deep draft vessels seems to be 4 vessels per high tide.

Neglecting the lock entrance restrictioh, the gueuing model for
determination of the number of berths is as follows.

Queue Size

The average queue length Lg can be calculated by the followinq'formula}

o8 g
[1 el
ST ey P
where

Lq : Average Queue Length

S ; Number of Berths
. A
p : Utitization Factor (pzzaj;)
where 1 : Average Number of Arriving Vessels

g @ Average Number of Serving Vessels

Ps : Propability Berths are Fmpty.
sl a° a®
= 2 17 =
<p" ”{néo Py \S—l)t(s—a)},

|
where a7
17

The average waiting time Wg can be calculated by the fbilowing

formula.

Wgq = La/ 2

The calcuated average Queue length is presented in Appendix 11-1-5.

11-1-2 Planning Premises
{1} Projected Cargo Volume

As started in Chapter 8, the forecast cargo vdlume of'téspectiﬁe.cargo

types is as follows,
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in 1994/95 in
© (@D Liquid Bulk Cargo
x1000Tons
Import POL {Products) a0on
Export POL {Products) 20
Total POL (Products) 990
Import Edible Oil 190
Other Liquid Cargo 30
Grand Total 1,210
@ Dry Bulk Cargo
Import Food Grain 200
Import Fertilizer 20
.Import Raw Matérials for Fertilizer 380
Import Salt 10
Grand Total 510
@ Container Cargo
Grand Total 1,110
in 1994/95 in
x1000TEUs
Loaded Containers 87
" Empty Containers 23
. Total Containers 110
in 1994/95 in
@ Other General Congo
x1000Tons
Import Other General Congo - 1,780
Export Other General Congo 430
Grand Total 2,210

The ‘coal which has been handled at No.

2004/05

®1000Tons
1,945
195
2,140
285
70
2,495

4G0
30
630
10
1,070

2,235

2004 /05
x1000TEUs
175
93
268

2004/05

x1000Tons
2,475
435
2,910

20 coal berth will be handled

at fhe Haldia Dock System.' The focd grains which have been handled at No.

23 bérth will continue to be handled at the Calcutta Dock System.
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{2) Projected Vessel Size
As stated in Appendix 11-1-1, the current vessel size of respective

cargo types is as follows.

M Liguid Bulk Cargo

average Vessel Size = 6,717 GRT
& Dry Bulk Cargo

hverage Vessel Size = 6,917 GRT
@ Container Cargo

Average Vessel Size = 3,786 GRT

@ Other General Cargo
Average Vessel Size = 5,961 GRT

According to the relationship between the :egiétered gfésé tonnage
{GRT) and the dead weight tonnage (DWP) of the'sténdard vessels, the vessel

size can be estimated as follows as stated in Appendix 11-1-6, .

(0 Liguid Bulk Cargo
Length - . Breadth: . E'"i‘ﬁ;;x:‘cimu'n:

overall | _ Draft

6,717 GRT = 10,258 DWT 136.9m 17.9m 7.9m
& bry Bulk Cargo _

6,917 GRT == 10,288 DWT 136.9m . 17.7m . 7.9m
@ Container Cargo

3,786 GRT % 5,560 DWT 110.9m  17.7m 6.3m
@ Other General Cargo

5,961 GRT = 9,361 DWT 133.80  18.2m 7.8m
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‘The present lock restriction for vessels is as follows

Length Width Depth
KPD 157 m 21.9 m 9,15 m
NSD 172 m 24.4 m 9.15 m

So long as there is no improvement of the respective locks, the
vessels which can be accommodated at the Calcutta Dock System will be

limited to within the following dimensions as shown in Appendix 11-1-7,

@ as for XPD lock: (@ Length ©® Wwidth © Maximum
Limitation Limitation Vessel Size
@ Liquid Bulk 16,154 DWT 19,077 DWT 16,154 DWT
Carriers
® Dry Bulk 16,535 18,964 16,535
Carriers
© Comtainer 13,800 11,367 11,367
Vessels
@ General Cargo - 16,034 18,664 16,034
Vessels

