_httoral dnft'along almost the entlre east coast of Nxcoya Bay Iii ‘additioil

uaywall Tﬁéﬁé;'th'éféa‘ for th‘e"é.aic'l dudj’W’&ilI has shoaled ‘along-a
X about 100 m Thus ldrge vessels of the de51gn ship size are tiot able to load or
F urthelmore the sedlmentatlon has’ also caused

'icmmterme_asures should be 1mplemented at the port Thus, the mechamsm of sand dr:ft and
sedimentation- should f:rst be anaiysed based on such natural condltions as waves, ‘water
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countermeasuxes SAET L : St : :
Fortunately, some of the necessary data such as palt of the reqm G ]
" data have already been recorded by various JICA expe:ts tnder the, flall cooperat:on of

MOPT and INCOP i in the past. “Thus, the’ present JICA study team conducted only wate1 -

current observation, sea bottom soundmgs and a topographtc survey along the seashore The -

countermeasures agamst sand sedimentation -and the proposed constructlon works dle
discussed in CHAPTFRS V1, IXand X, respect!VEIY LR L

2 Insuffmxent Berth Length

The exrstmg quaywaﬂ is descrxbed in Chapter Hl The total berth 1ength is 490 m, but -
the berth length where: Eaige vessels (approxtmately 15 000 to 20 000: DW’I‘) éan’ berth ig-
only 360 m. Especraily the present berth- length of the - 10 ny: quaywall is short Thus at
‘present, only one large vessel can berth at the Port: of Caldera at-one time T I

This .problem .of insufficient berth length w1ll be serious for the port m the futu:e
considering the followmg facts , e e il

(1) Grain cargoes W111 be handled at. the Port of Caldera m the near future because i

- Puntarenas pier has already- become superannuated R EEPLTE T

(2) Along w1th the recent. advancement of contamel 1zat10n mme contamet ShlpS wrll cull
at the port in the near. future ' B ‘ LT

T hus, the port must have approprxate facﬂlties to accommodate two vessels such as one 3
container shrp and one grain cargo carrier. srmultaneously R N RE IS EE N

This problem should be resolved as soon as possﬂ)le because Items (1) and (2) noted'_ '
above are imminent. One possible alternative, of course ‘isto construct a new wharf to: cope.__
with the increased cargo demand.. However; the: most reasonable countermeasure is- the_
exteneron of the existing No. 2 quaywall consideri mg the urgency of the problem and the .-
required amount of investment. Thus, this study will examine the best method of extendmg
this quaywall. The sediment which has deposited in front of the wharf mll of course have_ '
to be removed within the project. permd ' ' e ey e

3. Necessity of Improvmg the Cargo Handhng System 3

The Port of Ca!dera handles a great varlety of commodltles and has arelatively Iarge
throughput with a small number of berths. This 31tuat10n Wlll develop further akon'g itht ot
increase of port cargo in the future. . Partlcularly, as mentloned in:the prevmus se'ctlon the o
Port_of Caldera Wlﬂ be obliged to handle 1mported gram wluch is currently handled t ,
Puntarenas pier. IR P v

To cope with thns lmmment srtuat:on, the fol]owmg tWO countermeasures can‘bez-“ s
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mlpzovement w:li cove “the entfre cargo handlmg system mcludmg eqmpment repzur' _

: ;facﬁ:tles, storage facahtles_and trammg of personnel “Through this pxogram, it should |
_become possrble to’ efflclentiy handle the future cargo throughput in the short term w xthout
'eonstiuctmg any addxt:onal quaywalls :

4. Bxpected ..r'ort-'m_ncuonsram"Study Objectives

Ce sta Rica is’ an xsthmus lymg between two oceans : the Atlantlc and the Pac1f1c In
the past Costa Ru:an trade Was conducted ‘maialy’ through the Atlanuc coast because of

S Costa R:ca 's strong ‘historical. txes with Furopean and Canbbean countries. However, since

W orid Wdl II Costa R:can trade through the Pacrﬁc coast has become prosperous, growing
' along w1th the economzc deveiopment of J apan Korea and Taiwan and the development of
' maritlme transportatton in: the Pac;flc ocean The Port of Laldera is the only- international

commet rcial poit on the Pamflc coast of Costa Rica. Thus, the port is expected to function

 as the mternatlonal gateway on the Pacrflc coast as the Ports: of Ltmon and Mofu serve as

_Costa Rxca s mam mtemat:onal ports on the Atlantic coast.

Howeve: the port has experieneed such serrous problems as (1) sand sedimentation, (2)
: msuff1c1ent berth length and (3) meffxcxent Cdrgo handlmg systems as noted above, The
.-_countermeasures to soive problem (1) wﬂ] restore the potentlai capac1ty of the port The
' ___problems (2) and (3) are means to enhance the exxstmg pmt

e __hexefore, the study seeks to restore the potentlal port cap'lcuy to enhance the port
L capac1ty by mprovmg exxstmg facmtles and adding needed equnpment and to maintain the

A



enhanced port capacity by plocuzmg machmery and dev:smg an: applopz 1a €
system so that the port can function to the utmost: of 1ts potenttal 'I‘hus, the
not only how to execute the prnnary constructlon work 1tself but alsu how to e cect

mainteniance .

