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Dir (5 meter) [rad] =

Le: October
it 2013

B g A Glaolil sl zse Slox g gloel (Sloj 6 Jloges (YO-F) JS&
i 4B g Al 6lp O gl g albe i 0 Gl Caz g lie Sloj 6m ez
sl areiia IS cl 10 45 jabolen el odd ools Lis (YV-F) St o (YF-F) JSd o
95 P2 5 Gos 0 Ol S8 )l d92g Ges )0 Lz polie e slalaadle LB gl
o35 0L,z Sl 5o Sl 4l e (N0l 2SS slapl,z sl 4 S0k, oo s
15 Sligasy <8 o bl ey 48 4l 5 o VD 3 52eS Gz ol aglis ol Lol el oo

B dlem> Coanl o5 ol ddlais oyl

Bed [m/s] Middle  [m/s] Top [m/s]

BedDir [rad] = middle Dir [rad] = surface Dir [rad] ==
e —$—€—$i] b e
0.20 -------- -t B T o B --------- | B (o |
0.10 H;

0.00 : :
0.10 N@-\a S du\,aa f-)u—.( o *‘-
4] ; lv{ ; 2 £ R Cortorand I {Jw—m-v)‘-'o ’ 4-1
o 20- {A\ \. -»-wtl h-.r(-»'\-» .(-wr( Ny et
00:00 00:00 00:00 00:00 00:00 00:00
2013-10-03 1008 1013 10-18 1023 1028

ole SO gl alizrs s os ;0 B ollis] [0 00l (5 pSojlail by Cuz g S Sloj (gm0 (YF-F) IS

A4



0.60

0.40

0.20

0.00

Bed [m/s] Middle [m/s] surface [mvs]
Bed Dir [rad] == Middle Dir [rad] == surface Dir [rad] =
I
4 M- | P S T M T B Il —————————————————————————————————————
| | ;
il W i : . * f : :
H ; |.I. i : 1 .uu“.uﬂ.u]ulhh

Waoigs? sy i Koy g P it st osiyamy § Ny e i i 3 .iln.\-.(\,«-»—»a-»-» J i mimr | i ;
g it i Vg o P Py revetnny Y Yo o N !\.{-»—»w
t-l r-»«-«-;zmmiwlh}‘}uadew\ z-u--m—»-b-»p hwjrﬁf '{

00:00 00:00 00:00 00-.00 00-.00 00.00

2013-10-03 10-08 10-13 10-18 10-23 10-28

e SO 6‘)—.’ alisee GL“’&"" S A oli’;.....ﬂ JEEE% 6)-.:"}“33‘ ub).> S g Sy L;;L‘}L;)“ .(VV—f)JfJ;

adl e VO 5l 55,5 bk, gz 45 el Laseiie 3 (TA-F) S ol 2 S oomlics

S s Gt ot sl S8 85 355 e e S5 il & a5 b il Sl 35

oy alamMo BB Dlyess pas 55 Ges 50 LoLy2 S ey Sl opf @ G0 ool >
by ddlais ol o by JLELe (09 (amgo Wilgi oo alivs (pl oo o Lid 1) Ges jo L >

Ly
r(,.m4.3Qlf)f@bc\suo)oialfafcg)#@cm1M)oquol%ﬁsooysﬁoc\@
gl s gl o Ol s Dlyss (il 4 jomie Wlgi e Bl 90 095 OIS (00 05

Ped e |y el G Lo Coon ol 0l Wl oe s Al (rem 5 358 (S

A o8] ;5 00 g S5l ol S (YA-F) S

9.



a0l g 3lwJoe A—F

ol gwyp Sloylgrle polai 5 Slawe Olaslic des,Soslul 5l Lol mls (13 sl jidu o
gdisn ool oy slagie b (Golde SzgS)dome Jaa 5l i 2o 4 bz sl
sghate Geed 4 adlior b2 g0 Joe (oo g gl S Cond (pl o (Lol JSis
(el 1955 5 2Vl Coesl | g9y Bl 4y a5 zge CunSl AU 0l S asdllae (ol o
28,5 alsS 13 ) 3550

sy bl jos g ASGle oty Blibl o sl 2l e Joo @l Jad ol ) 9, o0l 3l
Lly 5 (Jlod 550 510 45 a8l o 550 bl oMbl 4 3L (lomo Joo 3l s 05 alss
oolatul yao Ol mhaw 515 5l 55 )8 5 B ;e sl « Land zero normal velocity s,
30 opl poges by a8 Cans L ol & Land zereo normal velocity (s e ol i .o sales
55l alys Sl ,m ssgie b byd ol bl s yao Hlss LS o l> Lol o)l ss2g
bz oy Ol 5 898 o0 033 (5550 ¥ Bos b Loges zge canSlt 3 256 bl o 45T, wan
e )l 0gzy Gree Gl o Jlod Jlens 4 Sgas D jgo @ ax 5 Ghlee Djgo @ ax
S 5 20 Ol il ad i Ban oS Cl (nl (x50 99 Sl o s I Sl
Shelos 9 098 715 00 Ceoms 5l g 05 s Sl Ol &5 Cnl cnl S Gl pliy el 29
sl ansls b tsle o 6,8t O maw 515 (Lol S yemen

