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2. Port Development
2.1 Port Policy and Trend of Maritime Logistics

2.1.1 Port Policy Direction

A major strategic challenge for the Seventh Plan is to set investment priorities in a way that Bangladesh
gets best results from its limited resources.

While there has been improvement in Chittagong Port container handling efficiency, further efforts are
needed to increase efficiency in line with good international practices. To this end, during the Seventh
Plan, priority would be given to:

a Reducing port induced semi-trailer truck traffic by developing wider intermodal rail and river
connectivity.
b Enhancing already saturated container storage port yard facilities by developing existing

dilapidated 2.3km general cargo berthing (GCB) facilities at Karnaphuli into a modern gateway-terminal
of international standard that can play a key role in boosting the nation’s trade and commerce and regional
connectivity.

c Developing the Chittagong Port as “Climate resilient” against sea level rise (SLR) and land
subsidence potential.

d Maintaining and improving the navigability of the channel through capital dredging and regular
maintenance dredging ;

e Increasing container handling capacity through expansion of terminal/yard facilities, acquisition
of modern container handling equipment and procurement of harbour crafts and vessels to ensure
improved operating system.

f Setting up ICDs/CFS by the Public/Private sector at all potential cargo distribution centres
across the country to decongest the port.
g Involving private sector in port management and port development infrastructure on

BOO/BOT/PPP model for which a clear, reliable and transparent policy guideline is to be approved by the
Government
h Improving institutional capability in training, planning, safety and environmental management

control in the port.

While Chittagong Port will continue to be the leading seaport of Bangladesh, in anticipation of the
growing demand for port services emerging from growing income and international trade, including from
neighbouring countries related to the implementation of the Government’s regional connectivity agenda,
and the specific needs of the power sector emerging from the substitution of imported coal for domestic
gas, substantial new port capacity will be needed during the Seventh Plan and beyond. The under-utilised
Mongla Port provides one major option.

The Government will take all necessary steps to step up the use of Mongla Port facility. However, it is
clear that a new deep sea port is necessary for Bangladesh. In the past the Government pursued an
initiative to construct a deep seaport in Sonadia of Cox’s Bazar under PPP. Due to the environmental
preservation issues, steps have been taken to implement the project under Government to Government (G
to G) arrangement.

In addition, the Payra Port Authority Act, 2013 was enacted to establish a port at Payra in Patuakhali
District. The development of port facilities for coal imports will be given top priority in order to support
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the power generation plan.

The 1200 MW Matarbari Ultra Super Critical Coal-fired Power Plant project funded by the Government
of Japan contains the important component: the deep sea port for the coal import, which will provide the
opportunity for generation companies planning to develop the coal-fired power plants to procure the
international coal at a relatively cheaper price compared to the individual purchased coal from foreign
countries. JICA is also examining the possibility of setting up a large coal transshipment terminal at the
Matarbari port to cater to the power generation demand of nearly 3,500 MW by 2020. The Matarbari deep
sea port and the associated transhipment terminal are critically linked to the Government’s successful
implementation of the power generation plan and would have the highest priority in the public investment
Programme for transport infrastructure during the Seventh Plan. Alongside, the Government is also taking
steps to strengthen the land ports to facilitate trade with neighbours. This will be an important priority for
the Seventh Plan
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Subseil Stratification of Borehole (BH-08, BH-13 and BH-18)
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Figure 2.4-6 Subsurface section (BH-8~BH-13~BH-18)
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Figure 2.4-7 Subsurface section (BH-9~BH-14~BH-19)
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Figure 2.4-9 Subsurface section (BH-11~BH-16)

8) Design Lateral Seismic Coefficient (kh)
a) Seismic Zone Coefficient (2)

B4 Layer 3-Clay

As illustrated in the following Figure 2.4-10 seismic zone map shown in BNBC 2015 pp6-95, the
seismic zone coefficient (Z) at Chittagong area is 0.28.
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Figure 2.4-10 Seismic Zone Coefficient of Bangladesh

b) Structural Importance Factor (1)

The structural importance factor (1) depends on classification of occupancy category specified in the
following table (BNBC 2015, pp6-4). The port structure should be categorized as an essential facility,
so that the occupancy category is selected as IV.

The framed descriptions hereunder, in this Section, are extractions from BNBC 2015.
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. ______________________________________________________________________________________________________________ ]
Tabe 5.1 1: Qwrupancy Cabegory of Eulidings and other Stnachores Tor Flood, Surge, Wind and Esrthquake Loads.

Nature of Dotupancy OICCUPARCY
CaREgory
Buildings and other structunss thet represent  ow hazand to humsn life in e event of failure, including, ot not 1
limnited to:
= Azmiodtural faciities
= Certain temporany fadiities

= Minor storage fadlities
&l raildings and other stnuackures expept those listed in Oooupency Catezones |, 11 and IV I

Buildings and other struchures that nepresent & substantial hazard to humen life in the =vent of feilune, induding, ]
burt mot limited toc

= Buildings and other struchures whens mone than 300 people congregzke in one ans
« Buildings and other struchures with dey cane fsdiities with 8 capadty grester than 150
= Buildings and other struchures with skementary sohool or sscondany schiood Tadities with & apadty gresbsr
tan 250
Euildings and other structures with & pedity greater than 300 for colleges or adult eduction fadiites
= Healthcare fadities with & mpadty of 50 or more resident patients, but not heving surgery OF EMEEENcy
Tremsrrent faciities
Inils and debention faclities
Buikdings and other structures, nok included in Oocupency Category IV, with potential to oyuse @ substantal
EONOmic impact andor mass disruption of day-to-day Cvilian iz in the event of failure, induding, but not i mited
T

= Porsner peanerating stationss

» Wambar trestment fac it

= Sewage tresiment faciities

« Telecommunication centers
Buildings and other strucbures not inchuced in Oooupancy Cabegory IV (induding, Dut nok imited to, Tacities that
maneschre, proosss, handle, shore, use, or dispose of such substances: &5 Feeandoas fusls, hazarious chemiosls,
hazardous waste, or sxpiosives) conkaining suffident quantities of towic or sxplosive Substances bo be dangemus to

the public if relessed.
BuHEarduﬂ'ur:h'.n:t'm gdesisnabed ns ezantial facilities, inciuding, but not limited to: L)

* Hospitals and other heaithzre faclities having surgeny of emeargency trestment fadities
= Fire, rescue, ambukance, and police stations and emengency wehice samges
» Desiprated esrthqueke, hurmcane, o other emergenoy shefbers
» [esimnated emenzEnoy preparsdness, COMMUNimtion, and operstion centers and other fadiities required for
EMEEENCy Nesponse
* Power generating stations and other public &ty fadiities required in an emenzency
* Ancillary stnactures (induding, but mot limited to, oomrmunication bowers, fuel siomze tanks, cooling towers,
» Electrical substation structures, fire warber shorsme tamics or obher stnactures housing o supporting water, or
pther fire-suppression makerisl or equipment] required for aperetion of Cooupancy Category 'Y structures
during am EMETEEncy
® Ayistion control bowers, sir trafic mnkrol centers, and amergenoy sinTaft hangars
® Water shomge Taciities mnd pump sbructunss neguinsd bto maintein weter pressurs for fire Suppression
» Buildings and other strudures having oitical retional defense functons
Buildings and other structures {induding, Dut not limited to, faciiities thet manufschre, process, hande, stors, use,
or dispose of such subsances s hamandous fusls, hazamdous chemicals, or hazardous weste] containing Righiy todc
lsur;_h:g;f:-lm the quankity of the material socseds 8 threshold guantty established by the suthority hadng
ju

# Copeneration power plants that dio not supphy powser on the national grid shall be desisnated Oooupancy Cabagony 0

The importance factor is accordingly given as 1.50 from the following table (BNBC 2015, pp6-99).
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Table 6.2.17: Importance Factors for Buildings and Structures for Earthquake design
Occupancy Category Importance factor |
0 1.00
m 1.25
| \ 150

c) Response Reduction Factor (R)

Table 5-1 in Seismic Design of Piers and Wharves (ASCE/COPRI 61-14, pp 12) provides the response
reduction (modification) factors. It is assumed that the recommended type of the quay structure is deck
on piles as a steel pipe pile. Therefore, the factor is to be R=2.

Table 5-1. Deslgn Coefficlents for Varlous Elements

Ductile element R C,

[§]

Solid prestressed 2
concrete piles

Steel pipe piles 2 2

Connections not 1 1
meeting Chapter 7
provisions

and/or finite element
modeling and must
be approved by the
authonty having
Junsdiction

Batter piles 1 1
Other tested To be determined by To be determined by
connections experimental testing experimental testing

and/or finite element
modeling and must
be approved by the
authonty having
Junisdiction

d) Building Period (T)

The building period can be computed through the following formula as shown in BNBC 2015, pp

6-105.

T = Ce(hn)™

Where,

(6.2.38)

h, = Height of building in metres from feundation or from top of rigid basement. This excludes the
basement storeys, where basement walls are connected with the ground floor deck or fitted
between the building columns. But it includes the basement storeys, when they are not so

connected. £y and m are cbtained from Table 6.2.20
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Table 6.2.20: Values for Coefficients to Estimate Approximate Period

Structure type Ce m
Concrete moment-resisting frames 0.0466 0.s
| Steel moment-resisting frames 0.0724 D.Bl
Eccentrically braced steel frame 0.0731 073
all other structural systems 0.04B8 075

Maote: Consider moment resisting frames as frames which resist 100% of seismic
force and are not enclosed or adjoined by components that are maore rigid and
will prevent the frames from deflecting under seismic forces.