@ as for NSD lock:

@ Liguid Bulk 21,852 DWT 26,577 DWT 21,852 DWT
Carriers

® Dry Bulk 22,699 25,896 22,699
Carriers

) Comtainer 17,518 16,280 16,280
" Vessels

@ General Cargo 21,801 27,813 21,801
Vessels

The current cargo size per ship is as follows according to the

Administration Report of CPT,

@ Liquid Bulk Cargo 4,605 tons
~® Dry Bulk Cargo 5,924 tons
® container Cargo . 2,745 tons

@ General Cargo 3,645 tons
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Acconding to CPT's draft iwprovement scheme, the available draft in

the shipping channel is as follows,

() Present 6.8 m

& in 1995 7.4 m
@ in 2005 7.9 m

Thus the present maximum size of vessels which are accessible to in

full load is as follows. ‘The calculation method is  -presented- in Appendix

11-1-8,
DWT ® Length @ Width (@) Full load
overall draft

O Liguid Bulk 5,844 tons 116 m 14,9 m 6.8 m
Carriers :

@ bDry Bulk 5,428 114 14,2 6.8
Carriers

@ Container 7,083 122 19,0 6.8
Vessels

@ General Cargo 5,640 115 15.8 6.8
Vessels

The maximum size of vessels which will be accessible to in full load

in 1995 and 2005 is as follows.

® DWT ® Length (@ Width. (@ Full®load
overall draft

 Liguid Bulk in 1995 8,077 tons 127 m 16,3 m 7.4 m
Carriers in 2005 10,318 137 17.9 7.9
@ Dry Bulk in 1995 7,686 126 16,0 - 7.4
Carriers in 2005 10,060 136 17.6 7.9
@ Container in 1995 9,130 _ 134 20,5 7.4
Vessels in 2005 11,110 145 21,7 7.9
@ General Cargo in 1995 7,743 126 17.3 7.4
7.9

Vessgels in 2005 9,883 136 ig.4

The iocks of KPD and NSD can accomodate all these vessels.

The vessel size is gradually increasing as shown in Appendix 11-1-9,
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aﬁd the full load draft of the average liquid bulk, dry bulk and general
cargo vessels which called at Calcutta in 1986/87 was similar to the
maximum draft which can be accommodated in 200%, When the draft is
improved from 6.8m to 7.9m, the full load draft of the average vessels will
be more than 7.%9m. As statistics regarding the vessel size distribution of
Calcutta Ddck‘System are not available, it is difficult to forecast the
vessel size directly. Then, we suppose the average vessel size will not
changé in the future, and project the parcel size per vessel based on the

effect of increased draft limitations.

(3) Basic_Concepﬁs to Formulate Alternative Master Plans
As stated in Chapter 9, the Calcutta bock System will mainly handle
break bulk cargo and container cargo in thé future, But liguid cargo and
dry bulk cargo will also be handled so long as the present users continue
to use the Calcutta Dock System, We consider that the sites for handling
liguid bulk carge and dry bulk cargo will not be changed, The alternative

Master Plans will mainly consider the container cargo terminal as follows.

{D Conservative Alternative (Trend Case)

@ Rather Radical Alternative (Shifting to Haldia Case)

- 1) Conservative Alternative
This alternative is- to handle all potential container cargoes at the
Calcutta Dock System. That is the total forecast container cargo in

2004/05, 2,235,000 tons or 268,000 TEUs, will be handled at the Calcutta

Dock System,

2) Rather Radical Alternative

This alternative is to restrict the bontainer cargo handling at some
level, such as the capacity of Berth D NSD is estimated as 75,000 TEUs by
CPT. The.cargo volume which was handled at Calcutta Dock System excluding
D NSD was about: 35,000 TEUs in 1986-87. This alternative is to restrict
the container cargo handling at this level. ‘The cargo volume is Just the
séﬁe as the projected container cargo volume in 1994-95, In other words,
this alterhative-is to limit the increase of container cargo at the 1994-95
level,