(ot 50) oo S0 Ll pd lp &5 wibioo 02 5 @oe Olojpd Joo oid a3 )5 L5 55 Joe
Lily 5l 58 mse doe 50 (28 5 (B0 e Sln Sl 0ad esliid Zoe Sloj 5w slaodls
e alyb Lol 3 oS wil o Jxe ol @ Lateral g5 ,0 byl ool oo ool Lateral (s ,0
O9ye 099950 53 el 0ud drulons ¢ Flowloe o3gamms )3 4z ;o (plply Cul jao 55 0 S5

sl Logas a5 el ol 6550 sl ol Sl Lol Cle 058 oo 48,5 L5 40 Jlade les 50

9



o0 zgo gl )| Ol s o 50 j0 Ll ojlas (g s Sl (55150 sliwly 10 zg0 aiile (5 550
Dgs 0d38 oyl LSl 51 2B by 0 zge Sl S B s B el o
J>lsms 5 0Ll el oty BLbI o ()T alisee glops s, coliss 5 obyz § Joe @lp 4 sl Gt 5o

b 55 b Cales 4o 5 dihie Bl > oo lis b aslsl jo ad anlgs axsls il

2855 aalys )18 sy p 3550 Al il g oLl sl jour (Brs Coonnd J>lgus

ol azee Joo by V¥

GlaJas SeS @ ond S5 by g5, 0 16 5 obT el ot slaSizse S92 il caand l o
ooliziwl (Gyio Voo v i §ees o] 109 6 Ve 3, sla e 5l o Bkl g ailes [0 sl
IR oo)jT Slawbe aSll g ouls bl o ddlaie Cansg 5l Sles (YA-F) S 5o .ol oalds
A Kl o dlu S Sy G slosls Sl 50 40 ¢80 Ll ol C‘?‘“ Silw e 4o

el saBeslawl Lateral Soye b‘).m )‘ ).u Toe JAA 59 ‘5’)5 9 (591‘“’ 3% 6‘;) Lol 00U solazwl

! oo ezl (B ol.i».ma‘) dﬁ.cpf Lgl.(boo‘o )‘ DM‘)}‘ C‘9‘°‘ J».u (T oo )5Ja.~cd.a

(S\A-Uw Cuxo .9 9 0d \.)L?L».i‘ ;lm dalaio (Yq—f) JX.»

B olliwl ln 1) gge el 65 ol polie 5 (g5luae 5| Jol> guls anlis (F--F) S

aS Cewl (aseine S0 @ axgi b ol oo lo (28] j9e 5 e £l WSB e a0 oo L

ay



Ao 90 Joe .l 0392 (3890 an Camdg (Silwdnd (8 (cmwlie Hlade 4ol Ol e Jow

el gy 5 0Lz Ege Olojee Joe S
Sl gloel Sloy 6 S0 bl SBUl sy o0 S5 @y el Gaseine SO ] o oS jsbles
9 el 03 oo (il e 590 sl Lateral (55,0 Lyl pl QL pizen g Jled 50 S
g adhie oo mlBl CSLD jo Wlgh so g, (b g adlaie cnl sl zee e e (3luand
@lool Jow 3l (rdnis 55 polie 85 (29,5 bl ogdle il 5o by (glwand
B30 dglio @y 4z i b0 )S adlaie (pl )0 zge CeuSCh 51 (A6 (L2 gileand 4 plodl Bl
095 U 50 zge ConSl 5l LO6 l > (giland ool plxl YeOY Lo iST ole jo 4 #lsal

. ¥ S A AT
T e g Py |

00

-5

BRS04 20848 44 S A R O A I 4 R 42 80 N 200480 382534542425 040 411
00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00

2013-10-01 1003 10-05 10-07 1009 1011 10-13 1015 1017 10-19 1021 1023 10-25 1027 10-29 1031

B ol (gl 005 puSejlail g oainslwancd Zlgel aglin (Vo -F) JSo

Sl (asrine S0 4y ax g3 b oo o lis dilaie o 1) Zge Sl 3l L350 L > (YY-F) S
Pl 49,95 5 b byl ogd oo cnslin Jobs (Al o RV Tye TSt 5l 36 Gl &S
Sl by o S ol s (V) JS5 05 o 5 Kigse SVl eond 3 aieie
A0 o ylid S by 50 G A 0y e 1 aS (A6 e IV S ) 598 slapl >
Sgdiee JSa iy diles ol 0 lails T 5pd a0t Sl Hl 50 45 was e i S
@ Y bl o adl p e /T dgas ool LSS als )5 Cepu &S il atine SO 4 axgi b

als )3 LSas pogdle ol dilaie (o 1) gy Jail SUlg ailo )§ ce s Jlade pl aS sl rosgs

90 Radiation stress

qy



Gtz )0 oblal o b 5,0 4 o Gl )55 0 Bl )0 55 (S lo S ol el jusy alas o

a3 o olis 1) S5 o Cws by 5o by Carsy (YV-F) S0 098 oo JoSis jam ol dilas

[deg]

Current speed [mis]

Below 0.12
] undefnea aive

5320 5325 5330 5335 5340 53.45 5350 5355 5350 5385
[deg]
13:00:00 10/7/2013 Time Step 133 of 212.

Ao dilaie ;5 zge conSls 51 236 b (gsloand (FV-F) UKo

[m]

Current speed [m/s]

Il Above 0.90
0.84-0.90
0.78 - 0.84
0.72-0.78
0.66-0.72
0.60 - 0.66
0.54 - 0.60
0.48 - 0.54
0.42-0.48
0.36-0.42
0.30-0.36
0.24-0.30
0.18-0.24
0.12-0.18
0.06-0.12
B Below 0.06

I:l Undefined Value

ERNRRRRRENT De

713500
[m]

710500 711000 711500 712000 712500 713000

4:00:00 1/11/2013 Time Step 220 of 8666.

