‘APPE_ND(X? ':-;‘SO'IL_ _T’E'STS 'A_ROUND THE EXTENDED BREAKWATER

Durmg the fmaluatlorr of the Second Stage Fxpanbion P:o;ect Plan for the Port of
_Caldei a, boreholes wexe ch 1lied and sou tests performed along the center line of the break-
.watex extensmn r;and the_ Te esults thereof ale ‘shown in Fig. M~ 1~M -4, The locations of the -

: are’ it CHAP I‘ER IV, 4 Soil Conditions, Fig. [V—16. :

o Llsted in the. tesultb of the soil tests are columnar soil compostlon charts samphng
depth;iN 'alue from the standard penetrat:on test, sand-silt- C]dy percentage compo&tmn,
{mit welght spemflc we;ght of s0il- partlcles natural-moisture content, lquid hmlt plasttc'
limit, void ratlo, compt ession. mdex unconfined compressmn strength, consolidation’ yneld
'sstre‘:s, and mternal fr:chon angle and cohecsxon accordmg to unconsohdated undramed_
_trlaxml compressmn test rebults P . : : o
. Boring was carried out by the wash method dnd the sea scaffoldmg made use of a tower
'.Lonstructed of steel tubmg with attached ﬂoats Sampimg for soil tests was carried out’ using
"_Ea BX Shelby tube (open samplel of 50 mm dlameter)
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APPEND!X 3 RESULTS OF THE NATURAL GONDITI{)NS STUDY

1. Results of Soundmg, and’ Shorelme and Rwer Surveys

Inorder to undex stand the ch'\ractel 1st1cs of beach varlattons in the sea regloo surround
ing the Port of Calder a, past soundmg charts ‘and ]ateral profnles along the seashore were :
collected and hydxogt aphlc soundmg and Iateral surveys mcludmg a lateral c‘.urvey of the
Mata de Limon Infet wexe pﬂrfoxmed ; , Lo : '

Fig. M—1 shows the scope and’ ObJECt of each drawmg

The documents collected are hqted below.

(a) Soundmg Chalts :

a) Overall Port of Caldera '

b) Inside the Port of Caldera

¢) Breakwater area o
~d) North Caldera coastal area
{b) Lateral P_rofi'les al_on"g___i;he Seashore -

a) Corralillo Beach and New Beach ‘a_re_af

b) North Caldera’ coastal area c

c) Breakwatel area . .

- d)} North Caldera coastal jetty area

e) Along Mata de Limén Br;dge _

f) Inside the Port of Caidela :

9. Water Current ObeervatiOn_

2.1 Qutline

Current observation at the Port of Caldera was carrled' yut _ |
8, 1985 at 19 locations which are shown i m I‘lg M Df the 19 locatlons 4 were contmuously-_ .
observed round the clock for 15 days usmg Ono type cun ‘ent meterq (OC 1) and the"'f:__
remaining 15 locations were coni:muously observed wlth CM =9 D type dn‘ect current readmg_ i
current meters for periods ranging. from 12 to 24 hours 'I‘ he watex depth at all observat:on
points was 3 meters above the sea bottom.” AU Sl o .
- Based on the observatlon data, a consohdated analysm was performed w1th regard to'the
following items, ' ' L e o : S T
(a) Reading of the self- 1eglqtermg record (OC 1 type) N o e L
- (b} Flow component veloc1ty, t1da1 currm ent Vector calculatlons and Jrawmg executxon
(¢) Extraction of observed max;mum values S e R T
(d) Caleulation of frequency of current d1str;bution with regard to dxrecuon and Velocxty g
of current and drawmgs thereof e e e e e b i
(e) Harmonic analysis of round. the clock tidai cur‘rents o
(f) Preparation of tidal current ellipse current dxagrame o
(g) Preparation of current dxagrams . '

.. M"34



";':,:l\lieasured current (sc)uthward and nmthward currents predommatmg)
=P _manent currents - e . _

“¢). Mean current drstnbutlon at Spr mg tide

__";;_Vlnferred spring tide current - : . _ _

¢ :};_Supplement of current distribution w1th data obtamed by CM—2D type current
sl metery T P

i g) 'I‘yploal curves of the four Seasons

(1) 'f:',___rent eurves C : . .
Y ;_-Accordmg to. a tldai current plot of the Ono- type meter data, a semldlumal period
ﬂuctuatton predommates at each of the observation points. However, at observation point
04, the ﬂow at ‘the time of northward current is blocked by the Port of Caldera break
.'water and the northward component becomes extremely small. BIRPEE
'1he data obtemed by the CM—2D type current meters show areas whrch quctuate
' 1rregular1y, but on the whole a trend similar to the data obtained by the Ono-type meter is
'apparent ' o :