_ will be able to pzopelly fuiflll its role as: the main mternatxonal gateway on the Pafnft co.ést

Table V-1 Problers and Countérmgasures e G

Countermeasures, E:'.?Refated CHAPTER
Problemns - : . - L
: Restoration improvement ~ Maintfzn_ance: i R m thls report L
1) Sand sedimentation ol B o VLTI |
(2) 'Insufflment bcr‘th o R BRI | R
{3 Inefficient cargo O e} m
.. handling . R
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: 'shorelm 'of theee.beaches repeat seasonally Howevet over time the nor then parts of these .

, .'_beqchee dre er odmg and the suuthern parts are’ accretmg : :
T he httm '11 draft phenomena in Caldera Bay have becume more comphcated due to thei

i_'eonst:uctl : of Caldera P01t and the existence of Eetero Mata de Liman.

The topoglaphy 'u‘ound Caldera de is shown in F1g VI -1

- 1 2 _I_{je'sﬁl'té ':e'f.'th:e Study o'n Nat_u_ral C{inditions '

The followmg surveys were perfmmed at the site as part of the examination of natut al '
:-condztlons 1elated to sand dnft ' ' '

s -';'(a-_) -Hydroglaphic Soundmg .
o 5'_:‘(_1?) o lOpOgI‘&pth Survey along the Shmelme
- (C) Water Cunent Obsel vatlon '
_"i('d) I‘_lde Observatlon , o :
o (e) SVINI' surement of the Riveri ine C1 088 Sectmn Area
o ‘.-3_(f‘.)_ .Size Dlstributmn Analy31s
;' -(Q) 5'1nd ant Survey usmg I‘ luorescent Sand

o ',.'i'In addatlon to the above, the wave data observed by the wavemeter offshme the Port of
Caldera are analy7ed . The 1ocat10n map of these field surveys is shown in Fig.vl-2. The
results of these survey and_the wave data anaiysns are Shown in APPLNDIX 3. They can
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1.2, 1 Hydrographic Sm_u'tding.a'nd:Toméi*ab_hi_éal;Sﬁi‘j‘ﬁ'%’f.._- n

The locatlon map of the soundmg and the topogi aphxc su: veys along the coastlme axe
shown in Fig.VI-3. I‘:g V[-4 shows the result of the. sounmng of. Caldera Bay n October _
1985. Fig.VI-5 shows the result of thb soundmg of the Port of Caidem m ‘;eptember,r 198f

CL2.2 Water Current Observat'ioli' ;

points is shown in. Flg VI 6. From thls flgure xt can be Seen that a'se_"’ dit
~ fluctuation predommates at'each of the obc;erv*xtion pomts However at; obse r int
O-4, the northward component’ is extremely small. A southward pelmahent curren of |
~ 0.04 m/s at this point is roughly eqmva!ent to the' tzdal component The typxcai tzdal Lurient
-around Caldera Poxt is assumed as shown in I‘lg Vi ? ' : Do

1.2.3 'Grain Si_zell)istributiori 'Analysié'

‘The sediment sampies collectﬁ,d at the Port of Caldera wete used to perform a: gx admg'
analysis. Fig. VI-8 shows the results of this ar admg analysm The 1ned1an ‘grain daamete: at
point S-4 in front of the quaywall is @ 14 mm, mdmatmg a Smaller value than ‘at othei;
locations, At Iocatlons other -than- 54, the . dlstubutmn of median dlameter is between'
0.24 mum and 0.34 *nm the mean of whach is about 0 3mm ' 3

1.3 Present Condito’ﬁs'_df Sand Drift and Safxid' S'etl:_imgnta_tipn_.-' -
The results of the current freld sur vey as wel] as the results of many valuable fleld_l'-
surveys which have been exectted: contmuou:,ly since 19?3 mdxm(e some cha; af,tc: Lstlc E

features of the sand drift and sand sed:mentatwn around the Port of Caldera

1.3.1 Sand D_rift in Caldera Bay

The main sources of sand supply seent to be the sea cllff&, of Punta Calderd dlld Roca_:-
Carballo and Tivives Beach 7 e TR
Some topographlc soundmg results in Caldera de after 1981_ show a shght Shoalmg in
Caldera Bay even in areas Whlch are generally more thai 10 min wateldepth l‘he average
trends of the water depth changes in this period at dlfferent locatlons are shown n Fig. Vi<g.
- On the other hand, it can be seen from the’ results: of the soundmgs tbat the water depth m'li |
Caldera Bay gradually increased from 1973 to 1981 The trend of th :water depth change m:_ -
this period is shown in Fig.VI-10. : S R . =
Therefore, to grasp the trend of the long term water depth change,’ 1t wﬂ]
important to execute periodic soundings extendmg over a 1ong permd of ttme The sound
ings should include some fixed pomts in Caldera. Bay and offshore Puntdrenas