(82 & 2 ol oz SLbl gl sILOY-F) JS

[m]
4083000
Current speed [m/s]
4082500 Il svove 0.60
B 0.55- 0.60
. 0.50- 0.55
4082000 Jer7% % 0.45— 0.50
] 040- 045
[ 0.35- 040
4081500 3 [ 0.30- 035
1 0.25- 030
A 0.20- 025
4081000 352 [ 0.15- 020
Bl 0.10- 015
Bl 0.05- 0.10
4080500 ] Bl o0.00- 005
Hl 0.05- 0.00
Il 0.10--005
4080000 - - e e i Il Below -0.10

702000 703000 704000 705000 706000 707000

[m]
4:00:00 1/11/2013 Time Step 220 of 8666.

oLl sl g oo jom ailas (gl 0 wls S LSas (YY-F) s

¥



b Jolw wgwy JWS p O mbw 3y als 51 cwypw -F

Gous Jowo 3l solaiul
ASheo al) ()8 Comd a5 Sl 5l g 009y (SVeb AlSGhe al s Lo S i a5 4s5 len
39 se (i Mlige Al ailas 31 e (T (B Cuond 5 S5 5 Sl mal 3k b o
ouls blod o8] (golaws aily Jobo 10 g, cpl 5ol geiie aily ol slaal jo (6 105 Cgun, (54X
Lo of 55 pals 15t b col oad a3 8 s jo Jolu ) dgee oo ,e ahaie S olKing] 1 40

VF-F JS) 8505 )18 e 5 (omy 2 Sy50 T )0 6 IS gy (555U 5

Ao &l g alFans sblie )5 ons 48,5l s oo ablia (FF-F) S

2 Sligay Gialuyd g Sl liee 55 5 (00,0 F e Dlpess (FP-F) o (YO-F) glo JSO o
(208 B 50) 90 9 S5 ablie )0 o S0 (pl 4 azgi b .ogd (oo odalive dalllas 5,50 slo & yod
> ST 5 IS 150 s 15 Slyeeds w18 bl (ol ol lisils s 2o a5
S8 e b o B0+ U jao) &l S g adlaie 5 ol Soop ablaie o (6,005 gy &j50
oo o ol Fas cod cwl oals 05 ol 3 o leosle wlasl Lo 4 Jow sl 2

Lol 03905 Jol 1) (5 nin (ogmy 9,90 a0 g oo ol a4 5005 (>l 0 zlgel cunsls

0



Jolo b3 (55,00 3 Shuz 86 (F0-F) JSo Wl caond pillas O 515 20l pges ahaiie o
Jole Sop ddhis) Jole Ol g Jolo Ojse adhaie o Jow gl 5l i aST> o)l
S o3 fm 5 Sy e ol s ia e s B0+ 1555 patlys (555000 b 5o alsl
F D) abise (Rl L) G 4y ol B (e cnl Jorbs Sl 590 402l Cons 4 e A ]
Lyo G 4y Jolos SO0 ddlats 5l Glga,y pow adadie )0 dusy oo haiay aoecl (o (Al Coond YF
e oyl glafio i Loy 5 p)lez glafie S ool (ki @ Jolo bas 5 igdi e Zolun
S @ algie ghaie 90 cnl po Ol 5l all b ole b 65,00 pos e Sl oo
Olejee jobay aSull 5 .all atsly (1-F) alal) Gllas Jolo bz (59,0 4 bgrye o il

DL aly ool by alaly 5l elil 4w b g0 4

00 *-'—h:—,_ﬁ Line 5 o0
=& Line I

Sy,

10 10
=
Line 4 ok, | N \
s ~ TN,

20 SN 20 _-_.:x
- Y = S
£ T E W~
2 \"'s\ E -
530 \ 530 > <
2 = H ~

&

by
A
>

50 50
60 50
0.0000 0.0020 0.0040 0.0060 00080 00100 0.0000 0.0020 0.0040 0.0060 0.0080 0.0100
aoss shore distance (*100 Km) aoss shore distance (*100 Km)
12/2813 00:00:00:000 12128113 00:00:00:000

S o & Ui Al

e
°

)
/

&
°©

bed level (m)
f
&
//
7

&
°

-5.0

6.0
0.0000 0.0020 0.0040 0.0060 0.0080 0.0100
«aoss shore distance (*100 Km)

S S
oo sl 5l 3 50 Sl ail; calizes slaidn (o850 Slog yors 4 g pe s 515 jloges (TO-F) S5

(g b3) Joaw gzl 5l 9 (uzrba)

1%



Slacwnd Gllho (6,138 Ggm, dals Lo O 515 2alS b oo (66 gy adolie) s 4 gy alaie
@ Jobe b3 69,00 cage ol (pf &5 g eplss ol SGap adlase jo (V7-F) Sz 5 ©
Oliee foms s (RalS Lo 4 cmgd o0 S0 § S 4y 084z 58 45 1390 00 b )0 Caow

28l vl all Jele b (69, ke 42 )0 5 (6N g,

- " \
10 10 \\ Line 1
L Ling 2 \

05 - 05
E T E N
g L Line 5 s, \
B4 g
= 00 = 00
3 \ /_ B \ =
o H —— o
2 Line 4 2 >'<

o ” \

40 1.0

-15 -15

0.0000 0.0020 0.0040 0.0060 0.0080 0.0100 0.0000 0.0020 0.0040 0.0060 0.0080 0.0100
«oss shore distance (*100 Km) aoss shore distance (*100 Km)
12/28/13 00:00:00:000 12/28/13 00:00:00:000

Slee i o s i

15

10

05

/"’ Line:8

0.0

bed level change (m)

05

10

-15 T T T T
0.0000 0.0020 0.0040 0.0060 0.0080 0.0100
«aoss shore distance (*100 Km)
12/28/13 00:00:00:000

S A

e 2l 5l o dlSGles ailj iz slaidn (o0 Glag rond 4 boaye w150 Sl i jlogas (F7-F) IS0
S s, £55 513 5 A Y F D olo 4l o Uolo woed 4 azgi bg Lo ST 515 Lzals 51 o

Sl g0 5l S5 Jlew VgV 2le o Cules 10 9 siolw P gei I T o ¥ Glaasl jo sl

it (Jolol 8 G a5 (650 B0+ alold D) pds ol 3 5 (0 B0+ alola b) 105 g,y

3w gl 3l eolisw! b AIlGlo Jolgw glsil oay o AV—F

)|);)|¢9~50Mul.‘>h.s| L}.’YA_{JM)@)“MKJLA ab)Md.bLa &‘w&y@u));u.@?