The structure is assumed as steel moment resisting frames in the Table 6.2.20, so Ct and m are given
respectively as 0.0724 and 0.8. The height of the structure (hn) is 25 m estimated from the seabed up
to the top elevation of the quay. Eventually, T is given as 0.951 (sec).

e) Soil Type

Based on the sub-soil conditions at the target site, the soil type is categorized as SC based on the

following table from BNBC 2015, pp6-94.

Table 6.2.13: Site Classification Based on Soil Properties

40] and high water content

Sz Depasits of liquefiable soils, of sensitive clays, or any
other soil profile not included in types 54 to SE or5:

Site Description of soil profile up to 30 meters depth Awverage Soil Properties in top 30 meters
Class Shear wave SPT Value, N Undrained
velocity, ¥, (blows/30cm) shear strength,
[m/s) S (kPa)

sS4 Rock or other rock-like geological formation, including = B0 - -
at mast 5 m of weaker material at the surface.

5B Depaesits of very dense sand, gravel, or very stiff clay, at 360 — E00 =50 = 250
least several tens of metres in thickness, characterised
by a gradual increase of mechanical properties with
depth.

5C Deep depasits of dense or medium dense sand, gravel 180 - 360 15-50 70- 25
or stiff clay with thickness from several tens to many
hundreds of metres.

1] Depaesits of loose-te-medium cohesionless soil {with or < 180 <15 <70
without some soft cohesive layers), or of
predominantly soft-to-firm cohesive soil.

SE & soil profile consisting of a surface alluvium layer with - - -
v, values of type SC or 5D and thickness varying
between about 5 m and 20 m, wnderlain by stiffer
material with W, > 800 m/s.

51 Depesits consisting, or containing a layer at least 10 m < 100 - 10- 20
thick, of soft days/silts with a high plasticity index {P1 > [indicative)

) Soil Factor (S) and Other Parameters (Tg, Tc and Tp)

Upon classification of soil types, the soil factor (S) and other parameters are obtained from the

following table:

Table 6.2.16: Site Dependent Soil Factor and Other Parameters Defining Elastic Response Spectrum
Soil type 5 Tels) Tcls) Tos]
SA 1.0 0.15 0.40 20
5B 1.2 0.15 0.50 20
I 5C 115 0.20 0.60 1.l[|
5D 135 0.20 0.80 20
SE 14 0.15 0.50 20

g) Damping Correction Factor (n)
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The damping correction factor (n) can be computed through the following formula as shown in BNBC
2015, pp 6-97. In this case, n is assumed as 1 as a reference value. The viscous damping ratio (&) is 5.

n=  Damping correction factor as a function of damping with a reference value of n=1 for 5% viscous
damping. It is given by the following expression:

n=,10/(5+25) 2055 (6.2.36)

Where, £is the viscous damping ratio of the structure, expressed as a percentage of critical damping.

The value of n cannot be smaller than 0.55.

h) Normalized Acceleration response spectrum (Cs)

By using selected values of the soil factor and other parameters in f)), the normalized acceleration
response spectrum (Cs) is obtained through the following formula as specified in BNBC 2015, pp6-97.

C. = Normalized acceleration response spectrum, which is a function of structure (building) period and
soil type (site class) as defined by Equations 6.2.35a to 6.2.35d.

c_,=5i1—i|2.s.v;-1| for 0ZT=Tg (6.2.35a)
1 TH
C, =235y for Tg<T<Tg (6.2.35h)
Ic <T< 6.2.35F
C:=2.js;?:?| for Te<T=¥, (6.2.35F)
g TI:'TDi e
C;=2.55;9|T, for Tp <T<4sec (6.2.35d)

C; depends on 5 and values of Ts, Tc and Tp, (Figure 6.2.25) which are all functions of the site class.
Constant C; value between periods Ty and Te represents constant spectral acceleration.

5= 5oil factor which depends on site class and is given in Table 6.2_16
T=  Structure (building) period as defined in 5ec 2 572

Te= Lower limit of the period of the constant spectral acceleration branch given in Table 6.2 .16 as a
function of site class.

Te= Upper limit of the period of the constant spectral acceleration branch given in Table 6.2.16 as a
function of site class

Te= Lower limit of the period of the constant spectral displacement branch given in Table 6.2.16 as a
function of site class

i) Design Spectral Acceleration (Sa)

The design spectral acceleration can be obtained through the following formula as specified in BNBC
2015, pp6-97.

2
Sa=%

| N

C; (6.2.34)

Where,

5, = Design spectral acceleration (in units of g which shall not be less than 0.67 5215

8 = coefficient used to calculate lower bound for 5. Recommended value for £ is 0.15

Z = Seismic zone coefficient, as defined in S5ec 2.5.4.2

I = Structure importance factor, as defined in 5ec 2.5.5.1

R = Response reduction factor which depends on the type of structural system given in Table 6.2.19.

The ratio % cannot be greater than one.
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]) Result: Lateral Seismic Coefficient (kh)
By using the aforementioned formulas and the obtained values of the relevant factors and/parameters,
the result of the computation for kh is given as 0.25 as shown below:

z = 0.28 Soil Type = scC
I = 15 S = 1.15
R = 2 B = 0.2
ct = 0.072 TC = 0.6
m = 0.8 D = 2.0
hn = 25 13 = 5
T = 0.951 n = 1
Cs = 1.814

Sa = 0259

[kh = Salg = 025 |

(3) Layout Plan of Mooring Facilities and Selection of Structural Type of the Quay
1) Layout Plan of Mooring Facilities and Water Area
As shown in Figure 2.4-11, the width of the navigation channel was determined to be 350 m, with
a margin for the length (LOA = 338 m) of the objective ship, on the assumption that the target
ship on the channel was less frequented.
The diameter of turning basin is 680 m, which is twice the LOA. The turning will be using tug
boat(s) or bow thruster. .
The berth box as the mooring space of the berth was considered to be 1.5 times the maximum
ship breadth of 45.3 m, and it was 70 m wide.
In addition, as shown in Figure 2.4-12, the ship entering the port was assumed as starboard
berthing with mooring head-in. Also, for departure was assumed to be turning ships with
tugboats. However, depending on wind direction and wave condition, the reverse could be also
possible. That is to turn the ship upon arrival before berthing. In this case ship will berth and
moor by head out position. , . . .
In order to ensure safe ship berthing, 50 m head space of dredging area was set at the eastern end
of the berth box.
As shown in Table 2.4-5, the length of the container quay was 460 m and that of the multipurpose
quay (bulk ship) was 300 m, and coastal ships moored in the middle of both berths dependent on
the berth window.
The planned water depth of the berth, turning basin, and port navigation channel were set at CDL
- 16.0 m, considering a margin of 10% for the draft of the maximum container ship.
Table 2.4-5 Required Berth Dimension

o . DWT LOA Breadih Draft Water |Required Berth| Project
Objective Ships (ton) (m) (m) (m) Depth Length Berth
(m) (m) Length (m)
Container Ship 100,000 338 45.3 14.6 410 460
Coastal Ships 3,500 83 15.0 55 16.0 110
Bulk Carrier 70,000 250 32.3 14.0 280 300

Source: Technical Standards and Commentaries for Port and Harbor Facilities in Japan 2018
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Figure 2.4-12  Required Water Area for Berthing and Un-docking
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|
2) Selection of structural type of Quay

Taking the aforementioned conditions into consideration, four structural types, i.e. 1) Steel Pipe Pile
Wall Type, 2) Concrete Caisson Type, 3) Concrete Deck on Batter Piles Type and 4) Concrete Deck on
Vertical Piles with Struts, are compared as summarized in Table 2.4-6 below.

Determining the facts, particularly soft sub-soil condition with deep bearing strata and other points
(such as earthquake resistance), the possibility of future deepening of quay structures, calmness of port
basin and construction cost, the “Concrete Deck on Steel Pipe Piles Type” is recommendable.

Amongst above mentioned, further detail comparison of the “Concrete Deck on Steel Pile Type” was
made on two types, i.e., Batter piles Type and Strut Type as shown in Table 2.4-7 .

Alternative 1: RC (Reinforced Concrete) Deck on Steel Combination Batter Piles (Batter Pile Type)
Alternative 2: RC Deck on Steel Vertical Piles & Strut Braces (Strut Type)

Taking the results of the comparative items on 1) Cost, 2) Construction Period, 3) Structural Stability,
Wave calmness of Harbor Basin, Construction Methodology, and others, it was concluded that the
“Strut Type” is the most suitable for the Matarbari Port Quay structure and is recommendable.