(2) 'Ildal current vectors - ,
I‘ lddl current vectors mdlcate lrends snmlar to the conditions recorded in the tidal
: eurrent curve ' '

(3) Observed max1mum vaiues :

The observed curtent. velomty values are subdivided by each 5° of current direction.
7 Ihe main. dn‘ect:on and the-anti-main drrectron are determined, and their respective maxi-
smum current: values -are noted : :
_ As shown in 'Iable M+1; the maximum »elomty appears at pomt 0O—1 at a value of
0 Sm/s AE-O— 2. and 0-=13, the values are 0.3—0.4m/s. At O—4, a southward current
: ;excee_dl__ng {_)._4_ I__n/s,c_an _be seen brreﬂy at spring tide.

= (4) Current frequency dlagram :

At the round the clock ‘observation points, the values for the frequency of velocity
'—=dIStl‘lbutan by tldal current drrectlon and the mean velomty and frequency of mean distribu-
,t;on by d:rectmn were calcuiated ' :
' Accordmg to* Flg M —3,-each observation point has a predominant direction and
veiomty in the dlrectwn of the stream axis. At pomts O —1~0~3, northward and southward
_veloc:ttes in- a O-vo 9 m/s range predommato and overall current veloc:ty is comparatively
_ low “The velomty of the predommately southward current at point O—4 is much lower than
-'at the other three pomts A current velocity of 0~0.1 m/s.is most common.

A stream of twwe the component level was observed which indicates that there is a

i_considerably large ﬂow m add:tlon to the tidal CUﬂ'ent
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(5) 15 day harmonic aualysrs of tidal® currents i
A ten component harmonrc analysrs was performed using 1 day round the clock trdai =
| current ‘data. Non-harmonic constants wefe: calculated vslfig the “harmonic’ cou'stants -
obtained by harmomc analysrs of each obsetvatron pomt Table Mmz* presents these;_,_
non-harmonic constants L RS L R
A consrderatlon of the correlatwn of maxunum current vclomtles m hght oi these data' =
indicates that a streain of about twice the level of the ttdal curr ent component is obser\rable, _
and that the non tldal cunent Stl‘f;'.dﬂl ig large o ' ' o :

(6) Tidal current elllpse ' S . - L
_ As stated i in (5) above, the semldrurnal components at each pomt are }alge Hence the'i
‘Spung Tropic t1da1 current hodograph varles in roughly the same manner as the e]lipee of _
the M, trdatcurrent ' e el i S s R T T e

LA prmc:pal 4 component diagram (Mz, SJ, I{,, D,) and a Sprmg Troprc trdal curt ent_ o
ellrpse dragram are ohown in’ Frg M 4(1)~M 4(4) BRI SRR B

{7y Current dtagrams B AR T : - . _
A study of current dlagrams in whlch the hrgh water time at the Port of Calder a'is used )
as a standard revea]s a southward current at the tnne of hlgh water whrch becomeo a'__
northward current 1 hour. before low: water : SR G
The southward cutrent reaehes maxrmurn velocxty about 1 hour after hrgl ith
a veloc1ty at pomts 01 ~ 0 3 of 0.13 ~ 0. 22 m/s The northward cunent" beglns to‘
turn about 2 hours before high water, and subsequently shtfts to a southward current L
The northward current reaches a max;mum velocrty of 013 _U.‘ZO m/s about 1 hour
after .low water. At this time, a: reversmg backﬂow 1s e:eated nnmedratoty behmd the’
backwater near QO — 4 however, its velocrty is mnumal in compartslon to that at pomts 0=1
~ OMB In preparmg the current charts the observatlon vaiues obtamed w1th the CM 2 D

" The typical current dlstrlbutrons at’'the ‘time - of northward current d“-'southﬁra‘rd_-'-
current at- the Port of Caldera are shown' in F]g Mh, and Frg M 6 shows the current s
distribution durmg maxunum northward and southward eurlenta : ey

(8) - Permanent current N - = R 2 _
- According to Fig. M= 5(1) and Flg M =1, the permanent currentb at pomts O 1 ~: ;
O3 are minimal and the current dlrectxons of the observatlon pomts are riot” umform “As
indicated by the vector diagrams, at O=4 there isa southward current of 0. 04 m/s due to .
“a one-sided tide phenomenon, and the current velocrty vaine at thls p'omt 1s roughly equwa S
ient to the: t:dal current component ' e o : -

(9 T yprcal curves of the four seasons - TR R ,

A study of the typrcal curves of the four seasons showo that the-mam dzrectrons of the_-'
tidal currents at the observatlon pomts are roughly northward It i lS clear that the southward " o
current reaches maximum velocrty 1 hour after high water at the Port of Caidera and theii;ﬁ '-
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- northwarci current teaches maxlmum velocity 1 hour after low water. The aber ration in

_j tlde tlme between the observatlon pomts is extremely low, and the current becomes strong
. and weak in- concezt ‘over the entire reglon :

& The dxurnal component is sinall in compartson with the semldxurnal component, hence
[ even in. summer and wmter d:urnal mequahty is small and the ﬂuctuat:on of the semidiurnal

3 ’l‘ideObserwatlon Resuits

An exammatlon of the harmomc anaiyms usmg the observatlon records of the Port of
Caldera 1s gnven m CHAPTER IV 3 3.