The forecast container volume in 2004-05 is 268,000 TEUs, Then
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158,000 TEUs would be yransferred to Haldia Dock System, aund only 110,000

TEUs would be handled at Calcutta Dock System,

11-1~3 Alternative Formulation

(1) Liquid Bulk Cargo Berth
Liquid bulk cargo is now handled at 5 berths of BB andg Ne. € berth of

NSD., The characteristics of vessel gsize, productivity, etc. are as

follows,

1) Average vessel size : 6,717 GRT

2) Cargo size per ship : 4,605 tons _

3) Total number of departed vessels : 151 vessels

4) Mean arrival time : 2.41 days

5) Average total time at berth : 2.39 déys

6) Average lost time at berth : 1,11 days

7) Average working time at berth : 1.28 days.

8) Productivity per working time : 4,595 tons/day

9) Productivity per total time at berth : 2,471 tons/day

The forecast cargo volume is 1,180,000 tons in 1994/95 and 2,425,000
tons in 2004/05,
when the available draft is improved from 6.8m to 7.4m and 7,%m in the

future, the parcel size which the average vessel can carry will increase.

As stated in Appendix 1-1-10, the average parcel size is as foliows.

in 1986/87 in 1994/95 in 2004/05
Average Parcel Size

4,605 tons 6,405 tons 7,905 tons

As stated in Appendix 11-1-1 the liquid cargo was handled at BB
jetties and No. C NSD. ' a |

The c¢argo volume handled at No, C NSD.was almdst constant recently.
As stated in Appendix 11-1-2 the pumping capacity @f respective jetties
will change in accordance with the change of ~carge handling. The actual
pumping capacity of No. 3 jetty can work independently“from POL-producﬁ
handling, On the other hand, the actual pumping capacities of No..l,.No,
2, No. 5 and No. B were respectively, 20%, 20%, 23% and 23%. 'So the. actual
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total capacity of No, 1, No., 2, No. 5 and No, 8 was only B06% of the actual
capacity of No.3 jetty. From this result, we assume that one-half of the
cargo volume of vegetable oil and other liquid cargo will be handled at No,
3 berth and. the other half will be handled at 4 jetties ~-- No. 1, No, 2,
No. 5 and No. 8.

In accordance with the above assumption, the allocation of liguid bulk

cargo is as follows,

in 1994/95 in 2004/05
x1000TEUs x1000TEUs

@ at BB (Ne.l, No.Z, NO.S, No.8)
Import 781 1,826
POL products Export 90 195
Sub total 871 2,021
Vegetable oil 110 177

and other liguid cargo

Sub total 281 2,198
® at No.3 BB 110 1717
© at C NSD 119 119
Total 1,180 2,425

As stated in Appendix 11-1-11, by using the present level of
productivity, viz 150 tons/hour, the average waiting time will be

asfollows,

@ at BB (No.l, No.2, No.5, No.8)
In 1994/95% In 2004/05
W 0.0760 2.,9557

@ at No.3 BB
In 1994/95 In 2004/05
Wg 0.6127 1.3982

© at C NSD
In 1994/95 in 2004/05
Wg 0.6989 0.8585
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By using the actual pumping capacity, viz 270 tons/hour, the average

time will be as follows,

@ at BB (No.l, No,2, No,5, Nao,8)
In 1994/95 In 2004/05
Wg 0.0047 - 0.1114

® at No.3 BB
Tn 1994/95 In 2004/05
Wy 0.1708 0.3557

© at C NSD
In 1994/95 In 2004705
wg 0.1928 0.2302

The waiting time at No.l, No.2, No,5 and No.B8 berths BB is too long
compared with the pre-berthing detection time in 1986-87, but by using the
actual pumping capacity, the situation can be improved greatly, In order
net to make liguid bulk carriers wait more than the present 1éve1, the
present pumping capacity mast be utiliéed fully in the futu?e; but it is-
not necessary to construchk additional berths or to increase the pumping
capacity, So the required number of liquid bulk cargo berths will be 1 in

NSD and 5 in BB,

(2) Dry Bulk Cargo Berth
Dry bulk cargo is now handled at No. 23 berth and No. 20 berth of KPDZ
and at various other berths. At No, 8 of KPDl and No. A of NSD, fertilizer
and raw materials for fertilizer are handled. The charécteristics of

vessel size, productivity, etc. are as follows.

