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Isla Zacau]lo are the on]y nav1gatlon alds in the acccss channel Both hghthouses are B

_CHAPTER 5 DESIGN OF ACCESS CHANNEL -

» _Exxstmg Aecess' Ch.mnel and Ship Handlmg '

Exnstmg Access Channel and Basm |

_f_ No light buoys mark lhe access channei for deep draft shtps and also shxp 1s not Ieaded ‘
by leadmg hghts nghthouses at Punta Chlqulrm and at a p()SlllOIl of NW extremlty of i

o aliminum tower with concrete base Berth hghte are msta]led on the both end of Port o

512 | |
| : _Pllotage is not compu]sory for any shlp but is avax]able on requesl

of Punta Gorda to 1]lum1nate the berth at mght

Exlstmg Shlp Handlmg

o .”The channel nav1gatlon has no restnctlon but it is preterabie on ﬂood tlde w1th draﬁ _

- over 24 feet to keep enough under keel clearancc and 1t 1s recommended o carry out .

e
521

' durlng dayllme Berthmg operatlon is usual]y camed out on slack tldes due to cross o
: r_currents up - to 34 knots Max size of Shlp accepted is’ 22 000 DWT type o :
: '(LOA 190 m) : ‘ :

. Design Criteria -for A‘ccess. Channel and Turmng Ba'sin "
Shlp Charaeterlstlcs o | o

sThe charactensncs of plarmed ShlpS for the study of access channel and turnmg baSIn "

B . are tabu]ated as foilows

522

. Ta_b_le -5,2._1 Characterzstles ef P!anned Shlps to call La Um(m Port

S L . (Umt m) '
S R T I . _ Sailing
, t_C.argo; Ttem N R 'Iypc SRR I DWT CLoA Breac_ith | Draught
o Cereals. - . Papamax Bulker ~- - | 50,000 | . 185 322 < 118 -
“Fenilizer | - Handysize Bulker 43,000 183 30,5 12.0 .
IrowfSteek | pandysice Bulker | 30000 | 177 | 270 | 110
Prodhicts : e ol . . 7 i
-RawSugar | - - = Handyswe Bulker =~ - 26,000 - 173 2572 100 |
St Panamax Container Ship - Caaa b ame :
Containers : Capactty of 4,800 TEUs 55,000 294 o322 134
.Shlp Passage Pattern -

| Because of law shlp trafﬁc an oneommg Sh]p is hkely not happen Amd the traffice |

wouId be controlled by Vessel Trafflc Serv1ce System whxch wili be equ1p with the

" port.. A]so cons;dermg the mma] construcnon cost is huge, the access channels is -

conﬁgulated as one way navxgation _

" MAINREPORT - sl cHAPIERS
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5. 2 3 Natural Conditions _ _
" The mturfil conditions related lo Shlp navigation arc as follows
(1) Wind - . _ .
- According'to the information of monthly average wind velocity and domini'nt wind
. drrecllon at La Unién- Clty from 1970 to 1985, the average wind velocrly is about
2 m/fsec -3 m/sec through the year. As to the predommam wind drrectlon NE prevarls
' from November {o February and SW from March to Qctober. ' '
It showe the wind velocrty observed duung lhe penod between 1996 and 2000 are 1. 3
to0 2.6 s,
'(2) ~ Tidal Current . S .
_ Aecordrng to the eurrent measurements carned out in September 2001 under the study,
- the ma‘xlmum curreni ata speed of 1 79 m/s was observed at the i 1nner channe] area and
- 08 o 1. 60 in/s curreni speed at the outer channel area was observed.
(3) Waves : _
Accordmg to US Nava] Oceanographrc Data the wave herght at Punta El Chlqurrm
(the mrrowest point of the channel) i is from 0.0103.0 mand the freqg uency over 1. Sm-
herghts is 3.6%. '
(4) .Vlsﬂ‘nhty _ ‘ . .
~ According to the prlol of the Cutuco Pon ‘no fog and mist has been observed at La
Umon area.
Design Base

5.2.4

.For the purpose of defmmo the varrous channels drmenbrons Guidance for Dessgn .'
-“Pubheatlon PTC 11-30 by PIANC, June 1997” is apphed for a prelrmmary'

consideration. And in order to verify the first time shrp maneuvering simulation is

carried out.
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B Table 522 Determination of Chaunel Configuration

Channel Configuration | _ Depends on E:gﬁgﬁ:&eg;s Verified by
o - Bathymetry, topography - Volumes calculation| Fast tlme slnp
. - |- Capital and maintenance =~ |- Scdiment mancuvenug Simufation
Ajrgmn.ent ' _dml()!gingvolumes IR
' " |- Paseof Navigation 3 N ' : S
Straights| - Vessel size: : PIANC Code : Fast time ship :
: Ship length Beam L mancuvering Simulation -
Width Beads |- Vessel size: length, beam Geomelry _ Fast time alup
| * and change in heading 5 _ maneuvenng Simulation
Squat |- Vessel size: length, beam, | Under keel
Underkeel ' _ dranght and forward speed | Clearance
Clearance S D R : © | Model
. |Piteh/roll] - Vessel size: length, beam, Under keel
] draught and wave herght Clearance
Mode!