4 . 'Wa_\’_e §0bservations R’esults: ', o

Slgmflcant wave flequency dlstnbution and cumulatlve probabihty distribution using -
f:‘wave records of the Port of Caldera are given m CHAPTER 1V, 3.1.

5 3 Res_l_llt'g of Sediihen‘t _Sampltn‘g an__d _Analysis

i‘he do ume s cailected in Caldera were used to perform a grading analy31s and to
' TR: _e accumulat:on curve at MOPT’S soil test laboratory.

: Table M=2 dlsplaye Values found according to the grain Size accumulatlon curve for
--:;fsortxllg coeffiaent and the polanzed distortlon degree which become an index of the bottom
::.;materlals grddmg characterlstzcs S :

-:Sortmg coeff1c1ent S '_S)-"#j-__fi;;/dzs _
o ..-Polarlzed dzstort:on degree - Sio= dis X das/ (deo)®

Where, _ dso cumulative 50% CO}tegDOiiding gr ain size (median diameter)
. dys : cumulative 75% corresponding grain size
s - cumulatlve 257 correspondmg grain size

B i 'Accerdmg to the mdex of the bottom matenals gradmg charactenstlcs the med;an gram
}-_daameter at the point S —~4 in front of the quaywall is 0.14 mm, mdlcatmg a smaller value
:;':than at other locations: ‘The sortmg coeffnc:ent is 2.40 which means that the slope sorting
_of the bottom materials is poor, PRI ' R :

CAt locatlone other than S5—4, a dxstrlbution of med:an dlameter between 0.24 mm ~
D 34 mm 13 found the mean of whxch is about 0. 3 mm, The sorting coeff1c1ent is between 1.4
“and’ 1 7. whxch mdlcates a normai slope sortmg of bottom materials. Neai' the tip of the
_;_breakwater gram sme is slightly larger and a trend towards favorable: slope sorting of
":bottom materiats may be. observed. However consxdermg these bottom inaterials t¢ be
_':smnlar to those found at Iocatxons other than S—4 will not pose any probleme
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. 11 Oct. t0 26 Oct. 1985
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. 11 Oct. to 26 Oct. 1985
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11 Oct. to 26 Oct, 1985 - e
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| Fig. M3 Frequency of Current Distribution -~ | o
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NorihwardCurtem o ' o Southward Current

‘Fig. M-5 Typical Tida! Current
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Fig. M-6 (1) Main Current Distribufion at Sp:-;in'g Tide _' S
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I ' S . ' Tims: 1 Hour sfter Low Water at Calders
Unit: emfs

IR =::'1“ig-al'ﬁ_-6 (2) .-Main Current Distribution at Spring Tide
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’fé;:MMEDiATE BREAKWATER EXTENSION WORKS

s Thts mformatzon _._,oncemmg the Immedlate extensron works of the breakwater is
i prepared by the J apanese Study Team: (JS’I‘) of JICA in compliance with. the Minutes of

' Meetmg bet n_iDGOPF /MOPT and ]ST dated November 18 1985. The meetmg was held
__m,San Jose, osta cha e

Beach due to drlft sand commg from the south is quite rapid. The depth
:.the’breakwater hae become very shallow about Jmto5m; consequently the
drrft 84 omg round the head of the breakwater rs consrderable :

30 -:-.:,-However from: August 1984 to August 1985 ‘an estimated 95 ,000 . m® of sedlment
e entered the harbour Thus the annual rate of httora! drift in 1984/85 was reughly 3 times
- S the average annual rate over the preeeedmg two years.

R Among the various countemreasares to prevent sed;mentatxon in the. harbour extension
o of the breakwater is clearly the most 1mp0rtant and should be: completed as soon as possible,
MQP’I‘ has been workmg at extendmg the breakwater for’'some time, but it is necessary to
8 'i'-_exped}te the eonstructlon works to- prevent further sedimentation: of the harbour.