(Y -f JS.»:) Cowl 00 MLO.oﬁmn) J».&.c 6‘)}‘)|U~J5J‘3)Q Lﬁuij.a.w.’)‘).: U‘Mgw

v



n

-
=
(1)
T
]
1
]
i
=
[1']
' ]
]

<
o

/
[

©
s

bed level change ()

Line & £2?

o \ ”
10 50
15 -0 T T +
0.0000 0.0020 0.0040 0.0060 0.0080 00100 0.0000 0.0020 0.0040 0.0060 0.0080 0.0100
cross shore distance (*100 Km) @oss shore distance {*100 Km)
12/28/13 00:00:00:000 12/28/13 00:00:00:000

S 55 Ol o S 5yl
Gy (@ b)) Sl (it (S ha3) (058 Aoe 4 banye yin 55 Dls g e 15 laged (YY-F) S
(g b3) Jow Gzl 5l a9 (e bas) Jow sl 51 8 50 (6 b)) (B,

Jolo b3 o5,00m Ol qrsdise S by G0 Cow 4 jo8az 2 YL SO @ az g b
& azgi b ogdise fiiny b Gl gy JESl A ) 5 00g yliy Lol S by el it
oo 2l 5l am Ll wilgdate oo Loy (Joe szl 51 B8) (S50 5 Sle A5, JS4
Gl i 5ol 31 olas cal el (Sloe ailate ) St (8,8 adlate 53 Jolo b (550
Ghle ) i ol o5 bl 1ol aily (B8 bl o Jobo 5,00 35 < gl 515
S5 ot o5 e abanly 4y g ool a8 Jobs Sl 555,90 alols o glsel ooy 05 Sl (S50
Jolgw 555 3 578 236 S g oad ouiSTy (6 s o 5 glsel S 5 alol>

il oo AlSSls alby (B8 Jolgw (2USTh (Shy (Rl R (s 093 (al 5 Cutls walss aily;

WG b)) Aol s coiodinns gl AY-F

Sl o5 o olml i (3,5 4 Comd oy Bl F g8 cond e 4 il f Csns o
@ ol e ) dlile ol (Gl g (350 Bble 4 Cod Jobo 5 S005 4l )0 29e
o5 @loel ol el a4 az g b i3 slye Ol 1 lleg 4 Cond Jobe Coslas 4l 3y
S 9295 ot e 0 lSSles Jolgs (58 oo il o0 Rl S i 225 5551 00

O 0y oo Gy 5laz e g ls il SUSTy Jolgw b Jolsw 6 0l JSG ixdas

aA



Sbml Jolo g5 10 (GymaiS g 009 gl dizye 09l oo S USTy Jolgw lalus 5l og

i o 1y SUSTy Jolgw cools Al Jolgw JS ple joboay 050 ool

oo 1y Jsb sl ilsHl 5 il b sl Call gy 5551 85 (lpe 5 SIS j5bay
Ul 5 5V Zlyel glis,l 3 Sonp Jolo 4 oo canss as alols Al il ) Jolgms
sl w51 o8 5 551 olyal comly 8165, e 4y (B, Ul o Ll sl iy Slogms, 5
G0y e (b S Sebionay (ulg W)lo (riias a4 hled Sliga; Bl palS Job Slgw,
a5 el Jole ) ol ol s ol ams 0,5 o alols Il 5l cunSls s 5 ous dilaie
Sligey Jom 4y 305 5 0351 (55 Jleb sl (5551 SIS (55 5 Slow Fblis & o (g allai
S35, 4y 3,0 Caew 4 25 > b g wdbioe (G50 @ 0 f D dobe (Jsb (b e o
ol oo 2ol i 65,00 a8 Slej b ool aslsl Jsb o,z glinly y o8 > 4 ailsyy, Sliges,
Ol ey 5l Ay 3p0 S 4 08 laz ja a0 W IW ) Doy Joo 2l K00 &S
JUl 83 s ailos 4 SGop 10 5 (Bpd Ceod [0 aSLI L 09 o0 o5 Jole sliuly @l S

ey 095 Jlas a (Jobo slagl > by ogm)

44






10 lghnd 9 (5 95 Ao



—
‘.. . g Y
J .
rox /A

53 O 3155 S5 5 alSiloo 4l Jolges S35 5 1S (o, 0 S0 b gy 0o
5 lojlsale yglai o Lo Slacs;585 oy Gesb 5l T po a5 Cdpdy plawl (T 51 (AL g,
E9 el 3l el sal as o, VY Gl 58l 05 a0 so0e (g5l wiles iz
wslolsale ol o Ll slas o8 5l onlitl b ol b i o ¢ iS5l il oL
Jad o a8 )5 D50 g5l oo 4 azgi b ad cpl )0 0505 &)l (g5l Jae sl g5 e

ol 0L o)L‘;}‘ L)T QO FUSKY Be aS ool 4.,_>L>)J @LQJ LSJ""-’(':‘"} 4 ‘ﬁ)LQ‘.?

