110 nautical miles (NM)
in the south of the country, and 70 NM in the north, to the mid-line between Cyprus and Israel, as agreed
between them. The borders of the economic waters in the north and south have been marked as is
customary in this matter between countries, but without any consent or agreement with Lebanon or the
Palestinian Authority or Egypt.

Inthe EEZ, the country does not have full sovereignty and only enjoys exclusive economic rights (to explore,
utilize and manage resources on and under the seabed, and in the waters above it; scientific research,...).

Israel has not yet officially declared its Exclusive Economic Zone (as required by the UN Convention on the
Law of Sea, UNCLOS).

R 4 A

Marine engfmg:_ma‘nnmg services of submerged detached breakwaters
with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv - Yafo, Israel- Report Stage A.




8 2. Part 2: Environmental and socio-economic characterization

Figure 3 : The three Israeli water zones
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There is considerable potential in this marine area for providing a variety of services to Israel's society and its
economy, through the development of existing activities:

» Port activities (commercial and pleasure),
» Energy activities (gas, petroleum, water desalinization),
» Traditional fishing and mariculture activities,

» Leisure activities on the coastline.

In addition, this area hosts a delicate marine environment and heritage that must be preserved:
» Natural habitats,

» Marine reserves,

» Fishery resources,

» Archeological sites.

ploriitfraysseta00165_sand filled containers tel aulvi?_production\01_report_stage_ala00165_report_stage_a_v2_vm - nfr.docx  Nicolas Fraysse

Marine engineering planning services of submerged detached breakwaters
with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv - Yafo, Israel- Report Stage A



2. Part 2: Environmental and socio-economic characterization 9

Figure 4 : Overview of economic and natural wealth of Israel marine area
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2.1.2 Uses in the marine area

The Israeli marine space is also the cradle of early civilizations, coastal and maritime, rich and continuous from
the Neolithic period until our times, and offers a fertile bed for research, study, education, and tourism and
leisure activities.

In recent decades, the use of the sea itself has multiplied considerably with the discovery of natural gas. The
sea is a rich and still to be discovered source of energy, enabling the State of Israel to come closer to energy
independence, the development of engineering and technical knowledge, and the creation of supporting
industries. The marine space also contains unique geological and biological features, and rare heritage values.
The eastern Mediterranean can be observed and actually used as natural laboratory in which a large part of
the world's marine geological phenomena occur, including significant tectonic activity.

At the same time, there is a constant increase in the magnitude of maritime trade. Almost all import, export,
and communication, vital to its existence and its continued prosperity and well-being are dependent on the
marine space. Furthermore, for Israel as an "island state" (without peacetime relations with its neighbours),
the sea is also a security front and important strategic depth. The greater the opportunities in the marine space,
the greater are the threats.

The considerable pressures on Israel's densely populated land (especially its coastal strip), the doubling of its
population within a few decades, its economic activities, and its social needs demand continued examination
of the sea as a reserve area for land based development.

Marine engimeermg - nning services of submerged detached breakwaters
with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv - Yafo, Israel- Report Stage A.




10

2. Part 2: Environmental and socio-economic characterization

Poor management of fishing and actual overfishing has contributed to the depletion of fish, and caused
serious harm to essential environmental resources. Controlled mariculture has been proposed by the
Government to develop food from the sea in an economically and environmentally sustainable way

(Aguaculture Strategy final draft in process in 2017).

us

Figure 5 : Uses in the Israeli marine space
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2.1.3 Generality on Natural values and biodiversity

ON LAND

Due to its geographical placement, Israel serves as one of the biogeographically most important land bridges
of the globe. Along this land bridge, defined by the Rift Valley, biota have advanced and retreated during the
last fifty million years:

» The Palearctic biota of Eurasia use the two mountain ranges east (Jordan) and west (Israel) of the Rift
Valley in their southward advance,

» The Ethiopian biota of Africa and of the Saharo-Arabian deserts, use the Rift Valley and the coastal plain
in their northward advance.

In addition, these corridors are used for the bi-annual Europe-Africa Palearctic bird migration, one of the most
spectacular global flyways. A large part of this influx of birds is attracted to alight by water bodies and by
irrigated agriculture. It also affects local ecosystems directly, by preying upon local resources, and indirectly,
by transporting parasites and propagules of other species, mostly aquatic.

The country’s geographical placement, combined with its spatial climatic diversity, largely affects it biodiversity:
» Overall species richness is very high,
» Most of the species are represented by peripheral populations,

» Though most of the species are not unique (endemic) to Israel, the communities (i.e. the assemblages of
species) are unique.

The combination of climatic diversity, geographical placement and long evolution with human beings points at
an impressive degree of richness and uniqueness of Israel’s biodiversity—both with respect to its current state
and to its evolutionary potential.

AT SEA

The Mediterranean Sea, though oligotrophic, is considered one of the world’s most biologically diverse area.
The Israeli marine areas contain an important abundance of species of tropical origin, most of them being
invasive species arriving via the Suez Canal and spreading north. This diversity is also attributed to
evolutionary processes and its unique location in a transition area between tropical and temperate zones.
Within its boundaries one finds unique geomorphologic phenomena that also constitute special habitats, such
as underwater ridges, trenches, and canyons, deep-sea plateaus, submarine landslides, hydrothermal vents
and more.

Israel's marine space constitutes of large areas of soft substrate and some more limited hard substrate
habitats, including those that are globally unique, such as the coastal abrasion platforms, the Achziv submarine
canyon, the underwater Eolianite or sandstone ridges (kurkar ridges), methane seep areas and deep-water
corals.

Israel is a signatory to the Convention on Biological Diversity (CBD), which obligates it to conserve and protect
atleast 10% of its marine space (up to the EEZ border) and the Barcelona Convention. Marine nature reserves
already exist, and the Israel Nature and Parks Authority’s master plan for large and special reserves is meant
to preserve and protect unique and representative habitats along the coast and in the territorial waters.
However, currently, the total area of the existing reserves amounts, at present, to less than 10% of Israel’s
territorial waters.

Marine engi nning services of submerged detached breakwaters
with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv - Yafo, Israel- Report Stage A.
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2.1.4 Israel Marine Plan: vision for Israel marine space sustainable future

Israel marine space offers a considerable potential for development that could also represent a serious threat
to the ecological balance of the marine environment, causing irreversible damage.

National attention to the opportunities and threats in the marine space has increased considerably in recent
years, mainly because of the discovery of large gas reservoirs. Attention has also increased due to the
understanding that initiatives in and around the area will continue to expand, and that it is also necessary to
take into account global changes such as climate change, and geological and political developments in the
eastern Mediterranean. However, this attention has not yet coalesced into a clear spatial policy and effective
regulatory tools for planning and managing the space.

Until now, there has been no overall planning of the marine space, and policies addressing this area are
currently lacking, especially when compared to the level of administrative concern and planning effort allotted
to Israel's terrestrial part.

Mechanisms are needed for planning and managing the marine space and its resources based on scientific
knowledge, in order to balance development, preserve the resilience and health of the marine environment
while protecting the sea’s resources for the coming generations.

In that sense, the Israel Marine Plan has been completed in 2015 and its vision takes into account the
characteristics of the Israeli marine space, and its natural, economic and cultural values. This vision serves as
the main framework that leads the plan’s principles and goals:

“The marine area will be an integral part of the Israeli space and an essential component of its future
economic well-being, environmental resilience and social and cultural development for the benefit of its
residents, guests and future generations. This will be achieved through the implementation of integrative
governance that is ecologically balanced and participatory, the sustainable use of marine resources, the
enhancement of the marine landscape and heritage, the promotion of marine research and knowledge, and

through the realization of international responsibilities and cooperation.”
In order to realize the vision of the Israel Marine Plan, 12 goals have been determined:
» 1. Improve governance of the marine space,
. Advance scientific knowledge and develop information about the marine space and make it accessible,
. Protect, conserve and rehabilitate the marine environment,
. Develop energy resources in the Marine Space in a wise and cautious manner,
. Develop shipping, ports and sailing in a cautious and sustainable manner,
. Develop sustainable interfaces of fishing and mariculture,

. Use the marine space as an alternative for land uses in a cautious and sustainable manner,

0 N o O A W N -

. Incorporate security considerations in the planning and balanced management of the marine space,
9. Prepare for the impact of climate change on the marine and coastal space,
10. Establish the status of the sea as a public entity, and develop sustainable uses for the public benefit,

11. Discover, conserve and enhance the heritage and cultural treasures in the marine space,

vV vV vV VvV vV vV v v v Vv Y

12. Develop the role of the sea as a bridge and an opportunity for international cooperation.
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Figure 6 : The twelve goals of the Israel Marine Plan
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2.1.5 Israel general coastal geomorphology and coastal issues

COASTAL CHARACTERISTICS

The orientation of the Israeli continental shelf follows that of the coastline, gradually changing from south-west
in the south to north-south in the north. The continental shelf is generally smooth, with the exception of two
major morphological features: the Akhziv Canyon a few kilometers south of the Israeli-Lebanese border and
the protrusion of Mt. Carmel. Other irregularities are formed by submerged kurkar (a local term for eolianite
sandstone) hills which crop out of the surrounding sediment. Their elevation is a few meters although some
reach above sea level to form small islets.

The Israel coastal landscape is for the most part characterized by sandy shores, backed by sand dunes in the
south, a low escarpment in the center and narrow beaches to the north with the exception of the wide Haifa
Bay.

Much of the coastline consists of a coastal cliff, which ranges from low bluff mostly in the south to a pronounced
cliff, which is almost continuous in the centre. The cliff is built of alternating layers of kurkar and red-brown
sandy loam called hamra.

The smooth and low topography is broken at two sections where mountain ranges reach the coast at Rosh
Hanikra and Mt. Carmel.

Beaches along most sections of the coast are relatively narrow, ranging in width between 20 to 50 m. Beach
rock is mostly present, consisting of consolidated sand, kurkar fragments and shells. It is located on the beach
at the water level and forms abrasional platforms, which provide some protection from waves. Partially
submerged, kurkar ridges also cause formation of tombolos, lagoons and small bays.

Around Tel Aviv region, the seabed is mostly classified as sandy soil with low content of fines.

Figure 7 : Beach rock - Ha'Tzuk Beach

Source: BRLI, 1 7

The natural landscapes of the coast are enhanced by cultural landscapes including ancient cities and many
on- and offshore archaeological sites and remains, from shipwrecks to submerged prehistoric settlements.
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COASTAL ISSUES

DEVELOPMENT PRESSURES

The combination of urban and economic pressures for development, coupled with the attraction of the coastline
for tourism and recreation, has exacerbated the conflicts along the Mediterranean shoreline of Israel.

Moreover, reduced profits in the agricultural sector have triggered further pressures for the conversion of
agricultural lands along the coastline into built-up areas, especially in the central section of the coastline where
population and industrial activity are concentrated.

Roughly 70% of the population lives within 15 kilometres of the Mediterranean coastline. This narrow coastal
strip is the focus of the country’s economic and commercial activity, and the main transportation arteries run
very close to the coastline for much of its length, particularly from Tel Aviv northwards. Haifa Bay offers
protected water for an international port, and is the primary center of heavy industry including oil refining and
a power plant. Tel Aviv, with an expanding metropolitan area, is the major commercial centre and the focus of
the country’s transportation networks. Ashdod, further south, competes with Haifa Port for international
shipping and handles container shipments, citrus exports, phosphates from the Dead Sea and other bulk
cargo. The second oil refinery is located at Ashdod, and the city is the second major centre of heavy industry
along the coast. The coastal strip also contains the most fertile agricultural land of Israel, especially for citrus
production.

Currently, there is severe conflict between the expansion of urban settlements along the coastline and the
protection of open space and natural grounds.

PROTECTION OF COASTAL RESOURCES

In a country with high density urban development and scarce land resources, the coast and seashore serve a
vital role as open spaces. However, growing urban and development pressures have led to encroachment on
and loss of scenic landscapes, nature and agricultural land. Today, coastal agricultural lands serve to break
up stretches of built areas and prevent the formation of a megalopolis throughout the coastal plain.

Out of the 188-kilometer shoreline, 50 kilometres are used for national infrastructures and defence uses and
are closed to the public. The remaining coastline has been designated as follows: 59 kilometres as urban
shores, 43 kilometres as nature reserves and national parks, and 36 kilometres for open space (free of all
infrastructures and facilities).

Areas of particularly high natural value, such as river mouths and rocky shores, have been designated as
coastal nature reserves while offshore rocky areas, rich in marine flora and fauna, and offshore rocks or
sections of sandy shores important for sea turtles, have been proposed for marine reserves.

Along the Mediterranean, 14 marine reserves, 20 coastal reserves, 2 islet reserves, and two protected natural
asset belts have been proposed or declared. Beaches of high value for recreation in natural surroundings and
sites of archaeological interest for visitors have been designated as national parks. The coastal strip includes
14 parks and 10 river mouths.

NATIONAL OUTLINE PLAN FOR PROTECTING THE COASTAL CLIFFS ALONG THE ISRAELI MEDITERRANEAN
COAST

For the purpose of dealing with the issue of the cliff's collapse, a policy document was prepared, the
recommendations of which were adopted by the government, which has instructed to plan and erect marine
protections and prepare a national outline plan for the protection of the coastal cliff - NOP 13, change no. 9.

I o
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In light of the urgency in providing a solution for the risks inherent to areas in urban regions, NOP 13/9/A was
promoted at the first stage. It includes details planning regulation for the protection of the cliff parts which were
defined at a high urgency level — 28 zoning areas in the area between Givat Olga and Ashgelon.

The report also specify type of solution per area and general policies for preventing from erosion theses zoning
areas. The Ha'Tzuk beach refers to area 25 and 26 of this national plan.

2.2 TEL Aviv AREA AND HA’TZUK BEACH INFRASTRUCTURES AND USES

2.2.1 Tel Aviv - Yafo area, ports and marinas

Tel Aviv is one of the most vibrant cities in the world. Titled the ‘Mediterranean Capital of Cool’ by the New
York Times, this is a 24 hour city with a unique pulse, combining sandy Mediterranean beaches with a world-
class nightlife, a buzzing cultural scene, incredible food, UNESCO recognized architecture, and an
international outlook.

The area of Tel Aviv includes five ports or marinas, from north to south: Herzliya Marina (Herzliya municipality),
port facing the Reading Power Station, Tel Aviv old port (Namal Tel Aviv), Tel Aviv Marina and Jaffa port.

Figure 8 : Tel Aviv - Yafo ports and marina
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HERZLIYA MARINA

Figure 9 : Herzliya Marina

Opened in 1995, Herzliya Marina is a high quality
marina with approximately 680 berths for yachts up to
60 m in length.

Located in Herzliya, 17km north of Tel Aviv, the
marina has high quality facilities and services
available to incoming vessels, including 24 hour
security and electronic access control to the docks,
individual electricity for each slip, fresh water, a
fuelling station (diesel and gas), haul-out and
wintering services, repair services and marine
equipment.

Source : Superyachts.éom

Herzliya Marina is well situated on the coast for visitors looking to explore some of Israel's most popular
attractions and places of interest, including Tel Aviv, Haifa, Jaffa, Ashkelon and Netanya, as well as the holy
city of Jerusalem, which is positioned 85 km inland.

TEL AvIv oLD PORT (NAMAL TEL AviIv)

Tel Aviv port was founded in 1936 by Otzar Mif'alei Yam as the first new port in Israel. It grew into the biggest
in the land, as it was very important in the establishment of the State of Israel and for subsequent mass-
migrations from around the world.

Figure 10 : Tel Aviv old port

However, this flourishing situation did not continue, as
containerized shipping became the standard way of
transporting goods bigger ports were built elsewhere,
and Namal Tel Aviv port became derelict.

The port has recently been restored and is now an
area of culture, entertainment and leisure activities. A
wooden deck covers 14,000 m2 and acts as a large
promenade running along the seafront. This unique
area becomes crowded on weekends, with families
venturing out for great food, and in the evenings, with
the numerous bars and clubs.

TEL AVIV MARINA

The Tel Aviv Marina, located
between the Gordon and Hilton
Beaches on the Tel Aviv
promenade, offers a variety of
services for those interested in
water sports and activities:
surfing, sailing, speedboats,
diving ...

Yacht and boat rental companies,
an lsraeli coastguard station, a
customs’ entry port and an anchor
port for privately owned boats are also based within the Tel Aviv Marina.

s

o a8 -
Source : www.telaviv-marina.com

Many luxury hotels are situated in front of the Marina, as well as numerous bars, restaurants or shops.
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JAFFA OLD PORT

Figure 12 : Jaffa old port

Jaffa port was the ancient port of the city of Jaffa, known
as one of the oldest port of Israel. It served as the main
entry point to the country until the late 19 century when
Jews from around the world returned to Israel.

lts long history as the strategic port in the Eastern
Mediterranean continued until recently when new ports
were built south of Tel Aviv in Ashdod and north in
Haifa, to cater for modern-day shipping methods.

As Tel Aviv developed, Jaffa decayed. By the 1940’s,
Tel Aviv was so much larger than Jaffa that it was made
into a neighbourhood of Tel Aviv to create the official
city of Tel Aviv-Yafo. The decay continued until the
municipality created a Development Organization to
oversee the restoration of Jaffa, which continues today.

Source : h‘ltp:n‘ww.lspphnner.com

In recent years, Old Jaffa port has been developed as a cultural attraction, whilst retaining its operations as a
working port for local fishermen who continue the century’s old tradition of the area.

2.2.2 Uses in Ha’'Tzuk Beach

Ha'Tzuk Beach, known also as Cliff Beach, is the most northern beach of Tel Aviv, bordering Herzliya’ s
beaches and marina.

This area is characterized by intensive development all along the area. The site has no trace of the natural
cliff, which was destroyed during and after the erection of the Mandarin Hotel in the 1970s by Gideon Ben-Zvi
and Musa Daniel. The coastal strip is narrow, between 8-30 meters.

There are many descents to the coast, some accessible and some by stairs. Above the rockery there is an
upper promenade all along the segment. The promenade connects to the Sea and Sun promenade from the
south, and ends on the north in a natural cliff. Beyond the promenade towards the east there is a half-dry lawn,
various service structures, protected slope and a fence.

Figure 13 : view towards the north - main entrance to Ha'Tzuk Beach

Source : Coastal Agency, 2016
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There are two entrances to the beach: the northern entrance is adjacent to a local hotel entrance and the
southern entrance is alongside the Sea and Sun residential complex. There is an entrance fee during summer
season (April to October) of about 6 -15 Shekels per person, but the two parking lots provide free visitor

parking. There is a structure serving as a café on the beach. Opposite the Mandarin Hotel there is the main
entrance to Ha'Tzuk Beach.

Ha'Tzuk is known for being one of the city’s quietest and cleanest beaches. It features public bathrooms,
volleyball nets, exercise facilities, wooden gazebos for shade, a children’s playground, lifeguard station, grassy
patches, umbrellas and lounge chairs. Ha'Tzuk Beach also features sections of the water specifically
designated for surfing, windsurfing and kayaking. Ha'Tzuk beach is known as one of surfing spots and there
is a recognized surf school practising on the beach

It is a favoured spot for families, water sport enthusiasts and local teens coming from Ramat Aviv. It is also
home to occasional evening concerts and summer time events organized by the city of Tel Aviv.

There are three beachside café restaurants at Ha'Tzuk:

» Ha'Tzuk Beach restaurant,

» Banana Beach Cliff Beach,

» Banana Beach Tzuk Darom.

Figure 14 . Ha'Tzuk Beach

Source : Coastal Agency (2016), BRLi (2017)
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In the south of Ha'Tzuk beach after Sea and Sun area, where the beach rocks develop far from the bathing
activities, there is intense activity of amateur fishermen using rods, neis and harpoons.

In short:

Ha'Tzuk beach has been artificialized by human activity and transformation of the cliffs. The site has poor
trace of the natural cliff, which was destroyed during and after the erection of the Mandarin Hotel in the
1970s.

The coastal strip is narrow, between 8-30 meters.

Drainage outflows are installed within the rockeries and at various points of the beach.They are only
providing little streams during rain falls. Ha Yarkon outlet is far from this shore.

Ha'Tzuk is known for being one of the Tel Aviv area quietest and cleanest beaches. It features various
infrastructures for leisure, sports and restauration (pubs and restaurants.

It is also known as one of Israeli surf spots and a surfing school is established on the beach. The southern
part of the beach is frequently used by sport fishermen from the shore (lines, speer guns,...).

No information is reported regarding the number of tourists and seasonality even though the beach is full in
summer and at Israeli holidays.
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2.3 ENVIRONMENT SITUATION AND SENSITIVITY OF HA'TZUK BEACH

2.3.1 Terrestrial scenery, ecological and archaeological sensitivity

SCENERY, APPEARANCE AND MAIN COASTAL INFRASTRUCTURES

Figure 15 : Ha'Tzuk Beach - scheme of existing
protections

According to the study “Analysis of Zoning
Areas no. 25”1 corresponding to Ha'Tzuk
Beach, the site has no trace of the natural cliff,
which was destroyed during and after the
erection of the Mandarin Hotel in the 1970s by
Gideon Ben-Zvi and Musa Daniel. The coastal
strip is narrow, between 8-30 meters.

A rockery was erected along the coast at a
height of 2-3 meters from local beach rocks
taken from the coast, while damaging the
ecological and scenic resource of the rocks.
Above the rockery there is a protected slope
with cultivated plants resistant to front line
conditions that was also artificially established.

Figure 16 : Ha'Tzuk Beach -use of the rockery,
protected slopes and walls to overcome
topographic differences.

fim AN
wan

1 As part of the NOP 13/9/1 — Partial National Outline Plan for the Protection of Coastal Cliffs along the Mediterranean (Coastal

Agency, 2016)
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Ha'Tzuk Beach area is developed and no natural cliff remains. Beach rocks protection or other rockery used
traditional concrete with no specific landscape integration efforts. The promenade itself is not considered to
have high scenic qualities according to this report.

Figure 17 : Ha'Tzuk Beach rockery, developed promenade and stairs

Source: Coastal Agency, 2016
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The drainage at this area is regulated by infrastructure that drains the runoff. It seems that there is no damage
to the stability of the slope as a result of upper runoff — see image 2.1.4-1.

Figure 18 : regulated slope stabilized by plantation above the promenade and rain runoff outlet of Ha'Tzuk Beach

Source: Coastal Agency, 2016

TERRESTRIAL ECOLOGY AND SENSITIVITY

As mentioned before, the area is made of alternating layers of kurkar and red-brown sandy loam. The section
is a direct continuation of the section appearing in Herzliya. The width of the coasts at this section at the time
of the tour was about 20 meters.

Most of the northern coast where these segments were defined, is arranged with rockeries and supporting

walls at a height of up to 10 meters, but on the northern part of the beach the “top limestone” (Dor limestone)
section is partly exposed with upper runoff from these slopes into the beach.

Figure 19 : stratigraphy of the coastal cliff and illustration of the cliffs in Ha'Tzuk Beach.

oy

Source: Coastal Agency, 2016
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The land areas are mostly constructed, paved or artificially reinforced (protection) in an intense manner. As a
conseguence very few evidence of sensitive habitats and species can be seen as pointed out by a survey
developed in 2016. It allows to define the artificially reorganized areas with a level medium of
sensitivity/value due to the existence of “red” species and gardening use of many local species.

» The human introduction as plantations of local species like sea daffodil, sea lavender (protected species)
and silvery birds' foot trefoil, as well as invasive species such as evening primrose and ice plant. The
parasite wild plant broomrape is very common

» At the eastern edges there are a few items of the annual grain parapholis marginata runemark which
contains the bush crucianella maritima which are considered sensitive species (endangered species, “red”
according to the Tel-Aviv municipality, 2014).

However, “In accordance with the instructions of the Mediterranean Coastal Cliffs Preservation Government
Company (ecological, marine and land report — presenting a map of ecological sensitivities),
constructed/developed areas, including paved roads and the nape of regulated bathing beaches, are of a very
low value/sensitivity”2.

The coastal cliff to the north of the zoning area is of high ecological value/sensitivity. The cliff and its
close environment is rich with many unique species of coastal plants, including ice plant (rare species),
polygonum palaestinum (endemic species), sea couch-grass, sea rocket, one-sided bindweed (endemic
species), yellow distaff-thistle, Tournefort's mustard, silvery birds' foot trefoil, artemisia monosperma, Jaifa
groundsel (endemic species), hispid viper's-bugloss, polycarpon succulentum, and of course, the protected
species sea daffodil and sea-lavender

Figure 20 : East artificial upper terrestrial environment (left) and north (rigth) natural cliffof north of Ha'Tzuk
Beach

Source: Coastal Agency, 2016

In the sandy strip above the coastline nearly no burrows or activity signs of the indicator species ocypode
curser crab3 were found except one among artificial rocky supporting infrastructure.

There were no reports of sea turtle laying in the coasts of this zoning area.

Southward of the beach (area 26 of the Cliff agency study, 2016), is called Sea and Sun, is about 350 meters
and it is located between the area known as “north-western Tel-Aviv” and Ha'Tzuk Beach. South of the hotel
and the shore protection infrastructures (outside the boundary of the project), there is an open breached area.
This open area is the continuation of the coastal cliff belt continuing south until Tel-Baruch North. The coastal
cliff is preserved (relatively) and rich in unique and important nature and scenery vaiue (the Tel-Aviv
municipality, 2014).

2 Source : Cliff Agency, 2016 study of section 25- Ha'Tsuk Beach.
3 Protected species under Barcelona convention (Endanger specie)
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Figure 21 : Beach rocks south of Ha'Tzuk Beach until Tel Baruch

P—

The ecological value/sensitivity of the open area southwards after is high due to the existence of unique and
protected species, and its being part of the continuation of the coastal cliff which has very high value/sensitivity,
and continues southward.

2.3.2 Marine ecology and sensitivity

An ecological survey was conducted at the coasts of northern Tel-Aviv for the purpose of characterizing the
fauna in the sandy habitat. Samples were taken:

» With standard protocol: The samples were taken by a box-corer at an area of 176 square cm and at a depth
of about 10 cm, filtered by a sifter of 500 ., preserved in alcohol 70% and defined at the laboratory

» In three sites: the Tel Baruch beach, Ha'Tzuk Beach, and Ha'Tzuk Beach North (south of the separate
beach) (diagram 2.1.5-1).

» The location of the samples was determined in coordination with the ecological consultant of the
Mediterranean Coastal Cliffs Preservation Government Company.

» In each site, samples were taken on one point in a site which characterizes :

+ the tidal area (at the waterline during the sampling): crabs Talitrus saltator, Talitridae, Amphopoda and
the isopod Cirolanidae, Isopoda Eurydice sp.

e at the sub-tidal area, at a depth of about 1 meter: crabs Pontoporeiidae, Amphipoda Bathyporea
guilliamsoniana, the snail Nassarius gibbosulus, Nassariidae, and a section of an unidentified
Polychaete worm

¢ In addition, samples were taken at Ha'TzukHa’'tzuk Beach on 03/05/2016 in two sites at a depth of 2
meters and north and south (sandy beds): Amphipoda and Harpacticoida, as well as hermit crab,
Diogenes pugilator. Polychaete worms were also found of the families Spionidae and Nephtyidae, the
snail Nassarius gibbosulus, and the bivalve molluc Donax venustum, Donacidae.

Figure 22 : Sandy beach (south  Figure 23 : Beach Rocks south of  Figure 24 : 2-3 m depth rocky 2.5
of Ha'Tzuk) the Ha'Tzuk Beach: m, flat stones and rocks covered
and exposed alternately by the
sediments

with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv - Yafo, Israel- Report Stage A.
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Source: Coastal Agency, 2016

Figure 25 : south of Ha'Tzuk beach (area 26), beach rocks area and examples of erode shallow water rocks and
colonized beach rocks

Source: Coastal Agency, 2016

The study conclusion is presented in the table bellow.

Habitals

Sandy beach

Sandy
substrate at
2-3m

Table 1: Sensitivity of marine habitats in the Ha'Tzuk beach close marine area

Comments

The sandy beach in each zoning area examined is very breached,
both in the tidal area and at a depth of 1 meter. Tests performed on
the tidal belt and at a depth of 1 meters showed that the fauna inside
the bed is relatively poor — compared with open, non-breached sandy
beaches. It seems that the main reason for the diminution of animals
in the bed is the intense human activity on the beach and in the
shallow waters. The tidal and sub-tidal belts in a sandy bed within
the zoning areas, is classified is having low ecological
value/sensitivity.

“marine habitats at a depth of 2-3 meters and more probably similar
to other coasts in Israel

Sensitivity
(according to Cliff
Agency study,
2016)

Low ecological
value/sensitivity.

Low to medium
ecological
value/sensitivity”.
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Habitats

Beach rocks

Comments

Beach rocks identified at the south of the Ha'Tzuk beach. are
exposed to seasonal environmental influences and radical changes
in living conditions (Rilov and Guy-Haim, 2013). They are sometimes
buried under a layer of sediment which erodes and suffocates the
fauna on the rocks. In other seasons, during ebb times, extensive
parts of the rocks are exposed to air and drastic changes in
temperature and salinity, and many of the organisms on the rocks do
not survive.

It seems that the beach rocks on and around Ha'Tzuk Beach, are
even more exposed to the influences of sediments that on other
coasts. On the east-South part, some elevated beach rocks are most
of the year out of the water. This belt is mostly populated with a
coating of blue-green algae, which paint the rocks black and in some
seasons with green algae of the genus Ulva spp. and Enteromorpha
spp and some Gracilaria spin spring or Nemalion helminthoides. The
green algae grow quickly but are sensitive to dehydration. Therefore,
they mostly characterize short-term habitats.

Poor evidence of snails or molluscs are showed in the north area
while in the south of the beach (zone 26), the population of the beach
rocks below 40 cm depth may be rich and diverse especially, but it is
usually less diverse than that of the abrasion tables (Rilov and Guy-
Haim, 2013). The beach rocks at the sub-tidal area above 40 cm are
affected by the motion of the sand moved by the waved. Among
others, the common species on the rocks are Actinia equine and
Bunadactis gammacea and the crab Eriphia verrucosa and some
small fishes.

Sensitivity
(according to Cliff

Agency study,
2016)

Medium ecological
value/sensitivity in
the north of Ha'Tsuk
(section 25)

High ecological
value in the south
(section 26) due to
the continuity with
the southern
ecosystems and
despite the extreme
changes they are
exposed to (and
perhaps because of
them).

Outside the relevant area of the study at sea, westwards at depth of 6 m and more, some rocks are not exposed
to the sediment activities, and are covered in a rich coating of organisms: sponges, Hydrozoan, Bryozoan,
Ascidiacea and many others

In terms of fishes, a survey was done in march-May 2016. The prominent fish between the beach rocks in the
shallow waters were: Dicentrarchus punctatus, Siganus rivulatus, Siganus luridus, Silago sihama, Diplodus
cervinus, Diplodus sargus, Lithognathus marmyrus, as well as Blenniidae and Mugilidae. No protected species
were encountered and the sensitivity is considered low.
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Figure 26 : Maps of sensitive coastal and marine areas in Ha'Tzuk beach (south: zone 26) and north (zone 25)

Source: Coastal Agency, 2016

The mapping of the habitats shows a general sandy beach with three sensitive areas corresponding to the two
coastal beach rock habitats (south and north) and one shallow water area farer west in the sea under 2-3 m
depth.
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2.3.3 Archeological sensitivness of the area

The area of Ha'Tzuk beach is located between two

areas of interest for underwater and coastal  Figure 27 : Antiquities zoning areas of interest as
archeology as stated by the Israel Antiquities defined by the Israel Antiquities Authority in
Authority in 2014: Ha'Tzuk beach

» At the north: at the end of the promenade
reaching the beach starts the northern part of
zoning area 25 declared underwater antiquities
26763/0 “Tel Michal south”. According to the
Israel Antiquities Authority, the site contains
quarries, quarried facilities, the remains of
vessels and loads from the Persian, Hellenistic
and Byzantine periods.

» At the south starting from the sea and sun beach
bellow the hotel area, start the “Tel el Rekkit north
area”. Most of zoning area 26 is located in
declared antiquities site 947/0 “Tel El-Rekkit
north”, which includes remains from the early
Bronze Age.

I A

/2
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In case of works the Israel Antiquities Authority shall
be informed.

In short:

The environment in Ha'Tzuk beach has been artificialized by human activity and by transformation of the
cliffs into a parking and promenade or hotel infrastructure. The main conclusions of field studies developed
under the supervision of the Israel Cliff Agency conclude in 2016 that:

» The promenade is not highly aesthetic and is not of high value,

» The terrestrial area of the upper cliffs, modified since the seventies, produced new landscape, rockery
and infrastructures partly established through excavation of the beach rocks of the site. North of these
infrastructure remains a small portion of natural cliff of interest to preserve. The bathing activity bellow
this cliff, keeps the sensitivity of the area medium to low since poor flora and fauna is observed on the
beach. On the contrary, from the southern part of the Ha'Tzuk beach to Tel Baruch, natural cliffs and
natural habitats remain both on the upper cliffs and on beach rocks, explaining the definition of high
sensitivity for this area.