- -Undcrkeel clearance

Channel depth - Maintenance dredgmg-"- . :
Side slopea Bed material and exposure : | Empirical forrnilla

53
5.3.1
@)

@

{o waves and currcnts

Pre_l_i:nlinar"y Design of Access Channel and Turning Basin
Horizontal Alignment -

Straight Dmsmn o

"~ The Cutuco Port is situated in the inner area of Fonseea Gulf In order to approach to

_the port the ships have to pass through the strait betwcen the Punta Ch1qulrm Cape

© and Zacaullo Island and turns to the westward changmg about 80 degree direction, In '

the open sea of Fonscca Guif the existing approach channel is aligned parallel to the .
coast with about 1 km offshorc. '

The unobstructed v1ew can be seen from both the open sea and from the Cutuco Port to
Peninsula Los Negrltos of Zacatrllo Island Hence the strarght division of channel
- shall be alrgned targeted at the southwest nose, Penmsula Los Negntos And at this

'1ntersect10n pomt a llghthouse shall be cstablished o aid ship navigations. In these

strarght division the current direction is almost paralle] io the channel and ship can
~ navigate in para]lel to the current direction.

Bend Division - : :
In the strait at the Cape Chrqumn the shlps have to turn by about 80—degrec direction
northwestward In the strait the water depth i is naturally deep enough and more than 20

‘m depth w1th more than 400 m width that will prov1de enough additional width at the
bendrng d1v1s1on as shown in Figure 5.3. 1 '

'The ahgnment in the bend dlvmron shall be determmed in the deeper area and in

para]lel fo current flow d]rectron

" MAINREPORT - . - - 5-3 B ' CHAPTER 5
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_ ‘Bend dmsnon in navngatlonal channels need to be carefully demgncd to allow for the'

_ Channel Width_.

Channel width is rclated to the breadth of the largest vessel to be called and the
relationship depends on a number of factors affecting the navigation including ship
speed, cross winds, Cross currents, longitudinal - currents, waves, bottom surface,

" waterway depth, cargo hazard level and ba_rlk"c]cararlce.

@

Widths on Stralght
The widths on straight dmsmn are estlmated from PIANC standard and the ship-

~ handling simulation. as shown in Table 5.3.1. The first time ship maneuvering
simulation is carried out under various sea and weather c_,ondltnons to vcnfy those

estimations. The 'détail of the simulation is described _in the Section 5.4.

Table53.1 Layout of Navigation Channel
Ship Type " Container ' _ Bulker ~ -

Channel .~ " { . Outer © Inner ~ Outer Inner
" PIANC Standard 142m . . 132Zm 148 m . 151 m
Widths on Bends

3 dynamlc behavior of ships when turmng Width on bend between outer. and inner

channels is 350- SOOm and those widths are checked and examined in the ship

maneuvering simulation.

As a ship enters a turn, the rudder is
applied which moves the stern of the vessel
toward the outer side of the bend, as

‘ o mutnn, | indicated in Figure 5.3.2. The ship then
Wi e ep moves around the bend with a drift angle,

which has the effect of increasing the swept

2. Stcmu(shiy;swingslu Path Of the Ship.

Ll “To allow for this increase in swept path,
k . - cach bend of over 5 degrees change in
% - - _ channel direction needs to be widened.
| L apiesoimiennThE inCIcase in width is usually applied to
the outside of the bend to accommodate the

i : | | stern of the ship.

| Fi.ghre' 53.2 Tu_fning Behavior of Ships

MAINREPORT - . ' 5-5 ' ' : CHAPTER 5
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@

To allow for this increase in swept path, each bend of over § degrees change in channel

* direction needs to be widened, The increase in width is usually applicd to the outside

of the bend 1o accommodate the stern of the ship.
Turning Basin ‘ _

The area of basin for turning in front of the berths is determined in considering the -
conditions such as the size of ships, sea and weather condition and number of tug boats
to be used for assistance. '

- A turning basin is designed for both ships at container and multi-purpose berths

because two ships do not sail at the same time by limited number of tugboats.

In the fast time ship-handling simulation radius of 2 times the overall Iénglh of the

larges! container ship is applied.