Gl 51y Gials 51 Gl &l Jolgmw Y g g i oy 0 F-0
sloylgalo polai g (55955 Ll 31 eolaswl b

98,5 I8 w0 050 anlllas 550 dllate g1y o o (Lo glags 955 b (pl Jsl Gise o
Lulg, & a9 Lcd S )18 (miwcons 3,50 slojlsale pglas b avalie Biyb 5l o] @l e

el oad Jol> 05 mls ol gy 5 6595
)3 o Sy50 ol e 2l b ol L5 Sleis e (VASY) o0y alal 5l eslizd U
LSS 5,55 Lalg, 5 Lol gl ol o alie (glojlsale ol 5| Lol gl b 5 43,5
o0sd duglin VWYY 5 1YDF slofles 1o 45 (gl lsnle sl galms 4 o plovl (sla s yuSoslai
Ol (e 5l grlin (gmaGiom 0ad Ol alaly o5 28,5 a5 o0 g ALl Slgtren ol
s B OS] ghlie a0 dizye 10,8 sals 4l | alSile Jolge o dole L

S ‘Q‘ Al 5o 5 Al alize gladaand o S J"-99)’ S QT e oS Sg o0 oanline

Yo¥



gode Jos 3l jsbite (et 4 45 0l o dlSiles lpus cilidee (glaciond (gl solgiiny ala,
Aob oo JouB 0,90 g aBl ymalS oalls slowl WS sobj sga> U g ouds ool

(2 A o (VD) Ol e 5 Culy o yd g oad )l (6595 Laly) 4 a9 b iz en
4 Seop g (Bt slatend (0 (Shg nl Wiz tedg STy Jolsw g9 5l ally (B0 5 Sl
2970 i A ke (5 s alas

ST 515 GRals 51y Ao il Jolgms Y 9205 9 ypuad (om0 -0
oo Jowo o lo 3l solasw! b

Soebas S el Ko a5 bl oo VI SGle Jgsle o simgh (nl 5o eolitul 5,90 Jg5ke
e loasgezme 5l izge 3l (23U wom, JESl (g3l doe sl ailipe (Aolo sloo )5 sl
inh 5 oy JUEl e bz b (Seslusg s Jsile Jels a5 Couple Model FM Lol ok
U Sl svae Jow 5l eslizd b 5l allu, sy cnl 5 el ond aslizd wibss zge
s sl ad S 15 b5l 00 il aily il slaisn » 55 by of 5l ol s
3 dole poges Glo F e gy Il o ol ol S goae gl ailes ol sy
Jed 5l ol p oS (Saldgyone blyd 4 axg b Sl 4l cliee slo (5w )0
(Dlgay iz Joldh (oS> (Salinsgd joo Ll )l (izren 9 ole Sl 5 2lsel sl (S5
29 B slagidn ;o 4S5 sba Sl Sglite (Jolsd Boe Slpnii g ol ol e SO
Crmas by o @y Jolos b3 i (69,0480 vl O 55 2als b allSile S5 ,L asls & jglna
g p2ly> S35 10 9 ()8 Sl 4

O 5 olas (Brd 5 Sloe af G s o dlSBls allyj Jolges 2 @S alisee slacdl ()

)ch).mc\.o g_:).c- )‘ de)e.bd.: 0dgy LS‘).» Jo‘gm&.:)‘ d..’ol.w U”‘ t5‘°l'°" ) J?Lw | BN 450)‘0

VoY



Sl gl b ol b (65,050 Giali8l 4 alies (pl 5 00 03933] J>lom oLST (Shs

Dyl Ballad 55 (65955 Lals 5l Jeol> i b aS wij e el

S S A F-0

el o gy ASGLes aily Jolgu boglas St Ol s 515 Sl J1 gy ol o
Seelng e g (Solin g8 g0 bl )l 4y az g5 b allGlo by jo Sl a3 (g9, Olyae lal 5o
lojlgale nglai b analio B sk 5l e 9 0B dslons (VAPY) (399 aball) 32 )b 5l adhais  oS1>
Jolo b Dlyess 5380 gy yelaie a0l (LS ) (o3 @illal 9 28,5 )18 omiwino 550
ol ol ol o el o oolitul wys S b shite ks 45 VY ol goae Jow 5|
2B (Whe wlao) (3, 3blis S 4y (555000 b T o S5 S wb (asie G
I 0 dole clo &Sl 4 4z g b g oo 5 St Jolo b Sl (59, o 5l ol
ST e sy Gl (B Jlgm o 4y a8z 50 g sl o 01 LS allSSLs il
i el by O Sl Ghals b ole bz (g9, 0 il 4 dlis onl b g0 Gal381 Sl
Coond il b sl Lo 5 oblpel jony i o5 28l (lgioe so0e Joo @l | (eizen
alos 5l j5ee g JUT sl p Slgw) 8L Cuoy® g Joo sl 5l am ol wales Sl il (56
SRl L g 009 LSy 95 5l o] Bbolie aan o aily onl dolo £95 09300 Ol Gialo® (l o
2 olFee ol ol Sl ogd e slml Gl ol £58 50 6imei oa] sl (b ol s
s 9w S mds oo (Soo5 j0 5 () (Bpb (iu 0 ohg 4 aily cnl Sl 2l ok

S,5

YoF



Ololpsdion .0-0

alox 5l alizes sloaie) 10 g 04l (gloo S L IS aisls ol cwiige a0 Sladss
bt S,y e 5 (Seelad gyaee lalh calil ele bl Ol i g, Jla]
oy 4 i Glpl s aliwlie 3,5 Al (gl slacs sl 5 Slidos wlallle ol oo Laail

ilod i o Bblie nl (uulS s g (d>lo slaai b ane) jo Slikios Coeal 4 (0 DlS
ke 5l i addllas 5 35 calin b cal sl a5 095 0 zylae Slolgiiny L5 aslsl sl

Wbl oo g Dygo A Slolgiiinn (ol 0gd Laas Al aiby oo Suonll

J/
0‘0

Lo o mhaw 515 Sl 1wy p g litline g litdrift cox O slaJos I

ol o eals &)l g5l ailes 5l o] Cawds =l b mls anslas g Al 4l J>lgw 5

5 oSl (Sealinng e Lol (0l Co dilae )0 (ga du (Sialisdshy50 Joo gzl %
o sl (F-0) Al Loy gz oy cadd b i sl Sp Josd 5| omlis ¢l
ASils ail; 5l ailate