—~132—
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jblde off the.foot o the breakwatei dlld accumulates around thele

Littoral: ant at \Iorth Caldera Beach

’1 he httox al dnfL pattem at North Cdldc,ra Beach is 1oughly shown in Fig. Vi-12, based
on- the results. of soundmgb whmh have_been executed smce October 1981 '
: ne at the n.(n thefn al 'of ’\Iorth Caldem Beach is 1ecedmg On the cont: ary,

4at the south end of -N'ox th Caldex a Bbach The shoreline change is small
15 accumulatmg on the norlh snle of each jetty. T hese facts show that

: 100 ,1iet (Measurmg pomt No 61 to No. 70)
- +45 (}00 m3/year



Mar., 16, 1976

-Jan., 24, 1980,
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- his m&ans that the

S thkszde of Nm th Caldela Beach i is bemg er oded, and the fsouth B}
sxde of Mata de leon Inlet lS accretmg (measm ing p omt No 41 13 the border between these

‘and'from Roca Larballo and the northem patt of \!orth Caldera Be'lch is

: ';1__:azisported along the sho:e to the south and alqo 'sout}mfest away from thp

T here is 'dso C;ome 5and supplv to the neaashore by the on-off shme sand dnft

{c) A large volume of band accumulates in the sea area to the south of Mata de Liman

Inlet

. (d) Moreover palt of the sand in. the sea area’ at the south of I\’Iata de Limdn Inlet is
transpoxted to the harbour baqm and accumulales theie This may be another

. cause of the qedlmentatmn of the hmbom

* ‘Table VI-1  Volume of Sand Removed by INCOFE

o _ (Unit :o7)

1983 . 1984 1985

0 1916 1824

e 2532 2064

-ICi;rch o o 1668

'Apl il 0 1848 - 960
May 0. 1 2160 - 1692
e June 0 s 756

' 0. 1812 888
e Tess 17 -
L :November; o - 0. '- 2556 -~
}December 150() <468 -

. Note [‘ohl rf.muved sand volume m ‘this penod is 31 100m‘

- .—'_'1_45'“_'-



1. 3. 4 Pre‘sent_Sitaatio'rt of Sa.r_ui Sediméﬁtation_ in':it_l_rle' Harbeu

Sand sedlmentauon m the 'oasm is caused by the tw phenomena As mentloned bove, .

_ tation ThlS sedxment volume is ealled sedrment volume at the harbouz srd of the' 3k
wate1 hereafter The othe1 phenomenon isthe eedlmentahon of the whole basm wrth aimoet

mechamsms The: med:au gram dxameter around the breakwater 1s around 0.3 mm 0 the’t-_ .
other hand, that of the whole basin is around 0.1 mrn : 2
Table Vi-2 5hows the sand sediment volume smce Aprll 198{) ' ’1 1s volume : f alc lated"
based on the sounding results. - About 30,000 m® ‘of sand has been dredged by. M@PT since
‘MOPT started the dredglng on’J uly 10 th, 1985. ‘Al of the dr edged sand had accumutated at: _
the harbour side of the breakwater. This Volume therefme is 1ncluded in the volume A
Table VI‘Z. : . . . RO

' Tabie VI 2 Sand Sedlment Vo!ume -

_ Sand Sediment Volume (ma)

.PEFIOd L gg%org;ks‘?;g Tormng.Basm_i ; Total '
wicwen | mew | = | T
1010677 | 21,000 T 6000 “5000 R
19827 ~1983'8 | - 40,250 CoooT0813 | 1d,ee3 o
1838~19848 | 24,125 T mes | azees |
1984'8~1985°9 [ 94,5007 | 250 | amee |

Note : %) This volume includes the dredged sand volume

( I) Sand sediment at the harhour snde of the breakwater B

littaral ch 1ft volume and also the sedlment volume at the harbour su:le of th -
becomes greater The New Beach shorelme ddvances year by year, and therefore, thef.f"_ !

changes and the Iength of the wing 3etty in each “year are shown m I‘xg VI— 13 In 1qf1gure, - ' 7
the —2 m contour line is shown instead of the shorelme ’I‘he wmg Jetty is generally referred L

to as the breakwater in th;s report
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tion of more than 80 ODO’VIOO 000 m? per yedr at the haxbom snde of the breakwate
any rate, it is clear that couutermeasures must be tcll\.eu agamst the sand sedunentatmu dt
the harbour side of the breakwate1 L REER IR PN CRR

Such sedimentatmn mlready 1mp¥de:~, the be1 thmg of large{;_ essels In }u‘ .y 1’985_5&@' '
large vessel touched the sea bed. 'I‘he vessel abandoned the berthmg at that tlme MOP’I

decided, under these circumstances, to exe(,ute dredgmg l)y a contr actm gy he detallb axe
described in CHAPTER X,

Table V1.3 Relatmn between D ami Qs

i Lengthof |~ . °f Sdnd Sed:ment T
P Od . D 1). S } s_ 3 ﬂ. .
- Wing Jeity (m) o '{m) Lo Volume (m3) 'jQ_ (Ih/)ear} i
1950, 4 ~1681.1 o T T T
R - ~ (Average}. - ' 12 000 S ;__S_TQBQ:’._
1981, 101982 7 65 , B o, coo T 28,000
R T e R B
o ’ (After Damage) | 15 S 40.250- :
s ' ' - S T i
1983. 8~1984. 8 0 o | Twms , .
1984. 8 ~1985. 9 0 1w Tasw ¥ 009:1 "

Notes: 1) D is the distance between the head of the break“ ater and the —2.0m contaul ime (See flg VI ]3) at tht S
start of each period.