Vertlcal Alignment

Underkeel Clearance and Reqmred Dredged Level _

Adequate provision is needed for clearance bencath vessels to cnsure that ships do not
ground during navigation of the channel. The depth of water needed by a vessel is
determined by its sailing draught and sufficient additional clcaranc,e (underkeel
clearance).

The required clearance varies depending on the size of vessel, its speed, extent of the
channel, wave conditions, and wind conditions.

These requirements are summarized in Table 5.3.2 and Table 5.3.3. These show that
more clearance is required in the outer channel section than in the inner channel. The

underkeel clearance requirements are built into the assessment of channel utilization.

The design vessels are Panamax type having the characteristics acquired as the Panama

Canal Limitation as follows.

Panama Canal Requiremenit for passing
1) Depth:  12.04 m vessel draught in fresh water
11.80 m vessel draught in seawalter

2) Len-glh: 294 m

Therefore, the design sailing draught is adapted as 11.8 m in seawater conditions in the
east coast. In the case of bulker, the major cargo flow is from Am'erican- Gulf to the
West coast. Hence the vcssels draught is limited by the hm]tatlon of the Panama Canal.
However in the case of container vessels the cargo moving 1s mamly in the west coasl,
the vessels will operate without the draught limitation. The full draught of Panamax

contamer vessels is adapted as 13.1 m as shown on Figure 5.3.3.

MAIN REPORT - 5-6 ' - CHAPTER S
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T T y = 0.0008x + 9.5911

1400 -~ — e
\ RY= 03937

o SR 3» o

13.00 -

12,00 |miemst i
_ o &
' .
11.00 !
9.00 |——
600 Lo " a G SR : R
0 1,000 2,000 3,000 4000 5,000 6,000

Flgure 533 Panamax Contamer Vessels Draught

- Underkeel clearance has been calculated in consideration of a relatively large offshore
wave condition of 1.5 m. The channel depth and allowance is required to allow for
vessel squat of the order of 0.7 m (at 9 knots relative shlp speed) and wave-induced
motion of the order of 0 4 m. Therefore the recommended underkeel clearance is
0.7+04+03=14m, con51der1ng a disastrous net underkeel clearance as 0. 3m. In
the case with wave he;ght 2.0 m, the _vessels will navigate with low speed, and then the

required underkeel clearance is not necessary to increase.

In inner chanhcl' underkeel clearance was calculafed in consideration of a relatively

small offshore wave condmon of 1.0 m. The channel depth and allowance is required

to allow for vessel squat of the order of 0.45 m (at 7 knols relative ship speed) and
'wave induced mot;on of the order of 0.15 m. Therefore the recommended underkeel
clearance is 0.45 +0.15 + 0.3 = 0_.90 m.

Therefore, the required water depths are:

Outer Chanhel 0 -145m
~ Inper Channel : -14.0m

Turning Basin : -14.0m

MAIRN REPORT o _ 5.7 o : . CHAPTER'S
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‘Fable 5. 3 2 Underkecl Clearance Related to Vesael Swe, Spccd and
: : Wave Conditions in Outer Channel

Wave height 1.5 (m) Sailing in - o -
. " o h Total equi
D Design Ship, Waye-mduc.ed Compuled Djls;:jll;;)l‘{!:e?el llude:‘keei e Igc?)tlllrz‘:’ '
raught and speed|vertical motion squat :
= : . . - clearance ¢learance water
Container. _ _ ; S R 1. ' L
131m 0.40 m 0.70m 0.30 m 140m | [14.50 m]
9 kanots ' L ' A ' ' S
- Bulker - SR . B Co : _
118 m - - 1 00 m | 09%m 030 m 220m 14.00m
_ 9knots - : - - ’

Source: Consultant‘; Research

Table 5 3 3 Underkeel Clearance Related to Vessel Sme, Speed and o
Wave Conditions in Inner Channel

: Wave height 1.0 (n) Sailing in o .
Design Ship, Loy Lo - | Disastrousnet | Total Required
Draught anic)i ' Wa?g-mduc‘ed Comp uted underkeel underkeel | - Dec:)lh of

Speed vertical motion squat 1 Jearance - wate
pee clearance clea T
Container . ' e L R A »
Bim .| 015m | 045m ~ 030 m 090 m 14.00 m|
7 knots : : ) . o R o

Bulker Co L S B
11.8m 015m | . 0.60m . - 030m 105m - 12.85m
7 knols o . . . . R, o . o

Source: ansultanls Research

Side Slopes | _ o R

It is not usual to employ thcoretical,_ﬁnalytical methods to determine the most
appropriate side slopes for navigation cﬁénhe]_s in estuafial w_éttc_:_rs. This is b_ecéiuse
standard soil mechanics solutions cannot aécoﬁn_t for dis'lurbi‘r'}g_ forces due to tidal and
fluvial cﬁrrénts wave action, or ship Wa[sh Slope design is therefore usua]ly based
upon cxpenence of slope behavior under smﬂar soil and hydrodynamlc conditions.