> The marine part of Ha'tsuk beach has been also affected by excavation of beach rocks and human
bathing leading to the following classification:
- for beach rocks:
o the north of the beach is defined as of medium environmental sensitivity/value,
o the south part of the beach and its beach rocks are considered of high sensitivity/value
partly due to their continuity and their biological colonisation
- for sandy area around 2 m depth, the sandy erosion of the rocks limit the colonisation and the north
beach is considered to have a medium level regarding environmental sensitivity
- For sandy area at the shore or at 1 m depth, the sensitivity is estimated low due to poor biodiversity
of Flora/fauna and endangered species.
- OQutside our zone of interest, at depth of 6 m, some rocky areas could be found and are well
colonized. They are considered of interest in terms of ecological value.
- 3 small zones are considered of environmental sensitiveness within the boundaries of the study and
this sandy area: 2 at the shore made of beach rocks (one area in the north, one area in the south)
and 1 area of bank/spur in the marine south area around 2 m depth.

Marine enmmnning services of submerged detached breakwaters
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> The beach presents at its north and south locations some sensitive archaeological areas according to
Israel Antiguities Authority
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3. PART 3: CHARACTERIZATION OF THE SITE AND
CONTEXTUALIZATION OF THE STUDY

in this section, we present in a very general way the fundamental features of the studied site that may have
some relationships with the objectives of the project. We consider the Ha'Tzuk beach system with respect to
several general littoral classifications. From this contextualizing, we can assess central qualitative informations
on the hydro- morphodynamic behaviour of Ha'Tzuk beach, and we can define the most important
processes to consider in the next steps. In this part, there is no significant quantification of beach processes
nor detailed analysis of coastal architectures; this will be done in the next section.

3.1 HA’TzuK — BANANA CLIFF SEDIMENTARY CELL

The Ha'Tzuk beach is a small (1 — 2 km long) microtidal and wave-dominated sandy system extending within
the linear Israeli coastal tract whose mean shoreline orientation ranges between azimuths SSW—NNE and
S—N. As it will be pointed out, in the whole region, the main deep water wave forcings are from SW to NW,
which means that the hydro-morphodynamics of such a beach system may follow a South—North organization
to the first order. The Figure 28 presents the Ha'Tzuk beach system and its surrounding areas.

Figure 28 : Ha'Tzuk beach and surrounding area key element of context.
5.7 km —
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The studied site is located in between two sediment disruption points (Herzliya Marina HM and Reading power
station RPS). An isolated tombolo may alter sediment dynamics within this segment.

Source: Google-earth, F.Bouchette-BRLI, 2017
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The quite regular israeli shoreline is perturbed by various natural (small ante-Holocene rocky capes) and
anthropic infrastructures. In the region of interest for this study, the main possible disruptions of the
sedimentary dynamics are the harbor of Herzliya Marina (to the North with respect to Ha'Tzuk beach, extending
less than 450 m seaward), the tombolo of Tel Baruch beach (to the South, extending less than 200 m seaward)
and the harbor associated to the Reading Power Station (extending less than 400 m seaward). Other possibie
interferences of shoreface hydro-morphodynamics may result from the input of fresh water and sediments from
rivers. In the area, Yarkon river has a mouth located right to the South of the Reading Power station disruption
point. There are also several very subordinate outlets (rainfall drainage outlets) in between Herzliya Marine
and Tel Baruch, whose effect would be negligible.

In this document, the littoral segment extending from the Herzliya Marina point to the Reading power station
point (including possibly the effect of Yarkon) is termed Ha'Tzuk — Banana cliff littoral cell (approximatively
5.7 km long). The zone of interest itself, where the geotubes have to be deployed will be termed
Ha'Tzuk beach (1 to 1.5 km long). This must be considered as terms relative to this study, with no direct
reference to any already existing cell partitioning of the Israeli coasts.

3.2 CLASSIFICATION OF HA’TZUK BEACH SYSTEM AND HA’TZUK — BANANA
CLIFF LITTORAL CELL

The figure Figure 29 displays a small portion of Ha'Tzuk beach system and highlights some important
geomorphic features, especially a double 3D bars sand system.

Figure 29 : Small portion of Ha'Tzuk beach system and hlgh/lghts some lmpor'tant geomorphic features
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(A) the nearshore zone in Ha'Tzuk beach. Two 3D hydraulic sand bars (with horns and troughs occur in front of the studied site. This
means that this system is active and not totally ruined. Forth, this allows to determine its mean hydro-morphodynamic
behaviour according to Short (1999) classifications; (B) a snapshot (same picture, zoomed) of the inner surf zone and
swash. The swash patterns are typical of a dissipative / intermediate barred beach.

Source: Google-earth, F.Bouchette-BRLI, 2017
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Ha'Tzuk beach is a barred beach with two typical hydraulic bars with sine crests and troughs in the nearshore.
An outer bar occurs approx. 200-250 m far from the shoreline and an inner bar is located approximately approx.
50-80 m far from the current shoreline (this location may change quickly). At the shoreline, the instantaneous
intersection between wet and dry zones show typical beach cusp patterns on most of the photographs available
(Figure 30B). Such instabilities suggest that the beach may show a more reflexive dynamics sometimes.

According to the classifications of Short (1999) (see also extracts from the literature in the Figure 30), the
Ha'Tzuk beach is a typical dissipative (or intermediate) wave-dominated beach system. First, this means that
shoreline dynamics are largely controlled by the dynamics of the nearshore hydraulic bars. Second, this
also strongly determine the possible hydro-morphodynamic behaviour of Ha’'Tzuk beach. Whatever may
be the problem in Ha'Tzuk (typically erosion, submersion,...), the dynamics of the barred system has a lead
control in it.

Figure 30 :Litterature reference of beach systems
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(A} Classification of Short & Aagaard (1993). Ha'Tzuk beach is a typical TBR/LBT sand system; (B} Extract
from a classification of Short (1999). According to the main geomorphic features observed in the field,
Ha'Tzuk beach may behave like a dissipative to intermediate sand beach

Marine engi T nning services of submerged detached breakwaters
with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv - Yafo, Israel- Report Stage A.




34 3. Part 3: Characterization of the site and contextualization of the study

3.3 TYPICAL HYDRAULIC BAR DYNAMICS AT HA’TZUK

Ha'Tzuk beach being a wave-dominated micro-tidal double barred beach of dissipative/ intermediate energy,
it is supposed to follow specific hydro-morphodynamic rules. They are summarized in the Figure 31. First,
each bar may behave as follows to the long term (years):

» a bar nucleates nearby the shoreline during fair weather wave conditions. The mechanism at the origin of
such a nucleation is quite complex and is the object of scientific debates. Anyway, the observation claims
that fair weather waves bring material to the shore and favour the edification of inner sand bars ;

> time after time, the bar grows and move seaward in a very slow motion (years) ;

» the bar vanishes when it reaches the seaside edge of the nearshore system.
There, the sediment re-mobilized from the bar is transported landward to feed a new hydraulic bar.

Theoretically, such a mid-/long-term dynamics do not require any input of sediment. The bar cycle stands for
a couple of years (Lippman et al., 1993) or a decade (Kroon, 1994). The long term bar vanishing may not be
related to strong wave energy (Winjberg, 1994); it is an auto-cyclic trend. The exact reasons why the bars
show such patterns remain speculative and are challenging research topics; but for this project, we just need
to consider the phenomenon.

In the same time, at a shorter time scale (higher frequency processes like storm events or a fair-weather
season), another type of bar dynamics superimpose to the one described above. Indeed:

> when fair weather conditions stand for a while (a few days or weeks), the inner bar moves landward and
may connect finally with the shoreline. When this occurs, the shoreline suddenly shifts seaward thanks to
this new sediment input for the emerged beach. Such seaward shifts of the shoreline can reach 5-10 m in
a couple of hours. This is the main mechanism to re-build the beach after storms or during summer season;

> below a first wave energy threshold, the inner bar moves at high frequency while the outer bar does not
record any significant displacement. In such a case, one can say that only the inner beach system is
activated. If this threshold is overpassed, the outer bar starts to move at higher frequency also. Under such
conditions, on can say that the outer system activates. In both cases, the bar displacements are high
frequency and do not correspond to the long-term auto- cyclic dynamics mentioned above;

» If a second threshold (sironger energetic conditions than in the previous case) is overpassed, the bars can
be abraded ; in such a case, the morphologic features do not move as coherent sand bodies, but are partly
destroyed ; the sediment is scattered along the shoreface profile. Sand bars arise again when moderate
wave conditions occur again (following the long-term dynamic rules). This is a typical beach resilience
mechanism;

» Obviously, there exist interactions between the inner and outer bars. Typically, the depth of the crest of the
outer bar controls partly the dynamics of the inner bar. If the outer bar is high, the inner bar shows high
frequency displacements like described above. If the depth of the outer bar crest lower (moving seaward of
abraded by a storm), the inner bar can shift seaward significantly. Thus the state of the outer bar has a
great influence on the stability of the inner system.
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Figure 31: The dynamics of nearshore sand bars in the context of a dissipative/ intermediate microtidal
wave

Je termine une tres belle figure sur les mécanismes
de barres et trait de cote a Hatzuk
(la dynamique propre aux systemes barrés micro-tidaux dissipatifs
dominés vagues/vent)

The dynamics of nearshore sand bars in the context of a dissipative/ intermediate microtidal wave dominated beach like the
Ha'Tzuk system. Those morphodynamic processes find their origin in quite complex nearshore hydrodynamic processes, especially:
wave-driven transport to the shore, undertow, wave-wave interactions, nearshore infra-gravity waves, and nearshore edge waves.
Those physical processes are by far too complex to be modeled together and no one would claim being able to describe the
nearshore morphodynamics in a realistic manner thanks to a comprehensive description of such hydrodynamic forcings.

Source: F.Bouchette-BRLI, 2017

A last process to be pointed out for such an environment must be kept in mind for the following. If one combines
short-term and long-term nearshore morphodynamics, the first order behavior of the system is controlled by
a wave energy threshold — let us call it ETuae. When the system is in an energetic state stronger than the
threshold Thu.a., bars (i) are damaged, sand is re-mobilized in the water column every where along the profil,
thus may be taken away by alongshore of seaward-oriented currents and (i) bars tend to move seaward and
thus let the shoreline more exposed to the wave attack. On the contrary, when the system is in an energetic
state lower than the threshold ETuae, bars migrate to the beach, may feed it and sand is much settled down
into the sea bottom profile.
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3.4 POSSIBLE SHORELINE SHIFTS ON A DISSIPATIVE OR INTERMEDIATE
WAVE-DOMINATED BARRED SAND BEACH

In this section, we consider a naive but nevertheless tenable point of view: think about the shoreline like
the non-evanescent curve that one would delineate in between land and sea, looking at the Earth from an
aircraft far enough in the sky not to see the small details of land and sea interactions. In other words, we
consider only the shoreline motions trends, not the high frequency processes. Such a mean shoreline is
moving through time. There are three distinct types of mechanisms at the origin of such displacements:

» abeach is a mild slope oriented seaward; thus any fluctuation in the water level elevation shifts the location
of the shoreline geometrically. There is no need to add or remove sediment to observe this phenomenon
(Figure 32A). Typically, this occurs when the mean water level increases (e.g. because of worldwide ocean
water elevation).

» during storms, significant quantities of shoreface sediment may move landward to a low back-barrier
(typically a lagoon or a wet zone or a urban domain). Although this process is favored by sudden and short
water level increases (over-topping, barrier over-washing), the mean water level before and after the event
may be exactly the same. In this case, the sediment transfer does not correspond to a gain or loss of
sediment for the beach: the sediment is just re-mobilized from the sea side of the barrier to the other
side. But the final consequence is a net landward shift of the shoreline driven by this roll-over. In
Ha'Tzuk beach, the Ha'Tzuk and Banana cliffs make impossible this process. Alternatively, a scour of the
foot of the hill may occur due to wave attack driven by high water levels and an ingress of sediment from
the substrate may get into the shoreface system conversely. If this input of sediment is significant, and
if sediment size and density are compatible with the local energetic conditions, such input may be
deposited nearby the shoreline and nourish the beach thanks to the fairweather inner bar dynamics
mentioned in the previous section; in the same time, the cliff foot is attacked and thus the highest point of
the beach system may move landward (Figure 32B). This situation combines a typical erosional pattern
with a shore retreat driven by the cliff erosion; in the same time, the emerged beach might be fed by the
extra sediment production.

> in a littoral system of finite dimensions, all the other possible shoreline motions are related to net losses
or ingresses of sediment: (i) sediment may be brought by a river input, (ii) longshore drift may result in a
loss or gain of sediment for the system considered, (iii) some sediment fluxes oriented seaward beyond
the closure water depth may occur during major storms which are a net loss for the beach system, (iv)
sediment may be produced by bio-chemical processes locally ( (Figure 32C).

Figure 32: Possible shoreline displacements driven by distinct processes occurring on a wave- dominated
microtidal dissipative beach.
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(A) geometrical shift of the shoreline driven by changes in water levels;

{B) cross-shore sand loss or production thanks to berm/ cliff processes. At Ha'Tzuk, beach cliff retreat may be
concerned first.

(C) Classical volume alongshore volume balance and subsequent shoreline dynamics. This last mechanism usually
makes the long term tendency.
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4. PART 4: QUANTIFYING HYDRO-MORPHO DYNAMICS AND
LITTORAL ARCHITECTURE OF HA’'TZUK BEACH

During a first stay in Tel Aviv (late April 2017), BRLi has collected several datasets relative to hydro-
morphodynamics of Ha'Tzuk beach and its sedimentary architecture. Concomitantly, we have collected data
and informations from the existing literature on nearshore hydro-morphodynamics in Israel and in the Tel Aviv
area. In this section, we briefly point out the pro and cons of each kind of data and their accuracy when relevant.
From those datasets, we extract several important quantitative/ qualitative informations for the questioning of
the project, having in mind the strategy built to protect Ha'Tzuk beach. For each type of data, we also suggest
eventually additional field works and data collection to be got to improve local and general knowledge or
specific datas needed for the project if we consider that the existing data is not sufficient to correctly enlighten
the guestionings.

4.1 PRESENTATION AND EXPLOITATION OF COLLECTED DATA

4.1.1 Wave statistics

Relatively long in-situ wave data series exist at Ashdod and Haifa wave buoys (since 1992 and 1994
respectively). The equipments are Datawell directional wave-rider buoys and are deployed in 24 m of
water depth quite far from the zone of concern. The raw data from the buoys are not free. Hopefully, the
report CAMERI (2013) provides general informations on wave statistics in deep water. In addition this
document, together with the upstream works of Perlin & Kit (1999), proposes a methodology to transfer the
deep water wave statistics at the buoys towards the area of Tel Aviv (and some other places not directly
located nearby the buoys).

In the Figure 33, we extract from the report CAMERI (1999) basic deep water wave features nearby Tel Aviv.
That those informations are a good first order approximation of the wave climate in front of Ha'Tzuk beach and
more generally in front of Ha'Tzuk—banana cliff cell.
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Figure 33 : Deep water wave conditions nearby Hatzuk
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(A) Distribution of significant wave height Hm( in deep water conditions nearby Tel Aviv from data at Ashdod/ Haifa wave buoys
(01/04/1999 — 31/03/2013). (B) same with wave direction. Seasonal variability of the wave climate are reported thanks to the
different color bars. Both diagrams are modified from CAMERI (2013).

Source: BRLI, 2017 modified from Cameri, 2013
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Additionally, major storms have been identified (thanks to the extraction of the highest time averaged wave
heights). The five most significant storms are identified in CAMERI (2013) and reported in the following table:

Date HmO | Rank
20/02/2001 741 m | 1
20/12/2002 6.93 m 3
29/01/2008 6.7 m 5
12/12/2010 671 m 4
09/01/2013 7.01 m 2 =

[n the past 20 years, the five strongest events are typical winter storms at approximately 7 m of wave height
(HmO0) so they range within the “High Average swell” (level 7) category according to WAO Sea State
Code. We assume that HmO has been defined as four times the root square of the variance of the
distribution of the water surface elevation in the CAMERI (2013) report.

From the other data (tables and diagrams) provided in CAMERI (2013), some details relative to the direction

of various wave regimes (winter/ summer) may be inferred. For instance, the figure 9 shows how wave
heights and periods distribute with respect to wave incidence.

Figure 34 : Distribution of wave heights and wave periods at Tel-Aviv area
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(A) Distribution of moderate wave heights depending upon wave incidence; (B) same for more severe wave heights ; (C) Distribution
of moderate wave periods depending upon wave incidence; (D) same for more severe wave periods. Data are provided for the Tel
Aviv area and may be accurate enough to describe first order water waves at Ha'Tzuk beach. All diagrams concern deep
water wave conditions and are modified from CAMERI {2013

Source: BRLI (2016) modified from Cameri (2013)).

Marine engimeermg pranning services of submerged detached breakwaters
with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv— Yafo, Israel- Report Stage A.




40 4. Part 4: Quantifying hydro-morpho dynamics and littoral architecture of Ha'tzuk beach

From the tables provided in CAMERI (2013), it is also possible to say that:

» there are two families of incident waves conditions in Ha'Tzuk: a type of waves W1 coming from azimuth
280-290° (say from West to West-Norih-West) and a type of waves W2 coming from azimuth 345-350° (say
from North-North-West to North). Regarding the orientation of Ha'Tzuk beach which is facing
Mediterranean sea with a 15-20° angle with respect to the North, the relative deep water wave angle of
incidence is nearby zero for the first family and of the order of 15-45° for the second family ;

> high waves and long period waves occur almost exclusively for the type of waves W1 whose incoming
wave peak is from 280-290°. This means that more energetic conditions are always coming from the same
direction although fair weather conditions are more scattered ;

> Wave energy in deep water in front of Ha'Tzuk — Banana cliff cell suggests a typical Mediterranean regime,
with more severe events (class 7 WAQ) than many other places around the Mediterranean basin. This is
mainly due to the fact that Israel is facing the Mediterranean Eastern Basin, with one of the longest fetch
possible in the Mediterranean context.

Several papers in the literature show the same type of interpretation (typically Carmel et al, 1985 and following
papers on the same subject) but do not provide data more precise than CAMERI (2013). [n all the documents
analyzed, no information regarding the accuracy of the wave data nor the wave statistics have been found.
However, considering the same level of analysis in Ashdod/ Haifa buoy as the one performed for other
Datawell buoys elsewhere (typically in the Gulf of Lions, France), it can be considered that the uncertainty on
wave height is around 30 cm, that on wave period is around 2 s and that on the wave direction around 20°.
To the first order, any inferred information from the Ashdod/ Haifa buoy wave statistics should be considered
at least with the same wariness. The main consequence is that the incident deep water waves can be
oriented either in the southern quadrant or the northern one; and this means that the wave-driven
processes at the shoreline may be either oriented northward or southward as we see in the following section.

Last, we already mentioned a wave energy threshold ET.a. (expressed in term of deep water height) that
would represent the conditions at which the full near shore system activates. This type of threshold has been
determined in other beaches for the design of coastal defense structures (see e.g. Isébe et al, 2007, 2008A,
2008B, 2014). Having in mind that the wave distribution in Ha'Tzuk is quite comparable with respect to
that observed in Séte (with more frequent severe storms), the threshold would be in the range 1.5/ 2 m in
wave height. This order of magnitude has been confirmed verbally by several scientists in Tel Aviv.

In short:

» Wave conditions in Ha'Tzuk beach seem to be quite simple, with two main wave regimes W1 and W2
that refer to two different sets of incident wave angles ;

» Waves under severe conditions are of type W1 mainly ;
» There may be a deep wave height threshold ETwave. at about 1.5/2 m

» There is no additional need regarding wave data. However ATARIM will provide additional RAW wave
datasets. Those data will be used in PHASE B to calculate an accurate value of ETwave. The analysis
of CAMERI (2013) will remain the more precise information regarding the quantitication of mean wave
regimes.
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4.1.2 Nearshore and regional circulation / transport

The analysis of bathymetric maps enabled to determine that the sand movement ends in facts in the Haifa
Bay, which, since the construction of the port in the 1930s, has become a “sedimentation pit” of the sediments
moving northward.

There exist a few datasets of in-situ measurements (ADCP, ...) relative to nearshore or shoreface currents
(down to several tens of meters of water depth). However, data are not available easily. Even if they were,
the circulation patterns in the nearshore are so complex especially when the system is a dissipative barred
beach (Castelle et al., 2010) that an available existing dataset would be of interest only if it would have been
acquired at the exact location of the future geotubes. And this is not the case.

The wave data described in the previous section, with respect to the orientation of the shoreline at Ha'Tzuk
show that the relative angle may range from -20° (wave oriented northward with respect to the shoreline) to
45° (wave oriented southward with respect to the shoreline) with a dominant range of relative angle in 15-45°.
We take a margin deliberately. This suggests that wave climates may drive an alongshore drift which would be
oriented from the North to the South mostly. Such a transport would develop from the shoaling zone to the
beach, with an apex in the breaking zone (where the hydraulic bars occur) where a significant part of the
potential energy of the wave transform to kinetic energy. More specifically, a numerical work on Herzliya
(CAMERI, 2015) points out that the drift is Northward for the dominant incident waves W1 described in CAMER!
(2013) and Southwards for W2 wave conditions. It also indicates that the alongshore transport is maximal off
300-500 m with respect to the shoreline (under some limiting numerical hypothesis).

All the existing laws regarding alongshore transport of water (and thus sediment) are based on the fact that

the energy transfer to the shoreline is a function of the difference in between the incident wave angle 3o and
the angle 6 of the shoreline with respect to a common reference (see e.g. Figure 35).

Figure 35: mechanics of along shore transport and wave angles
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A shoreline S locally oriented with an angle 8, with respect to a reference and forced by waves with an angle of incidence 8 in the
same coordinate system. The transfer from the deep water to the shoreline of any physical parameter E (like the energy or a mass
transport) controlled by the wave propagation is a function of (6,-6). More precisely, the ratio of E that propagates to the beach is
cos(0,-6), and the alongshore contribution of this ratio is sin(5,-6) which means that the ratio of E that would propagate along shore
along the shoreline is 0s(0,-6)sin(5,-6). As a consequence, the maximal alongshore contribution to the shoreline is %2E for a
quantity E defined in deep water (% is the max of the product of a sine with a cosine). The minimal contribution is when wave
relative angle is normal to the shore or parallel to the shore. The last result could be surprising. Actually, if E propagation is
alongshore strictly, there is no way to accumulate E to the shoreline. So the transport is not efficient at all.
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If one considers a given water mass transport M, in the deep water (or any physical parameters
transported with waves or wave groups), the alongshore portion of the water mass transport that would concern
the near shore beach would be M;.cos(d,-8)sin(8e-8).

This ratio of energy is maximal when the relative angle of incidence is of the order of 45° and minimal when
the relative angle is zero or 90° (see explanation on Figure 35). For a given deep water wave energy in front
of Ha'Tzuk, we may record the most significant alongshore drift with W2 conditions and a more limited one
under W1 conditions.

A regional South to North alongshore drift occurs in the shoreface (kit & sladkevitch, unknown date; klein et
al., 2006). This regional drift develops at the scale of Israel. This general process is forced by the buoyancy,
the wind field and the atmospheric pressure competing with each other. Carmel et al. (1985) suggests that
such a drift is also controlled by the relative changes in the incoming wave and shoreline orientations that
globally drives a South to North drift whatever may be the wave orientation. However, the possible incursions
of such a regional circulation in the near shore is not well demonstrated by facts. Some scientisis in
Israel defend it orally from direct observations in the field (not quantified). Alternatively, Kit & Sladekevitch
{unknown date) together with Kunista (2000) argue for no intrusion of the regional circulation in the
nearshore zone.

The water mass transport in the nearshore involving sediment transport, we can infer such hydrodynamics
thanks to their consequences in terms of long term lateral distribution of sand accumulation / erosion at
the shoreline. According to this method, within the Tel Aviv area, there is a debate relative to the orientation of
the sediment drifting. Some field evidences argue for a North to South sediment displacement at the shoreline
(limited accumulation of sand downstream shoreline infrastructures, tiny asymmetry of sand salients or
tombolos). But those evidences do not concern directly the Ha'Tzuk — Banana cliff cell; although they suggest
quite complex local circulation patterns, they should not be considered for the Ha'Tzuk system where such
evidences are very poor. However, if is poor to say that such a local beach circulation must exist as hydraulic
bar develop within 300 m off the shoreline.

There exist onshore/ offshore currents in the nearshore (Klein et al, 2006) that could move sediment in
water depth enough to initiate net seaward transports especially during storms. Such a process could
be at the origin of net loss of sediment for the Ha'Tzuk beach. Forth, Almagor et al. 2000) describe the
Israeli circulation patterns in the shoreface and suggest a typical mechanism: “Bottom friction plays an
important role in shaping the circulation by creating a northward component of flow in the sea-bottom boundary
layer, obliquely across the shelf, from shallow to deep water”. Combined with severe wave conditions, this kind
of process can drive a net seaward flow of sediment.

The Figure 36 tentatively summarizes the possible circulation patterns in Ha'Tzuk beach.

Figure 36: Possible circulation patterns in Ha'Tzuk beach
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The existing literature (sometimes with contradictory contents) and the considerations exposed herein this report determine the
possible (or not) circulation patterns in the shoreface and in the nearshore zone of Ha'Tzuk beach and Ha'Tzuk - Banana cliff
sedimentary cell.

Source: Google-earth, F.Bouchette-BRLI, 2017
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The general circulation is alternatively summarized in Almagor et al. (2000). “The nearshore longshore
currents, the chief agents of sand transport, are the result of wind- generated waves that break at an angle to
the shoreline, there by causing a flow along a narrow nearshore zone. The currents reach a depth of 6 —
7 m , some 300 — 350 m offshore [...]. The direction and magnitude are mainly determined by the height,
pe riod, and direction of the waves [...]. Changes in angle between the impinging wave fronts and the broadly
concave coastline of northern Sinai and Israel cause a gradual northward decline in the magnitude of the
longshore currents along lIsrael’'s shore [...] Beyond Netanya, the angle of wave impingement on the shore
generates a southward flowing current. The nodal points ( where northward flow meets southward flow)
migrate back and forth between Yafo and Netanya but may extend along the entire shoreline of Israel from
Gaza to Haifa, depending on [possible marginal] wave front directions. The long- term net sand transport
is, however, directed northward, because of the stronger longshore currents generated by the winter storms
from the South-West".

In short:

» From a simple observation of the wave incident angle, the wave-driven alongshore water mass
transport (2D current) in the near shore could be preferentially oriented southward under fair weather
conditions and oriented in both direction under storms conditions. This information is defined excluding
any other forcing but waves.

» To the regional scale, the shoreface drift is oriented northward. This drift concerns water depths
greater than 7-10 m. There is no evidence to confirm or deny (too poorly documented) that such a drift
may alter the near shore circulation patterns in less than 7-5 m of water depth ;

» Finally, there must exist some kind of alongshore drift within Ha'Tzuk beach, but all the informations
available suggest that its time average value is low, and such an alongshore transport may not be a
dramatic parameter in the design process of the coastal defense structures :

» There may have some offshore departure of sediment after specific forcing conditions (shortly
documented). As such a process may contribute to the long term erosion of the beach, it must be reported
with caution ;

> A possible activity to improve general knowledge —but not necessary for the study- would be an in-situ
field survey (ADPC, ADV, pressure head nets) of the near shore circulation, in 1-8 m of water depth
along a cross-shore profile, for a one year long period ideally (to get the most of the possible forcing
scenarios). Observing directly the near shore circulation in the region of interest would allow to
discriminate the effect of the regional circulation superimposed to the local circulation patterns. This is
not a requirement as this kind of field survey is expensive and would require a one year long delay.
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4.1.3 Ebb, Flow Regime and Sea Level

The ebb and flow regime in the Mediterranean is bi-daily, namely two cycles in a day. The tidal area is 40 cm
for “spring” tide and 15 c¢m for low tide. However, the sea level could be higher due to extreme meteorological
conditions.

Table 2 : Table of average sea level ()

Low Sea Level, m High Sea Level. m
Average Return Period —5 o o5 o987 Rosen, 1995 Stiasmic, 1957
Vears relative o the relative tothe  relative to the  relarive to the

IL.8D MSL ILSD MSL

[| -(.38 -0.41 =064 (.60

S0 0,74 -0.79 =1.04 + .00

100 -0.87 -0.90 -1.10 =1.06

Source : Coastal Agency report -2016
During wave storms, a considerate rate should be added to the tide level, due to wave set up. The following

diagram presents sea level values for a combination of tides with return periods of 5 years (+0.80 meters) and
wave set up, evaluation of sea levels due to tides, set-up and run-up during storms.

Figure 37 : sea level as dependent on the return periods in years
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The curve data shows that events where the water level reaches a level of +3.0 meters (compared with the
national balancing zero) are not rare, and therefore, the cliff base (starting at +2.0 meters) is exposed to a
direct attack by waves.

The changing of the sea level opposite the Israeli coast is based on measurements conducted at various times.
The changing of the sea level according to Sheerman and Meltzer (2002) is presented in Figure 38 hereinafter.

The data points to a trend of increase as of 1990, at a rate of about 1 ¢cm a year. However, in previous decades,
periods of a decrease in level were also recorded. Although it is acceptable to assume the sea level rises, its
rate is unclear.
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Figure 38 : changing of the sea-level according to Sheerman-Meltzer (2002)
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4.1.4 Shoreline dynamics

The existing data relative to shoreline dynamics and the obvious field observations one can make on the
current emerged beach are for sure at the origin of the project of beach protection.

Bathymetrically, the shallow depths are characterized by irregular depth lines, which create a coastal profile with
great variance. A depth line of 3 meters is located at a uniform distance of 240 meters from the waterline, and a very
moderate average slope is received, of 1:80; a depth line of 2 meters is found at a range of 55-180 meters and an
average slope of 1:30 to 1:90 (see ).

HaTsuk Beach is a coast with a slightly bending waterline, with a general direction of azimuth of 17° and a length of
about 700 meters. The coastline is sandy and narrow. lts width changes in an area of 10-25 meters depending on
the seasons and the coast's response to significant winter storms.

Figure 39 : Example of Storm damages in Israeli mediterranean coast

At the scale of Israel, the shoreline gradually moves seaward to the South and erodes to the North (respectively
+20 m and — 25 m from 1948 to 1989; Aimagor et al., 2000) with an inflexion point located in the South of
Ashdod. Where it occurs, the coastal erosion is clearly evidenced onland by the landward migration of the
backshore kurkar cliff (see next section).
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Plan view shoreline dynamics in Ha'Tzuk beach and Hatkuk — Banana cliff cell have been well studied already.
The shoreline dynamics have been documented with sets of aerial photographs (since 1967 to 2017, including
1968, 1978, 1984, 1986, 1995, 1998, 2005, partly 2009, 2011, 2015, 2016 and very high resolutions
photographs in 2015, 2016, 2017). Several synthesis have been made by Tel Aviv Authorities (we do not
have the full document, just the relevant extracted maps, which is enough for our purpose).

Classically, as the field survey are not forcefully performed under the same instantaneous sea and water level
conditions and does not inherit from the same storm successions (a succession of storms strongly controls the
current short term shoreline position), it is difficult to decipher the high frequency shoreline displacements from
the long-term trend (see section 2).

But any calculation of mean shore displacement (e.g. 5 years; from 2005 to 2009) between Herzliya
and Baruch tombolo point out metric to pluri-metric retreat of the shoreline to the exception of the locations
nearby anthropic infrastructures. This means that the shore retreat is a clear tendency since years, and is
obviously confirmed in the recent years.

Like everywhere along any Mediterranean coastline, the damning of major rivers and the changes in meteo-
marine forcings (e.g. frequency and intensity of winter storms) are invoked as aggravating factors of shore
erosion.

The last storm observed and producing serious damages on the Ha'Tzuk Beach was in January 2015. The
retreat of the waterline according to the image from May 2015 is significant and is probably a response to
storms during January-March 2015 ( return period of about 25 years).

Figure 40: Examples of shoreline position in Ha'Tzuk - Banana cliff sedimentary cell at different epochs (figures
made after material provided by ATARIM/ Unknown copyright
July 27th, 2015 January 28th, 2016 June 18th, 2016 january 11th, 2017 january 20th, 2017
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Figure 41 : Changes of the coastline in Ha'Tzuk beach between 2004 and 2015
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Source: Coastal Agency, 2016
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4.1.5 Sedimentology, seabottom textures and coastal architecture

Figure 42: Bathymetric map of Ha'Tzuk beach.
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The beach sediment is a quasi pure sand with a ds, diameter approximately 180 um in 3 m of water depth
and approx 200 um in 4 m of water depth. Grain size gradients in the near shore are unknown but may exist,
suggested by typical geomorphic features in the near shore (Figure 13).