By adopting the Detached Pier layout, the quay structure reduces the size of the superstructure deck,
reduces the seismic force acting on its dead-weight, and also suppresses the influence of the uplifting
pressure on the slab by the wave in the harbor basin. The detached pier and the back yard are
connected by access bridges.
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Table 2.4-7 Comparison of Pile Type Quay

Alternatives

Alternative 1

RC Deck on Steel Combination Batter Pile

Alternative 2

RC Deck on Steel Vertical Pile & Strut Brace

Structural
Illustration
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LS LT - ——

)

£
STEIL PPLPLL

Construction

Piling works (material and driving works)

Piling works (material and driving works)

Cost for RC = 25890 t x US$ 2000= US$ 51 million =12,115 t x US$ 2200= US$ 26.7 million
Deck and Pile | RC Concrete Deck works: Steel Strut Beam ( material and Installation)
base (760m in | =34,800 m3 x $530= US$ 18.4 million = 1,675t( strut part) x US$ 9,000=US$ 15.1 million
length x 35m in | Total = 51+18.4 =US$ 69.4 million RC Concrete Deck works:
width) =37,460 m3 x $530= US$19.9 million
(22/25) | Total = 26.7+15.1+19.9 =US$ 61.7 million (25/25)
Cost Ratio 1.12 1.00

Construction
Period for
Berth (760m
in length x 35m
in deck width)

Pile Fabrication and Transport : 8 months

Pile Driving:

@ 1000mm (1267 Nos /2.5 nos /23 day/ 2 teams)=11 months
Slope Protection : starting after 1month of the piling works
RC Deck construction :

starting after 1month of the slope protection works and
working period =(slab) 13300m3/30m3/2 teams/23day =10
months

Berth Fitting : 1months after Construction of Deck

Work period =8+ 11+1+1+10+1= 32 months
(excluding access bridges and retaining wall)

Pile and Strut Beam Fabrication and Transport : 8 months
Pile Driving:

@ 1300mm (434 Nos /2 nos /23day/2 teams)=5 months

Strut Beam Installation

: 512 sets / 2 sets/ 23day/2team =5.5 months, work starting 1
month after starting of piling works = 1month (50m )+ 5.5 =6.5
months

Slope Protection : starting after 1month of the Strut Beam
works

RC Deck construction :

starting after 1month of the slope protection works and
working period =(slab) 15900m3/30m3/2 teams/23 day= 11.5
months

Berth Fitting : Imonth after Construction of Deck

(23/25) | Work period= 8+ 6.5 +1+1+11.5+1=29 months
(excluding access bridges and retaining wall) (25/25)
Time Ratio 1.10 1.00
Stability and Good Structural Stability Good Structural Stability
Maintenance Necessary Maintenance for Steel Pile and RC Deck. § Necessary Maintenance for Steel Pile and RC Deck.
Aspects Structural stability. For stability for up-lift by large wave action, heavy
=Very Good weight of the deck or the pile dimension and the length
(15/15) g shall be considered.
= Good (12/15)
Procurement of
Materials Steel Pipe Sheet Pile is imported from third country. Steel Pipe Pile is imported from third country. (good)
and Quality =Good Strut Beam is imported from Japanese Manufacture.
Assurance (12/15) § =Very Good (15/15)
Methodologic
difficulty Construction of battered steel pipe piles is difficult | Driving of steel pipe pile and strut beam installation
and work that te—be-requires much experience and high J require high accuracy. Concrete deck construction
Workability accuracy. Concrete deck construction requires J requires experience.
experience. =Good (12/15)
= Good (12/15)
Technical
Transfer As battered steel pipe pile's-the construction work will | As strut beam is new construction technology ef-the
depends on the contractor’s experience, technical | eenstruction, technical transfer can be achieved.
transfer may not be sufficient. = Very Good (5/5)
= Good (4/5)
Evaluation Better (88/100) Best (94/100)
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|
(4) Harbor Craft Basin/Inner Breakwater

As shown in Table 2.4-8 below, Harbor Service Crafts Basin is located near the port entrance. As shown

in Figure 2.4-13, the Harbor Craft Basin Quay is working as an Inner Breakwater.

With the entrance width to Basin set at 90 m, the maintenance dredging was made to be easy.

The depth of Basin was set at CDL - 5.5 m against the draft of the tugboat, which is the maximum

objective ship for the basin. The top of the Harbor Craft Quay was at CDL + 6.0 m, providing stairs for

period of low tide. The apron width was considered to be 20 m, assuming that it will be used also for

equipment maintenance and repair work.

A slope was provided so that the working vehicle could go up and down from the apron to the yard

behind with top elevation at CDL + 10.0 m.

The structure of the Harbor Craft Quay comprised of a steel pipe sheet pile wall with tie rods and

anchor, and the Inner Breakwater part is a double steel pipe sheet pile wall structure as shown in Figure

2.4-14,

The part of the slip at the innermost part of the Harbor Craft Basin is planned to be wave dissipating

concrete block quay to maintain the wave calmness in the Basin. (See Figure 2.4-15)

Table 2.4-8 Harbor Service Crafts

Craft Type Particulars Number of Units
Power: 4,000 HP
. *
Tug Boat LOA: 35m 3

B (Breadth): 11 m*
d (Draft): 4.6 m* Note *Assumed

Pilot Boat 1
Line Boat 2
Security Patrol cum Survey Boat 2
M‘:: -"z-' " .-'fx\"-\\_
600.00 J N N
A — "ﬁiﬂf S M| ateral Mark (Spar),
% o~ o
A _..|I|....I|I|I\{-\;’! L }H\:"HFIG;SS 16,60
' ar |3I I.m_'-u_l SR -,- x_‘-.
ey B T T F = i
=1 : =
=i HARBOR CRAFT BASIN ] =
| L i &
la i ULHEMJ s !
H . +6.00 2 l
— J N E F i =1
HARBOR MASTER a
OFFICE 2000 e C =
FEARY g
MULTI PURPOSE = ) g E
TERMINAL - - ; 1910 =

Figure 2.4-13 Harbor Craft Basin
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Figure 2.4-14 Steel Sheet Pile Quay and Inner Breakwater

Figure 2.4-15 Wave Dissipating Conc. Block Quay at Basin Slip

(5) Revetment

At the east and west ends of the terminal yard, revetments were provided.

West Revetment
Since the west side is influenced by the waves coming from the port entrance and/or breakwater
overtopping waves, concrete sheet pile wall was provided at the bottom of the L-shaped concrete wall as
shown in to prevent suction of filling material. The case with parapet wall at CDL + 12.0 m and the case
without the parapet (top elevation at CDL + 10.0 m for the opening of Access bridge connected to the
quay wall) are estimated to be 0.003 m*/sec/m and 0.500 m*/sec/m, respectively.
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Geotextie Fabric
Filter Stone

_ Concrete Sheet Pile Wall

Concrete File

Figure 2.4-16 West end Revetment

Relationship between the East Revetment and future expansion of mooring facilities (Phase 2)
Since the east end of the terminal is located inside the port basin, the influence of the wave would be
small, so a cross section with an L-shaped concrete wall on the riprap foundation mound was provided as
shown in Figure 2.4-17. This part is assumed for a coastal shipping vessel and small and medium type
ship quay in the future, hence the planned water depth is smaller than the main quay wall. Assumed width
of 61 m was considered as the construction margin of the mooring facility structure, which becomes its
extended part.

NEEEEER NGRS

R

== |
T
T
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W

COMTAIMER BERTH 45000

L

5000

Figure 2.4-17 East Revetment and future Expansion of Mooring Facilities (Phase 2)

2-56



Final Report
Preparatory Survey on Matarbari Port Development Project in the People’s Republic of Bangladesh

1
2.4.2 Yard and other Facilities

(1) Yard Plan
The proposed general layout plan of the Yards and Mooring facilities are shown in .

1) Container Yard
Yard Capacity

The container yard is determined on the basis of the container handling system that consists of the QGC
(Quay Gantry Crane) and RTG (Rubber Tired Gantry Crane) as the yard crane.

The capacity of the yard is roughly estimated as shown below:
Container ground slot: (6 rows by 16 TEU)/bay x 41 bays = 3,936 slots.
Reefer Container ground slot (6 rows by 14 TEU)/bay x 2 bays =168 slots
The annual terminal capacity is estimated as shown below:
1) Number of average container tiers
Container: RTG 5+1 type: average 3.5 tiers
RTG 6+1 type: average 4.5 tiers
Reefer Container Reefer rack 4 layers
RTG average 3 tiers
2) Total capacity

Container RTG 5+1 type: 13,776 TEU
RTG 6+1 type: 17,712 TEU
Reefer Container RTG 504 TEU

3) Average dwell time: 7 days (Average of In/Export)
4) Peak ratio: 0.75
5) Annual terminal capacity

RTG 5+1 type
Container: 13,776 TEU x 360/7 x 0.75 = 531,360 TEU/year
Reefer Container: 504 TEU x 360/7 x 0.75 = 19,440 TEU/year
Total 550.880 TEU/year
RTG 6+1 type
Container: 17,712TEU x 360/7 x 0.75 = 683,177 TEU/year
Reefer Container: 504 TEU x 360/7 x 0.75 = 19,440 TEU/year

Total 702,617 TEU/year

Accordingly RTG 6+1 type is recommended.
Terminal Gate
The required number of gate lanes is calculated by the following formula:

N=Mc x p/(Dy x H) x (t/60)
Where, N: Required number of gate lanes
Mc: Annual handling volume of containers (700,000 TEU/year)
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p: Peak ratio (1.3)

Dy: Annual operating days (360 days)
H: Operating hours per day (24 hours)
r: TEU/FEU (20°/40’) assumed container ratio  (0.6)

t: Necessary process time per truck (5 min.)

The required number of gate lanes is 6 lanes + 1 lane (for weigh-bridge).
Customs Inspection Area (to be done by Customs)
Customs inspection Area is proposed to locate near the roundabout so that it can cover the inspection
activities of future terminal(s) expansion. The facilities for inspection are assumed as shown in Table
2.4-9 below.
Table 2.4-9 Inspection Facilities of Customs and CPA

Customs CPA
Weigh-Bridge Import 1 unit L un!t
Export 1 unit
Scanner Import 1 unit 1 unit
Export
Yard Area

The total area of the Container Terminal is 20.2 ha, excluding the Quay area.
Empty Container Yard
The capacity of Empty Container Yard is approximately 2,000 boxes (TEU) by average stack of 4 layers.
The total area of Empty Container Yard and Primary Power Station/Green area is approximately 4 ha.
2) Multi-Purpose Terminal Yard

The Multi-purpose terminal is proposed to handle wheat import of 600,000 tons, and steel products
import of 1,200,000 tons in 2026. It is assumed that wheat is discharged by pneumatic unloader and
conveyed to grain silo by belt conveyor. It is also assumed that grain will be carried from grain silo to
flour milling and bagging factory by belt conveyor or track transportation. These silo(s) and factories are
supposed to be built and operated by private sectors.