An analysis of the demgn slopes adopted in 12 dlfferent channe]s around the BrltISh .
Isles shows arange from 1in 4 to 1 in 10 with an average slopc of 1in 6. 7.

' British Standard 6349: Part 5, Code of Practice for drcdgmg and ]and reclamatxon at -

'Table provides the following gulddnce

MAIN REPORT 5-8 S © . CHAPTERS
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Table 5.3. 4 Slopes for Various Soil Type

Co : Slopes o
8011 Type . Still Watel Active Water
Rock .- o Nemly vertical Nearly vertical
Stiff clay B ' 45° 45°
: Firm clay - IR . A : 35°
. Sandy clay : . 25° . : 15°
Coarsesand Co200 10°
Fine sand ‘ S 15° ' o 59 .
N Mud and silt - : 10° to 1° ‘ ) 5%or less -

- Typical soﬂs 1llustrated in F1gu1e 5.3.4 throughout the nav1gat10n channel are classlﬁed :

E as sandy and gravely silt. The environment is generally active, due to wind generated |
| waves, or ship wash. If gulded by the above an appropriate slope will be in the range
less 10°~15° or between iin5. 6 and 1 m 3. 7 ' "

-_100--'

" on

80

%

60+

50 |

40

Passing Pe rc.entag.e. by Weight

20 ¢
10
0001 . 0010 0100 1000 ' 10.000 100.000

Diameter of Gram in mm

s BS-21(0 80-1.40) —=— BS~21(1 50-2.00) - BS-21(4 004, 50) - BS-21(5.00-6.00) < BS- 22(100-1 45) l
e BS22(2.00-2.40) —— BS-22(2.95-3.50) —— BS-22(4.00-4.50) - BS-230.50-1.00)  BS-23(1.00-1. se)i

. BS-23(2.00-2.50) - BS-23(5.00-550) - BS-24(0 00-2.00) - - BS24(2.003.00) - « - BS-24(3.00-3.70)
BS-24(3 70-5.00) — — BS250.00-1 1.00) —— BS- 25(1 00-1. 50) —o- BS-25(1.50-2.50) -+ - BS-25(2.50-4.00)

|
i
i
i
i
i

Figure 53.4 Grain Size_Distribution in Channel Area
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Besides, the moisture contentb and mut welght of materxals to be d1edged are mdlcated

in I‘1gmes 5.3.5 and 5.3.6. The average moisture contcnts arc ranged from 50% to
-150% and the unit welght is 13 to 14 kN/m Rased on the site condition that proposod

'channel area would be classified as more firm clay, despite the Value of the standard
' penetlatmn test is lower than 2 to 4, the dcmgn mde slope is ﬁnally dctermmed at 1.3
or 1:5 (in the middle of 10°~ 200) '

Sampling Depth o .
from Seabed (m) S . Moisture Content (%)

0.0 .. 50.0 . © 109.0 : 1500 200.0 2500
. 1 -

2

3
4

.

"8
P
-8 ‘ _ _ . .
Figure 5.3.5 Moisture Content of Materials to be Dredged
nit Weight (kNln_\S)

10 TR R SR s . 17 18 19 20
0. RS . o . , T T
2 r __0. ’ ot F ._ ;'_

6 1e : -
7 - e ] -
-
3 + .. - T
, e B -
Y = - ERDECEERPRE LY SRR i n
10

" Sand and Gravel
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54.1

ON

@)

1t is therefore recommended that the design channel sIopeS be as follows:

[Recommended design slopes]

Berth_:and tumi.n'g afrea: . 1in3~5
Inner ehan._nel: L . 1in3 =5

Outer channel: .~ [ lins

_ F:rst Tlme Ship Maneuvermg Snmulatmn :

Constructlon of Simulation Model : .

Purpose of the Shlp Maneuvermg Slmulatmn Study _
Usuaily the channel is deslgned aceordmg to PIANC standard but in case of the porl
surrounded by strong current such as La Umon Port the special study should be apphed.

o With reference to the new access channe] it is most xmportant to study very carefully
Cand to prepare in advance for smooth nw1gat10n in the. channel and
_berthmg/unherthmg operatlon w1thoul hmdrance for the future operatlon Parncular
'conmderatlon should be given to the oceame climate, because the outer channel 1s'
: des1gned faemg the open sea.

_'The pnnc1pal purpose of the study is to examine thc pla nned channel and tummg basin .

design thoroug,hly and deeply, and to sugg,ebt approprlate recommendatlons '

Comput_er slmulauons support the study extenswely.