'2) D in 1980°4~1981'10 is assumed as an average vaiue

3} The length of the wing jetty after damage in july 1983 i és&.umed as gsm. .
4) €, is the sand sediment volume per year {See Fig. VI- 14)
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(2) Saud sedxmentatlon in the basm S L e S I
- In the harbour basin, there is also the other type of bednnentation, that 1s an accumula

tion of fine sand with an almost umform thlckness 'I‘he mechan gram d:ameter Qf th:s
sedunent sand is- around 0. 1mm T hlS sedlment 10. t1 dnsp "‘ted by thc tlddl current and_the R

longshme cur rent

flgure zones A B and (, (,orreSpond to -? Sm, = 10m and ——11 m;: respecthze‘l‘ B

. ZONES are divnded into 20 m><20 m blocks for calculatmn purpof 5. The zoues D and E are_ _
also included in this f:gure for the purpose of the: Qsmulatmn usmg a mat'_“_”‘ atical model,
This is described later. The Iehtlons betw een the 1apse of tlme wzth a ‘starting month:of Feb.
1982 and the water depth’ of each Zone ‘are shown ih: Fag VI 16 [‘ he sand sediment 1atcs!
(cm/year) of each zone cai- be calculated from i:hese f:gure . These ldthS are shown in
Fig.VI-17. The average annual sedunent volume in’ the harbour area is al‘so shown m th:sf :
figure. It can be seen from this ﬁgure that’ the annual sedament depth in the babm is

12. 5~16 cm/year and the annual sedlment volume m the ba&m 15 16,900 m3/year

This sediment is caused by Wave action and tldal and longshme cunents 'l he relatmns =
among these factors will be considered ldter on, : S a
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12

11

Water Dapth {m}

0

Water Deptn Troh

10

y=-00133x+1143"

 y=-00108x+ 10.86 7
r= Ngo S

i B : ) . f’;_-o..?_s- . - .
20 ' 40 . - 80 o S0 0 20 o0 40 T . 60
Time Lapse (Mnni_hs) S Time Laps_g {_M?r_gtﬁs)

Water Dapth (m}

axo

Water Depth {m}

10

— ]

y = -0.0133x + 9.03

Yy =10.0126x + 1 1.75
r= 0.88 .

I Ry )

20 40 B 1 o0 2000 L4 B0
Time Lapse {(Months) S Time Lapse (Months)

10

|

Notes: 1) Areds A~ E are Sht)_u‘u{ri'i-r;i,-:Fig; VIS, :
- 2}- The observation period is. Feb., . ..

Water Depth {m}

8
T

. SB2~sepr om0
?\\ : 3) ris the correlation cobfficient :

y = -(.0138x + 9.40
r= 0.7

20 40 60
Time Lapse {(Months)

Fig. VI-i16  Water D_epth Change w:th the L’apse'pf--j'ime' .
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2, Review of Past Countermeasures a‘gainst Sﬂiid',s_'ﬁ?'di_ﬂ‘@’ﬁt_ati@“ - :

tation of this pel iod are as follows

(a) 'lhe change of the Mata de leon Inlet (1981~1982)

countelmeasures whrch mclude those agamst northward drrft began m 1982' They are as o
follows : : : -

| {a) | The. constructlon of an 80m long breakwater extenelon (started m Feb 1982)
(b) The construction of the priot ]ettl(:‘S at the north side of the Mata de leon Inlet'_ '
. (1982~1983) ' 2 ‘ o ' ' -
(c) Removal of sand by I’\ICOFE at the south bed(‘h of the Mata de Lnnon Inlet(Stax tedj: .
in Dec., 1983) : S :

The construction of the breakwater extenslon is contmumg under severe eea condrtlone_ ]
with limited construction machinery. The c1rcumbtancee of the constructron are as follows;