Steel products are assumed to be handled in open storage yard by chassis and cranes.
The outline of Multi-purpose terminal is shown in Table 2.4-10.
The total area of Multi-purpose Terminal yard is approximately 11.8 ha.

Table 2.4-10 Cargoes of Multi-Purpose Terminal

i, Annual Handling Domestic . .
Commodities| In/Export| Cargo ] ; Storage Facility Required Land Area Remarks
Equipment Transportation
\olume
1) Quay Crane 1) Coastal Shipping |Grain Silo 7ha Built/ Operation
. . 2) Pneumatic 2) Road Tentative capacity  |For grain silos and flour  [by private sector
! Grain Import | 0.6 mill. ton Unloader 3) Railway 20,000 to 50,000m3  [mill/bagging factory for
3) Belt Conveyer distribution
1) Quay Crane 1) Coastal Shipping |Open Yard Storage |5 ha
Steel . 2) Mobil F:rane 2) Rogd capacity 70,000 ton. |Assumed max. ground
2 Products Import | 1.2 mill ton |3) Chassis 3) Railway load capacity 30 kN/m2
Capacity 1,800,000
ton/year
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24.3 Cargo Handling Equipment

(1) Scale of facilities

The scale of facilities of the container terminal and multipurpose terminal of Matarbari port is detailed in
the chapter “2.4.2 Yard and Facilities”.

1) Main particulars
The terminal layout of each phase of the Matarbari Port development plan is shown in Figure 2.4-19.
The terminal layout of Phase 1 is shown in Figure 2.4-20.
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Source: JICA Survey Team
Figure 2.4-19 Terminal layout of each phase of the Matarbari Port development plan
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Source: JICA Survey Team
Figure 2.4-20 Terminal layout (Phase 1)

(2) Cargo handling volume

a) Container handling volume

Demand forecast of the annual container handling volume at the container terminal of Matarbari Port is
shown in Table 2.4-11 and Table 2.4-12.
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Table 2.4-11 Container handling volume in Matarbari Port (Demand Forecast) (1/2)

(TEVL)
Year Matarbari Container Overflow from Matarbari with
Throughput (Base) Chittagong Port | Overflow from CHG

2022 - - -
2023 57,140 - -
2024 121,766 - -
2025 259,484 - -
2026 691,200 - -
2027 769,206 - -
2028 854,465 - -
2029 947,593 - -
2030 1,049,255 - -
2031 1,145,306 - -
2032 1,248,497 - -
2033 1,359,310 - -
2034 1,478,257 113,317 1,534,916
2035 1,605,886 352,952 1,782,361
2036 1,742,775 603,690 2,044,620
2037 1,889,542 866,040 2,322,562
2038 2,046,843 1,140,530 2,617,108
2039 2,215,377 1,427,713 2,929,234
2040 2,395,885 1,728,170 3,259,970
2041 2,550,000 1,957,293 3,528,646

Source: JICA Survey Team

Table 2.4-12 Container handling volume in Matarbari Port (Demand Forecast) (2/2)
TEU

3,000,000

2,500,000

2,000,000

1,500,000

1,000,000

500,000

0

Matarbari Container Throughput (Base)

2022
2023
2024

2025
2026
2027
2028
2029
2030

Source: JICA Survey Team

2031
2032
2033
2034
2035

2036
2037
2038
2039
2040
2041
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b) General cargo (excluding container)

Demand forecast of the annual handling volume of general cargo in the container terminal of Matarbari
Port is shown in Table 2.4-13.

Table 2.4-13 Cargo handling volume in Matarbari Port (Demand Forecast)

(ton)
Type of cargo 2026 2041
Food Grain (Wheat) 727,500 926,500
Steel Products 1,200,000 3,200,000
(ton)
Year Food Steel
Grain Products

2022 0 0

2023 72,750 120,000

2024 145,500 240,000

2025 291,000 480,000

2026 727,500 1,200,000

2027 740,767 1,220,000

2028 754,033 1,240,000

2029 767,300 1,260,000

2030 780,567 1,280,000

2031 793,833 1,300,000

2032 807,100 1,320,000

2033 820,367 1,340,000

2034 833,633 1,360,000

2035 846,900 1,380,000

2036 860,167 1,400,000

2037 873,433 1,420,000

2038 886,700 1,440,000

2039 899,967 1,460,000

2040 913,233 1,480,000

2041 926,500 1,500,000

Source: JICA Survey Team

(3) Required functions

As Bangladesh is prone to many earthquakes, Chittagong Port, which was developed on soft ground,
could potentially suffer serious damage in the event of a large earthquake followed by a tsunami. In such
a scenario, economic activities of Bangladesh could be temporarily paralyzed.

For this reason, it is necessary to thoroughly examine the seismic resistance of the deep-water port in
Matarbari which is also expected to provide a backup function in the event of a disaster.

At the container terminal (CCT) of Chittagong Port, quayside container cranes with a seismic isolation
device have already been installed; it has also been decided to use seismic isolation devices for the
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quayside container cranes which will be introduced to NCT.
The quayside gantry cranes installed at the quays of the container terminal and multipurpose terminal

should be equipped with a seismic isolation device for the following reasons.

1) Since Matarbari Port will be the only deep-water port in Bangladesh, the maximum value of 1.5 of
the importance coefficient is used in the design seismic intensity.

2) Ordinary cranes are designed with Kh = 0.2 according to JIS standards, but the design seismic
intensity is assumed to be larger in this case.

3) Although it is possible to respond by raising the design seismic intensity, the seismic isolation device
is more reliable.

4) Gantry cranes with a seismic isolation device have already been introduced at Chittagong Port.

5) There is a high probability of a large earthquake.

In addition, as a countermeasure against storm surges, the main electrical equipment such as motors,
brakes, etc. among the devices installed at the bottom of a crane will be waterproof equivalent to 1P65.
For cargo handling equipment such as RTG and Reach Stacker installed in the storage yard, since the
installation position is about 2 m higher than the level of the quay, IP65 waterproof specification is not
applied.

The required functions of cargo handling equipment are shown in Table 2.4-14.

Table 2.4-14 Required functions of cargo handling equipment

Cargo handling Necessary device and

. . Remarks
equipment equipment

Required function

After the occurrence of
an earthquake, large
damage such as collapse
of the crane, derailing,
plastic deformation of the
structure can be avoided
and original functions
can be maintained.

Ability to maintain and
perform functions even
in the event of an
earthquake

Seismic isolation device
Quayside container crane

(QC)

Multi-purpose — Gantry Main electrical equipment
Crane (MPGC) quip _
- N such as motors, brakes, Even when suffering
Ability to minimize .
etc. among the devices damage from the storm
damage due to sea . . .
L installed at the bottom of a | surge, it is possible to use
water at high tide . . .
crane will be waterproof the crane immediately
equivalent to IP65.
Must be able to
. . . Damage due to cranes
withstand wind during L .
colliding with one
Rubber Tyred Gantry cyclones to prevent

crane (RTG)

overturning and
drifting from anchor
position

Crane anchoring device

another or turning over
due to strong winds can
be avoided.

Source: JICA Survey Team

The container crane and multipurpose gantry crane shall be designed and manufactured according to the
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design conditions as a seismic isolation crane shown below.

<Design condition of seismic isolator of gantry crane installed in Matarbari Port>

The container terminal and multipurpose terminal of Matarbari Port are important deep-sea port facilities
and thus the cargo handling equipment installed in these facilities must be designed effectively.

Container cranes and multipurpose gantry cranes installed at the container terminal and multipurpose
terminal at Matarbari Port shall be designed and manufactured under the following design conditions.

1) Definition

There are three design methods for ensuring the strength and safety of a crane at the time of earthquake:
earthquake resistant design method, vibration deadening design method and seismic isolation design
method as shown below.

<Earthquake resistant design method>

By strengthening the structure of the crane and adding reinforcement material, the strength of a crane
itself is increased and it resists the earthquake motion which is an external force.

<Vibration deadening design method>

By installing a vibration reduction (damping) device called a damper on a crane, the energy of the
earthquake is absorbed and the influence on the structure of the crane is reduced.

<Seismic isolation design method>

By installing a seismic isolation device to the lower side portion of a crane, the impact of the earthquake
on the upper structure of the crane is blocked or reduced.

As cranes with seismic isolation devices are already installed at the container terminal of Chittagong Port,
seismic isolation design, which is more effective than the other methods in protecting the main structure
from the impact of earthquakes, will be applied.

2) Assumed earthquake

The earthquake seismic motion that is likely to occur during the design in-service period of the facility
should be assumed based on the relationship between the return period of seismic ground motion and the
design in-service period of the facility.

The assumed earthquake seismic motion is to be set by the ordering party.

3) Required performance

By installing a seismic isolation device, collapse, derailment, damage to the legs due to rocking
phenomenon of the structure of the crane, etc. can be prevented and the cargo handling performance
achieved at the time of introduction can be maintained even after an earthquake.

4) Evaluation/confirmation method

The evaluation/confirmation method of the seismic isolation function shall be based on the model
vibration test, the 3-dimensional FEM analysis, the dynamic analysis by the mass point system model and
the like.

It is to be confirmed that it has appropriate performance for response acceleration and displacement
amount of crane obtained by dynamic analysis. In addition, the structural information (spring constant
etc.) on the quay necessary for the analysis for confirming the evaluation of the seismic isolation function
is to be provided by the ordering party.
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5) Confirmation items

The cargo handling equipment should be designed based on the input ground motion (time history
acceleration at the crane gantry-rail level) given from the ordering party side.

In addition, the following items should be confirmed and submitted to the ordering party side: total
weight of crane, wheel load, acceptable natural frequency, width of the decay constant, upper limited
value of up-lifting load and allowable opening amount of span.