Flow of the Ship Maneuvering_Simulatioo

" The flow of the study is shown in Figure 541

Modeiing of \ve:aihe.r

and sea data
l

" Access channel design

» - ! Turning basin design

(Modeling of course lige)

L

| ' Fastfime sbip-handiingeimuletion _ ' E

y

l ) . Anal}sisofsimulaﬁohresull - ‘i

v

r Design of detaileda scvess channel and turpin 2

v

: |7 " - Recommendation of safety measures

) Figure's'.t_l.l Flow of Study
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€) Sltip Maneuvcring.Simulation

1)

_3)

Simulation System _
The fast time ship handling s:mulatron isa numcrtcal shtp handlmg srmulatlon
conductcd with an automatrc controller replacing the human navrgator It isto

provrde the data about limited in scope behavior *of the man- rnachrne-

env1r0nment system under designed condttrons and constraints.

: The srmuiatron system used for the fast ttme Shlp handlmg snnulatron conststs of

the followmg components.

a) Motion computmg system whrch is a system rmplementlng the

mathematical models of the snnulatron system.

'_ b) ~ Automatic controller, which is a system that realizes some contro] strategy

¢)  Simulated control input system which is a system that connects the.
_ automatic controller and the motion computing sysicm. o
d) Output system, which is a system that records the 31mulat10n state

The mathematical model of the ship mancuvcrmg that is employed w1thm the
simulation system can be classrfled as a modu]ar type one. The modu]ar means
the total force acting on the shlp ls expressed as a Sum of components forces :
actmg on the parts of the ship. The model is based on the pub]lshed results of

" researches conducted in Japan within the MMG (Mathematrcal Modclmg. :

Grouped) and the MSQ (Mode] for Slow and Shallow Motrons) pro;ects

’I’he followmg forces are modeled in the system -

= Hull force, propellcr force, rudder force tugboat force (Side thruster .
force). -

» Wind force, wave force, trdal current force o : : -
The effects of restricted water depth are mciuded into. the models of
hydrodynamrc forces. The power of ships engine, rudder position and tugboats
L—propellcr are also modeled using spec:lflc dynamlc equatlons '

Model of Wind and Trdal Current Condttron
Wind and tidal current condrtlon are determmed accordmg o the survey data
Their predommant directions are taken into consrderatron -

Shrp Used for the Fast Ttme Shtp handlmg Srmu]atlon

Table 5.4.1 shows the pnncrpal particulars of the ship which i is used for the ship - .
handllng srmuiatlon model.

MAIN REPORT
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Table 5.4.1

Ship’s Principal Particulars

LOA 292.15 m
Ler 273.00 m
Breadth - . © 32.26m .
Depth 21.20m
- DWT .- _ 59418 MT
Condition Full load - Half load
- Draft 13,00 m- 11.00 m
Dlsplacement Tonnage 78,722 MT 63,350 MT
Projcct atea Front 1,000 mz 1,060 m*
-~ Side 5,300 m 5870 m’°
Full 11.9 knots 12.1 knots
'_ Speed Half 9.3 kuots 9.5 knots
S Slow . 1.5 knots - . 1.7 knots
D.Slow © 6.5 knots 6.7 knots

__4)_

e

- for channel nav1gat10n

' blmu]atlon Cascs

Slmulatzon cases are ‘;hown in Table 4 2.

Table 5 4.2 Slmulatmn Cases of Fast Tlmc Shlp handlmg Simulation

- . Parameter - TUnbérthing - Chanpel navigation -~ -
R - Turning Course kecping Course change at bent
- Wind diréction - 8 directions 8 directions - 8 directions
Wind velocily 12 & 15 m/s 12 & 15 my/fs 12 & 15mfs
- Current set Foliow and against | TFollow and against Follow and against
Cument velocity "~ 1,2 & 3 knots - 1,2 & 3 knots 1,2 & 3 knots -
Water elevation - LWL~ LWL -+ LWL
Ship’s condition Full and half load Full and half load -~ Full and hialf load
Ship’s spted : - Slow and haif Slow and half
Total cases - 192 cases ' 384 cases

Depth of Water _ |

Modc] of Tugboat

Table 5. 43

' channel and turnmg basin in the snnulatlon.

] Depth of watcr is set 10 14.5 m. for the outer channel and 14.0 m for the inner

_ Two lugboats will be used for turmng opcrauons but no tugboat will be apphcd
Tug powering used for the simulations is shown in

The powermg is denved from the manufacturer bollard pull data conmdcrmg a
- reductlon of the operatlonal efﬁcxency due to wave hclght Those tug boat will

be in serv;ce in the future.

© MAIN REPORT
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The bollard pull is é’itimatcd by the following formula.