{a) Feb. 1982 :’Ihe constructson of the breakwater extensron :
' o ' started.. g e S
(b) Aug. 1982 c65m long breakwater extensron was completed
(¢) Theendof 1982 =~ - - o 80 m long breakwater extensron was. completed :
(d) July 17 and 18, 1983 - : The head of the breakwater extenslon was
' damaged reducmg the breakwater exteneaon to
() From 1983 to 1984 = The breakwater was extended after the repair of:;‘
. ' its head. L
(fy Apr. g, 1985 . :_The Iength of the breakwater extensron reachcd'-
(g) Apr. 1985~ : The breakwatet is ‘oemg extended deapite eevere :

damage ’I‘he 1ength of the breakwater extensxon T
: was 115m1n Oct. 1985." poT
(h) From July 10, to Sept. 1985 MOPl dredged 30,000 m3 of sednnent eand at the___'_"' |
. ' harbour side of the breakwater R R -
(i) January, 1986~ : MOPT started to construct an addltlonal bte
- ‘water extension. The breakwater extengion will "
_ be completed at & length of 150m (a part of the '
wing JettY) in May 1986 In thrs study, thls 1mme
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diate breakwater ‘extension’ work is regarded as
"_-_completed Loncermng thls work, the Japanese
- Study Team has given some mformatlon to MQPT
“the details” are Shown in APPLNDIX 4

: Accordmg to  the “information” from' MOPT,
~+300,;, 000 m*. of tediment sand in the basm will be -
o edged by a contractor In this study, thig dredg -

' 'mg 1s_ 1eg_;_1rded as completed by Ma_, _1986 '

The cn‘cumsta £s' s_how that the construetmn of the breakwater extensxon has met with
senous dlff:cu]tnes ince"J uly, 1983 ‘ e L _
Meanwh:le, the sand Sedlment at the halbour 51de of the breakwater contmues to grow.
Afte: the storm m July. 1983 the crown of’ the sand sed:mont which was formerly undcz the -
sea, appeared at 1ast above the sea sur face "This new beach, wh1ch is located just behind the -
. b:eakwater 15 ca]]ed ‘New Beach J unior’. New Beach Jumcn has cont.nued to grow'

—"155—



3. Alternative Counternmieasures against Sand Sediiite;itgtio'ﬂ' L

3. 1 Dasic A]tern'ative _C_ountermea'sures-

~ The countexmeae.mes ag’illlbl band aedlmentatzon can be roughlv dlvu:led mto I;wo '
methods : to reduce the sand sediment in the haxbour as muc!x as poss‘ble, and to dtedge thc :
sediment in the harbour unmedtatety Spcmfically, alternatwe optmns to reduce sand_
sed:mentatmn in thc harbour mdude - oo e S

- (a) Extenqlon of . the existing’ breakwater , R A
(b) Construction of a new Jetty at the upper mde of the lattorai dnft
(¢) Extension of the existing trammg jetty. at Mata de Lunén Inlet
{d) Removalof the sand at the southe; n heacti of Mata de men Inle!:
{e) Removal of the deposited sand at the beaehore of New Beach

3.2 Selection of the Coantcrmcasures' _
3. 2.1 Evaluatit)n of each Countermeasure

'1 he length of the exmtmg breakwatcr is not sufflcxent to keep the nm thwaid dl zft b’md

in the pocket beach conslstmg of New Beach and Cormlxl}o Beach as descrlbed above A 5

small extension of the bredkwatex wotild be g1 eatly effectwe in keeping the drlft sand wnthm :

the pocket beach. Taking this fact into conslderatlon it is clear fr om the obsel vatmn datd

analysis that the extension of the existing bre akwater 1s the most uxgent and the most _

important counter MEeasure, agamst sand sed;mentatton R . Sl :
It would also be effeciive to construct a new 3etty at the upper side of the httor‘li dnft -

The location of the new jetty would be between Tivives Beach and New Beach Tt would

not be effective to construct a new jetty at the. mcky shore between Ncn Beach and'

Corralillo Beach, because some of the drift sand” is, supphed from ‘the offshore of Punta '-

Corralillo to New Beach divectly. Therefore, if it is necessary to CO!lStI'L\Ct the new. }e{ty, the-
1ocat10n should be at Punta Caldera. There is no approach road for the new Jetty comtruc '
tion there at present. Temporary works such as the constructlon of an approach road wouid""
he very expensive. Construction of the new jétty from the sea usmg a constructton sh;;i
would also be very expensive. Thus, the constr uctlon of a new: Jetty 1s uneconomlca! '
compared with the extension of the breakwater. Moreovet even tf a Hew: 1etty were
constructed, the drift sand at New Beach would contmue to settle at the hm bour sxde of the
breakwater for a while after the new jetty was completed This alternanve is, iherefore not -
selected at present. However, it should e studied furthex if the New Beach shorelme.
advances and the sedlmentatlon at the harbour &de of the bz eakwater begms agam m the'- '
future. . R T
One po&,SIble countermeaeure agamst the accumulatlon Gf fme sand w1th almost a- o
uniform thickness in the harbour basin is to extend the trammg jetty at Mata de men Inlet | '_
However, this shonld not bhe gwcn top prlorzty because of followmg reasons "
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- _ex1st ng’ breakwater, and

l‘he ann '-112 sedxment 1s currently 12 5~16 cm As dlscussed later on, thlS S:Edllllellt _

) (a)

I asonabie Lounte:measuse agamst ttus sed:mentation -
nu}ation ot’ sedunent at the nor th szde of the basm The annual