1) Average vessel size : 6,917 GRT

2) Cargo size per vessel : 5,924 tons

3) Total Mo, of departed vessels : 66

4) Mean arrival time : 5.53 days

5) Average total time at berth ; 12.71 days
6) Average lost time at berth : 5,04 days

7) Average working time at berth : 7,67 days
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8) Productivity per working time 772 tons/day
9) Productivity per total time at berth 466 tons/day

The forecast cargo volume is 610,000 tons in 19%4/95 and 1,060,000
tons in 2004/05. “The cargoes are fertilizer, and raw wmaterials for

fertilizer, food grain and salt.

As stated in Appendix 11-1-10, the average parcel size is as follows,

in 1986/87 in 1994/95 in 2004/05

" Average Parcel Size
5,924 tons 8,024 tons 9,259 tons

As stated in Appendix 11-1-11, the reguired number of berths and the
average waiting time in accordance with the respective productivities are

as follows.

@ In the case of using the productivity in 1986-87

in 1994/95 in 2004/05
Required No. of Berths 8 il
Average Waiting Time 0.4185 day 0.8958 day
Total Time at Berth 17.2 days 12,9 days

® In the case of using the present productivity per working time at

berths and reducing the lost time at hearth

in 1994/95 in 2004/05
Requiréd No. of Berths 7 10
Average Walting Time 0,4601 day 0.5709 day
Total Time at Bexrth 14.55 days 16,70 days

© 1In the case of using the Indian average productivity per total time

at berth

in 1994/95 in 2004/05
Required No. of Berths 4 5]
Average Waiting Tine 0.5898 day 0.3859 day
Total Time at Bérth 6,98 days 8.05 days
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@ In the case of using the Indian averaga productivity per - working

time at berth and reducing the lost time at berth

in 1994/95 in 2004/05
Required No. of Berth 4 5
Average Waiting Time 0.4289  day 0;9818.day
Total Time at Berth 6.5 days 7.47 days

(3) Container Cargo Berth

Container cargo is now handled at various berths, but mainly at No, D
berth and No. 5 berth of NSD and No. 3 berth of KPDl, The characteristics

of vessel size, productivity, etc. are as follows.

1)} Average vessel size : 3,786 GRT

2) Cargo size per ship : 2,745 tons/ship

3) Total No. of departed vessels : 173

4} Mean arrival time : 2,11 days

5) Average total time at perth : 3,32 days

6) dverage lost time at berth : 0.97 day

7) Average working time at berth : 2,35 Qays ‘ _ _

8) Productivity per working time : 1,168 tons/day'{2,745{—2,35).

9) Productivity per total time at berth : 826.8 tons/day (2,745%3.32)
10) Average weight per loaded export container : 12.8 tons/TEU
11} Average weight per loaded import container : 13,2 tons/TEU
12) Average weight per loaded container : 13.0 tons/TEU
13) Ratio of total import containers to loaded export containers : 1.12
14) Ratio of total import containers to loaded export containers : 1.80
15) Ratio of total containers to total leoaded containers : 1.38

16) Productivity per working time of loaded containers o I
89,2 TEUs/day (1,168--13,0)

17} Productivity per total time at berth of loaded containers
: 63,6 TEUg/day (8,2068-=-13.0)

18) Productivity per working time of total -containers (89.2 x 1.38)
123,1 TEUs/day (5.1 TEUs/hour)

19) Productivity per total time at berth of total: containers (63,6 x 1,38)
87.8 TEUs/day (3.7 TEUs/hour)