AlSle iy Jorlgw 0y (omsz Sz 085 gl 99955 ailes o by sileoe
Aalaio QT 49

T Slyess 9 SUL > g E‘B“" oSl Sliges ) Glo Shs 5l (Sl sbaseSojlasl aloxil
Aallae 0,90 dilaio calize slo isu ,o i

3y Ol b Jole las Ol sy 5 dlSGle aily Sow SYeb Ky j9iise 059, slya! %
2ls Gl S g lojlgale pslar @yl 5l Lye o

by O 55 Ol ool s i 850! wlal 1 o ails  Sealinngdyge Joo g1, %

oley b3S b Sl 4l (s pdy juads 9 2B, 6o A1) g oansT (sla Lo yo 555



Jols (Sealinsg8 50 ol paais 09755 1 (39,005 5 ailog,) dilate slaailsog, 5l 5 guyp **

.Q—| 69,5 Alrd g AlGloe aily Jolgw o Ly ol 3y s b



&150 g Hbw

(o

Jad



)b gl &

Tl )0 6)Kgm; 9 Lol B (685l (m i 9z Sesliaog o s*’))-.’" VYAV oLzl D]

oy S oINS s psle 0aSaiIs W s b w5 asl Ll S

‘\C\c 0)50 ‘GAS OAS.M‘Q—LSJ‘Q); Al 9 L)‘J“”c LSM:;L..Q‘A 44]«; ‘"L)‘J"‘ u9.~.> J.>‘9.M: )‘ 60‘&.&:

Yoo les

$byd T35 g 69y » w5 3L g Aoy, 0 8 (o) 2" OYAS) (@ ol (5,30 [V]

oy a3 RIS w8 sl Gl My 58 5T 5l eolil U 35
ol oKl SLLaml ML s pwaige Jsol! (OYAY) & S5 [F]

dilaie sla p 301 (59, 555 slys o 515 Sl 15t w2 OYAY) & 28,0 w0 ol [0]

Ol 2l b osle g jols (xlgw (el o Gioles sl ML UL

5oL 5l ol ol 5l Slleg il s (3155 (o8 Ul o8tils 5 )by )b Ly [#]

AVAY a8 Jlod Jolsw gile aeds Slalllae 5 A0k e

SoS acsaze s Sopd 5 Jole penige (i San " (1Y) o Sx [V]

£ ooyl by gwdige

CS i Sigge dnmgi | (2l (So3sls8 550 5 ()T Cogmy ail B s " OIYAD) o (50> [A]
Sl5T o8l ey )| cmolids )15 aols 4L <" oL sl Jous o0gamte b s (ool yo Jlois 85 aibl

e



doaoe YYA- Y O)LQ-:JG A\ 0)9») Las 9 u.uo) «S.)).J :Ll.’>bo ‘"LS’}“”) &wubsﬁ)}o ..\.Q‘j,w wLw‘).s

No-)

asllas) (5 iSigm ) (53l dinte 2 ol (S39lo8,90 5 miin ST s OYA0) d SV -]
ij.ml.w ;A.&Jubé " olid..slo sd..:'a)‘ ‘5..:[4..»)[5 a4l ul;l; 5"()4(::53 )A..l.g 60)9A

e sl S sl eolanl b Aol bglas ol s u*“l’" OYAY) o el & 80 [VY]
(2l sl ojle g ol (>l Jodl ro iolen fuamdil ML el jan 160,50 danlllas)
Ol 8

s b ygessy Yeo 555 sbye of mhaw olleg b v, OVYAA) S ols, [VY]
Ao (g9 ,8 olSiils )l sl IS aals Lk ‘"(OM}'}Q) YL 5 5leS 5o dlSSls 0 3>

""lfjf =l 0 ()8, 5 Hiale,d o S J'*-.*-’...." OYAY) d jLedl iz e son> [VY]
OleyS ydl augd olRKails oyl pl S g joue il jaiS ez
09 Jlo « o5 (535158550955 (gl gl (GBS ks Bogue) 555 gbyo Jlgw 5o anle
Y oo,les

)Lf."“ uf’ﬁ) l‘ gsa’lfﬁﬁ'; LSL"")-:i.’T J—i‘“ 6}“% §Oae 64-’-]&-"" (\Y20) ‘o 6)L3°5) [\()]
D90l o oSl )l cwlis IS 4l oLL ‘"u_i%

NS adlaie o) 435 Jele Ges oS bl o Zlgel (i g oy (OYVA) ) oL, [VF]



ol ol ool bl s lsel (o3l Jow SLS" VYAV ool 65,5b 0 5 pols lesle VY]
Pl 5 Jlge (gnige IS ool g 5 (35 Siglee 55 sl

e g Q;l JRee @.l.w)'bj sl ;;1 315 gosls ‘Ql).ll ©9,5b,0 4,0l oloslw [VA]
37 by Slidsd 5 Slallas

S5l ey sleslitul b o5 5 s 1o oy 668l (goms 59 (g3l e " L(VYA) (o gy [V 4]
pole o823 ia,lez oolads eaazs Al (S 5 O] cblis gla tagh ale MYVY Sl
OB S b b 5 55 5LaS

0,57 ads ol ol slols Slalllas" ((VYAY) (0550 oylwl ol dibate Ol solows <8 5 [V ]

by B o Sl p ol ;b g 555 shys Slleg” (IYAY) g 595,515 llae [YY]
¥ oojleds g Jlo (05 (5995850555 slo Lipgy ¢35

Mg Siolnngyoup) ol (cwdige! (VYAT) ¢ D> s o Shas] Slae [YY]

asls Uy o8 Fyon o ol gl Sllugs 3B " ((ITAF) (o 00lS s illae [YF]