LA :_C'erjt_;e'r ';Line'a:iid"-Ex_i;eﬁsion Lenég_th'_of the -Breakwater
As of N ovember }985, the length of the wmg jetty was- 115 m. The wing jetty should be
o 'je‘{tended to 159 m, and the center lme of the extension works should be in accordance with

f_?-the center hue of the exxstmg wmg }etty

3 'Imiﬁlfﬁvenraent’-eﬁ the iC_dli'S_t'_l"ucti'o?n Procedare -

"‘(1).—‘." Improvenment of the structura! sections
i When constmcnng a rubbie motind breakwate: on a sandy base, it is necessary to take
' 'f&suffruent countermeaeures to prevent scours and sinkages at the base of the breakwater ,
" :"i';partlcularly at the toe 'I he main: countenneasures for the construction at Caldera are :
(a) Rubble stones shall be throvm in advance; and these rubble stones which will sink

due to wave actlon wrll stabxlue the base of the breakwater. The sinkage of the
: rubble stones shall be estlmated as about 2 m. ~Furthhermore, the total volume of
. -rubble’ stonies nécessary shall be. calculated with an allowance of 20%. '

- =(b) As annour stones rapidly sink if they are placed directly on the sand, the armour
i stones shail be carefully placed on the rubble foundation. :
_.-(c) The toe of the rubble shall be suffrcrently long to prevent sinkage of armour
: stones whrch would otherW1ee be caused by scours of the toe of the rubble founda-

M8



tion. Accordmgly, we propose that the. exteusron be coustructed as showu m_'..' :
I‘lgurel R :

(2) Improveument of constriiction, schedule and constructlon management

In-order to bmld the extension successfully, itis crucral to' prepare a detalled eonat qilol

tion schedule and. to execute the constructron works on scheduie Although the machmery-:

at the site is limited, any delay in the placement ‘of the stoned would catise a- serlousf

disruption of the project. “The proposed construction schedule is pr esented as Table 1 The_' :
construction shall proceed as follows : S ST '
(a) First of all, the ruhble mound shall be constructed in advanc
- soon be’ deformed by wave actlon ST , i
(b) In accordance ‘with the constructron schedule, addrtlonal 1ubb1e stones sha]l then' :
be piaced and the firial rubble: mound shall be. formed (see Flg 2) RO R e
(c) Thereafter at mtervals of about 5 m, the armour stones shall be se Wlthout deiay i
' rd) Lonstructrou steps 8 and 9 (m Frg 3) shall be executed from the head of the':
_ breakwater as the fmal part of the 150m° wing’ Jetty s e Lein
" {e) Armour stones of 68 tons unit: welght shall be temporarrly placed at the head'.
of the breakwater A slope of one-to one’ shall be: used for the placement T he :
- armour stones shall be dxrectly placed on: the rubble foundatlon}'-::-,--:'-i AR
(f) The constructron volume at- the bz eakwater head is also shown i Frgs. 2 and 3 e
(g) The productlon volume of the 6~8 ton armour stones is estlmated as 50 n13/day '
based upon the field survey. - S e
(h) The two items noted be]ow are the most 1mportant rtems in the constructron.“
schedule : : o L
1) - The 120 ton hftmg capacu:y truck crane shall be operated on the breakwater' -
 for the placement of stones. . 0 1o ongieE A
2) The 6~8 ton unit welgth armour stones shall be produced by Komatsu wheel' .
loaders at an average volume of. 50 m*/day : : A
The productlon and construction Works shall’ take place srmultaneously The- -
production period is estlmated as'105 days R ' S
(i) Any reduction in the operatron rates of the truck crane (P & H_ _;Z'or the whee]'
loader {(Komatsu) would create.a bottleneck in- the constructlon ‘As: constructron.-
delays must be avoided at all costs it is essentral to create a regular mamtenance :
system for these machmes and to ensure that suffrelent epare parts are avazlable on . '
site. : e R U PP A S

his rh_burfd W’ill .

(3) Improvement of the armour Stone placement procedure . e _

The stability of breakwater agamst wave actmn prnmanly depends on the accuracy of o
the armour stone placement. : i L Ll e i -

Generally, the reqursrte welght of an armour etone is calculated usmg Hudson s formula

W= S 1)7 cotw
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T Whete, W Requlsxte wclght of ; an armour stone
e "':é",':__,:-:Umt weigth of the armour stone in air
S . Specnflc grav1ty of the armour stone in sea water
ERRE S Angle of the slope to the horlzontal plane
L "'H.“_:’.Desxgn wave hc:ght (Hm) _ -
Ko ,Constant determmed by the armourmg matenal and damage iate
_ The KD value in Hudson's formula mdu:ates the stability of each individyal armour unit.
o _'l‘hls value changes greatly dependmg on the accuracy of the armour stone p}acement When

- the accuracy 1s better the Ko vahie i 1s hlgher The present procedure of the armour stone
S piacement seems to have some problems