Tug Bollard Puil
= PS/100 x (factm of bollard puil) x (workmg condition folCICllcy)

Where,
Factor of Bollard Pull : 1,67 per 100 PS

Working Condition Efficiency: O. 75 under the normal workmg condition with

Tm waves

"Thus, the bollard pull for 3,600 PS tughoats is,

(3,600 / 100) x 1.67 x 0.75 = 45.0 ton

Table5.43 Tug Powering (Full out-puf)

Tug boat . 3,600 PS Class
Wave Height - Under 1.0m
Bollard Puil : 45.0 tonf

54.2 Silhu!atidn Results

Simulations are performed on the basis of the natural environment of the water area in
order to investigate the effects of the natural environment on ‘channel navlgatlon and
unberthmg opcratxon off the berth. '

The method used for the _cvaluatlon of the results depends on the purpose of simulation.

Generally, simulations designed for the answering the question of the objective limits.

The system controllability is evaluated from the following vieprints.

b
2)

3

Attaining the control objectives at the given natural condition such as wind and
current. _ '

An amount of the control energy such as rudder angle or a tugboat thrust

required attaining the control objectives at the given natural conditions. _
A tendency of the change of system behavior that occurs due to fhodification of
the simulation conditions.

The rcsults of the simulations are described as follows.

1y -

2)

3)

Following current of 3 knots effects very much for Shlp maneuvering especmlly
at the bend. ‘ '
Current of 3 knots effects very much for turning of a ship. The ship is drifted
downstream durmg swinging her round.

Basic maneuvering lane and additional widths dependmg on natural condltlon
for objected container ship are examined under limitation of 2 knots current as
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5.5

shown below. Those figures are decided considering the output of ship’s tracks
~ on simulation. '
Outer channel : 3.0B

Inner ch_anhel : 37B

The total width of the channel is determined by adding additional width for bank

clearance and for some factors such as bottom surface configuration and navigalion

'alds to the above widths.

Basnc tummg area is exammed as 2 times ]cngth over all of objected ship under 2 knots
current limitation. The ship should be located at proper position in the turning basin
by 1ug assistance conSIdermg current sct when it begins to swing round.

Two sets of 3,600 Hp class tugboats are required to assist for berlhmg/unbcrlhmg
operation of container ship and bulker under the operational criteria.

Proposed Ahgnment and Operatlon Criteria

_'Accordmg to the result of smm]atlon ahgnment of access . channel is demgncd as

shown in Figure 5.5.1 and Table 5.5.1.

“The requued w1dcth for Bulker is indicated by the dosttccl lme with thc sailing water
“depth. : '

151m
For Assumed Bulker's Bottom Width )

' 140 35
[NNER (Required draught for containery 7

CHANNEL- Es J ] o o l .

140

137m

For Agsumed Bulker's Bottom Widih i
\ . o
' : (Required draught for mxﬂ) -14.0

COUTER T T (Required drausht for contatner) . 145
CHANNEL | L
15 I 107 1 15

137

Figare 5.5.1 Width on Straight Division
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5.6
5.6.1
8))]

Table 5,5,.1  Layout of Access Channel o
Ship Type Counlainer Bulker

- Channel Outer Tnner Ounler - Innet
PIANC Standard 142 m 132 m 148 m 151 m
Fast Time Simulation 130m 140 m 137 m 15 l'm

According to the results of mmu]at ion, current and wmd velocity should be taken into
consideration to maintain safe navigation. : '

Thc followmg operatlonal criteria for natural condltlon are recommcnded for ships

calling the port,
-Table5.5.2  Operational Criteria |
Natural condition Quter channel : : Inner channel
Wind velocity (Average) i2mis - - 12mfs
Current velocity (Follow) 2knots : 2 knots
_ Wave height (H1/3) ' : i5m 1.0m -
. Visibility 3 miles ' 3 miles

Itis calculatcd based on the tide lable data of the La Umon Port (2001) Over 2 knots

current velocity appears in the inner channel is as follows.

1) Hours over than 2 knots in flood tidc: 52 h/day

2}  Hours over than 2 knots in ebb tide: _ 52 h/d’ly
3) Whenin ncgatlvc over than 2 knots velocity does not appcar and those days are

~ about 10 days/month. (120 days/year) .
With a current velocity limitation of following current over 2 knots, the avaitability of
channel for entering and lcaﬁing ship is computed at about 85% per year.