Sg0ls o olEals i plid I8 asl oL "l

asb bl Mg oo dilaie 35 sbos jo dobe F e s Slass™ (VYAF) o5 okt [YO]
Sl pul g S cbla> saSipgy ' eiS Jxle balas ol s ((VWAY) o Lo, o e [YF]

FYOFY o)lads ()9S

\RK



6,5, 9 Jlal o500 5 Slga, "(OYAD) S HUl ye soumy ol deire p Loy o yé [YV]
by o ojle g ol (Jolaw Mol o Gioles (reiin ‘"QL?; &> 5o
5 Sb cblix Sligiod 5550 woge 5 Giabed o Glaler pages NS el Sl
Olrs 9iS 6l sl

SR ) Zge )1 Ls,..:l., sl ul.»)} ©ode st)).g" (YA (o dual <z o.>|)’ w.&:> e Go.blf [\”\]
g g ,8 olKails ¢ jas  cwdige (o 0,58 ez ol

Ol 9 (s 4l Solinog 000 ).ul.s ‘5»)).3" OYAY) 7 S p glid anad J S [v-]
o2l MY Ul (63,50 anlllas) (ol anle J>lg jias IS8 s o] gay Jlil
\V J.l?"ca O)LQ.:J ‘stw r>9l.¢ L;.Lo.” u.q 4.)).“;* c"))'.’;' 61.1)0
oyl ol &l Olados ‘"gs*él?.) 5 S Jae sl eolainl b Jole pooges Cpz o Jole
.\wo)l.o.»j.’ cﬁsd JLm

eelingS Sl ylaasl " e pole ol anl o3ls" ((VTA+) w8 o [YY]

9 bl Jolge 5 T g lblogs 28" VYA 55 (6l s lidioe 5 clallbs (Lo 55 0 [¥F]



Sylyg oy by e Sl gaw als” ((VYAF) 35 sl wlidss g Sldlas e 35 50 [Y0]

5 ol glajle 5 el @l " UOTAY) o agl 0 g5 deine (w52 [YF]
Dl ol5T olStils ¢ 63,187 panlids (yan dolibiad " lSilie ol Sligusy (Sl slgzlad

Olaly axlg

SlEEal U 3y b > by gy ol (SisSr Ll 5 40557 (A g e Joly [¥Y]

OIS ey S 5 olKils el sl S aal LG "Mike21 soue Jowo

O 895 2o Ly &l e Sllug 31 pw) 2" COTAY) B ldase o (5,kise Al [YA]

Ol o g ple olBails M I3l jon (89,90 addllas gl 1,8 Slgas, JLE]

M‘ (!_.?b.o o

[va] Abdollahi.A.,(2012)" Rapid Caspian Sea-level change and its impact on Iranian

coasts"

[f-] Bruun P. (1962), "Sea-level rise as a cause of shore erosion”, Journal of the

Waterways and Harbors division, 88(1), 117-132.

[t1] Consulting Services Africa, Laguar Consultant, Lithon Project Consultants.,(2009),"

Sea level rise in Namibia’s coastal town sand wetlands : projected impacts and
recommended adaptation strategies”, Prepared For Ministry of Environment and
Tourism and UNDP Namibia.

[f¥] Church J. A. & White N. J. (2006), "A 20th century acceleration in global sea-level

rise”, Geophysical research letters, 33(1).

[fv] Cooper J. A. G. & Pilkey O. H. (2004), "Sea-level rise and shoreline retreat: time to
abandon the Bruun Rule™, Global and planetary change, 43(3), 157-171.

VY



[f¥] Dean R. G. (1983), "Shoreline erosion due to extreme storms and sea level rise", Sea

Grant Program, University of Delaware.

[fo] DHI MIKE software package, 2012.
[f#] Duane, D.B. and James, W.R., 1980, "Littoral transport in the surf zone elucidated

by an Eulerian sediment tracer experiment:" Journal of Sedimentary Petrology. vol.
50, p. 929-942
[fv] Engelund F, Fredsoe J.(1976). “ A sediment transport model for straight alluvial

channels”. Nordic Hydrology 7: 293-306.
[fA] Everts C.H. (1985), "Sea level rise effects on shoreline position”, Proc. ASCE,

Vol.111, WW6, 985-999.

[fa] HIRAL .Y, Van Lap. N, and Oanh .T.,(2008)," Assessment of Impacts of Sea Level
Rise on Tam Giang-Cau Hai Lagoon Area Based on a Geomorphological Survey
Map".

[6-] Kaplin P. A. & Selivanov A. O. (1995), "Recent coastal evolution of the Caspian Sea

as a natural model for coastal responses to the possible acceleration of global sea-level
rise”, Marine Geology, 124(1), 161-175.

[o1] Kaushik (2013), http://www.amusingplanet.com/2013/07/7-most-spectacular-spits-

on-earth.html.

[o¥] Kostianoy et al, Estimating the Caspian Sea level and Volga river runoff from

satellite altimetry, (2007), Second Space for Hydrology Workshop, Nov 12-14, 2007,
Geneva.
[ov] Kroonenberg, S. B., Badyukova, E. N., Storms, J. E. A., Ignatov, E. 1., and Kasimov,

2000, A full sea level cycle in 65 years: barrier dynamics along Caspian shores,
Sedimentary Geology, 134-3, 257-274.
[of¥] Lahijani H. A. K., Rahimpour-Bonab H., Tavakoli V. & Hosseindoost M. (2009),

"Evidence for late Holocene highstands in central Guilan—East Mazanderan, south
Caspian coast, Iran"”, Quaternary International, 197(1), 55-71.

[as] Liu, Z., (2001), “Sediment transport”, Lecture Notes, Alborg University, Denmark.

YYY



[a#] Leatherman S. P., Zhang K. & Douglas B. C. (2000), "Sea level rise shown to drive

coastal erosion”, Eos, Transactions American Geophysical Union, 81(6), 55-57.