The method descr;bed below: should be fo!lowed _
(a) A placement table for the operator of the truck crane should be prepared for the
_ accurate placement of the armour stone. This can be made as follows.
o a) All iocatlons of the armour stone to be- placed will be decided by the planned
breakwater plane and sectional figures. S . . :
b) These iocations can be vepresented by t‘ne boom tength and the hftmg angle c[ the
boom RS - L :
(b) The cperator w:ll place each armour stone settmg the boom 1ength and hftmg angle
at the same values indicated on the table in Fig. 4.
’l he accuracy of the armour stone placement will increase using this method.
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Truck Crana
120t {(P&H}
+4.20
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Fig.4 Method of Armour Stone.Placement
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" Table 1 " Cofstruction Schedule of the Extended Bredkwater (L= 35 my

Dl e

Construction Step.

Il

; -M_at.. ‘gg .

Apr. '86_ .

L x 1 L

C_'mis Section

" The Order
of the

Material ~ -

CConstruction
- Machine -

- Construction

Volume {m?} -

" Capability

494

BT SR

573

70 80 90

Precading -
Rubble
Foundation -
{Fig. 2)

-1 Construction

o

"~ Rubbie Stone |

‘Bulidozer -

S Am¥tday) G|
|

50, b

c 1. 1~200kgt) . -

Tryck Céans o

Complated
Cross Section
of the
Breakwater
{Fig. 3)

Bulldozer

© 2,200

400

®

Truek Crins -

2880 .

250

{ Armor Stone”. - |
{More than B00Kgf¥ -

[T

1300 -

160,

“Artmor.Stone- -
BBt

3480 |

140

Armor Stons

| iMora than 128) |

1,540

160

Armor Stone" "
{More thanB0Dkg! )

160

olelelo|o|,

1 Armor Stone .

{6~ Btf)

1850 -

140

@

Armor Stons

- 840

- 160

TD:245

56

5.1

i
!

T3 TD: 158

.7 TD:52

Motes: .

1} -T.D. shows :he__;otal days

2) m*/D shows the preduction volume per day

3} The capability of stone placement of egch

construction step is estimated based on the.

field survey of t_he Study Team .~

{More than 1tf}

2,945

. Stoek Volume of the Armor Stone o

AB~ B

Praduciion Voluma is estimatéd as

. S0m?/day:

3,060

{m?)

2,000

1,650

1,000 -

" Produstion_Period of the Armaor Stang {6 ~ 8T)







f::'_fAPPi:me 5 DETAILS. OF THE SIMULATION METHOD USING. THE MATHEMATICAL
. MODEL"ONELINE THEORY" |

:_.";‘(;sn‘em[; wi

1 1__. Out’ime of the Model

S One ime lheory is, one of the methods used to est:mate future shorelme changes caused B
-'by the llttOl al drift The concr_ptxon is shown in Fxg M-1; ' '

P Flg :l_'t.i-l'i""'.{hé 'Cenée'pti_dﬁ of the Shoreline Ci)ang‘e_, _

o I thls ﬁgure the lxttordl dr;ft sand volume at one end is- Qm, and that at the other end

is" Qom The dlf‘erence of the llttoral dl‘lft sand volume AV equals QOUTMQ,N If Qour is less

_fthan Qm, then the remammg dr:ft sand is Ieft in the dmded mesh and therefore the shoreline

_'advances On the other hand, when Qom is more than Qm, then AV becomes negative, and

-ftherefore, the. shorelme recedes The shoreline change Ay can be calculated using the
: fo]lowmg relatmn ' _

. D is the depth o_,the_sand drgft z One e
. This numerical model consists of two parts. The first is for the calculation of the wave
: -.,_'__deformatmn, and the. second is for the calculation of the local littoral drift sand volume

changes and the consequﬂnt shorelme changes




1.2 Calculation of wa’ve-' Deformation 0

{1) Deep water region oo o
Wave deformation in the large area is Lalculated usmg the energy equlhbrmm equatmn_

as follows.

a.D D (DV) *‘Q B eeeeenees ........... .e.-l L
in which, . S : L R e
| (@ @ B Ay gy
v={5 5 af"--ae} R ]
vl | Cs cos t? ,
> vy, C sin 6’ o
V= Vv .9» o= 4 o B af r ............ (4)
Ve Cg (~§§~ sin 3+%§—~ cos. 9)
C, : Wave group veloci‘éif { . (+ szhk‘;’ kiz) } (5) L

C :Celerity

k : Wave number

£ Water depth :

@ : The net rate of energy added e : :

The equations presented dbOVB are solved usmg the fmlte d:fference method under the :
conditions beiow Sl i T :