The report from the coastal Agency-ETHIS-SIE (2018) refer to three areas two on the shore (beach rocks) and
1 at sea (see Chapter 2.3.2) and their presence could be suggested by some contour lines of the sea bottom
maps (Figure 42).

Sand occurs mostly every where onto the emerged beach up to the foot of the cliff made of older consolidated
sands. However, some beds of consolidated sand directly occur onto the emerged beach (Figure 43).
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Those consolidated beds have been reported for years and thus cannot be associated to the recent abrasion
of the beach. Nonetheless, their occurrence contributes to the increase of the reflexive conditions when
waves land the emerged beach.

Figure 43: Some photographs of Ha'Tzuk beach (April 29th, 2017).

(A) Emerged beach profile with shoreline instabilities (intermediate energy beach) and beach rocks piercing the surface sand stock;
(B) Hatkuz cliff at the very end northemn border of Tel Aviv city. It is made of consolidated material, with a dip opposite to the present
day mean slope ; (C) Accumulation of sand along artificial strengthening structures to the top of the emerged beach (could result from
past high water level during storm conditions or re-mobilized sand by wind).It was said orally that water level during storm may
reach 1.5 m above mean sea level: but no data in relation with water level (over- topping, storm run-up,...) has been identified;
(D) a beach rock in the swash zone and (E) a pebble of consolidated sand whose occurrence means that rocky substrate is attacked
somewhere around; (F) the southern end of Ha'Tzuk beach (with Banana cliff into the background).
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There are no available data relative to the coastal tract architecture, unlike it has been done in other places
along Israeli coast. As a consequence, the Figure 44 shows a virtual geological profile of a coastal tract like
the one that may occur in Ha'Tzuk — Banana cliff sedimentary cell (built after oral informations and general
informations in literature, e.g. Arkin & Michaeli, 1985; Aimagor & Shilman, 1995; Almagor et al., 2000).

Figure 44: A virtual cross shore profile of the coastal tract. Kurkar formation are cemented quartz sand forming
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Source : Arkin & Michaeli, 1985; Almagor et al. 2000

The presence of Ha'Tzuk cliff and Banana cliff suggest that the “rocky” substrate (mostly cemented quartz
sand termed KURKAR) occur quite near below the sea bottom just nearby the shoreline. In the field, it
seems obvious that the Kurkar formation made of cemented sandstone and quartz sand (including paelo-
dunes geomorphic features) Pleistocene/ Holcene in age are clearly distinct from very recent beach rock of
unknown origin (typically the result of early diagenesis of the sand at the base of the active stock).

A specific survey was undertaken by ATARIM for the project in September 20186. It confirms the bathymetric
contours analysis and the assumptions from coastal Agency-ETHIS-SIE (2016).
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Figure 45 : hard sea bottom of Ha'Tzuk beach (sept 19th, 2016)
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in 3 to 5 m of water depth which is 200-300 m off the shoreline nearby Baruch, the sediment thickness by
pricking (11 runs) ranges between 1.5 and several meters. If one considers this informations without any
other consideration, it could be said that the beach still contains a significant active stock of sand. However,
the pricking tests being very localized and the regional erosional surface being possibly very irregular due to
past continental erosion before the last transgression (figure 15), the volume of active sand could be very
limited finally.

Sand stocks exist on the continental shelf in tens of meters of water depth (Almagor et al., 2000). However,
no precise information regarding the sand stock in the shoreface nearby Ha'Tzuk system has been pointed
out. The nearest material with respect to this concern is a report in Hebrew (Dov Rosen, 2005) where some
maps with differential sand deposit thicknesses are presented.

In short:

» The good health of the beach with respect to the existing sand stock cannot be clearly established from
the existing data. There are some evidences that suggest that the beach is endangered ;

» Rocky layers are led at subsurface from 250 to 300 m far from sea shore. Depending on season, and
natural sediment dynamic, the sand can overlay it with a thin thickness.

> Several initiatives could be performed during the PHASE B by the partners to answer the question of the
existing sand resources for two main reasons: (1) to better characterize the health of the beach; and (2)
to check if local sand is available for possible beach nourishment planed in the beach defense strategy;

» To improve our knowledge on the sand stock, possible methods include pricking/ jetting (cheap, but
discrete information) or Very High Resolution seismic investigation (Chirp or equivalent) coupled with
georadar onland (more expensive but definitely more precise). This is not a requirement but a
suggestion.

W

Marine engimeermng pranning services of submerged detached breakwaters
with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv - Yafo, Israel- Report Stage A.

@Eg ’

¥ ¥




54 5. Part 5: Definition of an adapted response and methodology

5. PART 5: DEFINITION OF AN ADAPTED RESPONSE AND
METHODOLOGY

We base the question of the defense of the Ha'Tzuk beach against erosion and coastal hazards on the
combination of two points of view:

> we use traditional engineering, which is an association of field works, physical experimentation and
numerical modelling to understand the behavior of the system and the consequences (pro & cons) of
the deployment of the coastal defense structures foreseen;

> we use innovative R&D methods, mainly optimal theory applied to the design of coastal defense structures
itself, to counterbalance the fact that traditional methods are not sufficiently constrained in most engineering
works (due to a lack of precise informations mainly, and also because the natural processes and couplings
involved in the mechanisms at the origin of the erosion cannot be decently and honestly modeled in a purely
deterministic way).

Forth, we implement solutions that could be said to derive from soft engineering or environmental reverse
engineering strategies; we operate doing things that help the beach system to evolve “naturally” toward another
behavior; as often as possible, we try to not fight against Nature but cooperate with.

In the following, we validate first the fact that the key issues of the project can be handled, after the
feed back we have from the analysis of the existing hydro- morphodynamic data. Then, we present the exact
methodology defined for this project to discuss and implement in PHASE B.

5.1 HANDLING THE KEY ISSUES

5.1.1 Using geotube in Ha'Tzuk is a relevant idea to protect against erosion
and possibly high water levels ?

YES. We evidence the fact that Ha'Tzuk beach is a moderate energy dissipative microtidal barred sand system.
Ha'Tzuk beach is almost the same as Séte beach South of France; its mean gentle slope is similar; the mean
grain size is similar. Yet, Sete beach is a place where a geotube solution has been deployed successfully :
reduced beach erosion evidences and a significant seaward shoreline shift have been observed after the
geotube deployment and until now (more than 6 years after). This is a strong ascertainment that make us
confident to elaborate a full strategy based on geotubes for the protection of Ha'Tzuk beach.

Moreover we can select a type of defense solution quite similar to that already identified for Séte beach.
However, we still have to define the exact features and location of such a geotube structure.

5.1.2 Can we enlarge and secure stability of an emerged beach in Ha’Tzuk
with a relevant defense strategy ?

YES, it is technically possible, but it relies on a combination of means and solutions and not only beach
nourishment for example. It is linked to the choice and the political/ financial constraints of the partners.
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If one consider beach nourishment strictly without any other defense action, the duration of the reconstructed
beach is highly dependent of the occurrence of a winter storm strong enough to trigger sand remobilization all
along the cross-shore profile, driving net sand transport toward the deep shoreface or laterally outside the
zone of interest. The duration of a non protected reconstructed beach is not predictable but could be
dramatically short (typically less than one year). So the recurrent beach nourishment may be really too
expensive. In such a case, the answer to the question would be NO.

With a geotube solution without any beach nourishment, the mean energy of the system would be reduced
globally and all the time. This is a direct and obvious consequence of the principle of controlling hydraulic
energy while waves propagate shoreward. In the situation where the efficiency of the chosen defense system
might not be optimal, the speed at which the sand moves away would be strongly lowered but would still drive
a residual long term erosion. In such a case, combining a geotube solution and sparse nourishments would
guarantee a constant beach width along the Ha'Tzuk stretch. And the answer to the question would be
YES if the complementary beach nourishment is accepied by the partners.

The occurrence of an extreme event like the WOA level 7 storms mentioned in a previous section is not
predictable. If we have to dimension the solution to guarantee the fact that such an event won't destroy the
beach for a while (a couple of weeks, a month,...), the answer is NO. However, if the partner accepts that the
beach may be partly and temporarily damaged and then built up again (by means of self-reconstruction
facilitated by the defense solution), the answer to the question is YES.

In other words, we can guarantee a minimal beach width assuming that (1) additional beach nourishments
may be mandatory to counterbalance a too poor sand stock, and (2) the beach would be temporarily destroyed
in case of very severe storms for which any coastal defense dimensioning would be a nonsense ((e.g. a
seawall in 5 m of water depth).

However, with respect to our former experience of such a family of defense system, and having in mind a
global overview of the Ha'Tzuk system, a certain width of more than 20 m could be obtained and would be
precized in the next steps of the study.

This value cannot be secured at the actual stage of the study, as far as we just have global trends and do not
have yet precise informations on the coastal tract architecture (and thus the sand stock) and on local current
dynamics.

5.1.3 Would the solution against beach erosion reduce also the formation of
upper beach scarps during storms and thus would better control the
beach cliff erosion ?

Most of the time, YES. Beach cliff erosion is active when two mechanisms occur concomitantly at the shoreline.
First, to be eroded, the beach cliff must be attacked by bores (derived from waves) strong enough to break the
cohesiveness of the material constitutive of the beach cliff. But usually, the swash do not reach the foot of the
cliff. So, to trigger beach cliff, the water level must be higher than usual in the same time as such robust bores
occur.

The meteo-marine and hydrodynamic processes that control the water level are not exactly the same as
those that control the remobilization/ transport of sand, although very complex interactions exist in between
the two families of processes. The erosion is driven to the first order by the wave energy (potential and
kinetic) within the full nearshore zone, especially in the surf zone. The water level to the shoreline is a
complex superimposition/ coupling of the effects of many meteo-marine forcings (atmospheric pressure,
waves, wind, edge waves, infra-gravity waves, 3D circulation,...).

The defense solution is first designed to deal with the beach erosion. As we plan to implement the same type
of solution as that chosen in Sete beach, France, we already know that the main engineering objective will be
to reduce the global near shore wave energy between an artificial sand bar (the geotube itself) and the
shoreline. Doing so, we also alter a part of the causes of the beach cliff erosion:
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» Waves will have much less energy at the shoreline, although if the water level is high and the water
depth over the geotube increases. The defense structure design will takes into account the changes in
water depth over the geotube apex. So, the lower the wave energy at the cliff foot, the lower the abrasion;

» The wave setup (the increase in water level due to the shoreward water mass transport driven by wave
skewness in the shoaling/ surf zone) will be systematically reduced by the deployment of the geotube. More
precisely, the wave setup will increase as waves approach the geotube and will be significantly smoothed
in the lee side of the structure. This is a basic result of the linear wave theory and is observed in the field,
in experimentation and by numerical means;

> Infra-gravity waves are slow and long waves (period of 30 s to 2 min approximately) that result from wave/
wave interaction in the deep water and/ or in the nearshore in presence of hydraulic bars. Infra-gravity
waves infer out of phase slow and up to 1.5 m high vertical oscillations of the water level. As a
consequence, infra-gravity can significantly change the water level to the shoreline minute after minute.
When waves propagate over a low crested structure, a geotube or any bathymetric perturbation of the
seabottom, wave/ wave interaction may be periurbated and so the content of the infra-gravity spectrum.
The forecasting of the infra-gravity signature in presence of any defense structure, as well as that of possible
edge waves, is not straightforward. If the geotube solution increases the energy of the infra- gravity
spectrum, an increase of the water level to the shoreline may occur. On the contrary, the deployment of
the geotube will have a beneficial impact to the beach cliff erosion ;

> The swash and the beach run-up are functions of the wave features, of basic morphologic features (such
as the mean beach slope) and possibly of the infra-gravity. As soon as those driving processes are
reduced, the impact at the foot of the beach cliff is limited also ;

> Last, if the beach widih is well controlled by the presence of the geotube (main goal of the defense
strategy), the fact that the foot of the cliff is systematically located far from the current swash zone has an
immediate beneficial impact on its abrasion: basically, it will be less often touched by the swash.

As a consequence, there are good chances that the positive effect of the geotube on the beach
width willalso infer a decrease or nullify the beach cliff erosion. Having in mind the possible counterbalancing
process mentioned above, in the defense strategy presented in the following section, we clearly indicate how
and when we handle the question of the impact of the geotube on the infra-gravity content and more generally
the water level at the shoreline.

5.1.4 Would the transformation of the Ha’Tzuk hydro- morphodynamics by
the deployment of geotubes modify that of Herzylia Marina to the
North?

NO, as long as we have moderate alongshore currents. Before to answer this question, one would have first
to determine whether or not the current hydrodynamics in Ha'Tzuk already compel that of Herzliya, without any
geotube. Our state of the art has demonstrated that there are very poor informations relative to the near shore
hydrodynamics in the Ha'Tzuk — Banana cliff sedimentary cell. The existing simulations look fine, but a
simulation is a model, not the reality; it shows given and well- defined physics, no more.

The geotubes deployed in Sete in a context where the alongshore currents are significant did not drive any
significant increase of the alongshore processes. It can be supposed that, for a quite similar design in
Ha'Tzuk where the alongshore signature seems to be much less, the geotube deployment will not result in any
additional side effect.

That being said, however, it would be necessary to characterize the nearshore hydrodynamics of Ha'Tzuk if
the partners want to be able to defend robustly his position in a future possible debate relative to the impact of
the defense structures on Herzliya. Indeed, no one may discuss the impact of the geotubes if no initial
state is clearly defined.

pbriitfraysse\a00166_sand filled containers tel avii7_productioni01_report_stage_ala00165_report_stage_a_v2_vm - nfr.docx / Nicolas Fraysse

Marine engineering planning services of submerged detached breakwaters
with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv - Yafo, Israel- Report Stage A



5. Part 5: Definition of an adapted response and methodology 57

5.1.5 Are beach or bar nourishment possible ?

This question is open. The answer depends on (i) the identification of local stocks of compatible sand, (ii) the
quantification of the amount of sand to be used which can be estimated after a basic quantification of the
existing sand stock in Ha'Tzuk. From an administrative point of view, we assume that the partner ATARIM can
obtain the required authorization to extract sand from the shoreface, to transport it and/or to deposit it in the
nearshore. Considering that these practices are possible, and that enough sand can be moved to Ha'Tzuk
beach from a foreign source (it was said to us that Israel use sand from the North brought by boat) eventually,
the answer to the question is YES. But this question should be explored further in the study after receiving
answers on :

e What are the constraints and conditions in Israel for sand nourishment of beaches (regulations and
example of practice)

e What are the conditions for sand export to one place from foreign sources ? at what condition it is
possible ?

e What is the local actual sand stock

5.1.6 Is there enough sand resource to create geotube system ?

The local sand resource is wide enough to inflate the geotubes. A quick calculation shox that 30 m3 of sand is
needed to create a 2 geotube system with 3 m height and 6 me wide geometry like was constructed the similar
Séte wave attenuator.

The local sans resources around Ha'Tzuk are greater than 30 m3/ml under 5 or 6 m water depth. If necessary,
stocks 500 m around project site could be mobilised easily.

To secure the sand location, it is necessary to analyse the results of a specific survey (the survey needed to
check whether beach or bar nourishment is possible).

5.1.7 Does the Geotube will modify the local biodiversity ?

Installation of geotubes in Sandy Bottom modify the underwater landscape but produce also new habitats and
hidden places favourable for marine flora and fauna colonisation. On other geotubes sites in similar
Mediterranean shore it was noticed rapid colonisation developement with algae (brown algae) and a certain
variety of fauna developed like mussels (m. edulis), octopus, lobsters and fishes.

Since the subsurface rock layers are seasonnaly covered by sand, they are not supposed to accept sensitive
species. The biological impact of a geotube settling is thus supposed to be low.

5.1.8 Does geotubes affect sea traffic and does it need protection ?

Geotubes can be armed by boat propeller. Specific bouys and restriction for motor boats should be
implemented when installed. Since geotubes are under water and are not on the shore, they are generally not
armed by other means or volunteer destructions with knifes, etc... Moreover the structure are filled with
compact sand explaining the difficulty to grab and arm them with simple knifes , the natural colonisation rapidly
develop a specific coating around the geotubes that also protect them.

During the design process it will be discussed about the minimal water height under the geotube to prevent or
lower physical (natural or anthropic) damages.
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5.2 CONCEPTUAL AND PRACTICAL DESIGN STRATEGY

In this section, we first present what R&D optimal theory is. Then we describe the practical strategy
proposed to ATARIM to tackle the question of beach erosion in Ha'Tzuk (and incidentally the beach cliff
erosion). This strategy is based on the following steps:

» pre-select a category of geotube solutions based on our former experience: we plan to deploy lines of
geotubes parallel to the shore.

» calculate by optimal design the best configuration for that type of geotube solution and best location
of the geotubes;

» validate this optimal solution with classical numerical modelling, especially regarding the impact of the
geotube on the nearshore circulation patterns. For that step, the question of the effect of the geotube on
Herzliya area can be discussed;

» validate the efficiency of the optimal solution with a targeted experimentation in a small wave/ wind / water
level flume. There, we can get some robust insurance that the best solution with respect to the soft
engineering point of view is also a good solution with respect to what we finally except: reducing the water
level, reducing the energy in the lee side of the hydraulic bars;

» define additional protection actions (beach nourishment, artificial bar nourishment, shoreface
nourishment,...) to reinforce the optimal design approach.

5.2.1 Optimal design for the best geotube solution

Shape optimization is the science that looks for the best shape of an object with respectto the minimization/
maximization of a cost function which is supposed to describe correctly the state of the system considered.
Since 10 years, in coastal sciences, minimization principles are deeply used in the coupling of fluid-structure
to model in a single comprehensive workflow (i) the propagation of the wave field and the water mass
circulation, (ii) the seabottom evolution in the nearshore and on the beach and (iii) the automatic design of
coastal defense structures in complex geometric configurations where the natural system interacts with
human actions. Such situations are almost impossible to handle with a traditional approach based on the
coupling of various PDE (mathematical/ physical models). More precisely, the engineer thinking about a
personal solution based on his personal forcefully limited experience cannot be sure that he has the best
solution possible.

Ten years ago, we started to design simple low-crested coastal defense structures by shape optimization to
minimize the wave energy in the nearshore, considering that reducing the nearshore wave field energy
may bring back some sand to the shoreline which is a very basic observation for any sand beach system
(Isebe etal, 2008a). These pioneer works have then been extended to design several other defense structures,
like peculiar piers and jetties (Isebe et al., 2008b), and more evolved low-crested structures (practically, some
geotextile tubes; Azerad et al., 2007). We have continued to introduce an increasing complexity in the shape
optimization problem (Azérad et al., 2008) until we deploy a comprehensive solution in the western beach of
Sete, where the littoral system suffered a dramatic erosion. The defense solution implemented there exactly
followed the optimal design promoted by our R&D methodology. And several years after the deployment, the
significant natural ingress of the beach (25 m / year since the geotube deployment) is the most striking evidence
of this successful operation.

During this 10 years long period, we have also realized that the classical numerical modelling (solving EDP
with numerical schemes) of nearshore hydro-morphodynamics has reached some intrinsic limitations (Idier
et al, 2013): obligation to parameterize more and more complex physics, ultra-dependency of the simulations
to the initial conditions (single storm or sets of successive storms ?), boundary conditions (how to embed in
the simulation the changes of the nearshore seabottom during a storm event ?), increasing calculation time,
incapacity to nucleate geomorphic features like nearshore sand bars,...
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From this statement, we have introduced another point of view for nearshore hydro- morphodynamic modelling
based on minimization principles. Indeed, a sandy bed is now seen as a structure with low (and controllable)
stiffness. Wave propagation/ water motion are described by Saint Venant, Boussinesq equations, mild slope
equation or any other relevant physics for the problem posed. The coupling is based on the assumption that
the bed tentatively adapts to the flow in order to minimize some energy quantity together with minimal
sand transport (Bouharguane et al, 2010). The approach is shown being equivalent to the use of an Exner
equation (Bouharguane and Mohammadi, 2012) for the bed with a nonlocal expression for the sediment
transport flux. Because the choice of the functional permits to include different physical quantities which might
play a role either in bottom morphodynamics or hydrodynamics, the approach is both a research tool for
validating different modeling hypothesis and an engineering tool for helping the development of coastal
management strategies. It is even adapted to take into account uncertainty in the modelling process
(Mohammadi and Bouchette, 2014). Very recently, we have embedded the effect of infra-gravity in the design
process (Mohammadi & Bouchette, 2016).

Practically, we use our home-made shape optimizer coupled with a hydrodynamic module. For the Ha'Tzuk
project, we use a hydrodynamic module that calculates basic parameters like wave height, wave period,
radiation stresses and energy at various points in a domain extending from 7-8 m of water depth to the
shoreline. Several hydrodynamic module are compared (Boussinesg-like, Saini Venant, REFDIF,
Shorecire,...). Our former experience demonstrates — and this is the strength of this approach — that the type
of model providing wave features and derived parameters is not essential. Figure 46 describes then the
full workflow for the design procedure.

Figure 46: The optimal design workflow.
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For the Ha'Tzuk project, we suggest to start the optimization procedure with the following cost function:
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where psi refers to the parameterization considered, Omega is the computational domain considered (Ha'Tzuk
beach from Herzliya to Baruch tombolo), rho refer to sediment and water density, g is the acceleration of
gravity and T is a slow time (that refers to the fact that morphodynamic kinematics are much slower than
hydrodynamics). This functional contains two terms. The first one tentatively minimizes a global energy (square
of the water surface elevation integrated in time). The second term tentatively minimizes the sand
displacement: the system will behave beiter if the sand remobilization is minimized. In other words, sand may
move (to rebuild the natural hydraulic dune, to ingress the emerged beach,...), but not too much. A stable sand
favors a stable beach.

More precisely, we compute a functional Ju.r.x which is the ratio  Jed/Jeos 0f the two following
functionals:

» The functional Jy.q calculated with the definition above for the waves that are lower than the threshold
ETwave strictly.

» The functional Jwg calculated with the definition above for the waves that are higher than the threshold
Etwave strictly.

After the analysis of the existing data, we already performed a first set of runs with the shape optimizer coupled
with a simple hydrodynamic module called REFDIF (a Berkhoff equation dealing with refraction-diffraction on
a gentle sloping bottom) and forced by monochromatic waves estimated after the existing wave statistics.
Forth, we already know that ETwa. will certainly range in between 1.5 m and 2 m, so that we can provide
estimation of the total functional Ju.ta. These runs are tests and they won't be provided as results. Forth,
obviously, they are not considered as the official optimal design procedure that will be performed during
PHASE B (see next section). We provide preliminary resulis to feed the forthcoming strategic discussions.

The preliminary optimal design suggests that a line of geotube (of unknown wideness — set to 6 m for the tests)
would be optimal with respect to the functional Jua.tux if deployed somewhere in between 190 and 340 m
off the current shoreline.

At now, the uncertainty on the location of the geotube infrastructure comes from the uncertainties on ETwawe ,
wave statistics, possibly the choice of the hydrodynamic module, possibly a strong variability of the sea bottom
shape through time in the deep nearshore, possibly the definition of the functional if infra-gravity is of major
concern in such a dissipative beach...

Those parameters will be tested and included in the procedure during the PHASE B to highlight a more precise
geotube location. Then, the optimal solution will be tested by various means which are described in the next
section with the presentation of the comprehensive defense strategy.
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5.2.2 The conception strategy for the project

The Figure 47 presents a full and self-content description of the strategy proposed for the PHASE B of the
project.

Figure 47: Strategy for the defense of Ha'Tzuk against beach erosion & beach cliff abrasion.

successive
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A COASTAL DEFENSE
SOLUTION BASED ON
GEOTUBES AND
SAND SUPPLY

Steps 1 to 4 will be performed before the experimentation starts. The experimentation is describe in Appendix
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5.2.3 Physical modelling strategy

Regarding the aim of the project, the site characteristics, the available data and the modelling strategy, it is
necessary to secure a few information from experimental tests :

1. Transfer coefficient on top of geotubes (validation of optimal design by classical engineering)
2. Local scour around geotubes (for internal design of geotubes scour apron)

3. Morphological pattenrs in response to geotubes deployment, including local scour around geotubes
(for global shoreline tendancies)

The following table aims to help choosing the optimal way (delay, cost, quality of the results) to give answers
to this questioning and then conclude the conceptual design of the geotubes.

Marine engineering planning services of submerged detached

breakwaters with sand filled containers at the front of Ha'Tzuk Beachin
Physical modelling strategy

3 ——
23/05/2017 Ingéenierie
L _ |average average  |Alternative solution (cost /

N° Questionning General way to handle it e delay delay) Comment

Transfer coefficient ontop of  |2D solid flume NO (poor bibliography / no

geotubes (validation of optimal |experimentation (wave / good specific solution for

ol design by classical engineering) |current / wind and surge) |25/35k€HT |1 month Hatzuk project site} Recommended

YES : re-use existing flume
experimentation performed
in COPTER R&D program and
re-analyse for Hatzuk /

Local scour around geotubes 12k€HT for re-analyse

{for intemal design of geotubes|2D mobile sea bottom 203 regarding Hatzuk specific Necessary,

2 sScour apron) flume exp. (wave only} |60/ 80k€HT |months conditions / 1 month recommended
Not necessary,
because of too
many differences

YES alternative 1: re-use between 3D exp
morphological pattenss in existing 3D wave tank and field
response to geotubes experimentation performed |configuration.
deployment, induding local 3D mobile sea bottom in COPTER R&D program and  |Usefull for general
scour around geotubes (for basin exp. (=wave tank  |200/ 250 re-analyse for Hatzuk / 8k€HT |purpose available

3 |global shoreline tendandes)  |exp.} {(wave only) k€HT 6 months |/ 1. month} in literature

YES ; alternative 2 : trust field
validation of Séte and the
post deployment survey by

BRGM / Ok€HT / 1 month)

Regarding to our knowledge and state of the art, BRLi recommends to conduct a 2D solid flume and to
reanalyse former experiments that are physically similar to the Ha’Tzuk Beach Project. Appendix A gives the
specifications and scope of work for such a 2D solid flume experiment.
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5.2.4 The calibration and quality insurance strategy for the project

The Figure 47 presents a full and self-content description for the conception of the project. The following Figure
shows the internal validation and calibration process for the project. It is based upon the following basis :

- Skilled and experienced team regarding coastal engineering and coastal research ;

- Synthesis and discussion of all the relevant published research papers regarding the characterisation

of the site project

- Crossed and independent modelling strategy ; Optimal design / Traditional engineering modelling /

physical modelling.

- Use of return of experience and specific R&D programs to Ha'Tzuk project.
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o Traditional  Return of
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All the design and conception processes are handled through BRLi 2015 certified Insurance Quality. ISO 9001

by LRQA (Lloyds Register Quality Assurance).
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0 6. Part 6: Conclusion and elements for choosing a strategy for the protection of Ha'Tzuk Beach

6. PART 6: CONCLUSION AND ELEMENTS FOR CHOOSING A
STRATEGY FOR THE PROTECTION OF HA’'TZUK BEACH

The 3 first stages of the project :
- 1 Recommended impact area boundaries.

- 2 Preliminary review of the littoral cell where submerged detached breakwaters with Sand Filled
Containers would be constructed.

- 3 Preparation of specifications of marine models for a laboratory.
Are studied in the present document. It allows us to conclude :

- The Ha'Tzuk Beach and its natural hydrodynamic characterisation (bathymetry, waves, water levels,
current) is known at a level good enough for conception of the solution. Some more information
regarding currents could be interesting for general and local knowledge but not mandatory for the
study.

- A solution including geotube alone localted between 200 and 400 m far from shore, or geotube and
beach nourishment is convenient to fix the erosion problem of Hat'Tzuk Beach.

- A beach of more than 20 m width is possible to obtain, but its final witdth will depend on local sand
stock and global sand transit.

- Local sand resources are not precisely known and if it is sure that there will be sand enough for
geotube construction, it is not known if local natural sand stock is convenient to improve durably the
beach width in good conditions or if beach nourishment will be needed. A specific survey is to be
undertaken to secure sand stock information within the project area.

- The marine environmental constraints (benthos, algae and fish species) and human activities are
compatible with a geotube deployment. Some measures could be needed to lower potential impact.

- From past experiences, it is known that when the shape and location are optimised, there is no lateral
impact on erosion of non protected side beaches. Geotube as a wave attenuator is a soft solution,
environment friendly.

- From the available data analysed, physical a 2D strategy modelling was constructed. These model
experiment can be implemented without knowing exact local sand stocks since it is known that beach
rock is near surface.

- An effective calibration scheme was proposed to fulfil the project study. It will be conducted under ISO
9001 Quality Insurance.

- Afew lack of data where identified and the only mandatory missing information is regarding the local
sand stock.

Based on validation of the present document, it is possible to start the next task of the project.
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Appendix B- Design of a physical
experimentation to test a defense strategy
at Ha'tzuk beach (Tel Aviv Israel)

ATARIM and collaborators are presently involved in a project regarding (i) the understanding of
nearshore hydrodynamics and their consequences on sediment transport, water level and
wave impact to the shoreline and (ii) the design of innovative coastal defense structures based
on geotextile tubes to deal with erosion and submersion along a small segment at Ha'Tzuk
beach (Tel Aviv, Israel). This document briefly describes the needs of ATARIM and collaborators in
terms of physical experimentation in the framework of this project. Those needs are precise and
do not concern the whole project; they mainly address the validation of the location and size of
the geotube solution defined by optimal design. The content of this document is a guide for the
experimental strategy, and provides a set of required technical constraints to any one that would
ambition to manage the experimentation.

1. GENERAL FEATURES OF THE EXPERIMENTAL SETUP

The experimentation will be based on a wave flume in which the hydrodynamics of a shoreface
extending 400-500 m from the shoreline may be modeled with a good fulfilment of a relevant set
of scaled physical laws. The experimental device should display general features like those in
Figure 1. In such an experimental device, “sediment” layer may not be sand but a solid material
that correctly mimics the sand roughness. Indeed, the required experimentation is based on
solid bottom, no sediment transport, no morphological changes. It is a pure hydrodynamic
experimentation.

Figure 1: max dimension and mean features of the wave flume. Those are max dimensions. The flume should be
much smaller if possible.
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The Ha'Tzuk beach is a typical microtidal wave dominated sand beach. The flume should be able
to force the system with three types of processes:

> 1. wave,
» 2. wind

> 3. surge (increase of mean water level).

If possible, it would be really appreciated that the flume allows to combine such distinct forcings
in same runs so that critical extreme scenarios (storms, with wind, wave and surge) could be
tested.

The experimental strategy must describe clearly what is possible or notin terms of combination of
wave, wind and current forcings. The experimentation is 2DV (cross shore profile) assuming that
Ha'Tzuk hydrodynamics is mainly 2D, and not deeply controlled by 3D nearshore processes.

2. SCALING: BOTTOM, WAVE/ WIND & CURRENT CONDITIONS

The scaling of the experimentation depends upon the general features of the experimental flume,
the maximum wave height/ period, wind and surge process required for the experimentation and the
features of the bottom conditions. The limitation of the experimental setup will be clearly indicated.
The constraints relative to the bottom and the various forcings are described below.

Sea bottom constraints

The sea bottom condition will be a simple cross-shore profile with no alongshore variation, and
displaying an outer hydraulic bar. The experimental beach may not be similar to but representative of
the Ha'Tzuk beach which mean slope is close to 1:100. The maximal scaled water depth possibly
modeled will be clearly indicated. There exist bottom profiles exiracted from in-situ DEM
measurements at Ha’Tzuk beach. They could be provided for the preparation of the profile. However,
we recommend the use of a simple typical representative profile and not a real one.

On top of this bottom profile, two geotube configurations ( Configuration A, configuration B) will be
set. In the experimentation, the geotubes will be represented by a soft material (like sponge)
which has already demonstrated its efficiency in such experimentations. A simple dimensional
analysis will demonstrate that the material used for the geotube is physically consistent with
respectto the restof the scaled experimental setup. The specific features of the two configurations
A and B will be adapted depending upon the technical constraints. However, configuration A will
correspond to a deployment on the seaside of the natural outer hydraulic bar. Alternatively,
configuration B will correspond to a deployment at the top or nearby the natural outer hydraulic bar.
Height of the geotube will be adapted so that the water depth above the defense structure may be
higher than 2 m in the field.

Wave forcings

We clearly want to propagate dimensioned waves over periods allowing a correct expression of a
full wave spectrum (which means runs of more than 20 minutes, ideally 1 hou r). Typical JONSWAP
wave spectrum will be used. Forth, in the field, a typical storm follows a pattern increase—apex—
vanishing which is of first importance for the global dynamics of the system. Thus, for that reason,
and also because of constraints imposed by the scaling factors, the envelop of the experimental
storms in terms of wave height and wave period will look like those displayed in figure 3. A storm
will be sliced in a limited number of steps.