6) Submission materials at the time of bidding

At the time of bidding, the seismic isolation structure drawing and assembly drawing of the gantry
travelling device (which indicates where the seismic isolation device is to be installed) should be
submitted together with the crane specifications (including the overall drawing of crane, trolley assembly
drawing, equipment layout drawing of the mechanical & electrical house, layout drawing of operator's
cab and single line diagram).

(4) Handling capacity of Terminal
1) Handling capacity of the container terminal

Outline
As indicated in the demand forecast, the container handling volume at Matarbari Port is forecast to range
from 600,000 to 1.1 million TEUs in 2026 and from 1.4 million to 4.2 million TEUs in 2041.
However, at the commencement of service of the container terminal constructed in Phase 1, it is assumed
that the annual handling volume of containers has not reached 600,000 TEUs For this reason, the cargo
handling equipment installed in the container terminal in Phase 1 is set as follows.
After the commencement of service, necessary cargo handling equipment will be added at appropriate
times in accordance with an increase in the container handling volume.

Handling capacity of Quay

Container Terminal
Quantity of Quayside Container Crane (QC) 2 units

Multi-purpose Terminal
Quantity of Multi-purpose Gantry Crane (MGC) 1 unit

MGC can move to the Container terminal to assist to handle containers when unloading and loading of
large container carrier.)
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2 Shifts 3 Shifts

Item Unit Value Value
Berth Length m 460
Type of Crane QC
QC No.
Annual Working Days Days 365 365
Theoretical Handling Capacity of QC Box/Hour 30 30
Operation Availability of QC 0.833 0.833
Handling Capacity of QC 25 25
Gross Working Hours 16 21

. - 0.769 0.769
Operation Availability of Berth (280/365) (280/365)
Work-share Ratio of QC 1.0 1.0
Annual Handling Quantity / QC 112,270 147,350
Conversion Rate from Box to TEU TEU/Box 1.5 15
Annual Handling Volume (TEU)/QC TEU 168,405 221,025
Number of QC Unit 4 3
Annual Container Handling Volume of CT TEU 673,620 663,075s

The handling capacity of quay of the Container Terminal is about 663,075 TEUs, and almost equal to the
forecast container handling volume 691,200 TEUs in 2026.

Storage capacity of Yard

The number of Ground slot is shown the following table.

Block l\ll_(;nzf Né)é;f NRodvc\)/f Sub-total Remarks
(a) (b) (© (axbxc)
A 16 16 6 1,344 2 Lanes: for Reefer containers
B 9 16 6 168
C 9 16 6 864
D 9 16 6 864
(Empty cIcE)ntainers) 5 16 6 480
Ground Slot (Total) 4,584
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The Storage capacity of Yard is calculated and shown in the following table.

Stacking Yard Unit CY of CT
In case of Max. | In case of Max.
5 stacks 6 stacks
Total Ground Slot of CT TEU 4,584 4,584
Number of Stacking Tier tier 4.0 5.0
Dead Maximum CY Capacity/time TEU 18,336 22,920
Effective utilization ratio of Yard 0.75 0638
(0.75x0.85)
Workable Maximum CY Capacity/time TEU 13,752 14,662
Peak ratio (of annual or monthly handling L5 L5
amount)
Sustainable Maximum CY Capacity/time TEU 9,168 9,748
Average Dwell time of a container Day 7 7
Sustainable CY Capacity/Year TEU/year 478,040 508,280
Maximum CY Capacity/Year 717,060 762,420
The required quantity of RTG is calculated and shown in the following table.

<In case of 2 Shifts>

. . Forecast
Storage Yard Unit Container Yard i1 2026
Sustainable CY Capacity/Year TEU/year 478,040 -
Maximum CY Capacity/Year 712,060 691,200
Working days/Year Day/year 280 280 280
for Storage Yard
Working hours/day Hour 16.

(2 Shifts)

'Fl;:ects)retlcal Handling Capacity of Box/Hour 30 30 30
Operation Availability of RTG 0.833 0.833 0.833
Handling Capacity Box/Hour 25 25 25
Effective utilization ratio of RTG 0.75 0.75 0.75
Quantity of RTG 5.69 8.48 8.23
Necessary Quantity of RTG 6 9 9
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<In case of 3 Shifts>

Storage Yard Unit Container Yard I_:orecast

in 2026
Sustainable CY Capacity/Year TEU/year 478,040 -
Maximum CY Capacity/Year 712,060 691,200
Working days/Year Daylyear 280 280 280
for Storage Yard
Working hours/day Hour 21.

(3 Shifts)

Theoretical Handling Capacity of Box/Hour 30 30 30
RTG
Operation Availability of RTG 0.833 0.833 0.833
Handling Capacity Box/Hour 25 25 25
Effective utilization ratio of RTG 0.75 0.75 0.75
Quantity of RTG 4.34 6.46 6.27
Necessary Quantity of RTG 5<6 7 7

Remarks: The quantity of RTGs is not less than 2 times of the quantity of QCs.
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2.4.4 Channel, Basin and other Marine Facilities

(1) Layout plan of south-side and north-side breakwater

Considering above difficult situation of the sedimentation phenomenon and the necessary huge amount of
initial investment cost for construction of countermeasure works, especially the deeper part of northern
Training Dike, construction of northern Training Dike with water depth up to MSL-14m (CDL-12.32m)
as was shown in Figure 2.4-21 have decided as the first stage of countermeasure works and to investigate
the effect of those countermeasure works on the sedimentation phenomenon during the channel and basin
dredging construction works to confirm the necessity of further extension of Training Dike up to water
depth of MSL-15m. During and after the construction of this Training Dike, monitoring results of
oceanographic data as well as the channel and basin area deposition results will be used to evaluate the
further necessity of extension of Training Dike. Detail layout plan of southside Sand Protection Dike are
not yet determined by MUSCCPP and will be determined later based on the monitoring results of
deposition around the southside Temporary Bund that have already completed the construction works.
Following Figure indicate the tentative layout plan of southside Sand Protection Dike.
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As the tidal current velocity during the flood and ebb tide are very rapid, especially at the spring tide,
construction of dike structure to reduce the tidal current velocity at a certain level is preferable. For
considering the necessary stopping distance of the designed maximum container vessel to enter the port,
additional length of 397m of northern-side Training Dike as a countermeasure to reduce the tidal current
velocity behind the dike structure are recommended. Figure 2.4-22 shows the layout plan of north and
south side dike. Because the extension of northern side Training Dike is necessary for the operation of
new port, construction of this extension part of northern side Training Dike by new port project are
considered appropriate. Table 2.4-15 concludes the plan of north and south side dike structure and
proposed responsible organization of implementation.
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Figure 2.4-22 Proposed layout plan of north and south side Dike structure for new port
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Table 2.4-15 Proposed north and south side Dike structure and responsible organization

Length Responsible organization Remarks

Northside Training 1,753m | MUSCCPP is responsible for construction | Up to water depth of
Dike as the countermeasure against MSL-14m

sedimentation (CDL-11.32m)
Extension of northside | addition | CPA is responsible for construction as the
Training Dike of 397m | necessary structure for entering of the

designed large container vessel
Southside Sand 670m MUSCCPP is responsible for construction | Tentative values
Protection Dike as the countermeasure against

sedimentation

(2) Channel and basin layout plan

As was shown in the previous section, necessary channel width of new port is 350m which is 100m larger
than the planned channel width of port for MUSCCPP. Because the dike structure against channel and
basin sedimentation have been constructed by MUSCCPP at the northern side of the channel, expansion
of the channel to the north and north-west side of the channel are difficult. Expansion to the south and
south-east side of the channel are determined. As for the basin area for the new port, basin area is selected
to avoid the forced resettlement of the residents in order to realize the early opening of the new port.
Figure 2.4-23 shows the layout plan of channel and basin for new port.
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SEA LEVEL COMPARISON

Figure 2.4-23 Layout plan of channel and basin for new port

(3) Basin Calmness for work ratio for port unloading and loading operation by allowing the
overtopping wave from Training Dike and Sand Protection Dike

As was shown in previous section, necessary function of northern Training Dike and southern Sand
Protection Dike are to modify the flow pattern of tidal current and to prevent littoral sand drift and the
inflow of sea water that contains high concentration SS material. Because the effect of overtopping of
waves from Training Dike and Sand Protection Dike on channel and basin sedimentation are considered
relatively small compared with the effect from port entrance, there is no necessity of preventing wave
overtopping at the time of high wave conditions. When we consider the possibility of lowing of crown
height of Training Dike and Sand Protection Dike, effect of overtopping waves on working rate of port
unloading and loading operation and the basin area calmness at the time of extreme wave conditions
should be confirmed. In the following study, northern Training Dike with water depth up to MSL-15m
(CDL-12.32m) and Sand Protection Dike with water depth up to MSL-11m (CDL-8.32m) are considered
as the countermeasure structure against channel and basin sedimentation. As was mentioned in the
previous section, construction of northern Training Dike with water depth up to MSL-15m (CDL-12.32m)
have decided and started construction work in the Matarbari Power Plant Project and will be considered
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the necessity of extension of the Training Dike, conditions of northern Training Dike with water depth up
to MSL-14m (CDL-11.32m) are also studied for the estimation of the calmness of basin area and the
safety of port facilities at the extreme storm surge.