20} Ratio of 40 FL containers to total TEUs : 0.318

_ 20Ft 40Pt
21) Productivity per working time (No. of containers) : 84.1 + 19,6 /day
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22) Productivity per total time at berth (No. of containers) :

H

20Ft  40Ft
59,9 + 14.0 /day

_ The forecast cargo volume of the conservative alternative is 2,235,000
tons and the forecast total number of containers is 268,000 TEUs in
2004/05,

The forecast volume of the rather radical alternative is 917,000 tons
and 110,000 TEUs in 2004/05,

In 1994/95, the cargo volume is forecast to be 1,110,000 tons and the
total number of containers is forecast to be 110,000 TEUs.

CPT reported that the maximum number of containers shipped and
discharged.by a particular vessel was 555 TEUs, and the maximum number of
loaded containers shipped by a vessel was 253 TEUs during 1986-87.

The cargo size per ship was 2,745 tons/ship and the average weight per
loaded container was 13.0 tons/TEU, and the ratic of total containers to
total loaded containers was 1,38, then the average number of containers per

vegsel can be calcuated as folows,

average No., of containers = 2,745 / 13.0 x 13,8 = 291 TEUs/ship
per vessel

The proporﬁion of import containers is about 50% of total containers,
then the'average volume of import containers by TEU per vessel is 145
TEUs/vessel and that of export containers by TEU pervessl is also 145
TEUs/vessel.

' The average full load draft of contailner vegsels which called at
Caleutta Port in 1986/87 was 6.6m. This type of vessel is a 300 TEU type
contaiﬁer vessel and can handle 300 TEUs of import containers and 300 TEUs
of export containers. accordingly the average number of containers per
veséel in 1986/87 was less than the carrying capacity of the average size
container vessel.

As the average size of calling container vessels in 1986/87 was
.similar to the presenﬁ available draft, when the draft is improved up to
7.4m in 1995 and up to 7.9m in 2005, the average vessel size calling
Calcutta Port will incréase in accordance with the vessel size as shown in

Appendix .1141"9. But because of the lack of statistics regarding vessel
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it is very difficult to project the Vessel'size

gize distribution,
ad of the

directly, So we project the average parcel size per vessel inste

vessel size.

As stated in Appendix 11-1-10, the average parcel size is as follows,

in 1986/87 in 1994795  in 2004/05
Average Parcel BSize 2,745 tons 3,885 tons 4,835 tons
' 291 TEUS 385 TEUs - 580 TEUSs

As stated in Appendix 11-1-11, the required.number of berths and the
average waiting time in accordance with the respective'productivitiés and

the forescast carge volume are as follows.

@ In the case of using the productivity in 1986/87 for the

conventional alternative

in 1994795 in 2004/05
Required No. of Berths (at least) C4 9 '
Average Waiting Time _ 11.77 days 17.8 days
Productivity per Working Time 5.1 TEUs/hour 5.1 TEUs/hour

at Berth

@© In the case of using the improved productivity for the

conventional alternative

(@ Productivity per Working Time at Berth: 10 TEUs/hour

in 1994/95 in 2004/05
Required No. of Berths ' 4 T |

Average Waiting Tiwe S 00,1255 : £ 0.1736
2 Productivity per Working Time at Berth: 15 TEUs/hour

in 1994795 in.2004/05
Required No. of Berths ' 3 ' . 5.'
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Average Waiting Time 0.1266 0.1962

(3 Productivity per Working Time at Berth: 20 TEUs/hour

in 1994/95 in 2004705
Required No., of Berths 2 4
Averdge Waiting Time 0,3398 0.1936