[av] Mamedov A.V., 1997, The Late Pleistocene-Holocene history of the Caspian Sea,

Quaternary International, Pages 161-166.
[aA] Meyer-Peter E. and Muller R. (1999), “Formula for bed load transport”, Proceedings

of International Association for Hydraulic Research, 2nd Meeting, Stockholm.

[64] Naderi Beni A., Lahijani H., Mousavi Harami R., Arpe K., Leroy S. A. G., Marriner
N., Berberian M., Andrieu-Ponel V., Djamali M., Mahboubi A., Reimer P. J., 2013.
Caspian sea-level changes during the last millennium: historical and geological
evidence from the south Caspian Sea, Climate of the Past, 9, 1645-1665.

[#-] Nicholas C. Kraus, M. ASCE,(1999)," Analytical model of spit evolution at inlets",

Coastal Sediments 99, ASCE, 1999, 1739 — 1754.

[#1] Nicholls R. J. & Cazenave A. (2010), "Sea-level rise and its impact on coastal zones",

science, 328(5985), 1517-1520.
[#Y] Nicholson, J., and B.A. O'Connor (1986). “Cohesive Sediment Transport Model”

Journal Of Hydraulic Engineering, vol. 1 12, no. 7, pp. 621 -640.

[#¥] Panin, G., N., Transbounary Diagnostic Analysis. Climate Change and Vulnerability

Assesment Report for the Caspian Basin, 2007.

[#f] Pave A. Kaplin a, Andrew. Selivanov.,(1995)," Recent coastal evolution of the

caspian sea as a natural model for coastal responses to the possible acceleration of
global sea-level rise",International Jornal of Marine Geology, Geochemistry and
Geophysics, Geography Faculty, Moscow State University, Moscow, 119899, Russian
Federation

[#o6] Ranasinghe R., Callaghan D. & Stive M. J. (2012), "Estimating coastal recession due

to sea level rise: beyond the Bruun rule”, Climatic Change, 110(3-4), 561-574.

[##] Ruddiman, W. F., 2008. Earth Climate, Past and Future, W. H. Freeman and

Company, New York.

YYY



[#v] Rychagov G.I., 1997, Holocene oscillations of the Caspian Sea, and forecasts based

on palaeogeographical reconstructions, Quaternary International, Volumes 41-42,
Pages 167-172.
[#A] Sorensen R. M. (2006), "Basic coastal engineering", Third Edition, Springer, pp. 330.

[#4] Soulsby ,R.(1997), “Dynamics of marine sands, a manual for practical application”,

McGraw-Hill Book Company, New York.

[v-] Schwartz M. L. (1967), "The Bruun theory of sea-level rise as a cause of shore

erosion”, The journal of Geology, 76-92.
[vi] S.B. Kroonenberg, E.N. Badyukova, J.E.A. Storms, E.l. Ignatov, N.S.

Kasimov,(2000)," A full sea-level cycle in 65 years: barrier dynamics along Caspian
shores”, Sedimentary geology, Department of Applied Earth Sciences, Delft
University of Technology, Mijnbouwstraat 120, 2628 RX Delft, The Netherlands
Faculty of Geography, Moscow State University, Moscow, Russia.

[v¥] Short,A.D, Hand book of beach and shorface morphodynamics, univercity of

Sydney,1999.
[vy] Steel,J.H and turekian, K.K and thrope,S.A,Encyclopedia of ocean Sciences,Vol

1,2001.
[ve] U.S. Army Coastal Engineering Research Center (1984), Shore Protection Manual,

Fourth Edition, 2 Vols., U.S. Government Printing OYce, Washington DC.

[va] Van Rijn L. C. (2011), "Principles of sediment transport in rivers, estuaries and

coastal seas", AQUA Publications.
[v¢/] Van Rijn, L.C., (1986), “Sedimentation of Dredged Channel by Currents and

Waves”, Journal of Waterway, Port, Coastal, and Ocean Engineering, ASCE, Vol. 112,
No. 5.
[vv] Warrick R. A. & Oerlemans J. (1990), "Sea level rise", 257-281.

[vA] Zhang K., Douglas B. C. & Leatherman S. P. (2004), "Global warming and coastal

erosion”, Climatic Change, 64(1-2), 41-58.

ARRA






Abstract

Being joined to land on one end and to the sea on the other in the direction of
dominating waves and large shore currents, Spits are beach phenomena/materials that
grow with time gravitating towards the land in one or several branches. Of the most
stand-out spits in Iranian seas, the sandy narrow peninsula called Miankaleh comes to
mind, which is the main cause in the formation of Gorgan gulf. Current research mainly
pursues the investigation of the changes occurred in the shores of Miankaleh spit under
the influence of water level changes. To this end, first, analytical theories associated
with the area of interest were investigated and the results were compared with satellite
images for final verification. In the next step, employing the mike 21 numerical model,
the impact of changes to the water level on the various parts of the Miankaleh spit was
evaluated. The result of an experimental relation shown in this research speaks of a 110-
meters change in shorelines per assumed one-meter change in the water level. In
addition, results obtained from numerical imitation demonstrates that the changes in
shorelines are in accordance with hydrodynamic circumstances dominating the shore —
including the properties of wave and current - and morph dynamic circumstances
dominating every single part of the Miankaleh spit including the shape of bed, shore
slope, type of sediments and changes to the equilibrium depth, in a way that in eastern
parts in the vicinity of the opening of Gorgan gulf, as the water level decreases shoreline
moves more than the middle and western parts towards the sea. Given the results of
the theoretical relations and conducted modeling, investigating various states
dominating the shore in three west, east and middle regions shows that the state of the
shore in all the regions is dissipative, which by moving from west to east the
dissipatedness increases, leading to shoreline moving further head by decreasing water

level.

Key words: Milankaleh Spit, Deposition, Shoreline changes, water level changes, mike 21.
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