1209+24 " 4 245¢ * (24-5.2)" = 7,486 "
7,486 " /(24 " * 365 %) = 0.854 (85.4%)

Sedimentation Analysis

Methodology

Hydrudynamlc Modeling _

In order to undertake an asscssment of the pot:,ntlal for sedlmentatlon in the deepened

channel, and the dispersion of material arising from the dredgmg Operatmns, a tidal
flow model of the Fonseca Gulf is set up. Detailed bathymetric in the 'Vicinlity"of the
port and any other information relating to bathymetric in the area of the approach

channel s also used to set up a digital terrain model of the Gulf The model covers the
entire Gulf, with a boundary Farallones de C0n31gu1na on the Nlcaraguan slde and

offshore to allow inclusion of the proposed disposal area.
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The I‘ELBMAC‘ flow model is used to simulate the tidal currents. Thc grid used have
a resolution of 20 — 30 m in the basin and inner channcl while the outer channel have a

~ resolution of 20 m actoss the widih. Blsewhere the resolution is reduced to up 1o 1 km,

The numerous rivers in the Gulf are rcpresentcd in as much detail as they arc presented

“on available chart%

Current measuremcntb underlaken by the JICA Study Team durmg the current

' measuremcnl survcy is used to calibrate the flow model. Thereafler, spring and neap

tidal currénts is simulated in the model, for exiting conditions and for the case
1nc1ud1ng the channel dcepened to —11 m and also —14 m.

Tldal currents ‘is simulated for dry season condmons assuming neghg,lble ﬂuv;al
dlschargc down the rivers that fecd into the Gulf, and also for wet scason conditions

using measured data obtained for the rivers local to the Port. - All cascs of the channcl

‘ slmulatlons use a single channel alignment.

Wave actlvny is also give rise to the potent;a] for infill, particularly in the more
exposed outer channel. The offshore wave climate i is be defined in terms of an average

~annual climate, and using the wave ‘model. TELURAY, nearshore average annual

wave climates is determined at three locations of the outer channel for use as input to

. the sedimentation studies. Thesc annual wave cljmates take inio account stormy or

abnormal conditions. Swell waves do not penctrate into the inner channel area and is

. not simulated in this region.

@

Sedlmentatwn Analysns .
Sediment data for the site indicates that the region is chardcterlsed by mainly muddy
sedlment.s, with high Jevels of suspended scdiment concentrations, particularly in the

outer channcl where wave action is significant.
Sed;mcntatlon in 1hc channe! occurs due to three main mechanisms:

Degradatxon of the channel side slopcs This is a geotechnical issue of side slope
slablhty, though wave and tidal condmons are a controlling influence.

Infill due to direct sedlmcntatxon as a consequence of reduced bed shear stress in the

decpened channel and cross currents that transport sediment-laden water into it.

Potcntlal ﬂuldlsatmn of the bed duc to wave cffects, the transport of fluid mud into the

channel under gravity. This process is only‘likcly to occur in the outer channel where

' w;ive'actio'n is relatively high.

Infl]l due to direct scdlmcntatlon was assessed usmg the HR Wa]hngford mud
transport model SUBIEF, that simulates the erosion, transportanon and deposmon of
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cohesive sediment. SUBIEF is part of the ’]‘ELEMAC modelling suite and run on the

- same mesh as the TELEMAC flow modci.

A total of four channel tests were performcd comprising the two channel depth
configuration and wet and dry scason spring and mefm tide current ficlds,

' D_ata‘from the site indicates that in the outer channel there is an abundance of muddy
~deposits on the bed, and that wave and tidal action givés rise to high levels of
_ suspéndcd sediment conccnlrations ‘Because the ex1stmg dredged channel does not

extend into this more exposed area, the occmrencc of fluid mud is not known, and
therefore estimates of the magnitude of infill is not possib le. The risk of 1nfi1] of fluid
mud in the channcl i is assessed by analysmg the wave climate information and the tidal

current mformatlon at ihe three nearshore wave locations and calculatmg their

:combmt,d efte(,t on the bed. Using this information an estimate of the potential for

infill due 1o this mechanism is made.

Result of Analysis : _
Simulations have been performed with a channe] of 11 m dcpth and 14 m depth, for
spring and mean tide conditions. ‘Simulation were carried out separately for mud inti 1l
and sand infill under the tidal condlllons of mean tlde and sprmg tide. Analysis of the
flow model results indicated that for the 11 m channel there is a tcndency for the
strcamhncs 1o be altracted {0 the chdnnc] which has the advantage of mamtalmng a
high bed shear stress, thereby reducmg the potentlal for dcpos;tlon

For the 14 m depth the attraction of the flow is not sufflClent to overcome_ the reduction
in depth, and the bed shear stress reduces, giving rise to the potential for deposition.

. Figure 5.6.1 shows the annual rate of infill of mud along the length of the channel. R

is observed an erosion near the end of the turning basin, but deposit near the berth. 1n
the inner channel, the bulk of the infill belween 2,360 m to 5,360 m from the end of
turning basin in the average rates of 0.25 —0.50 m/year.