’--__(b_)" : ere

' o me 1nto t_he' 10rth palt of the halbour bdsm in the future Howevei it is very
_'dtfflcult te e%timate the futme trends of this accumulatton over'a long period of
: tlme T he effectlveneqs of the trammg Jetty extension is also difficult to estimate .
E frem the i@‘-‘-lﬂtS of the observatmn ‘data analysis because the tidal and the
'__f{_-}:longshore eurrentq qround Mata de leon Iniet are very Lomplex Therefore, long
_ “term. obseivatlon of . the. water depth change is necessary ‘The extension of the
' .-'-'_trammg Jetty s.hould be studled after obsewatmn ddta are coliected

Remevmg the eand at the south of Mata de Lnnﬁn Inlet is. cunently undertaken by
INCOFE fer the purpose “of utthzmg the eand as a ‘material for civil works. This Is an
effectlve way to prevent the sand sedlmentanen of the harbour basm it is pr efer able to
remeve the sand as, fl equently as posmble _ . SRR

Remevmg the sand-at the se'ishore of:New. Beach is also an effectwe way to preyent
. sedmlentatum m the harbour 1f the Sand can be. utllized for other purposes. However, there
Seems to be no demand to’ use this eand at pr esent "Therefore, this is not adopted as one of
the cmmte; me'lsux es agamst qand sedlmentatlon | ‘ '

' 3.' 2 _' 2 Urgeﬁt Ceﬁn‘termee}sures

As '1 1e°3uit of the evaluatlon of the various alterndtwe LOLtl‘ltel measures against sand
cd:mentatmn, the extensmn of the br akwater and the dredging of unavoidable sediment in
the Inrbour aré lecexmnended as urgent countermeasules Of course, the removal of the sand
by INCOFL ‘;houd be contmued

(1) Extensmn of the ex:stmg bredkwatex _

I‘ he e‘(tensmn of the breakwater is the main countemleasure agdmst the sand sedimenta-
taon at the hmbom etde of the breakwatez Six alternat:ve plans for the breakwater
. ehtenmon are stud:ed As shown in I*lg VI-18, and Table \H -4, two alternative centerlines
for: th’”extenemn of the! 'bleakwater are considered. One is in the same direction as the
e other is 45~ “away from the. ex1stmg breakwater. These
. altel natwes are evaluated later on uemg the simulation method ‘One-Line Theory’.

(2) P_rimary dredgmg and mamtenance dledgmg

. As mentloned above, the Sdﬂd sed!mentatmn at the harbour side of the breakwater has
B _aiready caused some chffleultles for betthmg and. other: thp operations in the harbour. The
_3',_-_-1mmedxate dtedgmg will be compieted by a. foretgn contractor by May 1986 as planned by _
' R MOP’I‘ 'The rest ef the sand sed:ment and addzt:onal sedunent should be dredged as soon
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as gmsﬂ:;le after the br eakwater constructlon s completed “Thi called i:he, '-
primary dredging. Furthér periodic maintenance dredging will be nece%ar evén if the
breakwater is exitended. The extensmn of the ex1st1ng breakwater w:il greatly affect the:

dredging. Thexefoxe not oily’ the dredging - volume but also the t1me schedule of the'--
breakwater extension and of the dredgmg 1tself ate stuched and ad]usted m CHAPTLR IX

anid CHAP TER: X

Table VI-4' Alternative Des_ig”néé_a.f‘t'hk_':'.Br‘eékivaterEEktJ;n:éi_t'in_"j.

Direction of the .| Breakiwater Extension Length | 7Case |+
Breakwqter hxleusmn . R RN S SR

thhout E\tensmn _' : R W '

2 200m L tade

‘Same Direction as

" the Existing Breakwater - Lt S TIRES R

Wom |

200m

&N

5 from

the Existing Breakwater R R P
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4, Simulation using a Mathematicall\ﬁodel_ "

4.1 Selection of 'the Siﬁtulation Nlodel '

fruture sand sedlmentatlon in the harbour i estxmated by snnuldtlon methods usmg ] '
mathematmal model. For the snuulatlon it is most Impoztant to select au 'lppl oprlate model :
which accurately reflects the sand sedtmentat:on mechamsms S F O

Sand sedimentation in the basin is caused by two phenomena, dS mentloned above

One is the littoral drift around the breakwater This httoral drlft is’ mamly caused by
the wave action and longshore curfent, and is consldered to be _mamly composed of sand drift
in bed load. The medlan diameter of the httoral dnft sand igaround (.3 mni, In this case,
the * One-Line Theory ’ is the most smtable mathematlc,al mode] The other phenomenon is
the sedimentation of the whole basm W1th almost a umform thlckness The sednnent sand
is fine, and the medlan diameter i is ar ound 0.1 Tni. Tlus sedunent is transported by the tld'\l
current and. the longshore current, In this case, the ‘Depth Model’ ‘s most suitable

Fontunately, there are suff:aent site observatmn data mcludmg data’ concernmg waves '
current and water depth. These data are vely useful to reconstmcl the actual condlt:ons in
the simulation model. If the actual condltlons can be reconstructed i in the s:mulatlon model
with a htgh accuracy, then the future estlmatlon should also be hlghly accurdte o

4.2 One-Line T_he_or.y_
4.2.1 Outline of the Model

- This model consists of two parts. The flrst is for the calculatlon of wave deformatlon
and the second is for the calculation of shoreline changes ’l he deta:ls of the Model and the
initial conditions are descrlbed in APPENDIX 5.