Basin calmness analysis were done in the previous study to confirm the port unloading and loading
operation requirement without considering the overtopping of waves from Training Dike and Sand
Protection Dike. Table 2.4-16 showed the results of working rate of port unloading and loading operation
for the proposed port layout plan. In the previous study, offshore wave forecast data of 5 years from 2006
to 2010, obtained by grid interval of 0.5 degree of latitude and longitude, were used. Offshore wave data
were obtained by 3" generation wave forecasting model of JWA3G, developed by Japan Meteorological
Agency, by using the ocean wind hindcasting data that were obtained by ECMWF. Joint frequency
distribution such as wave height/wave period and wave direction/wave height were analyzed and
representative wave conditions for wave deformation analysis by Energy balance equation method were
selected to obtain the wave conditions at the front of MUSCCPP. Basin calmness analysis by nonlinear
wave transformation method by Boussinesq equation method in which the effect of reflection, refraction
and diffraction of wave can be considered were used to obtain the wave height distribution of basin and
channel area. Calculated results were used to evaluate the working rate of port unloading and loading
operation.

Table 2.4-16 Results of working rate of port unloading and loading operation

Berth location Operation rate (%) Critical significant wave height
1: multipurpose berth 99.18 H=0.50(m)
2: container berth 100.00 H=0.50(m)
3: coal unloading berth of MUSCCPP 99.86 H=0.50(m)

Table 2.4-17 showed the joint frequency distribution of wave height and wave period at the offshore point
of MUSCCPP port site at water depth about MSL-15m (CDL-12.3m) in consideration of the hourly
offshore wave forecast throughout the term from Jan. 1, 2006 to Dec. 31, 2010 and wave refraction and
shoring effects by Energy balance equation method. According to the results shown in Table 2.4-17,
probability of non-exceedance of significant wave height higher than 2.0m at the offshore point of
MSUCCPP port site at water depth about MSL-15m (CDL-12.3m) is 98.5%. Table 2.4-18 showed
previous study results of wave height ratio between the offshore point of MSUCCPP port site at water
depth about MSL-15m (CDL-12.3m) and the berth front of Matarbari new port and MUSCCPP without
considering the overtopping waves from Training Dike and Sand Protection Dike. For obtaining the wave
height ratio shown in Table 2.4-18, nonlinear wave transformation model by Boussinesq equation in
which the effect of reflection, refraction and diffraction of wave can be considered were used. Table
2.4-17 showed that if the wave height at the offshore point of MSUCCPP port site at water depth about
MSL-15m (CDL-12.3m) is less than 2m and wave overtopping effect is negligible for the input waves
which significant wave height is less than 2m, then the wave height at the berth front of Matarbari new
port and MUSCCPP are expected to be less than 50cm (=2m*0.18 for case of SW at Point 1 = 0.36m). As
the probability of non-exceedance of wave height higher than 2m at the offshore point of MSUCCPP port
site at water depth about MSL-15m (CDL-12.3m) is 98.5%, then the expected rate of berth operation for
Matarbari new port is more than 98.5% that is higher than the standard value of 97.5% which is the
suggested requirement in Japanese Port Standard.
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Table 2.4-17 Joint Frequency distribution of wave height and Wave direction in front of Matarbari
Port entrance at MSL-15m CDL-12.3m

(Unit %)
Directiont NNEto | 5 | ssw | SW |WSW| W |WNW| NW [NNW| N | Total [Cumulative
Height(m) SSE
0.49 - 001 108 148 03] 02[ 02 07 06 01 276 27.6
050 0.99 - - 69 327 10 07 10 14 04 - 44.1 71.7
1.00 1.49 - - 30 182 03] 02 02 01 - - 22.0 93.8
150 1.99 - - 05| 42[<001[<001[<001] - - - 4.7 98.5
2.00 2.49 . - 01 11]<o01] - - - - - 1.2 99.7
250 2.99 - - 004 02 0.2 99.9
3.00 3.49 - - 002] 01 0.1 100.0
350 3.99 - - |<0.01] 0.02 0.0 100.0
400 4.49 - - |<o0.01]<0.01 0.0 100.0
450 4.99 - - - - - - - - - - 0.0 100.0
Total - 00 213 713 16 10/ 15 21| 10] 0.1] 1000 100.0

Table 2.4-18 Wave reduction ratio by Training Dike and Sand Protection Dike

Wave reduction ratio

Wave direction | SSW SW | WSW
location
1: multipurpose berth 0.12 018 | 017
2: container berth 0.10 010 | 0.11
3: coal unloading berth of MUSCCPP 0.07 0.05| 0.09

As will be discussed in the latter section, Rubble Mound Sloping Dike were chosen as Training Dike and
Sand Protection Dike structure and crown height level of CDL+2.20m (MSL0.0m) for core Rubble
Mound are considered as a minimum requirement for the countermeasure structure against channel and
basin sedimentation. Because the core Rubble Mound structure are covered by wave dissipating block,
crown height level of Training Dike and Sand Protection Dike are CDL+8.68m to CDL+8.98m depending
on the necessary size of the wave dissipating concrete blocks. For these conditions, effect of overtopping
of waves by input wave which significant wave height is less than 2.0m are negligible even at the HWL
(CDL+4.88m). Required working rate of port unloading and loading operation can be achieved without
considering the leveling up of the Training Dike and Sand Protection Dike.

At the time of extreme storm surge conditions, overtopping wave from Training Dike and Sand Protection
Dike are not negligible for the basin and channel calmness. To confirm the calmness of basin and channel
area and the safety of the berth structure during the storm surge, wave deformation analysis by nonlinear
wave transformation model by Boussinesq equation in which the effect of reflection, refraction and
diffraction of wave can be considered are used. For this analysis, wave transmission ratio by Training
Dike and Sand Protection Dike for design offshore waves at the time of extreme storm surge of 50 years
return period and HWL are considered. Wave transmission ratio of 0.6 as a safe side analysis are
considered by referring the empirical results of wave transmission coefficient for Rubble Mound Sloping
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Dike structure shown in Figure 2.4-24. Same procedure shown in the first part of this section are
employed for the calmness analysis. Those are, first evaluate the wave conditions at the offshore point of
MUSCCPP Port entrance from offshore wave conditions by Energy balance equation method. Then wave
deformation analysis by Boussinesq equation that consider the effect of reflection, refraction, diffraction
and transmission of wave can be considered are used. Although wave reflection and transmission at
Training Dike and Sand Protection Dike occurred at the same time, two separate wave deformation
analysis, that is one is considering reflection of wave and the other is considering transmission of wave
for the boundary conditions of Training Dike and Sand Protection Dike, are done to obtain the basin and
channel calmness. These two wave height results were combined by square root of sum of squares at each
point to obtain the resultant basin and channel calmness. Figure 2.4-25 shows the results of distribution of
wave height ratio compared with the wave height at offshore point of MSUCCPP port site at water depth
about MSL-15m (CDL-12.3m). Table 2.4-19 shows the wave height ratio at the berth front of Matarbari
new port. Design offshore wave of SW are used as the worst case. Above shown results are for the
northern Training Dike with water depth up to MSL-15m (CDL-12.32m). As was explained previously,
conditions of Training Dike with water depth up to MSL-14m (CDL-11.32m) are also studied. Figure
2.4-26 and Table 2.4-20 shows the results for same calculation conditions except the length of the
Training Dike. Other numerical simulation conditions and detailed procedure of the simulation method as
well as basic equations of numerical simulation method of Energy balance equation method and
Boussinesq equation method were shown in Appendix-2.4-1.
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Figure 2.4-24 Experimental results of wave transmission coefficient for Rubble Mound type dike
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Figure 2.4-25 Wave height distribution
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Table 2.4-19 Maximum wave reduction ratio at berth location for extreme storm surge condition

Berth location

Wave reduction ratio
(significant wave height)

1: multipurpose berth 0.23 (0.87m)
2: container berth 0.11 (0.42m)
3: coal unloading berth of MUSCCPP 0.22 (0.83m)
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Table 2.4-20 Maximum wave reduction ratio at berth location for extreme storm surge condition

Berth location Wave reduction ratio
(significant wave height)

1: multipurpose berth 0.20 (0.87m)
2: container berth 0.10 (0.42m)
3: coal unloading berth of MUSCCPP 0.19 (0.83m)

According to the results of wave height ratio distribution in the basin and channel area during the extreme
storm surge conditions shown above, maximum significant wave height at the berth location are below
1.0m and the wave reduction ratio is below 0.3 (=1.14m significant wave height) for the vast majority of
the inner side basin area. Effect of the overtopping wave of Sand Protection Dike on the inner side basin
area are small compared with those of Training Dike. These results are to confirm the calmness of basin
and channel area and the safety of the berth structure even during extreme storm surge conditions.

(4) Harbor oscillation

As the shape of the channel and basin area are long and narrow rectangular shape, especially for Phasel,
harbor oscillation sometime becomes the serious problems for the moored vessels and cargo handing
operation. To see the harbor resonance phenomenon, numerical simulation of wave deformation analysis
by Boussinesq equation for the anticipated wave conditions are done to obtain the amplification factor.
Same wave deformation process from offshore to basin area and the boundary conditions of the structure
such as wave reflection coefficient are used as were shown in the previous section. Offshore wave
direction of WSW, SW and SSW are considered. Wave period from 30 second to 300 seconds with time
interval of 30second are considered. Table 2.4-21 shows the considered cases as an offshore wave
conditions.

3 points in a harbor basin area are selected to obtain the wave height ratio with the input wave height.
Here offshore wave height of 8cm are used Figure 2.4-27 shows the location of selected point for
calculation of wave height ratio in an example figure of calculated results of wave deformation analysis
by Boussinesq method. Figure 2.4-28 shows the wave height ratio versus input wave height with respect
to incident wave period that indicates the harbor resonance characteristics for corresponding wave period.
Results of wave height ratio distribution for all cases are shown in Appendix-2.4-2.
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Table 2.4-21 Considered offshore wave conditions for harbor oscillation analysis

Item Description Remarks
Dominant wave
Direction SSW, SW, WSW o
directions
Input -
Height 0.08 m Assumed Value
wave
Period 30s~300s 10 cases at 30 s interval
Smax 25 Ho/Lo = 0.0801
Tide condition M. S. L.