One weather wave condition (W1) and two different storms (W2 and W3) will be defined in terms of
wave height/period successions after the wave analysis at Ha'Tzuk provided by ATARIM and
collaborators to the partner in charge of the experimentation. The experimental setup must be able
to reproduce such storm patterns. Experimental wave features (height, period) will be determined
by the ensemble scaling analysis (see section 5).
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Wind forcings

Wind forcing will be used alone or superimposed to the wave forcing. Two scenarios will be tested.
A scenario 11 will correspond to a wind blowing in the same direction as the wave propagation.
A scenario 12 will correspond to a wind blowing in a direction opposite to that of the waves. In
both cases, the velocity of the wind will be the same, and defined by the technical constraints
of the experimental device. Experiment wind magnitude will be determined by the ensemble scaling
analysis (see section 5).

Figure 2 : Typical modeled storm in the field (Séte; 15-18 janvier 1999; where geotubes were already deployed).
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Figure 3 : Example of typical wave features (height, period) used in an experimentation linked to the field site
introduced in figure 2.
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Surge forcing, i.e. controled increase/decrease of mean water level, wil be used alone of
superimposed to the wave forcing. Two scenarios will be tested. Ascenario C1 will correspond to a
an increase of the mean water level (fo mimic storm surge associated to low-pressure
atmospheric system). A scenario C2 to a an decrease of the mean water level (to mimic MWL
setdown associated to anticyclonic conditions). In both cases, the setup/down magnitude will be
determined by the overall scaling of the experiments. Exact value and timing for the water level
rising will be defined by the technical constraints of the experimental device. Technically, the surge
can be controled by a direct input/output of water of by the changes in the velocity of a cross-
shore current superimposed to the waves. The partner wil indicate precisely how the surge is
driven.
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3. SCENARIOS

The different scenarios required are those mentioned in the following table.

Scenario Geotube Wave features Surge Wind o
configuration configuration | configuration
1 Config A W1 )
2 Config A w2
3 Config A W3
4 Config A w2 c1
5 Config A W2 c2
6 ~ Config A w2 H
7 Config A w2 12
8 Config B Wi1
9 Config B W2
10 Config B w3
11 Config B w2 ct |
12 Config B w2 c2 .
13 Config B w2 o
14 Config B w2 ! 2

These various scenarios will allow ATARIM and its partners to better constrain the final geotube
deployment, following their previous experience of coastal defense structure in Sete (France).

4. RESULTS

The experimentation will be based on the measurement of the water level with gauges distributed
along the cross-shore profile, like in figure 4. The acquisition frequency will be atleast 20 Hz. The
cross-shore resolution of the instrumentation must allow a precise quantification of wave
transformation and mean level wave-induced setup/down processes all along the studied area
(from the shoaling to the swash zone, see Fig. 4 for a minimal configuration). An interesting optional
data will be the velocity field at various points within the water column, all along the studied profile
(mean currents, orbital velocities, turbulence). In the response to the call of proposal, the applicant
will clearly explain what will be the facilities regarding the monitoring of wave features.

Figure 4 : Example of gauges (in red) distributed along an experimental wave profile.
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The water levels (and velocity data, if any) recorded will be stored as ASCI file in columns, with a
clear explanation of the time column and of the respective location of the measurement devices.
The final data may look like that provided in figure 5.

Figure 5: example of water level data acquired during an experimentation. That data will be then
manipulated to provide informations on waves, mean water levels, infra-gravity,...
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5. DEMONSTRATION OF PHYSICAL ROBUSTNESS

One major issue of the experiments is to ensure the relevancy of the scaling for most of the
involved parameters. It is clear that, due to the very gentle slope of the Ha'Tzuk beach, a
geometrical distortion should be accepted between horizontal and vertical dimensions. However,
a particular attention will be paid on the correctscaling for the following parameters.

The wave height

The overall scaling must allow a good representation of wave breaking dynamics, i.e. to avoid
capilarity effects.

The surf similarity parameter
tan B/\/( H,/L,)

where Ho and Lo are the deep water wave height and length and B the beach slope. The model beach
slope and wave features have to be designed to obtain a relevant surf similarity parameter for the different
portions of the cross-shore profile (including the bar) in order to get a good representation of the wave
transformation and the breaking regimes.

The wave steepness

The wave steepness is defined as the ratio between wave height and length H/L (or equivalently
one can use the non linearity parameter ka). Respecting the surf similarity condition described
above, the generated wave field must also show a realistically scaled wave steepness, which is
of primary importance for wave propagation and wind drag effect.
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The kh parameter

The kh parameter is the product between the wave number k and the local depth h. it controls the
conditions for wave propagation.

The wind speed

Itis difficult to get a perfect a priori scaling for the whole combination of wind-related processes.
The first step is to try to preserve the wind flow regime above the wave field (laminar, separated,
or fully turbulent wake) using the Reynolds number Re=(Uwi-Uwa)L/ v where Uwi and Uwa are the wind
and wave speed, respectively and v the air kinematic viscosity. Values up to Re=1-5.10"6 should be reachable.
The wave steepness also plays an important role in wind effects and should be conveniently scaled, as
mentioned above.

The surge

Controlled increase and decrease of the mean water level will be applied to represent in the
laboratory the processes observed in the field. Magnitude of the setup/down applied must be
correctly scaled accounting for the global dimensions of the experimental setup and wave
features.

6. FINAL RESTITUTION

The partner in charge of the experimentation will provide ATARIM and its partners with a final report
including:

» a description of the experimental strategy and its precise technical features
» a description of the experimental runs really performed

» a description of the results, with calculation of wave spectrum and some general comments
relative to the modeled hydrodynamics in presence of the two geotubes. No real interpretation
is required. Alternatively, it is required to clearly explain how much the experimentation achieved
was consistent with respect to the initial questioning. This will allow ATARIM and partners to
use those results with the right level of confidence in the final steps of the design of the
coastal defense structure at Ha'Tzuk beach.

pbrlivraysse\a00165_sand filled containers tel aviiT_productioni01_teport_stage_a\a00165_report_stage_a_v2_vm - nfr docx / Nicdles Fraysse

Marine engineering planning services of submerged detached breakwaters
with sand fifled containers at the front of Ha'Tzuk Beach in Tel Aviv - Yafo, Israel- Report Stage A



MARINE ENGINEERING PLANNING SERVICES
OF SUBMERGED DETACHED BREAKWATERS
WITH SAND FILLED CONTAINERS AT THE FRONT
OF HA'TZUK BEACH IN TEL AVIV - YAFO, ISRAEL

STAGE A : PRELIMINARY PLANNING DOCUMENTS BASED ON PHYSICAL
AND NUMERICAL MODELLING — CONTRACT PHASES 2.3, 2.4, 2,5 & 2,6

PREAMBLE............cccoitiiiiinnnininisniennarsnssssnesassssnssassnsantessnsamsasasesasssnasasss senesssssesssenassssnssns 1
1. PART 1: INTRODUCTION & KEY ISSUES...........cccceerurranrursnrsenasncsarssessesssesssssersassassss 3
2. DESCRIPTION AND CONCLUSION OF PRELIMINARY STAGES........cccccoseeserrerranse 0
21 Physical characteristics of the placement location (acc. NOP 13 — App-3) 1
2.1.1 Ha'tzuk — Banana cliff sedimentary cell 1
2.1.2  Quantifying hydro-morpho dynamics and littoral architecture of Ha'tzuk beach 2
2.1.3 Sealevels 6
2.1.4 Nearshore and regional circulation / transport 7
2.1.5 Shoreline dynamics 7
2.1.6 Sedimentology, seabottom textures and coastal architecture 9
2.2 Environmental and socio-economic characterization 13

3. DESIGN METHODOLOGY, MODEL CALIBRATION AND VALIDATION
PROGCESS .......ccoiiitiiiiniminineenisnisnciatnsesssessssssessessstesassasssssssassnsenssesssnenessanssasssnssans 19
3.1 Design methodology and calibration process 19
3.1.1  Principles 19
3.1.2 Details of strategy and calibration 20
3.2 Numerical and physical models used for the design of the project 23
3.3 Validation of the results of the marine models 27
3.4 Design results 28
3.4.1 Insights from the ZUK1 physical experimentation with rigid bottom 28
3.4.2 Insights from Definition of best geotube solutions after Nearshore Optimal Theory 30
3.4.3 Insights from the 2D copter physical experimentation with moveable bed 32
3.4.4 Insights from Circulation patterns around defense structures by numerical modelling 33

3.4.5 Insights from morphodynamic modelling

DL e
& e

Marine en nning services of submerged detached breakwaters
wiih sand filed containers at the front of Ha Tzuk Beach in Tel Aviv - Yaro, Israel- Report Stage A.




4 1. Part 1: Infroduction & Key issues

3.4.6 Insights from engineering considerations 38

3.4.7 Insights from structural design 39

3.5 Design conclusion 44

4. PRELIMINARY PLANNING DOCUMENT ......cccccecummmrmnrnnrsencnsessessansanssnssanssmssnessnssnsse 48
4.1 Planning of the solution 45
4.2 Anticipated morphological impacts 47
4.2.1 Forecast of changes of the sand strip width (1, 3, 5 years) 47

4.2.2 Anticipated impact on processes of beach nourishment (1, 3, 5 years) 47

4.3 Engineering report 48
4.3.1 Proposed method of breakwater construction 48

4.3.2 Method and sand source 52

4.4 Drawings and plans 62
4.5 Quantity list including financial assessment regarding each section. 53
4.6 Initial proposed project schedule. 54
APPENDICES ........cccccitmiinimiisniisernssnissisensssenssnsssssssss snsssessnsenssessensanenansnnss

Appendix 1 - Full scale drawing

di\- e _sand filled containers tel avivi7_j i _report_stage_a-3-6\a00165_report_stage_a-3-6-v7.doex / Nicolas Fraysse

Marine engineering planning services of submerged detached breakwalers
with sand filled containers at the front of Ha'Tzuk Beach in 7el Aviv — Yalo, Israel- Report Stage A



FIGURES

Figure 1:
Figure 2 :
Figure 3 :
Figure 4 :
Figure 5 :
Figure 6 :

Figure 7:
Figure 8:

Figure 9 :

Figure 10:

Figure 11

Figure 12 :
Figure 13 :
Figure 14 :
Figure 15 :
Figure 16 :

Figure 17 :
Figure 18 :

Figure 19:
Figure 20 :

Figure 21

Figure 22 :
Figure 23 :
Figure 24 :
Figure 25 :

Figure 26 :

Figure 27 :
Figure 28 :

Figure 29 :

Figure 30 :

Figure 31

Figure 32

Figure 33 :
Figure 34 :
Figure 35 :

A general overview of the northern part of Ha'Tzuk Beach and beyond (to Herzlya Marina) with a

simple formulation of the questionings and constraints by ATARIM and their partners. ............ 3
Main Hydrodynamic processes and sediment transport involved in wave dominated sand beach
ENVITONMIBNLS ...ttt ettt ettt ettt e 1
Ha'Tzuk beach and surrounding area key element of CONEXt. ............cccocoivovoveeeeeeeeeeeee 2
Deep water wave conditions nearby HatZUK .....................cocoouiooieeeeeeeoeeeeeeeeeeeoeeeeeee 3
Distribution of wave heights and wave periods at Tel-AViV area...............cocoooeeoeeeooeeeoeee 5
Winter directional distribution of wave height (cm) at deep water, Tel-Aviv area based on
Ashdod/Haifa wave measurements 01/04/1992 — 31/03/2017 .....cveoevoeeeeeeeeeeeeeeeeeeeeee 5
Possible circulation patterns in Ha'TZuk beach ...................cooooiiooe oo 7
Examples of shoreline position in Ha'Tzuk — Banana cliff sedimentary cell at different epochs
(figures made after material provided by ATARIM/ Unknown copyright..............ccocovovveeenn... 8
Changes of the coastline in Ha'Tzuk beach between 2004 and 2015............cocoovoovoveoooe 8
Interpreted bathymetric map of Ha'Tzuk beach. ..............c.oovoeeeooeeeeeeeeeeeeeeeeeeeoeee 10
- hard sea bottom of Ha'Tzuk beach (sept 19th, 2018) .........coov oo 11
Granulometric and sand thickness profiles of Ha'Tzuk beach (sept 19th, 2016)........................ 11
Coastal profile and thickness of sand layer at Ha Tzuk beach 2016 ..............ococoeoooere. 12
Sandy beach (SOuth Of HATZUK) ............cccooieviooceeeeeeeee e, 15
Beach Rocks south of the Ha'TZuk BEach: ..........cccocov oo 15
2-3 m depth rocky 2.5 m, flat stones and rocks covered and exposed alternately by the
SEAIMENTS ...t ee e et e ettt 15
south of Ha'Tzuk beach (area 26), beach rocks area and examples of erode shallow water
rocks and colonized beach rOCKS...........coouiiviiiiiiii e 15
Maps of sensitive coastal and marine areas in Ha'Tzuk beach (south: zone 26) and north (zone
2D ) ettt ettt 17
Design strategy for the defense of Ha'Tzuk against beach erosion & beach cliff abrasion......... 21
The principle of optimization applied to coastal engineering. ................ccoovovevoveeoooeeeeen 25
: Sketch of the 35 m-long, 1 m wide and 0.8 m deep experimental flume at LEGI used by
GLADYS for the COPTER 2D €XPEHMENL. ...........o.oeiioieee oo 26
Photographs of the COPTER experiment facilities. ...................cooooveeeeeeeeeeeeeeeeeeeooee 26
Physical installation with rigid bottom — Seatech - France.................cooooooeioioeorioeoeeeeeeeee 27
ZUK1 physical experimentation with rigid bottom ..o 28

Hatzuk beach, the zone of concern and surrounding areas. The studied site is located in
between two sediment disruption points (Herzliya Marina HM and Reading power station
RPS). Another striking feature is the isolated Tel Baruch Tombolo (TBT) ......ccccovvevvereinnrnn. 30

Three typical best solutions dealing with the optimization (range 290 - 350 m o the shoreline)
and other constraints as the occurence of a trough in the field, as well as the presence of
rocky outcrops in the seabottom 10CaIY. ..........coc.oooi oo 31

Cross section of the optimal geotube wave attenuator for Ha Tzuk Beach........c..o.oooooovovov i 32

Photographs of the COPTER experiment facilities. (A) The flume itself, from a gate located
above the wavemaker; (B) a geotube type-A in action; (C) the emerged beach at rest. The
small scarp is visible in the background; (D) the motorized ultrasonic altimeter in action.... 32

Terminology for the main features analyzed in this report: A-type (large), B-type (small)
structures, shoreline and beach SCarp. ...........coovoiviiiooeee e e 33
model extension for Ha TZUK PrOJECt............ccoiiiirioeoce oot 34

: Validation of hydrodynamics computed with Xbeach thanks to COPTER 2D results in the
presence of a geotube (with same forcings). Setting for Xbeachwas y = 0.7, n=5, a =1 (best
calibration defined thanks to simulation with rigid bottom). ..............cccoveeeei oo 36

: Validation of hydrodynamics computed with Xbeach thanks to COPTER 2D results (with same

forcings). Setting for Xbeach was y = 0.7, n = 5, a = 1 (best calibration defined thanks to
simulation with a rigid BOtHOM)............cooiiuiiiiiiiiic e

Review of the forces exerted on the StrUCIUre..................ccoooovivoieeoeeeeeeeeeeeeeeeee .

General cross section and PIan VIEW .............cccooouiiioiiiiioe oo

geotube project Construction SKEICh............covoiiiii e

nning services of submerged detached breakwaters

with sand filed containers at the front of Ha'Tzuk Beach in Tel Aviv - Yarb, lsrael- Report Stage A.



PREAMBLE

The Tel Aviv — Yafo Municipality and/or "Atarim LTD", a subsidiary of the Tel Aviv — Yafo Municipality, intend
to construct submerged detached breakwaters at the front of Ha'tzuk Beach based on Sand Filled Containers
method. The breakwaters shall be designed to reduce the energy of waves that strike the shore and to preserve
an optimal minimum coastal strip width throughout all seasons of the year.

The scope of work of stage A - feasibility study- contains 6 tasks :

7 Recommended impact area boundaries (sedimental littoral cell): Recommendation regarding the
boundartes of the area that will impact the sand movement based on an assessment of the physical outine
of the coastal strijp, marine measurements Isurvey and aerial photos from previous years and other exrsiing
wave dala measured using a floats focated near the city of Haifa and the city of Ashdod,

2 Preliminary review of the /itforal cell where submerged detached breakwaters with Sand Filled
Containers would be constructed and preparation of an initial plan. 7he review shall include wave and
flow data analysis with reference fo the timing defined by the planner and approved by the Ordering Party;
seabed dala; and data of the coastal strjp's width and composition. The planner shall submit an engineerning
report and plans with the aforementioned detalls, initial recommendations regarding a proposed structure of
the aforementioned breakwaler and prefiminary setup of the proposed breakwater on the basis of this review.

3 Preparation of specifications of marine models for a laborafory. The marine models are intended to
aetenmine, among other things, what is the optimal minimum coastal strp width that could be preserved
throughout all seasons of the year, considering given constrams.

4 Supervising of marine modelling by the /aboratory:
5 Validation of the resulfts of the marine models:

6 Submission of preliminary planning documents. Arter the model validation, the planner shall submit a
sel of preliminary planning documents fo the Ordering Parly.

This document is a contribution to the project “Marine engineering planning services of submerged detached
breakwaters with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv — Yafo, Israel” contracted
by BRL Ingénierie with ATARIM (Tel Aviv, Israel). It is written to fulfil the tasks 4, 5 and 6 of the stage A.

This document aims at (i) summarize physical characterization of the site issued in previous report (Stage-A,
tasks 1, 2 & 3), completed by some new surveys undertaken during year 2017, (ii) fix from numerical and
geotechnical point of view the best shape and location of geotube, (i) demonstrate feasibility of the geotube
protection regarding objectives and sand ressources, (iv) analyse of anticipated environmental impact of the
project.

In addition, it aims at fulfil also the requirement fixed in NOP 13 Mediterranean Coasts — Appendix-3
that could be not covered by the previous items.

1 NOP 13 Mediterranean Coasts. Change no. 9/A / Partial Detailed National Outline Plan for Protecting the Coastal Cliffs along the
Mediterranean / Appendix 3: Guidelines for Preparing an Environmental Document for a Suggested Reinforcement Solution. -
Planning and Construction Law, 5725-1965 — Version : March 2015.
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7. Part 1. infroduction & Key /ssues

1. PART 1: INTRODUCTION & KEY ISSUES

Along the coastal zone of Israel, in the vicinity of Tel Aviv city (precisely at its northernmost border),
the sand beach of Ha'Tzuk (or Ha'tzuk) suffers a significant erosion, a moderate cliff retreat and beach
submersion events during storms. Such mechanisms make vulnerable economic stakes and human activities
in the area. Indeed, the over- washing of the beach has already jeopardized some restaurants and sheds in
recent years; the width of the sand beach is reducing through time and so the feasibility of beach recreative
activities; forth, many stakes lay on top of surrounding coastal sand dunes which could be threatened at a
longer time scale in the on-going climate change perspective. In such a worrying context, the organization
ATARIM in Tel Aviv has been commissioned to develop and to implement a comprehensive coastal defense
strategy. The practical goals of such a strategy with its already existing constraints — provided as we learn the
larger lesson — are synthesized in the figure 1.

Figure 1: A general overview of the northern part of Ha'Tzuk Beach and beyond (to Herzlya Marina) with a simple
formulation of the questionings and constraints by ATARIM and their partners.
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Source. Frederic Bouchelte, 5/-?/
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The objectives formulated after the point of view of ATARIM are as follows:

» Geotextile tubes — or geotubes — are large sockets made of a robust geotextile and filled up with sand taken
from the local shoreface. Geotubes can be deployed and shaped in many different manners. The beach
defense strategy must be based on the usage of geotubes in some way. It is mandatory in this project
simply because the use of geotubes has been originally mentioned in a previous (and now voted) global
strategic plan. In this document, it must be demonstrated how we can organize the most efficient defense
thanks to such a material. In particular, we must highlight how we hijack the geotubes from their classical
purpose and how we set them at the very centre of an optimal design approach of the questioning;

> the solution advocated for Ha'Tzuk beach has to secure a minimal width for the emerged beach. Ideally,
the beach wideness would be as large as possible; a critical threshold of 40 m has been demanded by
ATARIM. In this document, we keep in mind that this objective is crucial and we define a solution to reach
this objective as much as possible, although a given width cannot be guaranteed if sufficient sand resources
within Ha'Tzuk shoreface do not exist;

» the beach defense strategy may tentatively reduce the formation of upper beach scarps during storms (ie
when severe waves coupled to high water levels occur), and thus better control the retreat of the beach cliff
at longer time scales;

» the beach defense solution implemented in Ha'Tzuk may not alter the hydro- morphodynamics of the
domain located down-drift (i.e. to the North) and especially the Marina in Hertzlya;

» the beach defense solution has to be thought locally within a limited alongshore segment of beach in
between the administrative Tel Aviv municipal boundary to the North and a (not precisely defined) dune
topographic high point to the South. The solution may not be defined at the larger scale of the supposed
sedimentary cell.

To achieve the afore mentioned goals, BRLi usually combines traditional engineering and innovative
approaches. In this project, we extensively use what we call optimal theory for the design of coastal defense
structures following our previous successful experiences of such a R&D for the deployment of geotubes in
Sete (South of France) in 2006-2008 to fight against a dramatic beach erosion. In the document, we
clearly highlight how traditional engineering and innovation are intimately combined in a robust manner to
ensure the best defense strategy possible.

This document presents the results of our design study of the Ha Tzuk beach and cliff defense system.
This document presents the results of our design study for Ha’Tzuk beach defense system :

First, we summarize the physical characteristics of the site environment and placement
location that where studied in a separated first report delivered June 2017.

~ Second, after we have detailed the defense strategy based on physical experimentation and
numerical modelling, we present the model calibration used to secure the design.

Third, we present the design results of the Ha Tzuk beach protection system.
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2. DESCRIPTION AND CONCLUSION OF PRELIMINARY STAGES

The preliminary stages of the Ha Tzuk beach defense study mostly referred to nearshore and shoreface hydro-
morphodynamics relative to microtidal wave-dominated sand beach systems wich are first order characteristics
of the site.

The term hydro- morphodynamics refers to the relationships between :

1) the water mass transport (velocity and water levels) forced by waves, tide, temperature and salinity (both
of them controlling buoyancy) gradients, winds an atmospheric pressure,

2) the sediment transport and

3) the morphological response of the sea bottom and the emerged beach through beach erosion and accretion
patterns, dynamics of sediment stocks, plan view shoreline displacements.

When the concern is a microtidal wave-dominated beach system, tide and very fine particles may not be
considered as they have a subordinate influence on global dynamics. The term nearshore points out the narrow
natural beach system ranging from the wave breaking zone to the swash zone where waves collapse and
vanish onto the emerged beach. Alternatively, the term shoreface refers to a wider zone, extending from the
top of the active profile on the emerged beach down to the closure water depth seawards, a location where
the impact of waves on the sea bottom vanishes definitely. It includes the shoaling zone where waves
transform as they propagate to towards the coast, and where regional current may have a significant impact
under certain conditions.

For research and engineering, those terms corresponds to a very well defined set of hydro-sedimentary
mechanisms whose characterization is of major concern for any activity in relation with coastal management
& defense strategies.

In this document, we use a set of proper words in relation with nearshore and shoreface hydrodynamics which
are recalled in Figure 3.

d\- alfalres\a00165 _sand filled containers tel avivi7_p i _report_stage_a-3-61a00165_report_stage_a-3-6-v7.docx / Nicolas Fraysse

Marnine engimeering planning services of submerged defached breakwalers
with sand filled containers at the front of Ha Tzuk Beach in Tel Aviv - Yalo, Israel- Report Stage A



2. Description and conclusion of preliminary stages 7

Figure 2 : Main Hydrodynamic processes and sediment transport involved in wave dominated sand beach
environments
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(A): the main hydrodynamic processes involved in a wave-dominated microtidal sand beach environment. (B) the
main morphodynamic processes for the same type of environment, like in Ha'Tzuk. Shoreline dynamics and dynamics
of the water level to the coast directly result from the coupling of nearshore/ shoreface hydrodynamics and

morphodynamics through sediment transport.
Source. Frederic Bouchette, BRLI

2.1 PHYSICAL CHARACTERISTICS OF THE PLACEMENT LOCATION (ACC.
NOP 13 — APP-3)

2.1.1 Ha'tzuk — Banana cliff sedimentary cell

The Ha'Tzuk beach is a small (1 — 2 km long) microtidal and wave-dominated sandy system extending within
the linear Israeli coastal tract whose mean shoreline orientation ranges between azimuths SSW—NNE and
S—N. As it will be pointed out, in the whole region, the main deep water wave forcings are from SW to NW,
which means that the hydro-morphodynamics of such a beach system may follow a South—North organization
to the first order. The Figure 3 presents the Ha'Tzuk beach system and its surrounding areas.
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Figure 3 : Ha'Tzuk beach and surrounding area key element of context.
5.7 km

A

e Herzilia Marina point

The studied site is located in between two sediment disruption points (Herzliya Marina HM and Reading power
station RPS). An isolated tombolo may alter sediment dynamics within this segment.

Source: Google-earth, F.Bouchette-BRL, 2017

The quite regular israeli shoreline is perturbed by various natural (small ante-Holocene rocky capes) and
anthropic infrastructures. In the region of interest for this study, the main possible disruptions of the
sedimentary dynamics are the harbor of Herzliya Marina (to the North with respect to Ha'Tzuk beach, extending
less than 450 m seaward), the tombolo of Tel Baruch beach (to the South, extending less than 200 m seaward)
and the harbor associated to the Reading Power Station (extending less than 400 m seaward). Other possible
interferences of shoreface hydro-morphodynamics may result from the input of fresh water and sediments from
rivers. In the area, Yarkon river has a mouth located right to the South of the Reading Power station disruption
point. There are also several very subordinate outlets (rainfall drainage outlets) in between Herzliya Marine
and Tel Baruch, whose effect would be negligible.

In this document, the littoral segment extending from the Herzliya Marina point to the Reading power station
point (including possibly the effect of Yarkon) is termed Ha'Tzuk — Banana cliff littoral cell (approximatively
5.7 km long). The zone of interest itself, where the geotubes have to be deployed will be termed
Ha'Tzuk beach (1 to 1.5 km long). This must be considered as terms relative to this study, with no direct
reference to any already existing cell partitioning of the Israeli coasts.

2.1.2 Quantifying hydro-morpho dynamics and littoral architecture of Ha'tzuk
beach

Refer to : STAGE A: STATE OF KNOWLEDGE, KEY ISSUES, STRATEGIC SOLUTION, TECHNICAL
CONSTRAINTS REGARDING THE PROJECT
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2 Description and conclusion of prefiminary stages

Relatively long in-situ wave data series exist at Ashdod and Haifa wave buoys (since 1992 and 1994
respectively). The equipments are Datawell directional wave-rider buoys and are deployed in 24 m of
water depth quite far from the zone of concern. The raw data from the buoys are not free. Hopefully, the
report CAMERI (2017) provides general informations on wave statistics in deep waterbased on 1992-2017
waves measurement).

In addition this document, together with the upstream works of Perlin & Kit (1999), proposes a methodology
to transfer the deep water wave statistics at the buoys towards the area of Tel Aviv (and some other places
not directly located nearby the buoys).

In the Figure 4, we extract from the report CAMERI (2017) basic deep water wave features nearby Tel Aviv.

That those informations are a good first order approximation of the wave climate in front of Ha'Tzuk beach and
more generally in front of Ha'Tzuk—banana cliff cell.

Figure 4 : Deep water wave conditions nearby Hatzuk
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Distribution of significant wave height HmO in deep water conditions nearby Tel Aviv from data at Ashdod/
Haifa wave buoys (01/04/1992 — 31/03/2017) — from CAMERI 2017
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Same with wave direction. Seasonal variability of the wave climate are reported thanks to the different color bars. Both diagrams are
modified from CAMERI (2017).

Additionally, major storms have been identified (thanks to the extraction of the highest time averaged wave
heights). The height most significant storms are reported in the following table :

Date Hun Rank

20002 200 ' HvY9em 4

200122002 "'(_)(‘-»cm 3 |
| 21012007 . Hu2em i > :
| 20012008 O684em | 7
\ (27122010 ' 686em 6

0901 2613 “ Tl hem 2

11022015 ' T9lem 1

27012017 ' 692¢m 3

In the past 25 years, the five strongest events are typical winter storms at approximately 7 m of wave height
(HmMO) (7,9 m —jan 2017) so they range within the “High Average swell’ (level 7) category according to
WAQO Sea State Code. We assume that Hm0 has been defined as four times the root square of the
variance of the distribution of the water surface elevation in the CAMERI (2013) report.

The event of 12/12/2010 with rank 6 can be considered as typical strong storm with return period of 5 years.
This storm had at its peak the following integral parameters as measured by Ashdod buoy at 24m depth :
HmO0=622cm, Tp=14.3s, Dir=287deg, Directional spread at peak 10.9 degrees.

From the other data (tables and diagrams) provided in CAMERI (2017), some details relative to the direction
of various wave regimes (winter/ summer) may be inferred. For instance, the figure below shows how wave
heights and periods distribute with respect to wave incidence.
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2. Description and conclusion of prefiminary stages

Figure 5 : Distribution of wave heights and wave periods at Tel-Aviv area
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(A) Distribution of moderate wave heights depending upon wave incidence; (B) same for more severe wave heights ; (C) Distribution
of moderate wave periods depending upon wave incidence; (D) same for more severe wave periods. Data are provided for the Tel
Aviv area and may be accurate enough to describe first order water waves at Ha'Tzuk beach. All diagrams concern deep

water wave conditions and are modified from CAMERI (2013
Source. BRLI (2016} modiified from Cameri (2073)).
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For the winter major storm event ploted from 1992-2017 wave data, the directional distribution of wave height is
similar with those of more frequent high wave statistics :

Figure 6 : Winter directional distribution of wave height (cm) at deep water, Tel-Aviv area based on
Ashdod/Haifa wave measurements 01/04/1992 - 31/03/2017
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From the tables provided in CAMER], it is also possible to say that:

> there are two families of incident waves conditions in Ha'Tzuk: a type of waves W1 coming from azimuth
280-290° (say from West to West-North-West) and a type of waves W2 coming from azimuth 345-350° (say
from North-North-West to North). Regarding the orientation of Ha'Tzuk beach which is facing
Mediterranean sea with a 15-20° angle with respect to the North, the relative deep water wave angle of
incidence is nearby zero for the first family and of the order of 15-45° for the second family ;

» high waves and long period waves occur almost exclusively for the type of waves W1 whose incoming
wave peak is from 280-290°. This means that more energetic conditions are always coming from the same
direction although fair weather conditions are more scattered ;

» Wave energy in deep water in front of Ha'Tzuk — Banana cliff cell suggests a typical Mediterranean regime,
with more severe events (class 7 WAO) than many other places around the Mediterranean basin. This is
mainly due to the fact that Israel is facing the Mediterranean Eastern Basin, with one of the longest fetch
possible in the Mediterranean context.

» Wave conditions in Ha'Tzuk beach seem to be quite simple, with two main wave regimes W1 and W2 that
refer to two different sets of incident wave angles ;

» Waves under severe conditions are of type W1 mainly ;
» There may be a deep wave height threshold ETwave. at about 1.5/2 m

> There is no additional need regarding wave data. However ATARIM will provide additional RAW wave
datasets. Those data will be used to calculate an accurate value of ETwave. The analysis of CAMERI 2017
will remain the more precise information regarding the quantitication of mean wave regimes.

2.1.3 Sea levels

In general, the astronomical tide in the area usually varies between 0.4 m during spring tides, and 0.15 m
during neap tides. However, extreme levels may occur due to extreme meteorological conditions (Stiassnie,
1987). The approximate average recurrence of extreme sea levels as provided by Stiassnie (1987) and Rosen
(1998) are gathered in Table here under. The differences between these two estimates (3-4 cm) seem fo be
due to the different reference datum specified by the authors, i.e. MSL by Stiassnie (1987) and ILSD by Rosen
(1998).

Average recurrence of extreme sea levels

Fow Sea FLevel, m Itigh Sea Devel m

X vl e Y2k Vapi — =
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N

2.1.4 Nearshore and regional circulation / transport

Figure 7: Possible circulation patterns in Ha'Tzuk beach
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The existing literature (sometimes with contradictory contents) and the considerations exposed herein tis report defermine the
possible (or not) circulation pattems in the shoreface and in the nearshore zone of Ha Tzuk beach and Ha'Tzuk — Banana chif
sedimentary cell,

» From a simple observation of the wave incident angle, the wave-driven alongshore water mass
transport (2D current) in the near shore could be preferentially oriented southward under fair weather
conditions and oriented in both direction under storms conditions. This information is defined excluding any
other forcing but waves.