(a)’ Deep water is assumed to be in a steady state
(b) The period of component waves does not change TR
(C) Q is assumed to be zero i S

(2} Shallow water region o L : RED TR
The wave refraction, diffraction and shoaimg arc calcu‘xated mdependent‘ly and super'
posed as in Eq, (6) The wave refractlon factor (K,) is obtamed mlvmg Eq (7) ng (1{])

H=K,+ K, K + H, ...... : ..(5) 2 o
D2 Lo . ".7:‘ _;j-_,{;—_ i X ,:‘:.
Dt§+p D€+q ﬂ O R R AL RE R CEEIT TR _‘-_”f"..._"".(;i_)_ . : E
ac R e
‘*"_'2 ( COSa"*""“éE;— Slna) . ----.------ ----- i -":V'."_'.'"."7'.'""“‘-(8}. ..:
| 2°C - B,
q:C & sz sin® a~25 755 smaz CGSaz+ Er cos?_.a.)_ (9)
Ky = (B) "M% cevviiiniinnnnnninn, "ﬁﬂ) .
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And the wave dlrectlon IS obtamed from Eq (ll) '

I‘he dlffl dctlon factor (Kd) 1:-, obt __ed by MltStll s method whlch uses the fn‘st term of
Y_f-'the dsympototlc expansmn of the Sommerfeld resolutlon of the Helmholtz equatlon The
o shoa]mg factor (Ks) is: obtamed by Eq (12) and Fq (13), :

3 Where C represents the wave velocxty, h is the water depth Lis the wave length and
y tC0 13 the wave velomty in deep water SEL
The mltlal lme of breakmg is determmed by Eq (14) whxch was propos.ed by Goda

"_'expz.[';'i To ,?if,b (1+15 tanma)J} R

7 Where Hb is the-breakmg;wave height Lﬁ is the wave length in deep water, kz, is the

breakmg watei depth tand is a gradlent of the seabed and A is a constant (0.12~0.18).
3 I‘ he breakmg energy flux 1s calculated by Eg. {1::) Energy fluxes of diffracted waves
] commg from dtfferernt dlreetlons are added as vectors '

L -7_.1-'F ' _S_pggz Cg ....... (15)

Where p is the den51ty of sea water, g1s the acceleration due to gravity, and g is the
R s oup Velocsty of the ‘waves.

o '1_.'3 Cal_eulatieni_of' Shore!ine_ChengeSH

_ Two equat:ons ale necessary to ealculate the shoreline change.. One is Eq. () which is
o .for the contmuxty of sand transpoat in the alongshore du ection,

7 ay _1_ k. an =0 ..... s (1)

- Where k is the vertlcal range of the prolee change yis the shoreline location, and @,
i 1s the volume of littoral sand’ drift. - :
’I‘he other 1s Eq. (17) whlch is for alongshme sediment transport,

Q, —(;— (ECg) b (sm Zab 3 24 aH" otﬁ cosm,) (i)

S Where ¢ ECg) b is the breakmg wave energy flux, §' IS a constant and a, is the angle
"the wave crest: makes w1th the ‘shoréling when breaking. 7 is the densnty of beach material
;'_?:_j'm place alld ﬁ i_:the siope he beach '
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2, Caleu_lation Conditi_dns

2.1 Waw, Condntions

Based on the observed wave date descrlbed m CHAPTER w, lhe wave '--penod ls_'..,
L'\%Lulated by Eq (18) ' | e o SR

Where T, is the representatwe wave permd for the calculatmn, T is- the wave permd '
of eacll observation, and N is the ‘total number of observatmn data S L ST

The representatwe wave height- (Hp) is calculated usmg Eq (19) so that H,, x Cg,, equa&sﬂ .
the total amount of the wave energy fluxes =

( 2 Hz Cg;) /N H an T ”-f;.‘."-‘_:‘: '?'::"-'.;-':-'-.'-_'-‘._‘-:-'}-‘_'-j",_':-'_';"".-':’.";:. ; o - I-

Where H; is the helght of each observatnon Cg, xs the group veloc1ty of each wave, and'
Cg,, is the group velocity corr espondmg to the representatnre wave perzod T,, The caicula o
tion results of the representatwe wave conditions are as follows AT
H=1.0m
7,=12.08 R ETEEE St AR
Wave Direction N 210° (S30W) -~ = = 0
Shnax (directicinal spreading parameter) =75

2.2 Tidal Cunditiﬁn

The tidat cond:hon for the caiculatwn is as follows
M.S.L.=DL.+1.40m R

2,3 The Grain Size for the Caleulation -
A median diameter of 0.3 mm is-used for the célcﬁiafibn,_

2.4 The Depth of tlie_r Sand'Drift Zdn'ef :

The depth of the sand drift zone is decided from the wave up rush helght and the cntlcal'l - :
water depth for sediment movement The result 1s as follows : - : '