4. 2. 2 Estimation Procedure of the Sediment V_ollu'.me :

The estimation procedure of the sediment volume by Onc Lme ’Iheory is- shown 1n
In this table the simulation model is used for step i and step 2. The armual rate ol the
shoreline advance changes according to the sed:ment volume at: the harbour 51de of the >

breakwater (Q; m*/year). As @, becomes less, the annual rate becomes greater; and as Qs

becomes larger, the rate becomes smaller Therefore at step_;_ the future shorelme is
calculated taking the annual sed1ment 'volume (@) into con&derahon In step 3 it. 1s '-

assumed from the observatlon data that the —2m. contour line is always ioeated 68 m.-, '

offshore from the shoreline (1.4 m contour line). In step 4, the relatlon between D and Qs o
in Fig.VI-14, is assumed to remain the same as present '
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i _Ta;ﬂefsjlﬁ_. Extimation Procedure of the Sediment Volume

Reconstructmn of the actual shorehne change usmg the

CStep 17
. 'qtmulatmn modei
g
Step2 " Future é's'ti_métionl_ of the shoreline change -
5
q - 3 Caleulation of the distance between the'head of the
o be “breakwater and the —2m contour line (D)
St.. 4 Eétirﬁatibn 6f the é}mﬁal sediment volume at the harbour
- atep a4 " . . '
T p - side of the breakwater () using Fig. VI-14

.--i 2 3 Reconstruttlon of the Actual Shereline Change

(1) New Beach and Corrah}lo Beach
' Flg VI 19(3) (b) ShOWb the sunulatlon 1esult of the shorelme change, with the {ollowing
condltlons B : I B
-a) Supplled sand Volume to New Beach i 98,000'1113/year

NG Sedxment sand \rolume at New Beach : 26,000 m3/year -
__.'.c) Sedlment c;and volume at the. harhour a '
e SJde of the breakwatex R 272, DGO ms/year

'In th!S flgure, the calculatmn period of the shorelme change is from Sept., 1981 to Sept.,
1980 “The actual shorelme change in this period is also shown in this figure. The figure
shows that the actual shorelme (‘hange and the calculdted shoreline change are quite similar.
The:efore thls model can reasouably be applied for the future ebtlmatmn of the shoreline
. change o - .

(2) North Caldera Beach
Flg VT 20 shows the snmulatlon result of the shorelme change with the following condi-
'tlons SR ot : L S ;
et (d) ‘Supplre, sand volume f'“om bath ends : :

of the. ca]cuiatlon area = . . 1D ms/}fe;ir
(b) Supphed sand volume from the offshore :

B area at the south of ‘Mata de leon Inlet 25 000 1n3/year
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The actual shoreline change at Nor th Caluera Beach m tlus perlod re 'xleo ehown i’ the
figure. The actual and calculated shoreline changes are- reasonably close. ’I‘hus the future -
shoreline chage is estlmated using this modei under the same COﬂdlthﬂb ' S

4, 2.4 Future .Estimation

(1) Advance of New Beach and Con ahllo Beach shorelme - .
The calculated future- shorelme is shown in hg VI <91 As shown m thre f&gm‘e, ther
annnal shotreline advance rate before the year 2 (}0(} is 7 m/year The ammal shorelme
advance after the year 2,000 becomes less because the water depth gradually becomes )
deeper and therefore the same supply of eand br mgs less shorelme advance ' '

(2) Evaluation of the altematwes concermng the cen,te1 Ime of the breakwater e‘(tensron B

The relation between the eentex Ime of the, breakwater extenslon and the future shoxe .
line in 2015 eetlmated by. the One Lme Theory is shown m I‘xg VI 22 It 1s clear that-'_
extending the bseakwater along same center lme as the exzstmg bieakwatea (Cases 2 3

and 4) is more effective than extending it at an angle (CﬂSEa 5 and 6) . because in the latter o

case, the distance between the head of the hreakwater and the ~2m “contour Ime (D) is
relatively shorter. Thus, the sand sedimentation wrl] start ealher m the latter case than the
former. Therefote, the forimer case is. se]ected as the preferable altematwe agamst sand_ _
eedtmentatlon ' ORI S

{3) Estimation of the future c-and secdiment volume : : S
When the distance between the bxeakwater head and the -—2m contour ime (D)

becomes less than 60 m, the sedlmentatlon at the harbour srde of the. breakwater etarts and

therefore the shoreline advance rate becomes less as shown in Flg VI 21 It Is assumed that, :
the —2'm contour line is always 68 m offshore from the shor ehne (. L.+1. 40) , ‘