» To the regional scale, the shoreface drift is oriented northward. This drift concerns water depths
greater than 7-10 m. There is no evidence to confirm or deny (too poorly documented) that such a drift
may alter the near shore circulation patterns in less than 7-5 m of water depth ;

» Finally, there must exist some kind of alongshore drift within Ha'Tzuk beach, but all the informations
available suggest that its time average value is low, and such an alongshore transport may not be a
dramatic parameter in the design process of the coastal defense structures ;

» There may have some offshore departure of sediment after specific forcing conditions (shortly
documented). As such a process may contribute to the long term erosion of the beach, it must be reported
with caution ;

2.1.5 Shoreline dynamics

The existing data relative to shoreline dynamics and the obvious field observations one can make on the
current emerged beach are for sure at the origin of the project of beach protection.

Bathymetrically, the shallow depths are characterized by irregular depth lines, which create a coastal profile with
great variance. A depth line of 3 meters is located at a uniform distance of 240 meters from the waterline, and a very
moderate average slope is received, of 1:80; a depth line of 2 meters is found at a range of 55-180 meters and an
average slope of 1:30 to 1:90.

HaTsuk Beach is a coast with a slightly bending waterline, with a general direction of azimuth of 17° and a length of
about 700 meters. The coastline is sandy and narrow. lts width changes in an area of 10-25 meters depending on
the seasons and the coast's response to significant winter storms.

Any calculation of mean shore displacement (e.g. 5 years; from 2005 to 2009) between Herzliya and
Baruch tombolo point out metric to plurimetric retreat of the shoreline to the exception of the locations nearby
anthropic infrastructures. This means that the shore retreat is a clear tendency since years, and is obviously
confirmed in the recent years.

The last storm observed and producing serious damages on the Ha'Tzuk Beach was in January 2015. The
retreat of the waterline according to the image from May 2015 is significant and is probably a response to
storms during January-March 2015 ( return period of about 25 years).
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Figure 8: Examples of shoreline position in Ha'Tzuk - Banana cliff sedimentary cell at different epochs (figures
made after material provided by ATARIM/ Unknown copyright
july 27th, 2615 january 28th, 2016 June 18th, 2016 Jamuary 11th, 2017 tanuary 20th, 2017

 08/2008 o 12/2004
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Source. Coastal Agency, 2076

2.1.6 Sedimentology, seabottom textures and coastal architecture

The Mediterranean coasts of Sinai and Israel are part of the Nile littoral cell. Since the building of the Aswan
dams the sand supplied to Israel’s coastal system is derived mainly from erosion of the Nile Delta and from
sands offshore Egypt that are stirred up by storm waves. The sands are transported by longshore and offshore
currents along the coasts of northern Sinai and Israel. Their volume gradually declines northward with distance
from their Nile source.

The sediments that escape seaward from the longshore transport system form a 2.5- to 4-km-wide sandy
apron adjacent to the shore that extends to where the water is 3040 m deep. The apron’s slope (0.5-0.8°) is
steeper than the theoretical equilibrium slope for the median grain-size diameter in this zone (0.1-0.3 mm).

The beach sands and the apron’s surficial sands are well sorted. Their grain size decreases with distance from
shore, from 0.2-0.3 mm nearshore to 0.11-0.16 mm by the drowned ridge. The coarse-grained fraction
consists of skeletal debris (commonly 5—12% carbonate matter) and wave-milled kurkar grains (locally named
zifzif). In deeper water, the basal sands underlying the fine-grained sediment cover consist of 1- to 30-cm
layers whose composition ranges from silty sands to various types of sands (fine, medium, coarse, and
gravelly) to zifzif. 2

2 Marine Sand Resources Offshore Israel / Gideon Almagor , Dan Gill & Ithamar Perath Geological Survey of Isracl Ministry of
National Infrastructures , Jerusalem, 95501, Israel - 1999

9
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Figure 10: Interpreted bathymetric map of Ha'Tzuk beach.
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The beach sediment is a quasi pure sand with a ds, diameter approximately 180 um in 3 m of water depth
and approx 200 um in 4 m of water depth.

The report from the coastal Agency-ETHIS-SIE (2016) refer to three areas two on the shore (beach rocks) and
1 other rocky aea at sea.

Sand occurs mostly every where onto the emerged beach up to the foot of the cliff made of older consolidated
sands. However, some beds of consolidated sand directly occur onto the emerged beach.

A specific survey was undertaken by ATARIM for the project in September 2016. It confirms the bathymetric
contours analysis and the assumptions from coastal Agency-ETHIS-SIE (2016).
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Figure 11 : hard sea bottom of Ha'Tzuk beach (sept 19th, Figure 12 : Granulometric and sand thickness profiles of
2016) Ha'Tzuk beach (sept 19th, 2016)
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Figure 13 : Coastal profile and thickness of sand layer at Ha Tzuk beach 2016

In 3 to 5 m of water depth which is 200-300 m off the shoreline nearby Baruch, the sediment thickness by
pricking (11 runs) ranges between 1.5 and several meters. If one considers this informations without any
other consideration, it could be said that the beach still contains a significant active stock of sand. However,
the pricking tests being very localized and the regional erosional surface being possibly very irregular due to
past continental erosion before the last transgression, the volume of active sand could be very limited finally.

Sand stocks exist on the continental shelf in tens of meters of water depth (Almagor et al., 2000). However,
no precise information regarding the sand stock in the shoreface nearby Ha'Tzuk system has been pointed
out. The nearest material with respect to this concern is a report in Hebrew (Dov Rosen, 2005) where some
maps with differential sand deposit thicknesses are presented.

In short:

> The good health of the beach with respect to the existing sand stock cannot be clearly established from
the existing data. There are some evidences that suggest that the beach is endangered ;
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» Rocky layers are led at subsurface from 250 to 300 m far from sea shore. Depending on season, and
natural sediment dynamic, the sand can overlay it with a thin thickness.

2.2 ENVIRONMENTAL AND SOCIO-ECONOMIC CHARACTERIZATION

This text is based on different national and specific documents relatied on Ha Tzuk beach :
- Coastal Area Management Programme Israel, 2000,
- Marine Policy Plan for Israel, 2014,
- lIsrael Marine Plan, 2015,
- www.touristisrael.com, www.selectisrael.com, www.bookingisrael.com, www.go-telaviv.com.

- Ha'Tsuk beach report (Municipality of Tel Aviv, Mediterranean Coastal Cliffs Preservation Government
Company Ltd-Ethos-Pro-SIE), 2016.

The main issues related to the project are highlighted here after.

Tel Aviv area and Ha'Tzuk Beach infrastructures and uses...

Ha'Tzuk beach has been artificialized by human activity and transformation of the cliffs. The site has poor
trace of the natural cliff, which was destroyed during and after the erection of the Mandarin Hotel in the
1970s.

The coastal strip is narrow, between 8-30 meters.

Drainage outflows are installed within the rockeries and at various points of the beach.They are only
providing little streams during rain falls. Ha Yarkon outlet is far from this shore.

Ha'Tzuk is known for being one of the Tel Aviv area quietest and cleanest beaches. It features various
infrastructures for leisure, sports and restauration (pubs and restaurants.

It is also known as one of Israeli surf spots and a surfing school is established on the beach. The southern
part of the beach is frequently used by sport fishermen from the shore (lines, speer guns,...).

No information is reported regarding the number of tourists and seasonality even though the beach is full in
summer and at Israeli holidays.

Environment situation and sensitivity of Ha’Tzuk Beach

The environment in Ha'Tzuk beach has been artificialized by human activity and by transformation of the
cliffs into a parking and promenade or hotel infrastructure. The main conclusions of field studies developed
under the supervision of the Israel Cliff Agency conclude in 2016 that:

» The promenade is not highly aesthetic and is not of high value,
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» The terrestrial area of the upper cliffs, modified since the seventies, produced new landscape, rockery
and infrastructures partly established through excavation of the beach rocks of the site. North of these
infrastructure remains a small portion of natural cliff of interest to preserve. The bathing activity bellow
this cliff, keeps the sensitivity of the area medium to low since poor flora and fauna is observed on the
beach. On the contrary, from the southern part of the Ha'Tzuk beach to Tel Baruch, natural cliffs and
natural habitats remain both on the upper cliffs and on beach rocks, explaining the definition of high
sensitivity for this area.

» The marine part of Ha'tsuk beach has been also affected by excavation of beach rocks and human
bathing leading to the following classification:
- for beach rocks:
o the north of the beach is defined as of medium environmental sensitivity/value,
o the south part of the beach and its beach rocks are considered of high sensitivity/value
partly due to their continuity and their biological colonisation
- for sandy area around 2 m depth, the sandy erosion of the rocks limit the colonisation and the north
beach is considered to have a medium level regarding environmental sensitivity
- Forsandy area at the shore or at 1 m depth, the sensitivity is estimated low due to poor biodiversity
of Flora/fauna and endangered species.
- Outside our zone of interest, at depth of 6 m, some rocky areas could be found and are well
colonized. They are considered of interest in terms of ecological value.
- 3 small zones are considered of environmental sensitiveness within the boundaries of the study and
this sandy area: 2 at the shore made of beach rocks (one area in the north, one area in the south)
and 1 area of bank/spur in the marine south area around 2 m depth.

» The beach presents at its north and south locations some sensitive archaeological areas according to
Israel Antiquities Authority

marine Sansitivity

An ecological survey was conducted at the coasts of northern Tel-Aviv for the purpose of characterizing the
fauna in the sandy habitat. Samples were taken:

>

With standard protocol: The samples were taken by a box-corer at an area of 176 square cm and at a depth
of about 10 cm, filtered by a sifter of 500 p, preserved in alcohol 70% and defined at the laboratory

In three sites: the Tel Baruch beach, Ha'Tzuk Beach, and Ha'Tzuk Beach North (south of the separate
beach) (diagram 2.1.5-1).

The location of the samples was determined in coordination with the ecological consultant of the
Mediterranean Coastal Cliffs Preservation Government Company.

In each site, samples were taken on one point in a site which characterizes :the tidal area (at the waterline
during the sampling): crabs Talitrus saltator, Talitridae, Amphopoda and the isopod Cirolanidae, Isopoda
Eurydice sp.

at the sub-tidal area, at a depth of about 1 meter: crabs Pontoporeiidae, Amphipoda Bathyporea
guilliamsoniana, the snail Nassarius gibbosulus, Nassariidae, and a section of an unidentified Polychaete
worm

In addition, samples were taken at Ha'TzukHa'tzuk Beach on 03/05/2016 in two sites at a depth of 2 meters
and north and south (sandy beds): Amphipoda and Harpacticoida, as well as hermit crab, Diogenes
pugilator. Polychaete worms were also found of the families Spionidae and Nephtyidae, the snail Nassarius
gibbosulus, and the bivalve molluc Donax venustum, Donacidae.
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Figure 14 : Sandy beach (south  Figure 15 : Beach Rocks south of  Figure 16 : 2-3 m depth rocky 2.5
of Ha'Tzuk) the Ha'Tzuk Beach: m, flat stones and rocks covered
and exposed alternately by the
sediments

Source: Coastal Agency, 2016

Figure 17 : south of Ha'Tzuk beach (area 26), beach rocks area and examples of erode shallow water rocks and
colonized beach rocks

Source: Coastal Agency, 2016

The study conclusion is presented in the table bellow.

Table 1: Sensitivity of marine habitats in the Ha'Tzuk beach close marine area

Sensitivity
(according to Cliff
Agency study,
2016)

Habitats Comments

Sandy beach The sandy beach in each zoning area examined is very breached,
both in the tidal area and at a depth of 1 meter. Tests performed on | ecological
the tidal belt and at a depth of 1 meters showed that the fauna inside value/sensitivity.
the bed is relatively poor — compared with open, non-breached sandy
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Sandy
substrate at
2-3m

Beach rocks

Comments

beaches. It seems that the main reason for the diminution of animals
in the bed is the intense human activity on the beach and in the
shallow waters. The tidal and sub-tidal belts in a sandy bed within
the zoning areas, is classified is having low ecological
value/sensitivity.

“marine habitats at a depth of 2-3 meters and more probably similar
to other coasts in Israel

Beach rocks identified at the south of the Ha'Tzuk beach. are
exposed to seasonal environmental influences and radical changes
in living conditions (Rilov and Guy-Haim, 2013). They are sometimes
buried under a layer of sediment which erodes and suffocates the
fauna on the rocks. In other seasons, during ebb times, extensive
parts of the rocks are exposed to air and drastic changes in
temperature and salinity, and many of the organisms on the rocks do
not survive.

[t seems that the beach rocks on and around Ha'Tzuk Beach, are
even more exposed to the influences of sediments that on other
coasts. On the east-South part, some elevated beach rocks are most
of the year out of the water. This belt is mostly populated with a
coating of blue-green algae, which paint the rocks black and in some
seasons with green algae of the genus Ulva spp. and Enteromorpha
sop and some Graciiaria spin spring or Nemalion heliminthoides. The
green algae grow quickly but are sensitive to dehydration. Therefore,
they mostly characterize short-term habitats.

Poor evidence of snails or molluscs are showed in the north area
while in the south of the beach (zone 26), the population of the beach
rocks below 40 cm depth may be rich and diverse especially, but it is
usually less diverse than that of the abrasion tables (Rilov and Guy-
Haim, 2013). The beach rocks at the sub-tidal area above 40 cm are
affected by the motion of the sand moved by the waved. Among
others, the common species on the rocks are Actinia equine and
Bunadactis gammacea and the crab Enphia verrucosa and some
small fishes.

Sensitivity
(according to CIiff

Agency study,
2016)

medium

Low to
ecological
value/sensitivity”.

Medium ecological
value/sensitivity in
the north of Ha'Tsuk
(section 25)

High ecological
value in the south
(section 26) due to
the continuity with
the southern
ecosystems and
despite the extreme
changes they are
exposed to (and
perhaps because of
them).

Outside the relevant area of the study at sea, westwards at depth of 6 m and more, some rocks are not exposed
to the sediment activities, and are covered in a rich coating of organisms: sponges, Hydrozoan, Bryozoan,
Ascidiacea and many others

in terms of fishes, a survey was done in march-May 2016. The prominent fish between the beach rocks in the
shallow waters were: Dicentrarchus punctatus, Siganus rivalatus, Siganus lurfdus, Sitago sihiama, Djplodus
cervinus, Diplodus sargus, Lithognathus marmyrus, as well as Blenniidae and Mugiidae. No protected species
were encountered and the sensitivity is considered low.
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Figure 18 : Maps of sensitive coastal and marine areas in Ha'Tzuk beach (south: zone 26) and north (zone 25)

TR

{

Source. Coastal Agency, 2076

The mapping of the habitats shows a general sandy beach with three sensitive areas corresponding to the two
coastal beach rock habitats (south and north) and one shallow water area farer west in the sea under 2-3 m
depth.

This identification of sensitive habitat is consistent with a specific constrain listed in the Guidelines for Preparing
an Environmental Document for a Suggested Reinforcement Solution3 :

3 NOP 13 Mediterranean Coasts, Change no. 9/A / Partial Detailed National Outline Plan for Protecting the Coastal Cliffs along the
Mediterranean / Guidelines for Preparing an Environmental Document for a Suggested Reinforcement Solution

17 a
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Environmental aspects for examination and
reference

Avoid placing the geotube on rocky beds.

Map the areas of the rock bed near the
placement area.

= These specific aspects are integrated in the design and the planning of the project : the rocky areas
will be avoided during planning.
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3. DESIGN METHODOLOGY, MODEL CALIBRATION AND
VALIDATION PROCESS

3.1 DESIGN METHODOLOGY AND CALIBRATION PROCESS

3.1.1 Principles

Planning the management of Tel Aviv beaches with a traditional engineering approach, while the ambition is
to solve in the same time the questions of wave impact to the shore, of beach erosion and of a possible wave-
driven submersion, is not consistent. This project requires a multifarious engineering approach.

Since the beginning of the Ha Tzuk project, BRLi has advocated for a strategy embedding several approaches
. experimentation, numerical simulation, expert judgment, optimal design. None of these approaches is
supposed to provide THE solution to the problem posed. They could have even provided opposite solutions.
Sticked together, those works delineate some GOOD solutions that have good chances to be much more
efficient than traditional ones with jetties, groins and so on, or even geotubes deployed in a classical way at
the beach top or seaward the nearshore system. This multifarious strategy is by far the best attitude in a
problem of R&D such as the one posed by ATARIM for the Ha Tzuk beach protection. In brief, we ambition to
answer to the problem GLOBALLY. This supposes that the audience accepts two things :

(i) one approach cannot provide a BEST solution alone. In other words, the efficiency of the "optimal” solution
with respect to a given approach can be limited (which means, not optimal);

(i) BRLi and its associated expert F. Bouchette from University of Montpellier has a good former experience
for deploying geotubes in the nearshore, and our current feed back on our works on that matter is pretty good.
This project relies also on the fact that our method is accepted.

We do not ambition to "solve" the problem in the framework of limited engineering hypotheses. [n such a case,
our work would have been much more easier, but we wouldn't have solved anything but a coastal engineering
exercise. This latter posture, based on a very narrow goal (tentatively mimic the real world with numerical
modeling or experimentation) led in the past to very poor coastal management strategies, as testified by the
history of coastal management practices worldwide.

As a consequence, we based the question of the defense of the Ha'Tzuk beach against erosion and coastal
hazards on the combination of two points of view:

» we use traditional engineering, which is an association of field works, physical experimentation and
numerical modelling to understand the behavior of the system and the consequences (pro & cons) of
the deployment of the coastal defense structures foreseen;

» we use innovative R&D methods, mainly optimal theory applied to the design of coastal defense structures
itself, to counterbalance the fact that traditional methods are not sufficiently constrained in most engineering
works (due to a lack of precise informations mainly, and also because the natural processes and couplings
involved in the mechanisms at the origin of the erosion cannot be decently and honestly modeled in a purely
deterministic way).

» we implement solutions that could be said to derive from soft engineering or environmental reverse
engineering strategies; we operate doing things that help the beach system to evolve “naturally” toward
another behavior; as often as possible, we try to not fight against Nature but cooperate with.

» The final design is linked with local site geotechnical specificity and civil engineering approach.

The relevance of our multifarious strategy was largely debated during the previous meetings in Israel and
France, involving all the partners and authorities of the project. It was clearly decided that this strategy would
conduct the project.

It is worth recalling that :
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(ii)

(iif)

(v)

the approach implemented for the Ha Tzuk project by BRLi with the assistance of Mr Bouchette of
the University of Montpellier Il is the one implemented by these same actors (BRLi-UM) for the
successful operation of the Lido of Séte, whose transposition on the Tel Aviv coast is the very
essence of the present mission ;

the success of the operation of the Lido de Séte wave attenuators is validated by 7 years of
independent analysis by BRGM (French Geological Survey) ;

the tools and the strategy implemented for the Ha Tzuk project by BRLi with the assistance of Mr.
Bouchette of the University of Montpellier are the same as those implemented for the pilot operation
of the Lido de Séte ;

it is with this experience and this significant successful reference that BRLi-UM established the
study program for Tel Aviv.

3.1.2 Details of strategy and calibration

The figure bellow presents a full and self-content description of the strategy undertaken for the project.
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Figure 19: Design strategy for the defense of Ha'Tzuk against beach erosion & beach ciiff abrasion.

successive
alterations

A COASTAL DEFENSE
SOLUTION BASED ON
GEOTUBES AND
SAND SUPPLY

Steps 2, 4 and 5 listed here under need modelling activities and in the same time need to be crossed with
engineering, geotechnical, environmental and cost constraints to fix the best planning for the project...

This coastal defense strategy based on the intelligent design of defense structures requires investigating
several perspectives complementing each other to ensure that final recommendations to the decision makers
are devoid of subjectivity and convincing enough to reach consensus. Such a global strategy includes what
follows :

1. determine what are the best shape, location and features for geotubes specifically dedicated to the
protection of the Hatzuk beach system;
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2. estimate the efficiency of the geotubes with respect to various targets (erosion, submersion, natural
nourishment of the beach, general health of the beach);

3. check that a solution based on geotubes has a negligible impact on the regional circulation, especially
downstream ;

4. quantify the alteration of currents and waves nearby the geotubes and the possible subsequent
scouring around geotubes;

To adress the question, it is then necessary to run the following numerical activities :

e The Optimal Shape Design of the geotextile tubes with a home-made automatic optimizer is
dedicated to the topic (1) exclusively. It is developed at the University of Montpellier since a few
years, which has already been at the origin of very interesting developments in coastal protection
strategies along the Northern Mediterranean shorelines. The recommended solutions will be then
confronted with engineering, environmental and cost constraints point (5).

¢ The hydrodynamic numerical modeling is dedicated to topics (3) and (4) mostly. It is based on
performing numerical simulations with an adapted numerical model (SHORECIRC, an open-source
software continuously developed at CACR since the 90’ and based on robust and clearly exposed
physical hypotheses). The input wave induced forcing is computed using an adapted version of REF-
DIF wich compute the water wave propagation and the transformation of a forward scattered wave
field along an irregular mild slope.

¢ The Xbeach numerical modeling dedicated to nearshore hydro-morphodynamics (Xbeach) brings
informations relative to the point (3) in the list above. It aims at performing a numerical analysis of
morphodynamics on the whole Hatzuk beach in presence of a virtual geotube.

Regarding the aim of the project, the site characteristics, the available data and the modelling strategy, it is
necessary to secure a few information4 from experimental tests as major part of the calibration process :

1. Transfer coefficient on top of geotubes (validation of optimal design by classical engineering)
2. Local scour around geotubes (for internal design of geotubes scour apron)®...

3. Morphological patterns in response to geotubes deployment, including local scour around geotubes
(for global shoreline tendancies)

¢ The ZUK1 physical experimentation with rigid bed provide informations mostly about the topics (1),
(2) and (4) in the list above. It gives information on transfer coefficients depending upon different
geotube shapes, locations et natural conditions. It also gives information on local current distribution
around geotube as constraints for scour apron design.

e The COPTER 2D physical experimentation with moveable bed provides informations mostly about the
topic (4) in the list above. The analysis of this morphological experiment is linked with some results
from best geotubes shape design.

As a conclusion, the calibration process aims :

- to make cross approaches by independent methods

- where necessary and possible to define the calculation coefficients or parameters by experimentation
and in situ measurements rather than by general literature values

4 Parameters, results that cannot be found by numerical modelling

51f and only if the geotube is underlaid on sandy bottom. it is not necessary if geotubes is installed on rocky layers or for fine sand
thickness.
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- document hypotheses and methods through appropriate scientific literature
For the project, the calibration was done as follows :

- Use of measured wave data statistics based on more than 20 years long time series (conform to NOP
13) ;

Use of real and up to date bathymetric data ((conform to NOP 13)

Calibrate design and modelling parameters by physical modelling on rigid bottom

Calibrate design and modelling parameters by physical modelling on moveable bottom

Calibrate design and modelling parameters by return of experience of geotube wave attenuator Sete
project, as designed by BRLi with the same designing team, approach and tools.

A part of the design parameters used for the design were defined by physical and/or numerical modelling
means. Each of this means is linked with the others and allow crossed check of results (calibration and
validation processes). When necessary, the analysis of crossed results is presented in each of expertise given
as annexe of the present document.

3.2 NUMERICAL AND PHYSICAL MODELS USED FOR THE DESIGN OF THE
PROJECT

SHORECIRC for nearshore circulation modelling

SHORECIRC is a so-called quasi-3D hydrodynamic model that computes the nearshore circulation on a
rectangular grid (alternatively curvilinear, not used here), under the combined action of wind and waves. It was
developed by the University of Delaware in the framework of the Nearcom project (Shi et al., 2003). Now,
several modified versions can be found (Svendsen et al., 2004a; Shi et al., 2004), including the one developed
at University Montpellier 11 (Bujan, 2009), which can deal accurately with irregular shoreline, emerged
structures, Coriolis forces and Neumann boundary conditions in addition to its classical features.

To run SHORECIRC, a wave field on the whole simulation grid is required. It can be imported from any wave
propagation tool that can compute monochromatic/polychromatic/spectral waves and provides wave forcing
(like REF-DIF for instance since non spectral waves are considered). Nonlinear wave interactions, including
generation of infra-gravity waves, are simulated in a classic manner (Van Dongeren and Svendsen, 2000).
Like many other nearshore circulation tools, SHORECIRC solves Euler equations integrated over the water
column and over the period of a monochromatic wave, assuming first that the total velocity U is splitted in :

U = Ucirc + Uorb + Uturb
where Ucirc refers to a large scale and low frequency motion of the fluid (typically driven by wind), Uturb is the
turbulent motion (the small scale phenomena that may not be considered at nearshore scale) and Uorb refers

to the motion of the fluid driven by waves (which varies over depth in general).

Finaly, SHORECIRC provides information over the mean water surface and Ucirc which is our concern in this
report.

REF-DIF for wave propagation modelling
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In the study presented here, the water wave propagation and the transformation of a forward scattered wave
field along an irregular mild slope is computed using an adapted version of REF-DIF (Kirby and Dalrymple,
1983). Basically, the governing equation is a combination of the Berkhoff's equation (Berkhoff, 1972; Radder,
1979; Booij, 1981) and the diffraction equation on a piane bottom (Mei, 1989), numerically solved by an implicit
finite difference method (Kirby and Dalrymple, 1994, 1995). It takes into account both refraction and diffraction
phenomena, wave attenuation through various mechanisms including that described by Phillips (1977b) and
Dean and Dalrymple (1984). REFDIF does not manage wave reflexion nor process-based wave breaking over
sand bars. However, the software takes into account wave breaking through a semi-empirical approach (Dally,
1985; Kirby and Dalrymple, 1986). REF-DIF includes some improvements of a dispersion equation for shallow
water and effects of superimposed current (Hedges, 1976). REF-DIF has been efficiently validated in various
configurations (van Dongeren et al., 1994; Svendsen et al., 1997; Chawla and Kirby, 1998; Svendsen et al.,
2002, 2004b). Moreover, it belongs to the Berkhoff inherited models that have been already used for the design
of defence structures (Zanuttigh and Ceccherelli, 2005).

Xbeach Kingdsay for morphodynamic modelling

The model includes the hydrodynamic processes of short wave transformation (refraction, shoaling and
breaking), long wave (infragravity wave) transformation (generation, propagation and dissipation), wave-
induced setup and unsteady currents, as well as overwash and inundation. The morphodynamic processes
include bed load and suspended sediment transport, dune face avalanching, bed update and breaching.
Effects of vegetation and of hard structures have been included. The model has been validated with a series
of analytical, laboratory and field test cases using a standard set of parameter settings. XBeach has two
modes: a hydrostatic and a non-hydrostatic mode. In the hydrostatic mode, the short wave amplitude variation
is solved separately from the long waves, currents and morphological changes. This saves considerable
computational time, with the expense that the phase of the short waves is not simulated. A more complete
model is the non-hydrostatic model which solves all processes including short wave motions, but with more
computational demand. The physics of Xbeach is fully described in Deltares (2017).

Nearshore Optimal Theory

This section describes the Nearshore Optimal Theory, a methodology to apply optimization in coastal
dynamics, typically in Hatzuk beach. 1t is presented how the hydrodynamic model REF-DIF (Kirby and
Dalrymple, 1983a) and our shape optimizer (Is‘ebe et al., 2008c, 2014, 2008a, 2005a,b, 2006a,b, 2005e,d,c.f,
2008b, 2005a) form the basis of a coastal shape optimizer adapted for the determination of the best geotube
solution in Hatzuk. A comprehensive presentation of the fundamentals of optimization can be found in Ivorra
(2006).

The optimization of coastal defence structures refers to the minimization of the impact of wave and currents
either on the seabottom or on articifial structures in the nearshore zone. A general shape optimization problem
applied to coastal engineering is summarized in figure below.
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Figure 20 : The principle of optimization applied to coastal engineering.

The modelled domain Q corresponds to a nearshore zone from the emerged beach to the shoreface in 20 m
of water modelled by a rectangular. The search domain indicates the part of the modelled domain where
seabottom and artificial structures may change in shape during the optimization process to reach their best
position. In hatzuk, we assume that the search domain is the whole modelled domain Q. If it wouldn’t be,
coastal defense structures may not occur outside the search domain. Hydrodynamics forced by winds and
waves are computed on the whole modelled domain Q. The cost function J as defined in the previous section
is the most important concept of the optimization process. It refers to an equation that gives the state of the
search domain for specific forcings. This state uses to be representative of the impact of the forcings on some
hydrodynamic parametres (orbital velocity, wave height, wave orbital velocity, wave energy, or any
combination of other hydrodynamic parametres) that have to be minimized or maximized. The state given by
this cost function is computed in the cost function domain Dc, usually distinct from the search domain. For our
application, the domain Dc is defined from the shoaling zone to the inner surf zone. The sub-domain where
swash processes dominate is excluded (REF-DIF is not relevant for that physics, and the swash dynamics
control more the short term shoreline processes than the long-term sand stock evolution).

COPTER 2D - Physical experiment with mobile bottom - Generic geotube morphodynamic effects
reanalysis for Ha Tzuk geotube Project

The COPTER 2D experiment is performed with facilities located at the LEGI (France). The equipment used
consists of a wave flume equipped with a wave maker, a mobile sea bottom made of artificial particles set on
a mild slope hard beach, a set of 20 capacitive gages to monitor waves and a ultrasonic gage plus laser beam
on rails to quantify morphodynamics. The experiment concerns a typical dissipative sand beach profile from
the shoaling zone to the emerged beach.
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Figure 21 : Sketch of the 35 m-long, 1 m wide and 0.8 m deep experimental flume at LEGI used by GLADYS
for the COPTER 2D experiment.

ZUK 1 Physical experimentation with rigid bottom

The ZUK1 experiment is performed with facilities located at SEATECH (Toulon - France), where members of
the GLADYS network are hosted. The equipment used consists of a wave flume equiped with a wave maker,
a ridig (plastic) sea bottom that mimics a mild slope hard beach, a set of 18 capacitive gages to monitor waves
and several Vectrinos (devices that measure the 3D component of the instantaneous velocity at one point in
the water column). The experiment concerns a typical dissipative sand beach profile from the shoaling zone
to the emerged beach.
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3. Design methodology, mode/ cakibration and validation process 27

Figure 23 : Physical installation with rigid bottom - Seatech - France

3.3 VALIDATION OF THE RESULTS OF THE MARINE MODELS

A procedure of model results validation shall be initiated since the beginning of the project as BRLi has had
meetings to explain BRL methodology for geotube planning. The marine model were also inspected by
supervising entities (internal and Ministry).

The detail of validation period is given here under :

Validation Validation step Validation stages ATARIM internal
process with the Ministry of validation by
dates Environment independent
consultant Pr E. Kit
Aprit 2017 | Initial meetings to explain BRL X X
methodology for geotube
planning
June Physical characteristics of the X
2017 placement location report review
Nov 2017 | Ministry inspection of modelling X
activities
July 2018 | Modelling activities result review X

Each step was documented, and each conclusion was taken into account within the design process.

As a quality insurance mean, internal crossed validations as described by the calibration process, were made

by BRLi with respect to Séte wave attenuator project studies, results and monitoring.
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25 3 Design methodology, mode/ calibration and validation process

Based on this validations stages and results, BRLi, as planner of the project, has taken all its
responsibilities and is able to propose the following design result and preliminary planning document.

3.4 DESIGN RESULTS

3.4.1 Insights from the ZUK1 physical experimentation with rigid bottom

Refer to separate document : BRL /Ingenerie, 2077, Coastal defence strateqy along hatzuk beach (northern
76/ Aviv, Israef). Insights from the ZUKT physical experimentation with rigid seabolform and monochromatic
waves. Report 17-6, BRL /ngenierie.

Figure 24 : ZUK1 physical experimentation with rigid bottom

A physical experimentation called ZUK1 is conducted in a wave flume under the supervision of GLADYS
(www.gladys-littoral.org). A 6 m long rigid mild-slope bottom is forced by monochromatic waves in the
presence of geotextile tubes at different locations. Different sizes are tested also. The features of the
experimental beach are compatible with the analysis of energy flux dynamics at Hatzuk beach (northern
Tel Aviv, Israel) while scale laws are respected as much as possible for wave energy transportation and
transformation (potential, kinetic, friction). The various configurations combining wave regime & geotube
location provide a good overview of the transformation of flux of wave energy between the shoaling zone
and the inner surf zone.

We define a transfer function for the potential wave energy over the geotube with a good accuracy.
It is demonstrated that the geotube may be deployed in an intermediate position although a position as close
as possible w.r.t the beach could have been a possible best solution if one would have considered the absolute

attenuation at the shoreline only.

The results are clearly consistent with what has been determined by automatic optimal design.
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3. Design methodology, mode/ calibration and validation process 28

Forth, we analyse the various component of the cross-shore velocity (mean flow, orbital flow) and we discuss
how the geotube alter the spatial distribution of such variables nearby the geotube for various conditions.
The transfer function helps the characterization of the best place for the geotube with respect to wave energy
attenuation, with no consideration for other effects.

The analysis of the circulation over the geotube helps the design of the scour apron to be deployed at the
foot of the geotube if necessary.