Wave directional spectrum

Bretschneider-Mitsuyasu spectrum

Reflectance of structure

Based on  Technical Standard and

Commentaries for Port and Harbor Facilities

in Japan
Wave breaking calculation Considered
Area 9,000 m x 8,000 m
Grid interval 10m
Time interval 0.03s~0.3s Less than T,/800
Calculation Time 1200 s 20 minutes
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2.45 Navigational Safety Aids

Navigation safety aids are essential parts in order to maintain maritime safety in and around port areas.
Matarbari Port needs to be equipped with necessary facilities. With reviewing navigation safety aids at
ports in Bangladesh, the Survey Team proposes the necessary facilities at Matarbari Port.

At Chittagong Port, types of navigation aids are mainly categorized to 1) Vessel Traffic Management
System, 2) Lighted Buoys, Lighthouses, and Leading Lights, and 3) Service Vessels such as tugboats etc.
In the following sections, these navigation aids at Chittagong Ports are reviewed and the necessary
facilities in Matarbari Port are proposed.

(1) Vessel Traffic Management System
1) Facilities at Chittagong Port
CPA installed the Vessel Traffic Management System (VTMS) at Chittagong Port in 2015, and monitors
vessels in and around port area 24 hours. Components which compose VTMS of Chittagong Port are
shown in the following table.

Table 2.4-22 Components of VTMS at Chittagong Port

gﬁ:g:rr] Pgtct)eirrl]%a Tozver To;ver To;ver TOTAL
1| VTMS 1 1
2 | Radar 1 1 1 1 4
3 | Camera 9 4 4 4 21
4 | VHF 1 1 1 1 1 5
5 | Microwave 4 4 2 2 2 5
6 | AIS 1 1 2
7 | Console 4 4 8

Source: JICA Survey Team

The following figure shows the locations of VTMS control stations and towers. At Bandar Bhaban (CPA
headquarters) and Patenga Point, VTMS control stations are installed and CPA officials monitor vessel
movements and control vessel traffic. Since Chittagong Port is located on the winding river, control
stations and towers are necessary more than one.

The control station at Bandar Bhaban plays an essential role in the system and more than ten officials are
working at the VTMS room with close communication with management class of the Marine Department
which is in charge of vessel traffic control.

Each tower except Patenga Point has four cameras which trace vessel movement; while the tower at
Patenga Point has 9 cameras since this tower covers wide area in ocean where incoming vessels are
waiting and some vessels are implementing mid-stream operation.

These five locations are connected by a microwave communication system.
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Figure 2.4-29 VTMS facilities in Chittagong Port

Source: JICA Survey Team

Figure 2.4-30 VTMS in Chittagong Port
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2) Necessary Facilities in Matarbari Port

Matarbari Port is located on the sea while Chittagong Port is on the river; therefore, the number of
facilities is less in Matarbari Port than Chittagong Port. A control station which has a server, monitors,
and communication equipment will be situated in the administrative building, and a tower which has radar,
AIS receiver, VHF and cameras is constructed near the building. The tower can monitor the movement of
vessels within port limit; however, it might necessary to install additional towers when the development
of second stage inaugurates.

L L T ke ;
Control Station -

—Tower '«

n

Source: JICA Survey Team
Figure 2.4-31 Location of VTMS Facilities in Matarbari Port

(2) Lighted Buoys, Lighthouses, and Leading Lights

1) Facilities at Chittagong Port

Within the port limit, installation, management and operation of lighted buoys, lighthouses, and leading
lights are responsibility of CPA. CPA installed 32 lighted buoys, 2 lighthouses, and 6 pairs of leading
lights as navigation aids.

Most of lighted buoys are located around the entrance of port, namely, the mouth of Karnafli River while
some of lighted buoys are situated in the outer anchorage areas where some vessels are waiting and some
vessels are implementing mid-stream operation.

One lighthouse is located at the Patenga Point on the north side of the river mouth; the other is at the
Norman Point on the south coast of the river mouth.

Pairs of leading lights are built at flexion points where vessels need to change direction safely.

These lighted buoys, leading lights are installed in accordance with IALA (the International Association
of Marine Aids to Navigation and Lighthouse Authorities) guidelines and manuals.
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2) Necessary Facilities in Matarbari Port

As the result of discussions with CPA pilots, the Team drafted the locations of lighted buoys and leading
lights which are shown in the following figure.

First of all, the navigation aids are necessary along the channels to the point of approximately 10 km
beyond the area where channel dredging is necessary.

Even though two lighted pillars are installed at the channel entrance of Chittagong Port, two lighted buoys
are recommended at Matarbari Port since the seabed is deep and the possibility of accidents exists.
Outside of the channel entrance, a fairway buoy is necessary. Also, the lighted buoys are not paired in the
vicinity of the channel entrance since some vessels enter and leave from the middle of the channel.
Additionally, AIS is installed every other buoys near the channel entrance in order for vessels to recognize
the direction of the channel even in dense fog or heavy rain.

It is recommended that the interval of the flushing of lighted buoys is the similar to that of Chittagong
Port, namely, one flashing every 3 seconds at general lighted buoys and two flashings every 6 seconds at
the buoys installed at the channel entrance and at turning points.

A pair of leading lights should be installed in the north of turning basin in order for vessels to recognize

the point of flexion.
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Source: JICA Survey Team
Figure 2.4-33 Location of Lighted Buoys, and Leading Lights in Matarbari Port

Although it is desirable to construct lighthouses on the breakwaters, it is impossible because of the type of
structure of the breakwater. Therefore, pillar-type lighted buoys are installed to indicate the entrance of
breakwaters and the flexion point inside the breakwaters.

Moreover, large lighthouses such as the Patenga Point Lighthouse and the Norman Point Lighthouse
might be necessary around Matarbari Port in order for smaller boats and vessels which pass off the coast
to identify their locations. The numbers, the locations, and the sizes should be discussed at a certain time
when the number of vessels has increased especially around outer anchorage.
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(3) Service Boats

1) Facilities at Chittagong Port

At Chittagong Port, CPA own and operate dozens of boats; tugboats and pilot boats are managed by the
Marine Department, security boats are managed by the Security Department, and survey boats are
managed by the Hydrography Department.

a) Tugboat

The following table shows the list of tugboats in Chittagong Port. CPA operates six tugboats which
support berthing/unberthing of vessels, and one or two tugboats are used for one vessel. Tugboats support
vessels from the area near the Navy Compound to the designated quay.

Table 2.4-23 List of Tugboats at Chittagong Port

# Name BHP LxB (m) Draft Year Build Place
1 | Kandari-1 1200x2-2400 34.5x9.5 3.2 2002 Karnafully, BD
2 | Kandari-2 1400x2=2800 38.0x9.8 3.2 1978 Holland

3 | Kandari-7 850x2=1700 25.6x9.0 3.0 2005 Karnafully, BD
4 | Kandari-8 850x2=1700 25.6x9.0 3.0 2006 Karnafully, BD
5 | Kandari-10 1600x2=3200 31.0x10.0 3.75 2001 Holland

6 | Kandari-11 2570x2=5140 33.5x10.0 3.75 2014 WMS, BD

Karnafully: Karnafully Shipping Yard, Near Dhaka
WMS: Western Marine Shipping Yard, Chittagong
Source: JICA Survey Team

The following figure shows a tugboat at Chittagong Port, Kandari-10 with 3,200 BHP, which is pushing a
container vessel in the midst of the river in front of quay to turn the container vessel before berthing.

Source: JICA Survey Team
Figure 2.4-34 Tugboat at Chittagong Port

b) Pilot boat

The following table shows the list of pilot boats in Chittagong Port. CPA operates six pilot boats which
transport pilots from the port to incoming vessels at the pilot station, where pilots ride the vessels which
they navigate. Also, pilot boats transport pilots from the outgoing vessels to the port. A pilot boat carries 6
or 7 pilots at maxim. Since pilot boats navigate not only river but also ocean, the stability is essential.
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Table 2.4-24 List of Pilot Boats

# Name BHP LxB (m) Draft Year Build Place
1 | Dishari-2 750x2=1500 31x6 N/A 2004 Dhaka, BD

2 | Dishari-5 600x2=1200 26x5.6 1.22 1974 Japan

3 | Dishari-6 830x2=1660 31x6 1.70 1989 Khulna, BD
4 | Dishari-7 830x2=1660 31x6 1.70 1989 Khulna, BD
5 | Dishari-8 830x2=1660 30x6 1.70 1989 BSEC, BD

6 | Rakkhi 911x2=1822 30x6.9 2.00 2012 WMS, BD

BSCE: Bangladesh Steel & Engineering Corporation
WMS: Western Marine Shipping Yard, Chittagong
Source: JICA Survey Team

The following figure shows a pilot boat at Chittagong Port, Dishari-6, which is a 31 m long and 6 m wide
boat with 1,660 BHP, which has brought pilots back to the port who completed navigation of cargo
vessels.

Source: JICA Survey
Figure2.4-35 Pilot Boat at Chittagong Port

The following figure shows the location of pilot station, where pilots ride the vessels which they navigate.
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Figure 2.4-36 Location of Pilot Station at Chittagong Port

c) Survey Boats

The following table shows the list of survey boats in Chittagong Port. CPA operates seven survey boats
which conduct surveys within port limit. Jarip-9, 10, 11, and 12 are main survey boats and implement
surveys of whole areas within port limit twice a year, namely before and after monsoon season. Other
than that, specific areas such as easily-to-be-buried areas are monitored more frequently.