For the sand transport mnulatlons the reduced tidal currents for the mean tide has the
eﬁccl of reducing the transport rate and lhereby reducmg the rate of 1nf111 ‘Figure 5.6.2
shows lhc annual rate of infill of sand along the length of the 14 m channel The
erosion near the end of the turning basin is quite mgmflcant but the deposn is
concentrated near the distance of 5,360 m from the cnd of the iummg basm

Infill of mud and sand per tide for spring and mean tide cond1t10ns were summéd up

- based on the annual tide movement. The predicted rates of infill for both 11 m channcl

and 14 m channel are as shown in Table 5.6.1.

MAIN REPORT -5.18 : o : CHAPTER 5



BRTAILED DESIGN ON PORT REACTIVA;I‘ION PROJECT

FINAL RIPORT

Table 5.6.1

IN LA UNJON PROVINCE (JICA) -

Total Infill

453.2

- Predicted Infill Volume of Channel (unit : 1,000 m/yr)
| l Turning Basin I Inner Channel | Quter Channel | : Total
[Case of 11m Channel] ' ]
Sand Infill 674 69,1 13.9 150.3
Mud Infill 0.0 - 00 311 311
Total Infill 674 69.1 450 1814
[Case of 14m Channel] .
Sand Iofil 248.9 89.6 64.9 4034
Mud Infill 229.2 363.6 2472 840.0
478.1 312.1 1,243.4

Total infill for the 11m ohannel is 181, 000 m /year

For 14 m channel annual rate of infill 1,243,000 m comprlsmg 403 000 m> of mud
and 840,000 m’ of sand.

' Though the smulatton resu]ts revealed that mgmfxcant mamtenanoe dredgmg is

required, there is a lack of substantial information on the degree of potential

sedimentation. Accordmgly, the csumates of infill are based on the available data and

_usmg program of high technology, but it shoulld be noted that prcdxcuon of sediment

fransport arc sub]ect to wide variations. Therefore, rates of infill shall be considered as

an approx1mate and frequent monitoring of drcdged channel is prerequisite.
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3.7 Nav:gat;on Aids and Vessel Traffic Serwces
571 Nav:gatwn Aids _
~ Navigation Aids along the access channel and turmng basm were studled by site
- mvcstlgahon and fast time shxp maneuvermg slmulatlon '
Ships nawgatmg through the channe] are not allowed to go outside of the channel limit,
therefore, the navigation aids pointing the location of the channel through day and
night are 'prerequisite for safe navigatioﬁ' Light house and llght buoys will be
introduced to support the p]lot and captam of the ShlpS _
The l1ght from L1ghth0use at southwest nose, Penmsula Los Negutoa of the Zacanllo
Island mch(,ates the al1gnmem of the both outer and i inner channel. '
Light buoys mdlcate the w1dth of the channel and area of the turmng basm
Some buoys located in near Cape Ch1qulrm indicate the shal]ow water areas to avmd
- the Ship aground onthem. - ' ‘ '
Large 51ze l1ght buoys at the cntrance of the ouler channel are set for captams to catch
thc entrance of the channel casﬂy
A rccommended systcm for the nav1gat1on aids is 1nd1ca!ed in Table 5.7.1 (also see
F}gure 5, 3.1 for 1ts locatlon)
'lable 5. 7 1 Recommended Nav1gat|0n Alds System .
Description "~ Specification - - Unit Number
Lighthouse 10 m Height Aluminum ally made set - 1
Chapnﬁﬁ?rapce - :nghted Blloy | “sets Y .
Channel Marker | . . - Lighted Buoy -~ " sets 11
Basin Marker " Lighted Buoy : sets 3
Light Beacon . Jetty Marker ' sels 3
5.7.2 YTS (Vessel 'lrafﬁc Service)

VTS is introduced to maintain a sate and effective channel naVIgatlon and port
Operatlon The traffic control center in the port shall be equzpped with a VHF radio
communication system to receive timing of ETA and ETD from ships. Such -
information will be transmitted to the ships in the pdrt and approaching to the port. _
Also it includes the clearance for 'enteringlleaving the channel and any other

information concemmg pilot and lug asmstance

| VTS is baswally consisted of VHF radio, AIS (Automatlc identification system) -

recejver and PC displaying the ships under way on the graphic map of the channel and
port. Flgurc 5.7.1 shows the block dlagram of Systcm
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Ship installed AIS | | Ship not Installed AIS

Position Report ] BTAand position rcport

VHF Relay and AIS
- Relay antenna

R -
PCO (Navigation Control fficer)
VHF Radio, AlS Receiver
Personal Computer

Flow of information
<«——p VHEFE Radio

Figure 5.7.1 Block Diégram of System
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