Regarding the transfer coefficient, the ZUK1 experiment demonstrates that a geotube deployed in an
intermediate position, in between the shoreline and the fair weather closure water depth (typically around
300 m off the shoreline in Hatzuk) can result in an attenuation up to 25% approximately. In the study of Sete
wave attenuator, the decrease of energy calculated for the final deployed geotube was about 28%. The natural
beach accretion after years (more than 50 m depending upon the season) suffers no doubt.

This result is consistent with the forecasting provided by the optimal design. As a consequence, the ZUK1
experimentation can be considered as a successful model calibration of the optimal design for the Hatzuk
project.

Regarding the alteration of velocity nearby the geotube, since the experimentally measured currents remain
of an order of magnitude equivalent with or without geotube, from a distance L of the structure, the risk of
generalized scouring of the foot of the structure is considered to be low. Nevertheless, if dramatic global
increases are not considered for the currents, local phenomena can occur against the structure. This is an
area not covered by the experiment. The question will then arise, on a case-by-case basis, of the definition
of a local protection device according to the geotechnical conditions of the site.
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30 3. Design methodology, mode/ calibration and validation process

3.4.2 Insights from Definition of best geotube solutions after Nearshore
Optimal Theory

Refer to separate document : BRL /ngenierie, 20717, Coastal defense strafeqy along Halzuk beach
(northern 7o/ Aviv, /[srael). Definition of best geotube solutions after Nearshore Optimal Theory. BRL
Ingenierie report 77-5.

This report focuses on the determination of the geometric features of such geotextile tubes to be deployed
in the nearshore zone to fight against the hazards mentioned above.

To determine the best shape of the defense structures, taking into account both rheologic, environmental
and engineering constraints existing for this system, a coastal shape optimization strategy is promoted.

Unlike traditional engineering approaches, based on the study of a limited number of hypotheses guided by
good engineering practice in the design of traditional coastal structures (breakwater or groynes), there is no
general rule for designing a wave attenuator to maximize beach protection without negative environmental
impact.

Shape optimization makes it possible to test thousands of combinations —more than 3000 for Ha Tzuk Project-
of distance to the coast, height, width, orientation, segmentation, extension of structures on the project site
using a suitable hydrodynamic model :

- For each geotube geometric hypothesis and structure location, the site hydrodynamic conditions of
the site are propagated.

- For each hypothesis of work, the overall efficiency with regard to the protection of the beach is
recorded. The overall efficiency is parametrized in a cost function (J) specific to the project.

The optimal solution is the one whose geometry allows the most effective average protection of the site (the
one whose cost function is lowest relative value for all hydrodynamic conditions).

- cost function

00 200 300 400 500 600 700 800
Dstance to the snoreline [ m]

Figure 25 : Hatzuk beach, the zone of concern and surrounding areas. The studied site is located in between two
sediment disruption points (Herzliya Marina HM and Reading power station RPS). Another striking feature is the
isolated Tel Baruch Tombolo (TBT)

Taking into account engineering constraints, it is found that a linear geotube deployed in between 350 and
290 off the current shoreline would consist in the best solution with respect to a strict optimization
methodology to control the wave energy in the nearshore zone where sediment stock vanishes (as for
example, solutions A, B or C here under).
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3. Design methodology, moae/ calibration and validation process 37
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Figure 26 : Three typical best solutions dealing with the optimization (range 290 - 350 m o
the shoreline) and other constraints as the occurence of a trough in the field, as well as the presence of rocky
outcrops in the seabottom locally.

If other constraints are considered (local trough in the sand stock, sagging of the geotube,...) a best

optimization + engineering location of the geotube would be around 280 - 260 m off the shoreline (solution
C).

The optimal dimensions for the geotube are 3 m height and 12 m wide designed in a non disrupted line.
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32 3. Design methodology, mode/ calibration and validation process

Figure 27 : Cross section of the optimal geotube wave attenuator for Ha Tzuk Beach

3.4.3 Insights from the 2D copter physical experimentation with moveable
bed

Refer to separate document : BRL /ngenierie, 2077, Coastal defense strateqy along hatzuk beach (northern

7e/ Aviv, Israef). Insights from the 2D copter physical experimentation with moveable bed. Dr Houle report 77-
7.

A physical generic experimentation called COPTER 2D is conducted in a 35 m long wave flume under the
supervision of GLADYS (www.gladys-littoral.org). A bed of granular material deposited on top of a rigid mild-
slope bottom is forced by regular and irregular waves in the presence of different geotextile tubes baring
wave propagation and altering morphodynamics.

Figure 28 : Photographs of the COPTER experiment facilities. (A) The flume itself, from a gate located above
the wavemaker; (B) a geotube type-A in action; (C) the emerged beach at rest. The small scarp is visible in the
background; (D) the motorized ultrasonic altimeter in action

The features of this generic experimental beach are compatible with that of Hatzuk beach (northern Tel
Aviv, Israel) while scale laws are respected as much as possible for sand transport. From this experiment,
we select two representative geotextile configurations (small and large geotubes), and we analyze the

morphologic impact of typical fair-weather and storm waves patterns compatible with the conditions observed
off Hatzuk beach.

Typically, this experiment shows how shoaling and breaking waves change the transport and the
geomorphic features inthe vicinity of the geotextile tube itself.
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Figure 29 : Terminology for the main features analyzed in this report: A-type (large), B-type (small) structures,

shoreline and beach scarp.

For the conditions explored, it is highlighted that :

()

(iii)
(iv)

the deployment of a geotextile tube may drive limited scouring effects on both side of the geotube
(less than 1 m to the field scale),

while for a small geotube the system tends to shift the hydraulic sand bar at the location of
the geotube itself, a larger geotube drives the nourishment of the whole inner surf zone and
tends to maintain the natural hydraulic bar at its original location, even during most severe
conditions,

the large geotube is more efficient for reducing sand mobility,

the large geotube offers a best protection of the beach face and shoreline.

for both protected configurations, the mobility of the bar is reduced, which means that fair weather
conditions may have a source of material to bring back to the emerged beach most of the time.

Experimental side effects such as a constant dune foot erosion during all the experiments are
justified.

3.4.4 Insights from Circulation patterns around defense structures by
numerical modelling

Refer to separate document : BRL /ngenierie, 2077, Coastal defense strategy along hatzuk beach (northern
76/ Aviv, /srael). Circulation patferns around defense structures by numerical modelling. BRL ingenierie

report 77-6.

A comprehensive characterization of nearshore hydrodynamics along Hatzuk beach (northern Tel Aviv,
israel) is performed with the well-known numerical model SHORECIRC (CACR), perfectly adapted to
explore wave refraction/diffraction on a complex seabottom and the influence of such wave processes on
quasi-3D nearshore circulation patterns.
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34 3 Design methodology, mode/ calibration and valiaation process

The set of simulations is based on an idealized Hatzuk beach showing a mean slope similar to that observed
in the field, a same beach face shape, a same supposed mean position of the main hydraulic sand bar.
The modelled beach does not consider some of the most peculiar geomorphic features observed in Hatzuk
(scarce rocky submarine outcrops, troughs orirregular distribution of the sediment stock) because they are
changing and/or limited in space and time.

The computation grid extends towards the closure water depth (w.r.t bedload transport). The model is forced
with monochromatic waves characterizing various typical wave regimes from moderate conditions up to
extreme storms similar to that observed e.g. December 2010. Such representative wave regimes are
estimated after real data measured at israeli wave buoys deployed in intermediate/ deep water depths.

Figure 30 : model extension for Ha Tzuk project

For each wave regime, the modelis run several times with increasing durations, whose results are compared
each other until two successive simulations fit well, which means that the interpretation is based on
unambiguous steady state nearshore pat- terns. For different reasons clearly exposed, the simulations
are tainted of error. A sensitive analysis is performed to avoid any ambiguity and over-interpretation.

However, assuming that main nearshore hydrodynamic processes are captured correctly, this numerical
study provides a very valuable quantification of the possible effects of geotextile tubes that would be deployed
in front of Hatzuk beach. For each wave condition, numerical results obtained with a beach without any
protection are compared with those extracted from simulations with two different geotextile tubes (a big one
and a small one) located at two different positions along the cross-shore profile. In addition, two types of
geotextile tubes are considered.

A first type of geotextile tube ends laterally within the computation grid so that the effect of wave-structure
interactions can be discussed; the other type of geotextile extends alongshore over the whole computation
grid and is representative of the hydrodynamic effect far beyond the lateral boundaries of the defense
structure.

An obvious comparison of all the results demonstrates that the deployment of any geotextile tube in the
nearshore like those considered for Hatzuk project :
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3. Design methodology, mode/ calibration and validation process 35

- does not increase wave energy dramatically (always less than = 34%),

- does not alter alongshore current (positive or negative discrepancies less than = 20% in
magnitude) and thus does not threat any stake at the lee side of Hatzuk (e.g. Herzilia zone),

- redistributes partly the maxima of wave energy and currents differently with respect to the
unprotected configuration, without any consequence for the general behaviour of the beach system

- drives local increase of currents and energy at both ends of the geotextile tubes in a limited area
(of the order of several tens of meters from the geotextile tube ends) and thus does not represent
any risk for leisure activities.

Conversely, several configuration where the beach is protected by a geotextile tube drive significant reduction
of currents and wave energy in strategic areas (that of the hydraulic bars), which confirms what is suggested
by physical experimentation.

3.4.5 Insights from morphodynamic modelling

Refer to separate document : BRL /ngenierie, 2077, Coastal defense strafeqy along Hatzuk beach (northern
7el Aviv, Israel). Some mnsights from morphodynamic modelling . BRL ingenierie.

Beach morphodynamics in the presence of (and without) geotubes are explored in the Hatzuk beach
(Northern Tel Aviv, Israel) through a numerical analysis per- formed with the model XBEACH (Kingsday
version).

A two-fold model calibration is performed with experimental data acquired in a wave flume; first, numerical
results for nearshore hydrodynamics in the presence of a geotube over a rigid bottom are calibrated thanks
to the same forcings and bottom configuration as in the wave flume; we set some of the most important
Xbeach wave calibration parameters to fit as much as possible the numerical results to the experimental
observations; then morphodynamics observed and simulated are compared each others in the limited
number of cases where hydrodynamics are very well calibrated; morphodynamic calibration parameters are
then adjusted.

o - mmm Flrmsim)
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36 3 Design methodology, moade/ calibration and validation process

Figure 31 : Validation of hydrodynamics computed with Xbeach thanks to COPTER 2D results in the presence of a
geotube (with same forcings). Setting for Xbeach wasy = 0.7, n= 5, a = 1 (best calibration defined thanks to
simulation with rigid bottom).

The figure here below shows the morphologic changes resulting from those hydrodynamics. Simulations
with other forcings and other morphologic parameterization provide the same type of results. It is evidenced
that:

- After a classical storm, sand in the lee side of the geotube may not vanish. On the contrary, it may
accumulate slightly;

- Scour phenomena off the geotube is very limited after a storm;

- The deployment of a geotube controls well the fixation through time of the external sand bar in the lee
side of the geotube. This clearly maintains the sand stock in the nearshore;

- The erosion of the beachface (swash zone, close to the shoreline) exists during a storm but is
limited. The sand stock remains trapped in the swash zone, which suggests that fair weather
conditions should move it back to the upper beach and thus feed more easily the recreative part of
the emerged beach.
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Figure 32 : Validation of hydrodynamics computed with Xbeach thanks to COPTER 2D results (with same
forcings). Setting for Xbeach was 'y = 0.7, n = 5, a = 1 (best calibration defined thanks to simulation with a rigid
bottom)

A second task, once the model has been correctly calibrated, consists in analysis of long-term
morphodynamics on the Hatzuk beach, assuming that the hydro-morphodynamic calibration with experimental
data remains valid for the simulations into the field. Presently: the simulations are not stable in the area.
The lack of in-situ data in the nearshore domain, and the unstabilities consubstantial (non linearity) to such
a modelling approach prevent us to finalize relevant simulations at this stage.

Since Ha Tzuk beach has never had experimental measurement regarding morphodynamic, it is then
hazardous to give conclusions from this modelling to imagine Ha Tzuk beach whidthin 3, 5 or 15 years (NOP13
requirement).
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Return of experience for Séte experimental project, and expert opinion regarding the other parts of this study
are the only possible ways to forecast the efficiency of Ha Tzuk beach protection by wave attenuator.
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3.4.6 Insights from engineering considerations

3.4.6.7 General constrains

It is listed here under all geotechnical, physical, environmental constrains that will guide the project definition.

For industrial reasons, it is decided to retain envelopes with a theoretical diameter of around 5 m
maximum, leading to geotubes with a height of 3 m and a width in place of around 6 m. For large
dimensions, it is indeed difficult to obtain a slenderness greater than 2.

For environmental reasons specified in NOP 13, it is not allowed to install geotube upon rocky area.

To prevent geotube ageing because of UV impact on geotextile, it is necessary to have a minimum
water layer of 0,5 t0 0,8 m.

To limit anthropic impact during leasure activities, it is necessary to have about 1,5 m height above
the geotube.

The geotube will not be visible from sea shore, nor from sea surface, it will be necessary to signal its
position with buoys.

To be efficient regarding beach protection, the geotube wili be installed under -4,5 m isobathic line.
The C position is retained.

The geotube is supposed to be stable during major events. The maximum wave height at the toe of
geotube is supposed to be 5 m maximum. This value correspond to the maximum wave height in about
6 to 6,5 m depth of water during storm according to Mc Cowan. The deepness of 5 water depth + 1 m
of average sea level elevation during storm is obtained from 10 to 30 m offshore the geotube, witch is
convenient.

The total length of protected beach is depending on the total length of the geotube wave attenuator
installed. Since there is no side effect, the total length is to be determined only regarding financials
analysis of the project.

The sand layer around -4,5 m isobath is generally less than 1 m, locally 2 m. The scouring apron is
theorically not necessary. Since the date of the works is not fixed and the hydrodynamism of the beach
can move large volum of sand, a scour apron is design as a precautionary measure.

The geotechnical conditions at the project site are a layer of clean sand over a bedrock. As the sand
is non-compressible and without delayed consolidation, no settlement other than instant settlement
under the structure is expected.

Local sand resources have a grain size in the range of 150um to 250um. This is fine sand, so the
geotextile forming the envelope must have suitable filtration opening characteristics, in addition to the
necessary tensile strength.

Closure depth close to 8 to 10 m, i.e. at a distance of about 800 m from the shoreline (take sand under
the closure depth for the construction of the structure, therefore in a sedimentary system “independent”
of the near coastal system controlling the geometry of the beach).
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3 Design methodology, mode/ cattbration and validation process 34

3.4.7 Insights from structural design
3.4.7.1 External stability of the structure to the wave

3.4.7.1.1 Experimental approachH

The purpose of the experiments in the mobile-bottomed wave channel was to analyse the sediment response
of the coastal bars to the presence of the wave attenuation structure. This has been implemented in
accordance with similarity laws (shape / mass) that make it possible to interpret the external stability conditions.
During the experiments, no threshing conditions were used to destabilize the structure.

However, the moving-bottom experiments made it possible to locate and quantify the scour at the base of the
structure. This is of a multi-decimetric order and justifies the use of an anti-scouring mat. The purpose of this

mat is not to prevent any scouring near the attenuator structure, it is simply to confine the foundation ground
on which the two tubes are installed.

3.4.7.1.2 Analytical approach

The stability of the structure with respect to wave forces will be assessed in the case of an isolated geotube
6m wide and 3m high.

WAVE FORCES ON THE TUBE
In order to determine the wave forces on an immersed cylindrical structure, it is usual to use the Morrison
formula in non-permanent flows. This includes two distinct terms that are representative of the two types of

forces that are exerted on the structure:

- A drag force proportional to the square of the velocity of the surrounding water particles. This term represents
the forces related to flow disturbances at the rear of the structure.

Ft=1/2.p.5.Cd.V*

- An inertial force proportional to the acceleration of the surrounding water particles of the structure. This term
refers to the disturbance of the movement of the surrounding body of water.

Fi=p.CM.W.(dV/dt)

To determine each of these terms, the Airy swell model propagating in shaillow swells will be used. The
equations that then govern the movements of the water particles are as follows :

X=Xo — a ch[k(Zo+h)] / sh(kh) . sin(kXo-wt)

Z=Zo + a ch[k(Zo+h)] / sh(kh) . cos(kXo-wt)

With :
a = H/2 = wave amplitude
k = 2w/
o=27/T

h = water level
From these formulas, it is easy to find the speed and acceleration of water particles in the vicinity of the pipe.

The variable CM corresponds to an added mass coefficient.
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We have:
CM=1+Cm
For an ellipsoid, as it is the case here, we can take Cm=1 and therefore CM=2
The variable Cd is determined from diagrams set by the Reynolds number:
Re = a.0.D/v

With :

a = amplitude of the movement of the water particles

o=2w/T

D = diameter of the structure

v = 10-6 = kinematic viscosity
The Cd value will therefore be determined in each wave and depth configuration.
PROJECT SWELL
The geotube structure will have to be able to withstand a 25 year return period swell. This swell has the
following characteristics at the toe of the structure (~300m from the shoreline, slightly upstream of the
structure) :

- Significant height: 5m

- Period: 11s

This correspond to a severe HmO = 7 to 8 m in deep water.
STABILITY CALCULATIONS
The calculations make it possible to check the stability of the structure with regard to the forces mentioned

above. The stability of the structure will be checked upon overturning.

Figure 33 : Review of the forces exerted on the structure
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3. Design methodology, mode/ calibralion and valdation process 47

Données sur la houle

Hauteur de houle m
Periode 11]s
Longueur d'onde 84|m
Hauteur d'eau 6|m Calcul de stabilité d’'un ouvrage géotube isolé
Hauteur du récif 3|m
Distance du point de retournement 1.5[m
Poid du récif 15,2|T
Profondeur centre gravité 4,5|m
3 0,07
0,57|rd/s

Calcul des efforts sur ’horizontale Calcul des efforts sur la verticale
Amplitude 542|m Amplitude 0,61|m
Vitesse 3,10|m/s Vitesse 0,35|m/s
Acceleration 1,77|m/s? Acceleration 0,20|m/s?
Transparence 0,80 Transparence 1,00
Re 9 290 559 Re 1038 046
Ke 11,36 Kc 1,27
Béta=Re/Kc 818 182 Béta=Re/Kc 818 182
Cm 1,0 Cm 1,0
Cdx 2,0 Cdy 2,0
Force de trainée (N) 23616{N/ml Force de trainée (N) 369|N/ml
Force de trainée (Kg) 2407 [Kg/mi Force de trainée (Kg) 38|Kg/ml
Force d'inertie (N) 26135[N/ml Force d'inertie (N) 2867|N/ml
Force d'inertie (Kg) 2664|Kg/mi Force d'inertie (Kg) 292|Kg/mi

Effort de la houle max 3,59 T/mi Effort de la houle max 0,29 T/ml

Poid du récif dans I'eau 16,20| T/ml
Moment de renversement 5.83|T.m/mi
Moment résistant 22,80(T.m/ml
Renversement|  Stable

The results show that the stability of the structure is very reliable. A ratio of more than 3 exists between the
overturning moments and the resistant moment. In addition, the addition of a second geotube in the immediate
vicinity of the first will only improve the stability of the assembly, each tube allowing the other to be protected
from swell currents.

These results are complementary and confirm those obtained in the wave channel.

3.4.7.2 Protection against scouring

The substrate on which the tubes will be placed is made of sand, and is therefore sensitive to scouring,
especially if there is swell surge in the direct vicinity of the structure (desired effect).

In that case, the tubes must be installed on an anti-scouring belt, anchored and weighted at the end by a small
tube ensuring relative rigidity and ballasting of the belt.

Since the site condition indicates little thickness of sand, scouring apron may not be necessary. Séte site
analysis showed that 3m*6m geotube remains stable even with up to 3 to 4 m depth scouring at the toe of
structure. Nevertheless, as a precautious principle, the present document keeps the principle of installing a
scour apron. When civil works will take place, a new bathymetry will be done and a new sand thickness
measurement will also be done for the designer to conclude whether a scour apron is necessary or not.

A the present design step, a scour apron from 3 to 6 m width from part to part away the geotube are taken into
account in drawings and cost estimates.

3.4.7.3 Design of the geosynthetic envelope

The desing of a geotextile tube must be done according to the rules of the art. In general, the maximum tensile
strength of the envelope is mobilized during the filling phase. it depends in particular on the inflation pressure
and the filling rate of the synthetic envelope.

TENSILE STRENGTH
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Tensile strength is evaluated using the Silvester chart (1986) providing tensile strength based on the geometric
characteristics of the structure.

In the case of a 3 m high geotube of the attenuator structure with a perimeter equal to 15 m, filled with sea
sand in the form of hydraulic backfill, the ultimate resistance mobilized during the filling is 42 kN/m.

To ensure a good level of sustainability of a geosynthetic, it is necessary to take into account, through
representative partial coefficients:

- The resistance of the seams;

- of the creep under stress of the envelope;

- from damage to implementation;

- the chemical aggressiveness of the environment in which the tube is immersed.

The overall coefficient commonly used to take these elements into account is F = 3.

In view of the stakes in Ha Tzuk beach, the project manager proposes to adopt an overall coefficient of 4.
The ultimate tensile strength of the geosynthetic material covered by this operation wili then be 170kN/ml or
more in both the production and cross direction. The same ultimate tensile strength will be used for any
scouring protection.

PERMEABILITY

The permeability of the geosynthetics to be used depends on the method of execution of the work. This can
be low if pumped water discharge stacks are installed on the tube to be filled.

ENVELOPE FILTRATION OPENING
Given the nature of the sands available in the project area, the filtration opening shouid be small enough to

retain the fine particles of the sand. It is expected that the sand used will have characteristics compatible with
the following model taken between Ashdod, Herzelia and Hazuk :

it

| 2

Therefore, a filtration opening between 50um and 110um appears satisfactory.
SPACE BETWEEN FILLING AND DEWATERING PIPES

The distance between an injection stack and a drainage stack must be sufficient to allow the finest materials
to settle. This dimensioning principle is based on the falling particle velocity and the velocity of the filling current.

L = Q/(W*Vs)
With the following ratings:

L: distance between two chimneys
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Q: Solid flow rate
W : hydraulic section of the flow
Vs sediment fall rate.

A numerical application indicates that chimneys spaced more than 11 m apart will allow satisfactory settling of
materials smaller than 100 ym.

3.4.7.4 Durability of the structure over time

A geotextile tube structure consists of an inert filling material - sand - and a containerization or envelope
material: geotextile.

The resistance of the tube to attack is generally related to the resistance of the envelope. The latter must resist
multiple constraints.

In general, it is considered that the lifetime of a textile tube manufactured and implemented according to the
rules of the art is in the order of 30 to 40 years.

This king of structure needs regular monitoring, inspection and if necessary, maintenance. The quality of
maintenance if the key to have the system lasting long time.

ULTRAVIOLET RESISTANCE

Geotextile is a flat and permeable textile material made from natural (coconut, jute,...) or synthetic (usually
polyester, polypropylene or polyethylene) materials. These synthetics are materials polymerized from
monomers. The bonds between the monomers can be broken by the energy supply of UV radiation.

In general, these materials are stabilized against UV rays by carbon black products and antioxidants. The
resistance to U.V. is all the more important as the filaments used for the manufacture of textiles have a large
diameter.

In addition, they are designed for use in geotechnical structures, buried or submerged, protected from UV
radiation. Some manufacturers guarantee their geotextiles 120 years in the ground.

As part of the project, the water slide above the envelopes will be in the order of 3 m. It is generally considered
that a 0.8 m slice of water is sufficient to stop active UV radiation on polymeric chains. In addition, this envelope
will quickly be colonized by algae which, forming a double skin, will also have a U.V. protective function.

CHEMICAL RESISTANCE

The polymers generally used (PET, PP, PE) are stable materials under the conditions of use of Lido. Only
polyester has a sensitivity (possibility of hydrolysis) to basic water (above pH = 8.5).

As a precautionary measure, a polypropylene or polyethylene material will be specified as the base of the tube
shell.

RESISTANCE TO PHYSICAL AGGRESSION

In the majority of cases, the damage to the tubes is the result of vandalism and/or floats. The position of these
tubes (350 m from the coastline at a depth of 4.5 metres) puts them out of reach of ordinary vandalism. It is
generally considered that 150 m distance and 1.5 m water depth are sufficient to limit common voluntary
degradation.

As part of the project, the fully submerged position of the tubes protects them from most debris and floats that
could damage them.
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The potential source of damage is the proximity of vessels with a draught greater than 1.5 m in the area
(pleasure craft and fishermen). The presence of the structure must be reported to the competent authorities.
In addition, it is still possible to set up buoys or beacons for this purpose. This possibility was not taken into
account in the costing of the transaction. As a reminder, a tube as envisaged is more than 15 m3/ml, i.e. about
30 tonnes per linear metre or 150 tonnes per tube.

Note : A locally damaged tube is repairable by simple and low-cost means. Regular inspection and
maintenance should be carried out.

PRECAUTIONS AGAINST ALEAS
Like any structure, textile tubes can be subject to hazards. In order to limit the effect, the tubes will not be
continuous pieces 1000 m long, but successions of tubes of unit length between 20 m and 40 m. This "splitting”

limits the extension and progression of a defect on the linear of the operation.

The existence of two lines makes it possible to keep one, which is less efficient but not null, in the event of
failure or destruction of the first one.

3.5 DESIGN CONCLUSION

As a conclusion to design studies, preliminary planning documents can be given as follows :
The geotube wave attenuator consists of two geotextile tubes filled with sand placed side by side.

The tubes will consist of a succession of 30 m long sections (possible 20 to 40m regarding to building company
capabilities). Each will be 6m wide and 3m high.

As a precautions principle, they will be placed on an anti-scouring belt of a maximum width of 25m weighted
at the edge by ballast tubes filled with sand.

The entire structure will be installed at the -4.5 m isobath, approximately 260 m from the shoreline, avoiding
ecologically sensitive rock outcrop areas.

The top of the structure is therefore at a depth of 1.5m, which limits the vulnerability of the structure to floating
objects, vandalism and UV rays.

The position of the structure behind the outer bar ensures that the natural operation of the beach system -
small bottom up to the 2nd bar - is not disturbed.

Calculations and tests in the wave canal made it possible to verify the stability of the structure.
In addition, studies have shown that :

- the structure does not modify the overall morphology of the bottoms between the beach and the
structure, in particular there will be no accumulation of materials in front of the structure as is the case
for a foot stop and the two natural bars will be preserved,

- the muzzles of the structure will not create an accentuation of the currents.

The sand requirement to fill the geotubes is estimated at 30m3/m, or 30,000m3 for the 1000m. It will be taken
in an area further offshore, at a minimum distance of 800 m. Historical studies of the project area show the
presence of materials with satisfactory grain sizes on bottoms below 8 mto 10 m depth located 800 m far from

coastline.

in principle, there is no need to reload sand to reach the 25 to 35 m beach objective. A monitoring will allow to
conclude if beach nourishment is needed in the future.
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4. PRELIMINARY PLANNING DOCUMENT

4.1 PLANNING OF THE SOLUTION

Refer to separated full scale drawing documents in appendix 1.

As a conclusion to design studies, preliminary planning documents can be given as follows :

Figure 34 : General cross section and plan view
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Nota : scale is reduced to fit to the document.
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4.2 ANTICIPATED MORPHOLOGICAL IMPACTS

4.2.1 Forecast of changes of the sand strip width (1, 3, 5 years)

The aim of the project is to protect ciff and emerged each from storms and general erosion. It is assumed that
the modelling prevision is useless since there is no site data to calibrate the model.

The principal thing to say from return of experience in successfull Séte Projectis that the beach will keep its
summer calm width conditions. That is to say, for Ha Tzuk, around 20 to 30 m. During the first years, the
system should fix some more sand up to reach a new equilibrium between 25 to 35 m. This width will vary due
to hydrodynamic conditions, but will not be dramatically eroded for annual storms.

Since it is a soft solution, morphological effects of the project on the bathymetry and coastal vicynity will not
be sensitive. The shape of the beach will stay in a regular shape, and will not become dangerous for leasure
activities.

Since it is a soft solution, it is proven by modelling activities that there will not appear side effects regarding
erocion and accretion. This result is consistant with full scale experiment and successfull Sete Projetc.

These results will be globally stable at 1, 3 and 5 years.
A monitoring should be done each year at same saisonal conditions (spring or summer). The result sall be
interpreted regarding the behaviour of the sand stock and it should be stated after year 3 if a beach

nourishment is needed. At present time of writing this document, it is not advised to prepare a beach
nourishment.

4.2.2 Anticipated impact on processes of beach nourishment (1, 3, 5 years)

From the designer experience, it appears not to be necessary to proceed to beach nourishment in the same
time than wave attenuator construction, :

The natural beach width varies from 10 to 30 meters, depending on the season and the year of the
measurement.

Reducing wave energy in the sandy system allows to keep fair weather conditions and then to keep summer
width of the beach. It is supposed to be enought regarding the aim of the project.
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4.3 [ENGINEERING REPORT

4.3.1 Proposed method of breakwater construction

A textile tube consists of a casing filled by hydraulic pumping with a mixture of water and sand which is
intended to settle to gradually fill the tube. The sand thus used is then in a state of compactness generally
close to the normal optimum proctor, at a density close to 1.95. The planned attenuator structure consists
of two tubes on a weighted anti-scouring mat.

OVERALL PHASE OF THE WORK
The construction of a wave attenuator portion includes at least 3 distinct phases:
1- Implementation of the anti-scouring belt weighted from a barge
2- Implementation of the envelope of the first textile tube and hydraulic filling with sandy materials
in synchronous or delayed manner.
3- Implementation of the second textile tube and hydraulic filling with sandy materials in synchronous
or delayed manner.
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MEANS OF EXECUTION
The prefabricated geosynthetic tubes and the anti-scouring mat will be transported to the site by barge
equipped with a crane of sufficient power (20 T minimum).
On land, they will have previously been carefully folded (tubes) or wound on a mandrel {anti-scouring mat
and tubes) so that handling at sea and underwater is limited.
The tubes will be filled by means of means that allow a mixture of water and a minimum of 10% sand to be
injected into the tubes. It could be made at your choice:

- by asuction dredger with direct discharge, sucking the sand into the authorized area to discharge

it directly into the tube — this is the best option for Ha Tzuk site ;
- by an adapted pump gradually draining the well of a load-bearing dredger or barge previously
loaded by a dredging operation in way of the authorised area.

Bottom installations and guidance will be provided by scuba divers.
Calculations have shown that the stacks for filling and discharging water flows must have a minimum
spacing of about 10 m to allow effective settling of the injected sediments. These will have a diameter of
about 50 cm and a length of between 80 cm and 150 cm.
SUBDIVIDED INTO SPECIFIC STEPS
1 - Preliminary recognition and validation of the implementation at the start of the work:
Prior to the deployment of the structures, as part of the execution studies that will have to take this into
account, the company will carry out sampling and granulometric tests to validate the availability and quality
of the sand for filling the pipes.

The axis of the tubes is provided on the bathymetric curve at -4.5 m isobath. This is a primary objective of
the operation to imperatively respect a crest dimension of the structures set at -1.5 m under mean water
lever.

A bathymetric survey prior to the installation of the structures will thus be conducted as part of the
progress. It may be necessary to reprofile the bottoms before laying to ensure an even and identical depth
along the entire length of the route. For example, if a bathymetric trench is identified, it must first be filled
to preserve a generally linear structure. The maximum permissible radius of curvature to adapt the plan of
the structure to bathymetry is 300 mi.

PREPARATORY WORK

The various envelope elements and anti-scouring mats will be prefabricated in the factory and prepared
on a specially designed area (prefabrication possible in a specific area of Ha Tzuk near the marina, then
loading on the crane barge from a quay).

INSTALLATION OF THE ANTI-SCOURING MAT

The belt is placed as the tubes are filled with sand.

The belt previously wound on a mandrel is placed using a lifting beam carried by the crane pontoon.

The unwinding of the carpets is suspended every 20 to 40 ml, in order to allow the filling of the textile
tubes. The partially unwound mandrel can then be immersed and temporarily left on the bottom of the
water.

The unwinding of the carpets may be interrupted at any time without prejudice to the procedure for laying
the elements.

Ballasting or anchoring the draining mat:

Polypropylene is lighter than water, so it is advisable to ballast the draining mat to ensure that the mat is
satisfactorily plated against the ground.
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Given the potential proximity of beach rock (beach sandstone), anchoring devices are not a priori favoured.
Ballast devices are provided for the drainage belt. This ballast can be achieved by using sandbags firmly
attached to the parts of the draining belt not covered by a tube;

The ballast weight per linear metre of pipe shall be at least 8 kg of ballast (dry sand bag) per linear metre
of pipe. This mass of ballast can be distributed by ballast lines spaced 3 to 4 m apart. These are final weights.
The weights should preferably be placed when the belt is wound on a mandrel or as the belt is unwound
in water.