These survey boats are used as patrol boats when they are not in charge of survey; namely, in night time
or emergency situations.
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Table 2.4-25 List of Survey Boats

# Name BHP LxB (m) Draft Year Build Place
1 Jalip-6 260x2=520 17.0x5.4 1.6 1999 | Dhaka, BD

2 Jalip-8 255x1=255 15.5x4.8 1.1 2006 | Fischer, BD

3 Jalip-9 600x2=1,200 | 30.5x7.6 2.7 1982 | Narayangang, BD

4 Jalip-10 272x2=544 14.5x4.3 1.3 2014 | Narayangang, BD

5 Jalip-11 600x2=1,200 | 22.0x5.6 1.7 2015 | FMC, BD

6 Jalip-12 230x2=460 16.8x5.5 1.7 1986 | Dhaka, BD

7 Jalip-15 180x1=180 14.0x4.8 1.0 1996 | Dhaka, BD

Dhaka: Dhaka Dock Yard & Engineer, Dhaka

Fischer : Fischer Shipyard Chittagong

Narayangang: Dock Yard & Engineering Works Narayangang
FMC: FMC Dockyard, Chittagong

Source: JICA Survey Team

The following figure shows a survey boat at Chittagong Port, Jalip-11, which is a 22.0 m long and 5.6 m
wide boat with total 1,200 BHP.

Source: JICA Survey Team
Figure 2.4-37 Survey Boat at Chittagong Port

The following table shows the list of survey equipment in Chittagong Port. The Hydrography Department
is in charge of surveys and own necessary equipment such as echo sounders, DGPS (Differential Global
Positioning System), side scan sonars, digital levels, sub bottom profilers, sound velocity profilers, and
acoustic dopplers.
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Table 2.4-26 List of Survey Equipment

Item

Purpose

Remarks

Echo Sounder

Digital depth measurement

Accuracy: +/- 0.1%

DGPS Global positioning Accuracy: 30 cm at kinematic mode
Side Scan Sonar Under water searching Accuracy: 1.5 cm at 900 khz
Digital level Digital leveling Measuring range: 1.6 m ~ 100 m

Sub Bottom Profiler

Sub bottom searching

Penetration: 6 m in coarse sand, 80 m in clay

Sound Velocity Profiler

Aqua SVP profiling

Accuracy: +/- 0.007 m/s

Acoustic Doppler

Acoustic current profiling

Accuracy: +/- 1%

Source: JICA Survey Team

d) Security Boat

The following table shows the list of security boats in Chittagong Port. CPA operates two security boats
which conduct patrol especially river areas with a cooperation with other entities such as the Navy and the

Coast Guard.
Table 2.4-27 List of Security Boats
# Name BHP LxB (m) Draft GT Year | Build Place
1 | Harbor Security-1 | 355x2=710 12x3.5 0.81 6.7 2008 | UK
2 | Harbor Security-2 | 355x2=710 12x3.5 0.81 6.7 2009 | UK

Source: JICA Survey Team

The following figure shows security boats at Chittagong Port.

e) Other Boat

(& 3 .

Source: JICA Survey Team
Figure 2.4-38 Security boats at Chittagong Port

Other than tugboats, pilot boats, security boats, and survey boats, CPA owns several types of boats in the
following table for their port operation.
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Table 2.4-28 List of Other Boats

Category Number Remarks
Mooring Boat 7 Mooring assistance
Water Supply Boat 4 Water supply for cargo vessels
Buoy Lifting Boat 2 Buoy maintenance
Cleaning Boat 2 Clean water surface
Dredger 1 Dredging
Ambulance Boat 1 Emergency purpose

Source: JICA Survey Team

e

Cleaning Boat Ambulance Boat
Source: JICA Survey Team
Figure 2.4-39 Some of Service Boats at Chittagong Port

2) Necessary Facilities in Matarbari Port
a) Tugboat
Matarbari port accommodates 8,000 TEU container vessels and 80,000 DWT coal vessels at maximum.
The Survey Team proposes to install 3 tugboats with 4,000 PS; the tugboat’s bollard pull power (ahead)
is 55 ton. The background of the selection of this type is explained in 2.5.5.

b) Pilot boat

At the Matarbari port, pilot service is to be provided by CPA, and pilots board cargo vessels at the
entrance of the channel which has more than 10 km length. A pilot boat should be installed at Matarbari
port, and the speed of the pilot boat should be faster than the pilot boats at Chittagong Port, which is
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around 15 knots. The detail of the pilot boat is described in 2.5.5.

¢) Survey boat

In the nature characteristics around Matarbari port, the sedimentation is expected in and around the port;
and it is indispensable to implement measurements of the depth of the channel and the basin in order to
maintain safe navigation in a regular manner. In this connection, a survey boat should be deployed in
Matarbari port. The detail of the survey boat is described in 2.5.5.

d) Other boats

Most of service boats are owned and operated by CPA at Chittagong Port, and the same situation is
expected in Matarbari Port.

Regarding to security boats, it is necessary to install a few security boats to Matarbari Port in order for the
Security Department to implement patrols regularly. The survey boat should complement the function of
security boats. The discussion with the Coast Guard and other related entities should be implemented for
effective and efficient implementation of security work.

The necessity of mooring boat should be discussed since the infrastructure of Matarbari Port is better than
that of Chittagong Port, therefore mooring work could be done efficiently from the landside.

The water supply could be implemented from the landside, and the necessity should be discussed in the
next stage.

Buoy lifting boats are not provided by private sector in this country while the frequency of the use of this
boats are not regular. Therefore, the necessity should be discussed carefully with the consideration of the
use of the buoy lifting boats in Chittagong Port.

The necessity of cleaning boat and dredger should be discussed with the consideration.

Ambulance boat might be complemented by other service boats such as pilot boat and survey boat since it
is necessary only in emergency situations.
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24.6  Security Facilities

(1) Security Facilities in Chittagong Port

Ports are essential infrastructure in international trade and cargo transportation while they can be targets
of attacks and smugglings etc. Port security is quite important to implement stable operation and to secure

maritime transportation. In the following sections, security measures at Chittagong Port are reviewed in
order to plan necessary facilities at Matarbari Port.

1) Terminal Fence

The terminal is surrounded by 15 feet high concrete wall with 3 feet high barbed wire, and observation
towers are located in a certain interval along the wall.

Source: JICA Survey Team
Figure 2.4-40 Fences in Chittagong Port

2) Security Camera

More than 100 security cameras are installed in Chittagong Port and the staff of the Security Department
monitors situations inside the port on around the clock basis.

Sourc: JICA Survey Team
Figure 2.4-41 Security Camera in Chittagong Port
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3) Lighting equipment
The height of the illumination tower is approximately 30m.

Source: JICA Survey Team
Figure 2.4-42 Lights in Chittagong Port

4) Gate
Chittagong Port has twelve gates and more than 15,000 people including truck drivers and cargo
handling labors are crossing the gates. Metal detectors and X-ray scanner are under CPA’s control.
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Source: JICA Survey Team
Figure 2.4-43Gate No.4 of Chittagong Port

5) Others

Speakers are installed in various places in the terminal in order to deliver information in emergency
situations. Additionally, CPA is in charge of firefighting in port area with their staff and firefighting
vehicles.

Source: JICA Survey Team
Figure 2.4-44 Fire Station in Chittagong Port
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(2) Necessary Facilities in Matarbari Port

The implementation of security facilities should be complied with the ISPS code. The following table
shows the main features of the code, namely barriers, locks marks, lightings, intrusion detecting device,
and surveillance equipment systems.

Table 2.4-29 Main features of ISPS code

Items Description
1 | Barriers Standard accepted by the contracting government (ISPS Part
B 16.27)
Locks Permanently closed and locked (ISPS Part B 16.17)
Marks Indicating the area is restricted and that unauthorized

presence within the area constitutes a breach of security
(ISPS Part B 16.23)

4 | Lighting Capability to monitor the port and its nearby approaches,
on land and water, at all times (ISPS Part B 16.49)
5 | Intrusion detecting To detect unauthorized access into or movement within
device/ Surveillance restricted center (ISPS Part B 16.27)
equipment systems Alert a control center (ISPS Part B 16.24)

Continuously monitored and recording surveillance
equipment (ISPS Part B 16.28)

Source: JICA Survey Team

Regarding to barriers, the boundary of terminals in other countries are often constructed by fences, and an
example of a port in Japan is presented in the following figure.

Source: City of Yokohama
Figure 2.4-45 Fences around Terminal

However, the Study Team recommends constructing concrete walls which are used in Chittagong Port, in
order to secure the property. Inside of the walls it is necessary to have space with a certain width in order
for security vehicles to patrol regularly.

The existence of devanning area in Chittagong Port makes security weaker since it allows the entrance of
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a lot of worker and vehicles; therefore, it should not be in the terminal in Matarbari Port. Additionally, the
road congestion around port is also problematic from a security perspective.

At the gate, installation of the following equipment should be considered.
Automated barrier poles
Under vehicle detector
Secondary inspection area
Separated entrance and exit for pedestrians
CCTVv
Entry/ Exit management system with databese
RPM (Radiation Port Monitoring)
X-ray Scanner (Must be discussed with custom offices whether it can be shared with both entities.)

Inside the terminal, installation of the following equipment should be considered.
Fire hydrant

Fire Alarm( inside CFS)

Fire distinguisher (Powder Type)

CCTV

PA(Public Announcement)

Security Post

Sign board (Illustration type which can be understandable by people without literary)

In the administration building, installation of the following equipment should be considered.
CCTV control center (with a function of surveillance of fire security

As security purpose, deployment of the following vehicles should be considered.
Security vehicle: 5 or 6 Nos.

Firefighting vehicle: 2 or 3 Nos. (with necessary fire station)

Regarding to human resources necessary staff should be prepared before the commencement of the port
operation with plenty training.
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