Wave Up msh }{elght . B . ’ - T 3 2 m (ahove D L.+ 1 40 m)
Critical Water Depth for Sedunem Mo:ement _ S 4 m (below D_;L_ 1403
‘Depth of Sand Drift Zone, 0) -~ . ' 86m K ik

! .M—?.'6'4'



' 'Ihewls ?édﬁiﬁ_ modlfacatlonofthe above’ D value.in the process of the calculation.
7 2.5 Alternative Breakwater Extension Lengths

"L ° fThe length of the alternative breakwater extension plans are shown in Fig. M—2.
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o .'_as shown below RS

5  'iAPPENDlX 6 DETAILS OF THE SIMULATION METHOD USiNG THE MATHEMATICAL
' E MODEL “DEPTH MODEL" ' b :

The depth modei canmts of 4 calculatlon pl ograms They are :
(B I‘1d“ urrent Slmulatxon Progx am - SR
(2) Lon__, ,o"re CurrentSimulation Program
(3) Wave Deformatlon Caiculation Program

R '_ (4) Sand '1‘1anspoxt &umuldtxon Progr a.m

The ﬂow chart Qf these progrdms is shown in Flg M 1

Current Szmulatwn Model

The govel mng equatmns conﬁlst of the Lontmuity equatlon and the equatmns of motsons

.a§+ ax [(¢+h) “]4___~ [(§+h) v]: [RE ....... 1)
au au au . __g; a?u S azu CauGee)r
"a” v _h_i A, 331"‘ DAL '3?'0;": A it ') MR
e Bx“ay*ff ..f-‘_";__g;ay M" ax? J._”qy_ T ()

whete 4, 0t : component.of the mean igor-izontal velocity . -
' Jn‘the %, ¥ drii'é'c:t'ilon‘ respé’ctively | '
:_free surface dispiacement

: water depth

sfime

: conohs parameter

: gravztatlonai acceleratmn

< bottom fr jction coefficient:

A,,, .Iateral m:xmg,_coefflc,lent i

r&mws;swv

E 2 Lnngshore Current Slmulatmn Model

In _thej m_gdel,*_most_!y wave mdu_ce_d c_urrent_s are éoﬁsidéred._ “The following equations
: i;1c1ud_it_1_'gl'radi_é_ticn,Stres's'-t_cfnns:_ 'dg'e to waves are used to calculate the current distribution.

: '3§'_ {,,, (§-+h)}+ {v (g"—!—h)} ...... SR ...(4) '

31‘

au au Bu 8@' 4 2'u_, a'u

at +! E)x + 3}' +g + (C_'_k) _Al (5= axz R Earve a:vz )+R (5)
SO ag LA g9V OV s i

3t+ ax+bay+g3y (§'+k) (axz *‘ayz)‘i‘R.v "' (6)

where A v component of the mean horlzontal velocity
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in: the x y dlrectlon, respectwely i
&: mean free surface dlsp!acement : L
F. Fy: bottom fru:tlon terins in ‘the %y dxrectmn, 1espectwely,
Az Iateral rmxmg coefflclent e
Ry, Ry radmtmn stress terms’ in the * y dlrectlon, reSpectxvely

3. Saxid Transxjort' Simulation quel

In this study, Bijker's Formula is used to estimate the sand sedimeritation ifi the harbour *
basin. The influence of currents and waves is consxdered through the mtroductmﬁ of an
increased bed shear and a subsequently hlgher d:ffusxon coeffac;ent ’I‘he sedlmentatxon--: .
process and the estimation method are outhned as follows LAl B

The vertical dnstrlbutlon of the Suspended eedrment is descrlbed by the foilowmg basu:? ;

equatlon

WC—E—e%Q—_O (7) AR
where W: fall veloc:ty of t‘le sedlment in stlil water -

C: concéntration at helght z above the bed : _

¢: diffusion coeﬁzc:ent for the suspended material at he1ght z '

The sedimentation process is shown in Fag sz The total suspended load at sechon '_-' ’
(Dlsexpressedby‘ T T . AR

Sa= G - Vo ]31 _

Immediately after the change of depth from hy to izz, that isin. Sectlon (2) the value of -
C will remain constant. However, the vertxcal gy adlent of: the Sedlment concentratmn’wﬂ} .
decrease by a factor A /hz and sedxmentatlon S,, (0) W1H occur due to: the velocnty decrease
At the voluntary section , the sedlment S, (x) ‘will be found under the condxtlon of G (x) and
this situation will continue to secfion ®.. If the channe} w1dth is ]arge enough the concentra
tion will be settled and no sediment will occur in section’ @ ' : : '