Similarly, it will be necessary to provisionally ballast the tube shells before filling

Figure 35 : geotube project construction sketch

4
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DISASSEMBLY OF THE BREAKWATER

It is only necessary to involve scuba workers to cut the geosynthetics envelope.
The filling sand, witch is local resource, wil go back to the sedimentary cell stock.
The enveloppe will be blown by the use of a pumping system.

DETAILS ON THE POSSIBILITY TO USE THE PLANNED BREAKWATER AS BASIS OF A "STANDARD" STONE
BREAKWATER

All the design analysis is related to a specific shape and location. This geometric characteristics can be
obtained by geotube system, but also with natural stones.

In the case of natural stones a fex thins such as scour apron, or berms may need to be adapted.

ENGINEERING ASSESSMENT REGARDING LIFE EXPECTANCY OF THE BREAKWATER.

In general, it is considered that the lifetime of a textile tube manufactured and implemented according to the
rules of the art is in the order of 30 to 40 years, lets say 30 years.

This king of structure needs regular monitoring, inspection and if necessary, maintenance. The quality and
frequency of maintenance if the key fo have the system lasting long time.

As stated in structural design, the structure is designed to resist to severe winter storms.

4.3.2 Method and sand source

4.3.2.1 sand for filling the geotextile containers

The sand requirement to fill the geotubes is estimated at 30m3/m, or 30,000m3 for the 1000m. It will be taken
in an area further offshore, at a minimum distance of 800 m. Historical studies of the project area show the
presence of materials with satisfactory grain sizes on bottoms below 8 m to 10 m depth located 800 m far from
coastline.

A general rule is to be able to identify a deposit 2 to 3 times greater than the need in order to be sure to be
able to mobilize the need for sandy resources. If we consider a general sand layer of about 1 m width, it is only
necessary to identify a sandy profile of about 100 m, that is to say, be sure to have sand from 800 m to 900
far from seaside. It is obviously the case along Israelian coast.

4.3.2.2 sand for beach nourishment

In principle, there is no need to reload sand to reach the 25 to 35 m beach objective. A monitoring will allow to
conclude if beach nourishment is needed in the future.

To be efficient, the beach nourishment should be done with at least 100 m3 per m of beach. It means 100 000
m3 for a 1 km long project. This sand volume will not be present directely around Ha Tzuk site. It could come

from an harbour dredging (external parts only due to pollution risk) or from abroad as it is done for now in such
a case in Israel.

4.4 DRAWINGS AND PLANS

Refer to appendix 1 to have full scale drawing.
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4.5 QUANTITY LIST INCLUDING FINANCIAL ASSESSMENT REGARDING EACH
SECTION.

Details of the costing, including details of the content of prices and quantities, are available below. Given the
limited experience of local companies, this price should be considered as an order of magnitude. It should be
noted that the feedback from the geotube works under way south of Tel Aviv may provide additional elements
to refine the estimate.

The cost of the work is sensitive to weather conditions, which can vary significantly from year to year. The
global cost should be considered to be from 2,8 te 3,2M€ excluding taxes at the present stage of feasibility.

The prie is given here for a global length of 1000 m. It can be adapted to smaller of larger length.,

Price . . . . Unitary Price Montant
e Designation Unity | Quantity e i
General packages
)| Bringing in and out of equipment Ft 1,000 150 000,00 €| 150 000,00 €
4 General site and fallback installations Ft 1,000 60 000,00 € 60 000,00 €
JExecution file Ft 1,000 10 000,00 € 10 000,00 €
4Collection file Ft 1,000 12 000,00 € 12 000,00 €
YImplementation and provisional maritime signalling during the Ft 1,000 8 000,00 € 8000,00€
construction phase
6|Implementation and final maritime signage for the structure Unité 3,000 8 000,00 € 24 000,00 €
7|Bathymetric surveys before work Ft 1,000 7 500,00 € 7 500,00 €
8|Sampling and testing surveys for characterization of the borrowing| Ft 1,000 10 000,00 € 10 000,00 €
area
9|Bathymetric surveys during the work Ft 1,000 10 000,00 € 10 000,00 €
10|Bathymetric surveys after work Ft 1,000 1 000,00 € 1000,00 €
Wave attenuator structure
11|Preparation of the bottom of the excavation for the attenuator ML | 2 000,600 20,00 € 40 000,00 €
12|Supply and installation of textile tube for the attenuator ML | 2 000,000 900,00 €| 1800 000,00 €
13|Supply and implementation of a geotexiile for the anti-scouring M2 |24 000,000 25,00€|  600000,00 €
mat
14|Capital gain at prices n°12 and 13 for the construction of 2 to 4 Ft 1,000 30 000,00 € 30000,00 €
test tubes (minimum length of 30m) for the calibration of
equipment, materials and implementation, including
instrumentation, soundings and specific measurements
16| Dredging and reloading for resurfacing the foundation soil within | m3 5 000,000 20,00€| 100000,00€
the project area
17|Naval equipment fixed assets Unité 5,000 10 000,00 € 50 000,00 €
Tatal
Total € excluded all taxes 2 912 500.00
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4.6 INITIAL PROPOSED PROJECT SCHEDULE.

The planned completion rates are in the order of 10 to 15 ml of work per effective working day (i.e.
approximately 1 tube of 20 m to 30 m per day).

It is made the asumption that these will be no works from june 1st to september 15th each year due to leasure
activities.

Since summer time shoul be preserved from seaworks, the average weather conditions (automn / winter /
spring) allows us to consider working 1/2 of the time, or about 10 days a month. The average linear achievable
per month is then around 100 ml to 150 ml.

On this basis, the duration of the work on the 1000 m of the so-called experimental farm section is estimated
at 7 to 10 months depending upon the wave climate conditions.

This value will be challenged by the geotube return of experience of south tell aviv project.
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Appendix 1 - Full scale drawing

nning services of submerged detached breakwaters
with sand filled containers at the front of Ha'Tzuk Beach in Tel Aviv - Yafo, Israel- Report Stage A.
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Coastal defense strategy along Hatzuk beach

(northern Tel Aviv, Israel)
Circulation patterns around defense structures by numerical modelling

BRL Ingénierie

Please quote this report as follows:

BRL Ingénierie, 2017. Coastal defense strategy along hatzuk beach (northern Tel Aviv, Israel). Cir-
culation patterns around defense structures by numerical modelling. BRL ingénierie report 17-6.



g’f In a few words...

A comprehensive characterization of nearshore hydrodynamics along Hatzuk beach
(northern Tel Aviv, Israel) is performed with the well-known numerical model
SHORECIRC (CACR), perfectly adapted to explore wave refraction/diffraction on
a complex seabottom and the influence of such wave processes on quasi-3D nearshore
circulation patterns. The set of simulations is based on an idealized Hatzuk beach
showing a mean slope similar to that observed in the field, a same beach face shape,
a same supposed mean position of the main hydraulic sand bar. The modelled
beach does not consider some of the most peculiar geomorphic features observed in
Hatzuk (scarce rocky submarine outcrops, troughs or irregular distribution of the
sediment stock) because they are changing and/or limited in space and time. The
computation grid extends towards the closure water depth (w.r.t bedload transport).
The model is forced with monochromatic waves characterizing various typical wave
tegimes from moderate conditions up to extreme storms similar to that observed
e.g. December 2010. Such representative wave regimes are estimated after real data
measured at israeli wave buoys deployed in intermediate/ deep water depths. For
each wave regime, the model is run several times with increasing durations, whose
results are compared each other until two successive simulations fit well, which
means that the interpretation is based on unambiguous steady state nearshore pat-
terns. For different reasons clearly exposed, the simulations are tainted of error.
A sensitive analysis is performed to avoid any ambiguity and over-interpretation.
However, assuming that main nearshore hydrodynamic processes are captured cor-
rectly, this numerical study provides a very valuable quantification of the possible
effects of geotextile tubes that would be deployed in front of Hatzuk beach. For each
wave condition, numerical results obtained with a beach without any protection are
compared with those extracted from simulations with two different geotextile tubes
(a big one and a small one) located at two different positions along the cross-shore
profile. In addition, two types of geotextile tubes are considered. A first type
of geotextile tube ends laterally within the computation grid so that the effect of
wave-structure interactions can be discussed; the other type of geotextile extends
alongshore over the whole computation grid and is representative of the hydrody-
namic effect far beyond the lateral boundaries of the defense structure. An obvious
comparison of all the results demonstrates that the deployment of any geotextile
tube in the nearshore like those considered for Hatzuk project (i} does not increase
wave energy dramatically (always less than ~ 34%), (ii) does not alter alongshore
current (positive or negative discrepancies less than ~ 20% in magnitude) and thus
does not threat any stake at the lee side of Hatzuk (e.g. Herzilia zone), (iii) redis-
tributes partly the maxima of wave energy and currents differently with respect to
the unprotected configuration, without any consequence for the general behaviour
of the beach system and (iv) drives local increase of currents and energy at both
ends of the geotextile tubes in a limited area (of the order of several tens of meters
from the geotextile tube ends). Conversely, several configuration where the beach is
protected by a geotextile tube drive significant reduction of currents and wave en-
ergy in strategic areas (that of the hydraulic bars), which confirms what is suggested
by physical experimentation.
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1 Introduction

The term geotextile refers to a wide category of robust man-made woven fabrics used in civil engineering
to coat granular material, to prevent clogging by fine sediment particles and for many other usages.
Originally, the term geotextile tube — or simply geotube — in coastal engineering refers to decametre
long and metre wide sockets made of UV-resistant geotextile adapted to marine environment which
are used to be deployed mostly onto the emerged beach to stabilize sand or nearby the wave closure
depth to stop losses of sediment driven by currents. Through language evolution, the term geotube
now refers to any structure made of geotextile that helps the beach system to recover health. Its
functions can be largely extended to the control of nearshore hydrodynamics, water levels, energy
distribution, morphodynamic control by supervision of hydrodynamics. Deploying geotubes is a kind
of soft engineering, or even reverse engineering in the way that it uses tentatively the proper features
of the natural system to influence its intrinsic evolution rather than to dictate a behaviour based on
a partial understanding of its dynamics or defined after the immediate goal to achieve.

Along the Hatzuk Beach (Fig. 1) to the North of Tel Avil (Israel), it has been decided to deploy
geotextile tubes aiming at fighting against on—gomg erosion of the emerged beach and abrasion of
the cliff foot observed at several locations (/" e, 2070 72). More generally, expectations are
placed in the ability of such a type of defense structures to protect the whole nearshore beach system
and to favor a beach widening of several tens of meters.

5.7 km

eading power |
n point

Figure 1: Hatzuk beach, the zone of concern and surrounding areas. The studied site is located in between two sediment disruption
points (Herzliya Marina HM and Reading power station RPS). Another striking feature is the isolated Tel Baruch Tombolo (TBT).



A coastal defense strategy based on the intelligent design of defense structures requires investigating
several perspectives complementing each other to ensure that final recommendations to the decision
makers are devoid of subjectivity and convincing enough to reach consensus. This report is part of
such a global strategy which includes what follows:

1. determine what are the best shape, location and features for geotubes specifically dedicated to
the protection of the Hatzuk beach system;

2. estimate the efficiency of the geotubes with respect to various targets (erosion, submersion,
natural nourishment of the beach, general health of the beach);

3. check that a solution based on geotubes has a negligible impact on the regional circulation,
especially downstream;

4. quantify the alteration of currents and waves nearby the geotubes and the possible subsequent
scouring around geotubes;

In the list above, the present report is dedicated to points (3) and (4) mostly. It is based on perform-
ing numerical simulations with an adapted numerical model (SHORECIRC, an open-source software
continuously developed at CACR since the 90’ and based on robust and clearly exposed physical
hypotheses). In the following, we first explain the modelling strategy and all details relative to the
setting of the simulations. Then a summary of the sensitive analysis is presented. Last, results are
exposed and 1nterpreted in the same time. The writing of this report depended upon some results

from BRI Ingénieric ( ), where best geotubes for Hatzuk have been calculed. Some informations
for the modelhng setting have been extracted from 1gé ( 172) and others relative to the
naming of the geotextile tubes categorization come from i ( ). The main 1n31ghts

from the present report are collected and synthetized in the PHASE 2 general report from BRLi (7!

e, 2017d).

2 Modelling strategy & methodology

Modelling the nearshore hydrodynamics is not straightforward as this environment is complex, showing
highly non-linear processes, coupling processes at various spatial and time scales, concerning the
physics of different phases (water, air, sediment, rocks) acting on complex versatile topologies (highly
changing seabottom, shoreline unstabilities,...). In such a context, the numerical modelling in a realistic
way is still an academic scientific questioning. First, the principle of the numerical modelling strategy
chosen for this work is exposed. Then technical details are provided, including number and type of
simulations (forcings, topology).

2.1 Principle

The more relevant definition of Hatzuk beach as a physical system is to say that it is a domain for
which the immersed part (= more than a few tens of decimeter of water depth) must satisfy the shallow

water approximation of fluid mechanics (e.g. © ~ohoior, T00 7y Sonnenile) 1000), This definition is still

ambiguous because the term shallow water enclrcles ideas and concepts somewhat different depending
upon one considers it from fluid mechanics or physics of waves.

Indeed, the shallow water hypothesis of fluid mechanics refers to the fact that the order of magnitude
of the horizontal components of the water mass velocity is great with respect to that of the vertical
component. This hypothesis means that the calculation of the vertical component can be circumvented
by integration over the water column in the equations describing the water velocity (Navier Stokes



or alternative formulations such as Euler, Reynolds; see 1 o) © ). This does not prevent to
calculate a moderate vertical component of the fluid velocity, derived by continuity from the horizontal
components. Another consequence of the hypothesis is that the horizontal components of the fluid
should be constant over the water column because they are integrated.

Another way to define the shallow water is to not consider the water mass kinetics but alternatively
the physics of waves. Several strategies exist aiming at describing the dynamics of gravity waves (or
equivalent) at the surface of a fluid ("=, '0 7). Some are based on mathematical representations
of the velocity potential and of the free water surface derived from the shallow water hypothesis as
defined above; those methods tentatively circumvent the too much restrictive definition of the shallow
water asumption. They consist in : (a) superimpose several mathematical models over the vertical,
dealing with interface as efficiently as possible, (b) parametrize (Quasi 3D point of view) the vertical
shearing of the horizontal velocities (71 2 , 12002), (¢) use formalisms based on an
integration of fluid velocity, keeping informations on vertical structure of the current, which usually
results in the emergence of some kind of non-linearity in the equations. In such a case, one usually
talk about BSV point of view (Boussmesq Samt Venant) Within that category, there exist famous

formalisms such as KdV (1= Do Ueies, 1000), Boussinesq ( coue, 172y and all their
derivatives. More recently, authors have tried to validate the shape of the waves itself within a part of
the cross-shore profile (e.g the inner surf zone after the breaking ; " ~7) or covering the
full cross-shore profile, from the shoaling zone to the swash ('« = = 201 1); this comprises the
Green-Nagdi formalisms ( , 2607 d , 2013).

Many other approaches exist to deal with complex 3D circulation in the nearshore and some syntheses

can be found in cslear (1561), (1963), Dean an (16910, page 42), T 1
Dalvsinnle (L5000 page 323, and many other references since then) or "ingemens (1001). Research
is stlll active on the subject (7= i HOMCH Team, , for a comprehensive state of the

art relative to the Vertlcal shearmg) and tentatlvely overcomes all the limitations mentioned above
(Touboul et al,; 2018; To 1 amd A ).

Last, alternative solutions to describe the propagation of waves in the nearshore exist: (i) probabilistic
point of views (for an introduction oo, 2y Chedlang 2000 (iL) points of view based on the
brutal solution of Navier-Stokes (typically in the french community: " 0 o0 o0 , 000y, (i)
approaches close to the mechanics of particles (the water being considered as a discrete material)

(Monaghan, 4: O ; ). A comprehensive state of the art is being published by

(2017).

In this work, we assume that simulations at the scale of the geotextile tube and its neiborghood (let
us say a box kilometer wide) can he handled correctly by Boussinesqg-like / Saint Venant approaches.
We choose a Quasi-3D approach that handles shallow water equations including basic wave-wave
transformations, infra-gravity emergence, and a clas31c Vertlcal stratification of the current. The main
forcing considered are waves (. 113 I dvocnierios 20000) 0 A robust model satisfying
these constraints is SHORECIRC, from CACR ( sen ef al., ).

There are no data available in the field to validate the numerical results within the zone of interest.
In addition, there are no data available to force directly the model as the only in-situ wave record are
punctual (wave buoys) and located far beyond the offshore boundary of the simulation grid.

To circumvent the first limitation, a sensitive analysis is performed to check whether or not very
small changes in input parameters strategic for the study (like the incident wave angle) may result in
significant alteration of the outputs (fypically the magnitude of the alongshore current). Since such
non-linear effects do not arise in the simulation, the results can be considered qualitatively correct.

To circumvent the second limitation, we define a set of typical mean wave forcings representative of

the observed storms in the region as described in = " =0 (711 7) and of the most possible energetic
events (typically similar to a December 2010 storm). This results in the set of triplets made of a mean



wave amplitude, a mean period and and incident wave angle. Those triplets are set as forcings at the
offshore boundary of the computation grid, and the model is run enough time to get quasi-stationnary
circulation patterns and other hydrodynamic features, which are then plotted and interpreted. This
strategy has been validated by the regulator of the project (on November 21*", 2017) as being the
most credible strategy in the absence of in-situ data for the project.

2.2 SHORECIRC for nearshore circulation modelling

SHORECIRC is a so-called quasi-3D hydrodynamic model that computes the nearshore circulation on
a rectangular grid (alternatively curvilinear, not used here), under the combined action of wind and
waves. It was developed by the University of Delaware in the framework of the Nearcom project (

, ~00). Now, several modified versions can be found ("~ b al., ; Shi et ak, ),
includmg the one developed at University Montpellier IT (10 »0 ), which can deal accurately with
irregular shoreline, emerged structures, Coriolis forces and Neumann boundary conditions in addition
to its classical features.

Tu run SHORECIRC, a wave field on the whole simulation grid is required. It can be imported
from any wave propagation tool that can compute monochromatic/polychromatic/spectral waves and
provides wave forcing (like REF-DIF for instance since non spectral waves are considered). Non-
linear wave interactions, including generation of infra-gravity waves, are simulated in a classic manner

(Van Dong sen, 2000).

Like many other nearshore circulation tools, SHORECIRC solves Euler equations integrated over the
water column and over the period of a monochromatic wave, assuming first that the total velocity U
is splitted in

U = Usire + Uprt + Unars (1)

where U.,,. refers to a large scale and low frequency motion of the fluid (typically driven by wind),
U,.s is the turbulent motion (the small scale phenomena that may not be considered at nearshore
scale) and U,,, refers to the motion of the fluid driven by waves (which varies over depth in general).

The latter velocity is also splitted into two parts

Uy =V + U, (2)
where U,, corresponds to the fluid velocity induced by particules movement. This quantity is computed
using the linear theory of water waves yiaple (1991a):

U, =-V¢ (3)

where ¢ is a potential defined by

Hgcoshk(z+h
d(x,y,2,t) = _gm(_kh—) sin(k,z + k,y — wt), (4)

with & = (K., k,) is the vector wave, H is the wave height and w the angular frequency. These quantities
are computed by REF-DIF typically.

V =V (z) represents the vertical variation of the current and satisfies:

Vid = - f U,.dz, (5)

-ho

where i = 1,2 denote horizontal coordinates, ¢ is the instantaneous water surface elevation, hy is still
water depth and (, corresponds to the surface elevation of the wave trough level. This equality conveys



that any vertical varialibity of the current results from a water waves contribution. After averaring
over short wave time scale, the following equations are obtained (with Einstein notation):

0C

8t axl (Ucwcz ) = 07 (6)

198, 19T, 19L, o 1F 18
(Ucw‘c zh) + (Uczrc zUcw'c]h) 2= 2 + - E + g ——C_ + Tl Tl = 07 (7)
8 p Oz, pOz, pox dx;, p p
where SiJ are the Wave—drlven radiation stresses. Again, this quantity is computed using REF-DIF.

Indeed, in (7) the radiation stress is defined by

¢ - 1
Sij = [h (priUwJ +p0ij)dz - §pgh261_77 (8)

p being the total pressure and J,, is the Kronecker delta function.

T,;, P et 7° are the depth-integrated Reynolds’ stresses, the bottom shear stresses, and the surface
shear stresses, respectively. The term L,, arises from the depth varylng currents and is computed

using a perturbation method (7 Svendsen, il 3 i Svendsen, | ).

Finaly, equations (6) and (7) provide information over the mean water surface 7 and U.,.. which is
our concern in this report.

2.3 REF-DIF for wave propagation modelling

In the study presented here, the water wave propagation and the transformation of a forward scattered
wave ﬁeld along an irregular mild slope is computed using an adapted version of REF-DIF (1
; ). Basmally, the governing equation is a combination of the Berkhoff’s equatlon

i, 1972; Radder, 1979; Bogij, 19%1) and the diffraction equatlon on a plane bottom (,

1]

y A

(3:—?“’/1

i), numerlcally solved by an implicit finite difference method (Iirby and Dalvvmnpie, 1904 1005).
It takes into account both refraction and dlﬁractlon phenomena, wave attenuatlon through various
mechanisms including that described by “1iio (10770) and e ple (19%4). REF-

DIF does not manage wave reflexion nor process-based wave breaking over sand bars. However, the
software takes into account wave breaking through a semi-empirical approach (7] 10070 T ane
! ). REF-DIF includes some improvements of a dispersion equation for shallow water
and effects of buperlmposed current, (oo, 10 ) REF DIF has been efﬁuen‘rly Vahdated in various
conﬁguratlons {(van Donge al., 1934; Sven et al., 1997; Cha
al., , 2004 ) Moreover, it belongs to the Berkhoff 1nher1ted models that have been already
used for the design of defence structures (~ it g ¢ ; ). Outputs at each point
x = (z,y) € 2 (£ is the simulation grid) concern wave amplitude A(x) wave frequency o, wave number
k(x), wave angle #(x), or any inherited physical parametre such as orbital velocity:

U,o(x) = % cos(k - x) (9)

with k = (kcos, ksinf) the wave number vector.

~ohette (0007) modified the computation of lateral boundary conditions, and proposed some im-
provements to limited local unrealistic exageration of A(x). They are embedded in the current version
of REF-DIF used for this study.



3 Numerical setting

3.1 Bottom and defense structure configurations — computation grid

We use SHORECIRC on a rectangular domain  whose size is 1210 mx1340 m divided in a rectangular
grid of 121 x 134 cells so that the spatial resolution of the simulation is 10 m for the velocity field. The
wave modulus REF-DIF is used to compute the wave field over the same domain £ with a rectangular
grid of 1210 x 1340 (spatial resolution at 1 m). The refinement of the REF-DIF grid is pivotal to get
relevant wave numbers and wave directions when fair weather waves are propagated.

The figure 2-top shows a realistic digital elevation model of the Hatzuk beach and surrounding areas
(a grid interpolated on 578 x 99 cells with a spatial resolution set to 10 m). From this ~ 6 km long
realistic DEM, we select a sub-domain extending from the vicinity of Herzilia (excluding the jetty; see
figure 1) to the South over »~ 1.3 km. We re-interpolate the seabottom onto the final simulation grid
(Fig. 2-bottom) smoothing seabottom features not representative of the mean bathymetric gradient
at the scale of the whole DEM. Last, we superimpose onto the resulting representative seabottom
various artificial features to explore the effect of various geotube configurations (described in the next
section).

JDEM Grid: 578 x 99 at 10 m of spatial resolution

il
Zorne of major interest (not for numerical purpose)

Simplified Hatzuk beach (slope conservation, dissipative properties)
with and without geotubes A-type and B-type

water depth [m]

¢ 25 5.0 75 10.0

Figure 2: A digital elevation model of Hatzuk beach and two typical numerical grid after the smoothing of the realistic seabottom
topography. The mean slope is the same. Water depth is approximately 7 m at a distance of 500 m off the shoreline, like in Hatzuk
(1.4%)



For all the final numerical grids, Neumann condition (with derivative of velocity U and free surface ¢
set to zero) are systematically used on the lateral boundaries (- ). A no-flux condition is
set at the shoreline, arguing that any onshore water flow would be stopped by the Hatzuk cliff.

3.2 Set of computations (forcings and seabottom configurations)

Forcings used for the simulations include both moderate storm and severe storm conditions for each

realistic wave incidence (Table 1). They are derived from =\ 1577 (00 10).
Type Hs T () at
origin 3 6 0 o
A-type 3 6 0 o *
B-type 3 6 0 o
origin 3 6 15 o *
A-type 3 6 15 o *
B-type 3 6 15 o *
origin 3 6 30 o
A-type 3 6 30 o *
B-type 3 6 30 o
origin 5 8 0 o *
A-type 5 8 0 o *
B-type 5 8 0 o x
B-type 5 8 1-4 *
origin 5 8 15 o *
A-type 5 8 15 O
B-type ) 8 15 o *
origin 5 8 30 o *
A-type 5 8 30 o
B-type 5 8 30 o *
origin 6 10 0 o
B-type 6 10 0 S
origin 6 10 30 o
B-type 6 10 30 S

Table 1: A table describing all the simulation performed in this work. H is the wave amplitude, T" the wave period, 6 the relative
incident wave angle, §t the duration of the simulation. Note that for the results, H; is substituted by the wave amplitude A = H/2
(because REF-DIF calculates A preferentially, and it corresponds to Hs/2 in the context of the linear wave theory only). The
simulations are performed twice: one time for a "classic” configuration (refers to the fact that the geotube is limited laterally) and
a second time for an Yextruded” configuration (which means that the geotube is extended towards the lateral boundaries of the
simulation grid to avoid any wave/structure near field effect). The Meaning of symbols is like follows: o = 10000s short simulation;
+ = 30000s long simulation.

Simulations are performed respectively for 10000 and 30000 seconds with a constant wave forcing.
Results at 10000 are very similar to those at 30000: wave angle does not shift, velocities increase very
slightly. This suggests that a quasi-stationnary state is reached for the circulation before 30000 seconds.
Results presented in this study are that at 30000 seconds and correspond to a quasi-stationnary flow.
Computations with five distinct bottom conditions are performed. They are defined following ' 0

Ingénierie (2017h):

ORIGIN : the so-called reference (or alternatively "ref”) configuration corresponds to the unpro-
tected scenario, with a seabottom profile exactely defined by the interpolation described in the
previous section.

TYPE-A-extrude: the Type-A-extrude configuration corresponds to the same seabottom profile as
the reference configuration, plus a 12 m wide geotube deployed 550 m from the coastline parallel
to the shoreline. The geotube extends laterally to the lateral boundaries of the simulation grid.

10



TYPE-B-extrude: the Type-B-extrude configuration corresponds to the same seabottom profile as
the reference configuration, plus a 12 m wide geotube deployed 350 m from the coastline parallel
to the shoreline. The geotube extends laterally to the lateral boundaries of the simulation grid.

TYPE-A-classic: the Type-A-classic configuration corresponds to the A-type configuration, but
the geotube has a limited extension, with no protection from the lateral boundaries to 300 m
towards the centre of the domain.

TYPE-B-classic: the Type-B-classic configuration corresponds to the B-type configuration, but
the geotube has a limited extension, with no protection from the lateral boundaries to 300 m
towards the centre of the domain.

Seabottom configurations Type-A-classic and Type-A-classic are introduced to analyse the circulation
patterns at the boundaries of the geotube, while Type-A-extrude and Type-B-extrude highlight cir-
culation features for an infinitely long geotube. Figure 2 displays the different bottom configurations
used in this study.

4 Results

4.1 Presentation of the outputs

incoming wave-driven cross-shore and alongshore
Z A time varying water fluxes quasi 3D velocities setup
wave features . '
H.-T.:0 U(z),V(z) () = / n(t).dt o
( sy4ps ) 4" K=

— wave
breaking

- o o -

WL : Instantaneous Waler Level
BL : Bottom Level

SWL : Still Water Level

MWL: Mean Water Level

=Y

e Forcings: monochromatic waves H,, T, and 6,. No wind, no regional circulation
e QOutputs:
1. FORT.150: Recalculated quasi 3D barotropic circulation (amplitude \/m and com-
ponents (U, V))
FORT.150: Mean elevation n (= wave-driven setup/setdown)
FORT.311: Seabottom elevation (water depth with respect to still water level at z = 0)
FORT.314: Projected wave height
FORT.315: Wave height and wave number vector
FORT.316: Short wave celerity
FORT.325: Horizontal amplitude of the orbital velocity to the bottom (U,,,)

R
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All maps are plotted with an unique color scale. A preliminary analyse corresponds to simulations
with relative incident angles varying between a normal incident to a few degrees. The comprehensive
simulation effort is presented then.

4.2 Sensitive analysis

A sensitive analysis has been performed to test the influence of small variations of H,, T and 8 the
relative incident angle on the results. For H, and T, it is obvious that small perturbations of the
forcing do not alter significantly the outputs. There is no strong non-linearity in between input and
outputs. However, it is clearly evidenced that the introduction of a very small angle in the wave
incidence suddenly changes the features of the circulation. A pure normal wave incidence corresponds
to very peculiar patterns, quite versatile. As soon as a 1 ° wave angle is introduced, the circulation
reorganizes differently. In the following, we present the circulation patterns (and other hydrodynamic
parameters) for normal wave incident, but they must be interpreted with caution. Indeed, if one
considers the Coriolis force in the simulation, it does drive a very small alongshore stress that creates
enough alongshore flux to mimic the presence of a very small wave incidence angle. This means
that simulations with pure normal incidence are not really realistic. In brief, results for normal
wave incidence are provided in this report for information, but must not be considered in the final
interpretation. It is by far better to compare the ORIGIN configuration with A-TYPE and B-TYPE
configurations for wave angle nearby zero (but not null), as well as much significant angles. In the
following, we perform the analysis keeping this in mind.

4.3 Waves with normal incidence

Barotropic circulation under normal wave incidence is characterized by a concentration of hydrody-
namic features in the uppermost immersed beach. There, maximal velocities observed were about
0.15 m.s™* for moderate storm waves and reached 1.6 m.s™ locally for storm waves. In both cases,
peculiar patterns developped: 20 to 30 cells large gyres occured in less than 1 m of water depth. These
patterns repeated several times along the profile. They occured since the first steps of the simulations
until the quasi-stationnary state at 30000 seconds. They do not vanish if the resolution of the cells
is changed. For the type-B-classic configuration, some stronger and small-scale circulation patterns
with respect to the relative ORIGIN configuration occur at the lee side of the geotube, close to its
lateral boundaries. Such patterns are limited along shore to 30 to 40 cells (a few hundreds of meters).
On the simulations for configuration Type-B-extrude, such patterns disappear. This evidences limited
perturbations of the circulation at the lateral terminations of the geotube if deployed in the Type-
B configuration. For the type-A configurations, it is almost the same with a striking discrepancy:
the most severe perturbations occurs for the weakest forcing. One must keep in mind the sensitive
analysis, and such nearfield effect are certainly artifacts. For an extruded configuration, the nearfield
perturbation vanishes.

Having this exception in mind, numerical results for normal wave incidence demonstrate that the wave-
driven circulation is not significantly altered in presence of geotube, whatever may be their location
on the cross shore profile.

It is almost the same for the mean water elevation 1 at the shore. It appears that the occurence of a
geotube does not change the mean water elevation at the shore for normal incident waves whatever
may be their amplitude. For very severe storms, the mean elevation to the shore is around 0.9 m. The
discrepancies in n in 1.5 m of water depth for the 5 different bottom configuration is less than 10%
for any wave forcing condition.
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4.3.1 Simulations for the configuration ORIGIN with normal waves

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : 8 =00 ° ; Configuration : ORIGIN
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Figure 3: Water depth [m] with respect to still water level (z = 0)

Amplitude: a=1.5 m ; period: T =06 s ; incident angle : § =00 ° ; Configuration : ORIGIN
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Figure 4: Barotropic circulation [m.s™!]
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Amplitude: a =1.5 m ; period: T =06 s ; incident angle : 8 =00 ° ; Configuration : ORIGIN
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Figure 5: Mean elevation [m] of the water surface n (wave-driven setup/set-down)

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : 6 =00 ° ; Configuration : ORIGIN
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Figure 6: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a =1.5 m ; period: T =06 s ; incident angle : ¢ =00 ° ; Configuration : ORIGIN
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Figure 7: Short wave celerity [m.s™1]

Amplitude: a = 1.5 m ; period: T'=06 s ; incident angle : 8 =00 ° ; Configuration : ORIGIN
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Figure 8 Amplitude of the bottom orbital velocity [m.s™!)
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 6 =00 ° ; Configuration : ORIGIN
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Figure 9: Water depth [m] with respect to still water level (z = 0)

Amplitude: a =2.5 m ; period: T' =08 s ; incident angle : 8 =00 ° ; Configuration : ORIGIN
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Figure 10: Barotropic circulation [m.s 1]
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Amplitude: ¢ =2.5 m ; period: T =08 s ; incident angle : 6 = 00 ° ; Configuration : ORIGIN
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Figure 11: Mean elevation {m] of the water surface 7 (wave-driven setup/set-down)

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : # =00 ° ; Configuration : ORIGIN
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Figure 12: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 6 = 00 ° ; Configuration : ORIGIN
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Figure 13: Short wave celerity [m.s™!]