The annual sediment volume' at the harbour side of the’ breakwater ( Qs) can be '
calculated baecd on the estimated results using Fi ig. Vl 14. ' ' =

Table VI-6 shows the D and the @, of each year and of each breakwater ex[ensxon
length. It can be seen {r om this table that if the extensxon length of the br eakwater is 200'
m, then the sedimentation will start in the year 2012 and € er reach 72 000 ms/year in the :
year 2024. : ‘

(4) North Caldera Beach shor e]me change

Calculated future shorelmes are showo in Fig.VI- 23 I‘rom thre f1gure 1t can be Seen S
that ;. : R L

(a) - the breakwater extension does not srgmflcantly mﬂuence the North
Beach shorelme change, o : g

(b) thie shoreline change at the north 31de of Mata de: leén In]et IS sma B -

(c) the shoreline at the south of Mata de Limén Inlet Wzll advance year by year

The result of the shoreline advance at the south beach of- Mata de leon Inlet m the'_f:-_,--?

future is obtained from the assumptlon that a sand volume of 25 000 m*/year w:ll conttnue 3
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“Table V-6 D and Qs _'o'f;_l?}iii;:h:.'i’egn_r

Year

Case 1
_L*'Dm

CL=100m |

“Case: 2
L BOOm v

Case 3. .

: I =300m..

" Case. 4

L 400m &

|4 L =500m

D=
(m) (m‘/ year)

D
( m?)

Qs
(m’/yeai‘)

A Qs __‘
: (.m‘/ year)

(m)

(m'gear)

D
(m)

Qs
(m/, year)

(m} (me/year)

Jan., 1988

—
=)
=3
Sw

15,000
19,000
25,000

354
31.0
269

135,000
12901

123.9

3980 s

315.0

200

31,000
37,000
48,000
58,000
66,000

23.1

19.6

16.8
145

et
o
o

77,000
82,000
85,000
88,000

104.6

72,000 89.3
836
779
$72.2

118.3
112.5

W7y o

95.0
89.3

66.5

20
2620

25301
24400
23504, =

20510} ..

22001 ¢
22381

G030l
.-_-3910

201

91,600
. 93,000
96,000

103,000
105,000
107,000
109,000

" 60.8

+ 98,000
£ 99.000 |
101,000

. 45.0

3541
3101 19,000

- 231 - s
19.6 | 37,000

55273
5001

40.0 |-

26.9

cloccocooocosicos

21831 "
21257 -
P B
195.0/| -
1836

172,27 4

200.7 |~
1893 ¢
sl
166.5

=]
<o
)

C5 6D 0 Y O LI e Cad IS bt | S0 4D 50 =] O T R L) DN b o 6D 00 =2 O LN e L0 I3

ol toin=h v oS tete

112,000

|

Sl oD | nmowo

16.8
1457

e ek
P
(4]

93.000

2
o
3
0 g
Y=
[ )
==

10,000
- 15,000

-25,900
31,000
37, 000

16081
"155:3 T
1500
14501
40,0 5 -
1354
A0

,_.
g
(Xa}
f]

.jc: CoCWOCDSTS o::d,cﬁ::_d'cé'c:bb"'o-é{g

8 000:

119000

126.9
12311
1186

1 P Cad DD i

.02 OO =3

2030

-96,000
98,000
99,000

101,000

105,000

107,000

109,000

112,000

"
n

COCORONW | AAUIHROD
Ll bt P GO = MW [ 00O WO

48,000
58,000
-66,000
72,000
78,000
-.82,000
85 000
38, 000
. 93,000

1168 |
106.1.

. 901
194y
CT40 L
687 -

1115

100.8
95.4.)

204

196,000
98,000
* 99,000.
101.000

107,000

Cod bt ol 0 LT bt 2 G40 T 00 GO Q0 D OO T

|

ODOOENNG | SR ODRDO

112,000

"
"

105,000
109,000-1

B8

:,;53 2-1:4;000:1:1
484160007114
“a37| g0 1
©39.2 £711,0007 ] -1

34.91:
309
271

So/ocoococoooo|/ooonoreton ohoonooLdo|lodosononos ci-c:_:.b

{ozz7| -
Aogrgl o
Yoozl

P AN

O b G N e | 0 0D Q0 T O G2 A G0 DN

'
”

"
":
o

202
1751
133

‘116 |

212.2]"

Yooz | oo
A197:7 L
1927 ]

_C:%. oo <:: c::.;:: soooosos|cosocooosholcosm c:'o-c:'_::{.,cs'c;. moToooD 'cc.p_fc; ooscosdoos e

20771

c_ oo lcdooooodoo| docoosoo o | dcoronroos | cosdooobnd irocooonnos oo,

" Notes |

1
Pt

—172=

D is the distance botween-the head of the breakwater and the —2 Gm contour lme at. the start of each pertod {m)._f_r- S
)< is the annual sand sediment volume (m*/year). R

Dand Qs in the cases of L =100m and L= =500m. are absﬁmcd complcmentmg the ssmulatmn rcsults '. L
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