In practice, the Sedlmentatlon in the channel is’ lxmited to’ S,-, = f B.S; (x) i _

Since the actual sedlmentatwn or vertical transpart is determmed by the condition }ust
above the bed, the sethmentatlon is expressed by Tl SRR S Y

Sp= WGy + e(dc/dz)b

in which the subscript & indicates the satuatlon at- the becl _ R
Where, e= 0.18 Vo & . SRR SR

C= G, exp(-wz/e) _
C= (C,+ e/wh) [1 exp(- wh/ﬁ))
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o The'\vai}e aﬁd currenteffe(,ts afe ”tak"en into account through en_ increased bed shear.
V*cw*— Iftc (1 *f* ]./2 ('5“/’ V)gl """" _""'.".-'". """""""" "(12)

' -f','m whzch V*cw an l{_,.c are the bed shear velomties due to wave and current,

| {;‘ ” c (f /29)“’2 - ........ 03)

Where, fw friction coeffxcnent by J ohsson _
SRR amphtude of the horxzontal orbital veloaty at the bed

o I"i om equatlon

hlfz ..... e h b aetaeeeiarens S
Sv(O) chz (1+ hq ) o 7} e 4

The vertlcal transport Sv is expressed in mz/s per umt of bed surface
If we' assume that S (x) decreases exponentiaily w1th X, -

Ss(x)—"-f _(égp'_ (—ﬁx)) ' ..... -...,,..._._......':._..'..._...._...._..;..(15)
W}th the boundary condltmns f;hown in Fxg M 2 equatlon (9) can be wr1tten as :

S,,(x)-—ﬂ(ﬁs; ﬁsz)exp( ﬁx) __..'f..*-._._ ...... : ...... (16)

e These eq _ations make 1t posmble to compute ina quu:k and s;mple manner the sedimen-.

o taﬁon in the channels '

e 4_; 3-D’i'v'ide£: 'Aréa in Caidéra-'eay”

: The trend ef the water depth change from August 1982 to September 1985 is: cale:ulated
_based on the soundmg results of Caidera Bay. - 1‘ he calculation area is divided into 9 as
:_shown in an M 3
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Sea Conditions
+ Topography
SYide
+ Tida! Current
+ Flow at Mata de Limda lntat

-

5

" Ofstior Wave Conditlons -

- ~ “Caleylstion of the _
i S} - Wava Deformation. | s

-Application of the Current N

Simulation Mode!

Are actual current conditions
accurately reconstructed by
the simulation madel?

Calculation of the Tidal C_i:rrén_t

Caléutation of the -
Camposits Current

!

 Calcilation aftha Eﬁui_vel'em,-:_i
" Despwater Waves . R

- Calculation of thie Wave - .~
- Deformation. -

Calculation of the Wave Helght -
at each Intersection of the

“Calculstion of the Nearshore
... Quivent . . o

Caleulation of the Drift Sand

T

Erosion .

Distribution Calcutation of
the Sedimentation and .

END

Fig. M-1 Calculation Probédure_of the Dépth Giﬁngé Uéi_ng' the_Simﬁ_létio_n _Model'- P
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. APPENDIX- 7 PROJEGTED SOCIOECONOMIC FRAME

o Table-;r_, -1 Pro;eeted Population

¥ ;Yé;i_;:'. Populatwn (persons) : Compound mcrease rate %)
5 flssga!":zfg-'-._z 371,519 | L 278
Clagssel U ons4edr | 266
1988 | . 2498,145 oo b 72,61
| ress b aieeeiseT o ) a5
1986 | 2,628,199 . 2.5
o987l 2,604,603 B 2.58
loaess | 261,790 . 2,49
980 288,902 ¢ L 2.43
190071 2,808,381 X -
coofaeen | gieeiees o | 2.29
[ Rt R 11 07 &) R R b~
19931 03003735 0 - 218
11994+ o 3,159.823.. - | 2.12
11995 | 0 3,224.405° e 2,06
coof1e860 . - 389,215 0 - 2.0
coto1997 |7 3353,856 < 195
cofaees |2 347, a4 1.9
rigew| syl o 187
Qo200 | 3,545,017 1.83
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: Table M 2 Pro;ected GDP

- Year -

(Umt ms]hon colones)

© 1983
1984
1985
1986
1987
1988

1993
1994
1995
1996

1997

1998

- 1999
2000

1989 -
1990
1991 -
1992

'8 94? 7 -f o
. 9518.0 -
09,4262
9,540.9
19,7508
10,0143
10,274.4° -
I U172 T R
10,784.07 .
11,0536
11,330.0
1Lﬂ527f'
- 11,903.5°
12,2011
12,506.2
12,818.8
113,139.3
13,467.8°
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