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : # =00 ° ; Configuration : ORIGIN
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Pigure 14: Amplitude of the bottom orbital velocity [m.s™!]



4.3.2 Simulations for the configuration TYPE-A (both classic and extruded) with nor-

mal waves

d: T =06 s ; incident angle : 6 =00 ° ; Configuration : TYPE-A-classic
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Figure 15: Water depth [m] with respect to still water level (z = 0)

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § =00 ° ; Configuration : TYPE-A-classic

— 100

50 —f

50 100

Figure 16: Barotropic circulation [m.s71]
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Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § =00 ° ; Configuration : TYPE-A-classic
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Figure 17: Mean elevation [m] of the water surface 7 (wave-driven setup/set-down)

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : 6 =00 ° ; Configuration : TYPE-A-classic
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Figure 18: Wave height [m] (map & profiles) and refraction/diffraction patterns



Amplitude: a =1.5 m ; period: T'=06 s ; incident angle : # =00 ° ; Configuration : TYPE-A-classic
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Figure 19: Short wave celerity [m.s 1]

Amplitude: a=1.5 m ; period: T =06 s ; incident angle : 6 = 00 ° ; Configuration : TYPE-A-classic
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Figure 20: Amplitude of the bottom orbital velocity [m.s™!]



Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : § =00 ° ; Configuration : TYPE-A-extrude
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Figure 21: Water depth [m] with respect to still water level (z = 0)
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Amplitude: a =1.5 m ; period: T'=06 s ; incident angle : 0 =00 ° ; Configuration : TYPE-A-extrude
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Figure 22: Barotropic circulation [m.s™1]



d: T'=06 s ; incident angle : § =00 ° ; Configuration :

TYPE-A-extrude

Amplitude: a=1.5 m ; perio
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Figure 23: Mean elevation [m] of the water surface 5 (wave-driven setup/set-down)
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Amplitude: a=1.5m ; period: T =06 s ; incident angle : § =00 ° ; Configuration :

TYPE-A-extrude

o 25 50 75 100
30 L L L L 30
25 — - 25
20 — = 2.0
15 — = 15
1.0 — ~ 10
0.5 — = 05
0.0 T T T T 0.0
¢ 25 50 75 100
ki) 50 100
100
50
0

0.0

Figure 24: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a=1.5m ; period: T'=06 s ; incident angle : # =00 ° ; Configuration :

TYPE-A-extrude
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Figure 25: Short wave celerity [m.s™!]
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Amplitude: a =1.5 m ; period: T =06 s ; incident angle : # =00 ° ; Configuration :

TYPE-A-extrude
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Figure 26: Amplitude of the bottom orbital velocity [m.s7]
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Amplitude: a=2.5 m ; period: T =08 s ; incident angle : # =00 ° ; Configuration : TYPE-A-classic
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Figure 27: Water depth [m] with respect to still water level (z = 0)

Amplitude: a=2.5 m ; period: T =08 s ; incident angle : § =00 ° ; Configuration : TYPE-A-classic
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Figure 28: Barotropic circulation [m.s™!]



LAmplitude: a=2.5m ; period: T =08 s ; incident angle : 6 =00 ° ; Configuration : TYPE-A-classic
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Figure 29: Mean elevation [m] of the water surface n (wave-driven setup/set-down)

Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : § =00 ° ; Configuration : TYPE—A—cla,ssigcl
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Figure 30: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a=2.5 m ; period: T =08 s ; incident angle : =00 ° ; Configuration : TYPE-A-classic
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Figure 31: Short wave celerity [m.s!]

Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : § =00 ° ; Configuration : TYPE-A-classic
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Figure 32: Amplitude of the bottom orbital velocity [m.s7!]



a=2.5m ; period: T =08 s ; incident angle : =00 ° ; Configuration : TYPE-A-extrude
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Figure 33: Water depth [m] with respect to still water level (z = 0)

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 8 =00 ° ; Configuration : TYPE-A-extrude
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Figure 34: Barotropic circulation [m.s™!]



Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : # =00 ° ; Configuration : TYPE-A-extrude
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Figure 35: Mean elevation [m] of the water surface n (wave-driven setup/set-down)

Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : § =00 ° ; Configuration : TYPE-A-extrude
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Figure 36: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 8 =00 ° ; Configuration : TYPE-A-extrude
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Figure 37: Short wave celerity [m.s71]

Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : 8 =00 ° ; Configuration : TYPE-A-extrude
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Figure 38: Amplitude of the bottom orbital velocity [m.s7!]



4.3.3 Simulations for the configuration TYPE-B (both classic and extruded) with nor-
mal waves

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : 6 =00 ° ; Configuration : TYPE-B-classic
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Figure 39: Water depth [m] with respect to still water level (z = 0)

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : 8 =00 ° ; Configuration : TYPE-B-classic
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Figure 40: Barotropic circulation [m.s™!]



Amplitude: @ =1.5 m ; period: T =06 s ; incident angle : 8 =00 ° ; Configuration : TYPE-B-classic
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Figure 41: Mean elevation [m] of the water surface n (wave-driven setup/set-down)

Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : 6 = 00 ° ; Configuration : TYPE-B-classic
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Figure 42: Wave height [m] (map & profiles) and refraction/diffraction patterns



Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : # =00 ° ; Configuration : TYPE-B-classic
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Figure 43: Short wave celerity [m.s™!]

Amplitude: a = 1.5 m ; period: T' =06 s ; incident angle : 6§ =00 ° ; Configuration : TYPE-B-classic
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Figure 44: Amplitude of the bottom orbital velocity [m.s71]
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Amplitude: a =1.5m ; period: T =06 s ; incident angle : § =00 ° ; Configuration : TYPE-B-extrude
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Figure 45: Water depth [m] with respect to still water level (z = 0)

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : 8 =00 ° ; Configuration : TYPE-B-extrude
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Figure 46: Barotropic circulation [m.s™1)
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Amplitude: a=1.5 m ; period: T' =06 s ; incident angle : 8 =00 ° ; Configuration : TYPE-B-extrude
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Figure 47: Mean elevation [m] of the water surface n (wave-driven setup/set-down)
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Amplitude: a=1.5m ; period: T =06 s ; incident angle : # =00 ° ; Configuration :

TYPE-B-extrude
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Figure 48: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § =00 ° ; Configuration : TYPE-B-extrude
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Figure 49: Short wave celerity [m.s™!]

Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : 8 =00 ° ; Configuration : TYPE-B-extrude
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Figure 50: Amplitude of the bottom orbital velocity [m.s™!]
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 8 =00 ° ; Configuration : TYPE-B-classic
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Figure 51: Water depth [m] with respect to still water level (z = 0)

Amplitude: a=2.5 m ; period: T'=08 s ; incident angle : § =00 ° ; Configuration : TYPE-B-classic
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Figure 52: Barotropic circulation [m.s71]
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 8 =00 ° ; Configuration : TYPE-B-classic
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Figure 53: Mean elevation [m] of the water surface n (wave-driven setup/set-down)

Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : § =00 ° ; Configuration : TYPE-B-classic
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Figure 54: Wave height [m] (map & profiles) and refraction/diffraction patterns



d: T =08 s ; incident angle : § =00 ° ; Configuration : TYPE-B-classic

Amplitude: a = 2.5 m ; perio
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Figure 55: Short wave celerity [m.s71]
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Amplitude: a=2.5 m ; period: T =08 s ; incident angle : # =00 ° ; Configuration :

TYPE-B-classic
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Figure 56: Amplitude of the bottom orbital velocity [m.s7!]
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : # =00 ° ; Configuration : TYPE-B-extrude
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Figure 57: Water depth [m] with respect to still water level (z = 0)

Amplitude: a=2.5 m ; period: T =08 s ; incident angle : § =00 ° ; Configuration : TYPE-B-extrude
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Figure 58: Barotropic circulation [m.s7!]



Amplitude: @ =2.5 m ; period: T =08 s ; incident angle : # =00 ° ; Configuration : TYPE-B-extrude
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Figure 59: Mean elevation [m] of the water surface n (wave-driven setup/set-down)

Amplitude: @ =2.5 m ; period: T =08 s ; incident angle : § =00 ° ; Configuration TYPE—B—extrude|
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Figure 60: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : # =00 ° ; Configuration : TYPE-B-extrude
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Figure 61: Short wave celerity [m.s71]

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : # =00 ° ; Configuration : TYPE-B-extrude
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Figure 62: Amplitude of the bottom orbital velocity [m.s71]
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4.4 Waves with 15° relative incident angle

Barotropic circulation for 15° incident waves is characterized by a well-expressed alongshore component
for any computation. Maximal velocities observed for ORIGIN configuration were about 1.2 m.s™ for
moderate storms and more than 2.5 m.s™' for severe waves. The order of magnitude of these maxima
is not changed in presence of geotubes. Simulation on bottom conditions TYPE-A-extrude, TYPE-B-
classic and TYPE-B-extruded show spatial distribution of the velocity very similar to that observed
for configuration ORIGIN. The orientation of the current is consistent with the projection of the wave
number vector along the coastline, and corresponds to a classical longshore oblique wave driven drift.
On most of the simulation, the configurations with a defense structure show a lower mean alongshore
current at the lee side of the geotube. This can be interpreted as follows: when waves pass over the
geotube, they preferentially shoal and break (more than under the same conditions with the ORIGIN
configuration); consequently, potential energy is lost and horizontal flux momentum is given to the
system. Very locally, current may increase. But as soon as waves propagate within the inner surf,
the alongshore current driven par radiation stresses is reduced. This is globally a good point for the
fixation of sediment at the lee side of the geotube, beyond the reduction of the global wave potentiel
energy.

However, simulations on configuration TYPE-A-classic highlight the presence of counter current sea-
ward the geotube. This may be explained by the fact that geotube introduces in the lee of its downdrift
lateral boundary some perturbations of the circulation. These alterations lead to local currents with a
small component oriented seaward that favor the numerical development of such counter circulation.
The counter circulation does not occur on simulations for configuration TYPE-A-extruded where the
perturbation of the circulation at the lateral boundaries of geotube cannot occur. Moreover, lateral
boundaries conditions on the grid for those various simulations are the same. Consequently, the lack
of counter circulation for bottom condition 2 demonstrates that this counter circulation is not related
to a bad management of the lateral boundary conditions in the simulations.

Last, for bottom conditions TYPE-B (both classic and extruded), the segment along any cross shore
profile where the velocity is greater than e.g. 2 m.s™" is systematically smaller than that observed for
configuration ORIGIN. This is not true for configurations TYPE-A. This result points out a significant
reduction of the along shore current at the lee of the geotube if deployed closed to the crest of the sand
bar. Regarding this question, TYPE-B defense structures could be better than TYPE-A. Finally, both
TYPE-A and TYPE-B structures are good for reducing (or at least not increasing) the alongshore
current at the lee side of the hydraulic bar.

Regarding the mean water elevation 7 at the shore, things are a little bit more complicated. For the
configuration ORIGIN, we observe a setup around 0.9 m for H, =3 m and ~ 0.5 m for H, =5 m. For
the TYPE-A configurations, the setup taken at the same location is of the order of 0.2 m (respectively
0.6 m for extruded) for a H, =3 m and 1.05 m (respectively 0.9 m for extruded) for H, =5 m. This
suggests that the occurence of a A-TYPE structure can have a positive or negative impact on the setup
at the shoreline, discrepancies in between the configuration ORIGIN and the various protected beaches
being very subordinate (less than 10%). For the B-TYPE configurations, the setup taken at the same
location is of the order of 0.1 m (respectively 0.45 m for extruded) for a H, =3 m and 1 m (both for
classic and extruded) for H, = 5 m. This suggests that the occurence of a B-TYPE structure can have
a positive or negative impact on the setup at the shoreline, discrepancies in between ORIGIN and the
protected beaches still being very subordinate (less than 5%). For both types of defense structures,
the impact to the setup at the shoreline is not strategic. All the simulations, with no exception,
highlight that moderate waves drive a reduction of the setup with a defense structure, while severe
storms result in an approximately constant setup (+5% whatever may be the bottom configuration).
The final interpretation would be to say that numerical simulations suggest that defense structures
protect the nearshore zone either in terms of alongshore current or setup at the shoreline.
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4.4.1 Simulations for the configuration ORIGIN with 15° wave incident angle

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § = 15 ° ; Configuration : ORIGIN
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Figure 63: Water depth {m] with respect to still water level (z = 0)

Amplitude: a=1.5 m ; period: T =06 s ; incident angle : 8 = 15 ° ; Configuration : ORIGIN]
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Figure 64: Barotropic circulation [m.s"l]
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Amplitude: a = 1.5 m ; period: T' =06 s ; incident angle : § = 15 ° ; Configuration : ORIGIN
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Figure 65: Mean elevation [m] of the water surface 1 (wave-driven setup/set-down)

Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : § = 15 ° ; Configuration : ORIGIN
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Figure 66: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § =15 ° ; Configuration : ORIGIN
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Figure 67: Short wave celerity [m.s™1]

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : # =15 ° ; Configuration : ORIGIN
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Figure 68: Amplitude of the bottom orbital velocity [m.s™!]



Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : 8 = 15 ° ; Configuration : ORIGIN
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Figure 69: Water depth [m] with respect to still water level (z = 0)

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 6 =15 ° ; Configuration : ORIGIN
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Figure 70: Barotropic circulation [m.s™!]



Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : # = 15 ° ; Configuration : ORIGIN
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Figure 71: Mean elevation [m] of the water surface n (wave-driven setup/set-down)

Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : § =15 ° ; Configuration : ORIGIN
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Figure 72: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : § =15 ° ; Configuration : ORIGIN
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Figure 73: Short wave celerity [m.s™1]

Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : § =15 ° ; Configuration : ORIGIN
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Figure 74: Amplitude of the bottom orbital velocity [m.s™!]



4.4.2 Simulations for the configuration TYPE-A (both classic and extruded) with 15°
wave incident angle

Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : # = 15 ° ; Configuration : TYPE-A-classic
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Figure 75: Water depth [m] with respect to still water level (z = 0)
Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § =15 ° ; Configuration : TYPE-A-classic
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Figure 76: Barotropic circulation [m.s7!]



Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : § = 15 ° ; Configuration : TYPE-A-classic
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Figure 77: Mean elevation [m] of the water surface 1 (wave-driven setup/set-down)

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § =15 ° ; Configuration : TYPE-A-classic
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Figure 78: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : 8 =15 ° ; Configuration : TYPE-A-classic
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Figure 79: Short wave celerity [m.s™1]

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : 6 =15 ° ; Configuration : TYPE-A-classic
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Figure 80: Amplitude of the bottom orbital velocity [m.s71]



Amplitude: a=1.5m ; period: T'=06 s ; incident angle : 6 = 15 ° ; Configuration : TYPE-A-extrude
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Figure 81: Water depth [m] with respect to still water level (z = 0)

Amplitude: a=1.5 m ; period: T =06 s ; incident angle : # =15 ° ; Configuration : TYPE—A-extrude—I
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Figure 82: Barotropic circulation [m.s7!]



d: T =06 s ; incident angle : § =15 ° ; Configuration : TYPE-A-extrude

LAmplitude: a=1.5m ; perio
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Figure 83: Mean elevation [m] of the water surface n (wave-driven setup/set-down)

d: T =06 s ; incident angle : 8 =15 ° ; Configuration : TYPE-A-extrude

Amplitude: a =1.5 m ; perio
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Figure 84: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : § =15 ° ; Configuration :

TYPE-A-extrude
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Figure 85: Short wave celerity [m.s™!]
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Amplitude: a =1.5 m ; period: T =06 s ; incident angle : 8 =15 ° ; Configuration :

TYPE-A-extrude
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Figure 86: Amplitude of the bottom orbital velocity [m.s71]



Amplitude: a=2.5 m ; period: T =08 s ; incident angle : § =15 ° ; Configuration : TYPE-A-classic
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Figure 87: Water depth [m] with respect to still water level (z = 0)

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : # =15 ° ; Configuration : TYPE-A-classic
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Figure 88: Barotropic circulation [m.s™1]
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Amplitude: @ =2.5 m ; period: T =08 s ; incident angle : 8 =15 ° ; Configuration : TYPE-A-classic
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Figure 89: Mean elevation [m] of the water surface n (wave-driven setup/set-down)

Amplitude: @ =2.5 m ; period: T =08 s ; incident angle : § = 15 ° ; Configuration : TYPE-A-classic
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Figure 90: Wave height [m] (map & profiles) and refraction/diffraction patterns



Amplitude: a =2.5 m ; period: T =08 s ; incident angle : § = 15 ° ; Configuration : TYPE-A-classic
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Figure 91: Short wave celerity [m.s™

Amplitude:

a=2.5m ; period: T =08 s ; incident angle : § =15 ° ; Configuration :

TYPE-A-classic
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Figure 92: Amplitude of the bottom orbital velocity [m.s™1]
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : § = 15 ° ; Configuration : TYPE-A-extrude
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Figure 93: Water depth [m] with respect to still water level (2 = 0)

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : § =15 ° ; Configuration : TYPE-A-extrude
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Figure 94: Barotropic circulation [m.s™!]



Amplitude: a=2.5 m ; period: T =08 s ; incident angle : § =15 ° ; Configuration : TYPE-A-extrude
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Figure 95: Mean elevation [m] of the water surface  (wave-driven setup/set-down)

LAmplitude: a=2.5m ; period: T =08 s ; incident angle : # =15 ° ; Configuration : TYPE-A-extrude
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Figure 96: Wave height [m] (map & profiles) and refraction/diffraction patterns



Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 8 =15 ° ; Configuration : TYPE-A-extrude
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Figure 97: Short wave celerity [m.s™!]

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 8 =15 ° ; Configuration : TYPE-A-extrude
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Figure 98: Amplitude of the bottom orbital velocity [m.s7!]



4.4.3 Simulations for the configuration TYPE-B (both classic and extruded) with 15°
wave incident angle

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : # =15 ° ; Configuration : TYPE-B-classic
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Figure 99: Water depth [m] with respect to still water level (z = 0)

Amplitude: a=1.5 m ; period: T =06 s ; incident angle : § =15 ° ; Configuration : TYPE-B-classic
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Figure 100: Barotropic circulation [m.s71]

62



Amplitude: a =1.5 m ; perio

d: T =06 s ; incident angle : § =15 ° ; Configuration :

TYPE-B-classic
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Figure 101: Mean elevation [m] of the water surface n (wave-driven setup/set-down)
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d: T'=06 s ; incident angle : 6 =15 ° ; Configuration :

TYPE-B-classic

Amplitude: a = 1.5 m ; perio
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Figure 102: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a =1.5m ; period: T'=06 s ; incident angle : # =15 ° ; Configuration : TYPE-B-classic
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Figure 103: Short wave celerity [m.s71]

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § =15 ° ; Configuration : TYPE-B-classic
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Figure 104: Amplitude of the bottom orbital velocity [m.s™1]
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Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § =15 ° ; Configuration : TYPE-B-extrude
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Figure 105: Water depth [m] with respect to still water level (z = 0)

Amplitude: a=1.5 m ; period: T =06 s ; incident angle : # =15 ° ; Configuration : TYPE-B-extrude
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Figure 106: Barotropic circulation [m.s71]
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Amplitude: a =1.5 m ; period: T' =06 s ; incident angle : § =15 ° ; Configuration : TYPE-B-extrude
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Figure 107: Mean elevation [m] of the water surface 7 (wave-driven setup/set-down)
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a=1.5m ; period: T =06 s ; incident angle : 6 =15 ° ; Configuration :
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Figure 108: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a=1.5 m ; period: T =06 s ; incident angle : § = 15 ° ; Configuration : TYPE-B-extrude
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Figure 109: Short wave celerity [m.s!]

Amplitude: a=1.5 m ; period: T =06 s ; incident angle : # =15 ° ; Configuration :

TYPE-B-extrude
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Figure 110: Amplitude of the bottom orbital velocity [m.s™!]
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : § =15 ° ; Configuration : TYPE—B-classiﬂ
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Figure 111: Water depth [m] with respect to still water level (z = 0)

Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : 6 =15 ° ; Configuration : TYPE-B-classic
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Figure 112: Barotropic circulation [m.s™!]
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LAmplitude: a=2.5m ; period: T'=08 s ; incident angle : § =15 ° ; Configuration : TYPE-B-classic
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Figure 113; Mean elevation [m] of the water surface n (wave-driven setup/set-down)

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 8 =15 ° ; Configuration : TYPE-B-classic
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Figure 114: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a=2.5 m ; period: T =08 s ; incident angle : =15 ° ; Configuration : TYPE-B-classic
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Figure 115: Short wave celerity [m.s™1]

Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : § =15 ° ; Configuration : TYPE-B-classic
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Figure 116: Amplitude of the bottom orbital velocity [m.s™1]
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Amplitude: a =2.5 m ; period: T'=08 s ; incident angle : # = 15 ° ; Configuration : TYPE—B—extruc'E’
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Figure 117: Water depth [m] with respect to still water level (z = 0)

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : § = 15 ° ; Configuration : TYPE-B-extrude
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Figure 118: Barotropic circulation [m.s™1]
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Amplitude: @ =2.5 m ; period: T =08 s ; incident angle : # = 15 ° ; Configuration : TYPE-B-extrude
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Figure 119: Mean elevation [m] of the water surface 1 (wave-driven setup/set-down)

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : § =15 ° ; Configuration : TYPE-B—extrud<;|
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Figure 120: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 8 = 15 ° ; Configuration : TYPE-B-extrude
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Figure 121: Short wave celerity [m.s 1]

Amplitude: a=2.5 m ; period: T =08 s ; incident angle : 8 =15 ° ; Configuration : TYPE-B—extrude]
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Figure 122: Amplitude of the bottom orbital velocity [m.s™!]



4.5 Waves with strong relative incident angle

All the results obtained for a 15° wave incident angle are confirmed for a 30° wave incident angle. One
will notice that the alongshore velocities usually increase, while the setup to the shoreline is globally
lower than in the previous case. This is obviously due to the transfer of some quantity of cross-shore
radiation stress (S,,) to the alonshore radiation stress component (S,,). The occurence of defense
structures does not change significantly the diagnostic pronounced for a 15° wave incident angle.

4.5.1 Simulations for the configuration ORIGIN with 30° wave incident angle

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § =30 ° ; Configuration : ORIGIN
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Figure 123: Water depth [m] with respect to still water level (z = 0)
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Amplitude: a =1.5 m ; period: T =06 s ; incident angle : 6 = 30 ° ; Configuration : ORIGIN
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Figure 124: Barotropic circulation [m.s™1]

Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : § =30 ° ; Configuration : ORIGIN
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Figure 125: Mean elevation [m] of the water surface n (wave-driven setup/set-down)
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LAmplitude: a=1.5m; period: T =06 s ; incident angle : ¢ =30 ° ; Configuration : ORIGIN
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Figure 126: Wave height [m] (map & profiles) and refraction/diffraction patterns

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § = 30 ° ; Configuration : ORIGIN
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Figure 127: Short wave celerity [m.s™1]
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Amplitude: @ =1.5 m ; period: T°=06 s ; incident angle : 8 =30 ° ; Configuration : ORIGIN
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Figure 128:; Amplitude of the bottom orbital velocity [m.s7!]

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : § =30 ° ; Configuration : ORIGIN
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Figure 129: Water depth [m] with respect to still water level (z = 0)
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : # = 30 ° ; Configuration : ORIGIN—’
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Figure 130: Barotropic circulation [m.s™1]

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : § = 30 ° ; Configuration : ORIGIN
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Figure 131: Mean elevation [m] of the water surface n (wave-driven setup/set-down)



Amplitude: a =2.5 m ; per

iod: T'=08 s ; incident

angle : =30 ° ; Configuration : ORIGIN
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Figure 132: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a = 2.5 m ; period: T =08 s ; incident angle : § = 30 ° ; Configuration :
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Figure 133:
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Short wave celerity [m.s™!]
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : § = 30 ° ; Configuration : ORIGIN
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Figure 134: Amplitude of the bottom orbital velocity [m.s1]
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4.5.2 Simulations for the configuration TYPE-A (both classic and extruded) with 30°
wave incident angle

Amplitude: a=1.5m ; period: T =06 s ; incident angle : § =30 ° : Configuration : TYPE-A-classic
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Figure 135: Water depth [m] with respect to still water level (2 = 0)

Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : § =30 ° ; Configuration : TYPE-A-classic
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Figure 136: Barotropic circulation [m.s™1]
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Amplitude:

TYPE-A-classic

a=15m ; period: T'=06 s ; incident angle : 8 =30 ° ; Configuration :
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Figure 137: Mean elevation [m] of the water surface n (wave-driven setup/set-down)
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Amplitude:

a=15m ; period: T =06 s ; incident angle : 6 =30 ° ; Configuration :

TYPE-A-classic
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Figure 138: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a=1.5 m ; period: T' =06 s ; incident angle : # = 30 ° ; Configuration : TYPE-A-classic
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Figure 139: Short wave celerity [m.s™]

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : # =30 ° ; Configuration : TYPE-A-classic
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Figure 140: Amplitude of the bottom orbital velocity [m.s71]



Amplitude: a =1.5 m ; perio

d: T =06 s ; incident

angle : 8 =30 °; Configuration : TYPE-A-extrude
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Figure 141: Water depth [m] with respect to still water level (z = 0)

50 75

50 100

100

-25
0.0
25

50

10.0

125

100

50

Amplitude: a =1.5m ; period: T =06 s ; incident angle : 8 =30 ° ; Configuration :

TYPE-A-extrude
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Figure 142: Barotropic circulation [m.s71]
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Amplitude: a=1.5 m ; period: T =06 s ; incident angle : 6 = 30 ° ; Configuration : TYPE-A-extrude
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Figure 143: Mean elevation [m] of the water surface n (wave-driven setup/set-down)
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Figure 144: Wave height [m] (map & profiles) and refraction/diffraction patterns



Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § =30 ° ; Configuration : TYPE-A-extrude
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Figure 145: Short wave celerity [m.s™!]

Amplitude: a =1.5 m ; period: 7' =06 s ; incident angle : # =30 ° ; Configuration : TYPE-A-extrude
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Figure 146: Amplitude of the bottom orbital velocity [m.s™!]



Amplitude: a =2.5 m ; period: T =08 s ; incident angle : # =30 ° ; Configuration : TYPE-A-extrude
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Figure 147: Water depth [m] with respect to still water level (z = 0)

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 6 = 30 ° ; Configuration : TYPE-A-extrude
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Figure 148: Barotropic circulation [m.s™1]
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Amplitude: a =2.5m ; period: T'=08 s ; incident angle : 6 =30 ° ; Configuration : TYPE-A-extrude
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Figure 149: Mean elevation [m] of the water surface n (wave-driven setup/set-down)

Amplitude: a=2.5m ; period: T =08 s ; incident angle : 6 =30 ° ; Configuration : TYPE-A-extrude
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Figure 150: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a=2.5m ; period: T'=08 s ; incident angle : # =30 ° ; Configuration : TYPE-A-extrude
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Figure 151: Short wave celerity [m.s™!]

Amplitude: a =2.5m ; period: T =08 s ; incident angle : § =30 ° ; Configuration : TYPE-A-extrude
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Figure 152: Amplitude of the bottom orbital velocity [m.s71]



4.5.3 Simulations for the configuration TYPE-B (both classic and extruded) with 30°
wave incident angle

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : ¢ =30 ° ; Configuration : TYPE-B-classic
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Figure 153: Water depth [m] with respect to still water level (z = 0)

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : 8 = 30 ° ; Configuration : TYPE-B-classic
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Figure 154: Barotropic circulation [m.s™]



Amplitude: a=1.5 m ; period: T =06 s ; incident angle : § =30 ° ; Configuration : TYPE-B-classic
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Figure 155: Mean elevation [m] of the water surface 7 (wave-driven setup/set-down)

&mplitude: a=1.5m ; period: T =06 s ; incident angle : 8 =30 ° ; Configuration : TYPE—B-classﬂ
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Figure 156: Wave height [m] (map & profiles) and refraction/diffraction patterns
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d: T'=06 s ; incident angle : § =30 ° ; Configuration : TYPE-B-classic

Amplitude: a = 1.5 m ; perio
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Figure 157: Short wave celerity [m.s~1}

Amplitude: a =1.5 m ; period: T =06 s ; incident angle : § = 30 ° ; Configuration :

TYPE-B-classic
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Pigure 158: Amplitude of the bottom orbital velocity [m.s™!]



Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : 8 =30 ° ; Configuration : TYPE-B-extrude
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Figure 159: Water depth [m] with respect to still water level (z = 0)

LAmplitude: a=1.5m ; period: T =06 s ; incident angle : § =30 ° ; Configuration : TYPE-B-extrude
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Figure 160: Barotropic circulation [m.s71]
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Amplitude: a=1.5m ; period: T =06 s ; incident angle : § =30 ° ; Configuration : TYPE-B-extrude
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Figure 161: Mean elevation [m] of the water surface 1 (wave-driven setup/set-down)

Amplitude: a =15 m ; period: 7' =06 s ; incident angle : § =30 ° ; Configuration : TYPE-B-extrude

o E3 50 75 100
30 i L L L 30
25 — 25
20 — 20
15 o - 1s
10 o 10
05 — = 05
00 T T T T o0
0 25 50 75 100
0 50 100
100
50
0

H i I i g §
0.0 0.5 1.0 1.5 20 25 3.0 3.5 4.0 45 50

Figure 162: Wave height [m] (map & profiles} and refraction/diffraction patterns
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Amplitude: a = 1.5 m ; period: T =06 s ; incident angle : 8 =30 ° ; Configuration : TYPE-B-extrude
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Figure 163: Short wave celerity [m.s™!]

[Ampli‘cude: a=1.5m ; period: T =06 s ; incident angle : § =30 ° ; Configuration TYPE—B—extrude—’
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Figure 164: Amplitude of the bottom orbital velocity [m.s71}



Amplitude: a=2.5m ; period: T =08 s ; incident angle : § =30 ° : Configuration : TYPE-B-extrude
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Figure 165: Water depth [m] with respect to still water level (z = 0)

ljmplitude: a=2.5m ; period: T =08 s ; incident angle : § =30 ° ; Configuration : TYPE—B-extrucﬂ
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Figure 166: Barotropic circulation [m.s71]
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Amplitude: a =2.5 m ; period: T =08 s ; incident angle : 8 =30 ° ; Configuration : TYPE-B-extrude
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Figure 167: Mean elevation [m] of the water surface n (wave-driven setup/set-down)

Amplitude: a =2.5 m ; period: T =08 s ; incident angle : § =30 ° ; Configuration : TYPE-B-extrude
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Figure 168: Wave height [m] (map & profiles) and refraction/diffraction patterns
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Amplitude: a=2.5 m ; period: T =08 s ; incident angle : # =30 ° ; Configuration : TYPE-B-extrude
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Figure 169: Short wave celerity [m.s™1]

Amplitude: a=2.5 m ; period: T =08 s ; incident angle : § =30 ° ; Configuration : TYPE-B-extrude
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Figure 170: Amplitude of the bottom orbital velocity [m.s™1]
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5 Conclusion

The results presented herein concern the barotropic circulation. SHORECIRC being a quasi-3d circu-
lation tool, it may have been possible to discuss on the basis of surface or seabottom currents. However,
a preliminary analysis of such quasi-3d velocities highlighted that for a wave incidence greater than
1 or 2 degrees, surface current, bottom current and barotropic current display the same orientation
with decreasing magnitude of the velocity from the surface to the bottom. As a consequence, the
results presented here may have not changed if one have considered surface current or bottom current
separately, and the quasi-3d development is thus not mandatory. Basically, it provides a better de-
scription of the transfer of momentum between waves, current and water level. For this reason, using

SHORECIRC was a good idea.

Simulations for normal wave incidence demonstrate that the configurations with defense structures
may introduce some perturbations of the circulation at the lateral boundaries of the geotube. These
alterations could lead to near field scour. However, a pure normal wave incidence is very rare, and
such results may be considered with caution as it as been explained. Such peculiar local hydrodynamic
patterns diseappear as soon as the wave angle is about 1-2 degrees, which will occur most of the case
in the real world.

As a consequence, simulations for 15° incident wave, representative of any realistic storm forcing,
demonstrate that TYPE-A and TYPE-B configuration do not introduce stronger cross shore or long
shore current with respect to the unprotected configuration. On the contrary, any defense structure
may reduce globally the alongshore current at its lee side after the current has locally increased at
the top of the defense structure, where sediment cannot be remobilized. In other words, the geotube
configurations presented here — suggested by shape optimization ("1 7o oo, 200 ") with a cost
function derived from wave energy / wave orbital velocity — are relevant from a strict nearshore
circulation point of view. This circulation analysis validates a posteriori the choice derived from the
numerical optimization study.
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