(©  In the case of using the improved productivity for the rather

radical alternative

@ Productivity per Working Time at Berth: 10 TEUs/hour

in 2004/05
Required No, of Berths 4
Average Waiting Time 0.1860

& pProductivity per Working Time at Berth: 15 TEUs/hour

in 2004/05
Required No. of Berths 3
Average Waiting Time 0,1883

(3 Productivity per Working Time at Berth: 20 TEUs/hour

in 2004/05
Reguired No. of Berths 3
Average Waiting Time 0.06085

{4) General Cargo

General cargo is now handled at various berths. The characteristics

of vessel size, productivity, etc. regarding general cargo are as follows.
1) ‘Average vessel size : 5,961 GRT

2} Cargo'size'per'ship : 3,645 tons/ship
3) Total No, of departed vessels : 509
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4) Mean arrival time : 0.717 day

5) average total time at berth : 10,88 davs

6) Average lost time at berth
7} Average working time at berth

8} Productivity per working time : 584 tons/day

4.64 days
6.24 days

9) Productivity per total time at berth : 335 tons/day

The forecast general cargo volume is as follows.

in -19886/87

Calcutta 1956

Import
Iron, Steel & Machinery
Cement

Other Cargo

Export
iron, Steel & Machinevry
Jute

Tea

Cast Iron Goods

Other Caxgo

Imp. Container
Exp. Container
Break Bulk
Break Bulk

Imp.
Exp.

Total Break Bulk

The parcel size per vessel was 3,045 Lons/vessel .in 1986/87.

1994/95

2210 2910

in 1995 (x 1,000 tons)

{ 2,360)
260
150

1,950

( 960)

65
265
100
125
405

580 .
530

1,780
430

2,210

in 2005

2004/05 (Unit: 1,000 tons)

(x 1,000 tons)

S 3,935)

465
230
3,240
1,210)
80
195
120
245
570

1,460
115

2,475
435

2,910

average vessel size was 5,961 GRT (9,361 DWT), the length ovérall.was

133,8m,

was 7.8m,

and the width was 18.Zm.

The full load draft of this type vessel

From the dimensional limitations of the locks at NSD and KPD, the

maximum size of the vessels which can be accommcdated at NSD and KPD is ‘as

fallows,
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Maximum vessel size.

NSD 21,801 pwr
_ NPD 16,034 Dwr

The proportion of the vessels between 500 DWT and 15,000 DWT to all
the working general cargo vessels around the world is 71%, and that between
500 DWF and 15,000 DWT is 81.2%. The trend of each proportion is as

follows,

age 500 ~ 15,000 DWT 500 ~ 20,000 DWT
0.~ 5 years 58,0% 70.0 %
~10 66.8 76.8

~ 15 76.6 85,1

~ 20 84,1 96,1

~ 25 83.5 91.3

~ 30 ' 83.9 92.%

Then, the proportion of vessels which can be accommodated at NSD and
KPD is gradually decreasing, But there are a lot of vessels which can use
the facilities.

By improving the available draft from 6.8m to 7.4m and 7.9m, the
average vessel size will surely increase, but due to the limitation of the
available statistics regarding average vessel size, it is diificult to
project the average vessel size in 1995 and 2005, Then we suppose the

vessel size will be similar to the size of the vessels which used Calcutta

Port in 1986/87.

AS étated in Appendix 11-1—-10, the average parcel size is as follows.

in 198&/87 in 1994/95 in 2004/05

age Parcel Size
Averag * * 3,645 tons 4,785 tons 5,735 tons

As stated in Appendix 11-1-11, the required number of berths and the

average waiting time are as follows.
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(@ 1In the case of using the productivity in 1986/87

in 1994/95 in 2004/05
Required No. of Berths (at least) 25 _ o2
0.6776 day §.4522 day

Average Waiting Time

® 1In the case of using the Indian average productivity
in 1994795 - - in 2004705

Required No. of Berths : C 18 '.223
0.5972 Gay 0.927) day

Average Waiting Time

© In the case of using the improved Productivity.up to 600
tons/vessel » day : .

in 2004/05

Y

0.6316 day

Regquired No. of Berths

Average Waiting Time

{5) Berths Allotment for Respective Types of Cargo
At present, the number of working berths at NSD, KPDI and KPD2 is 27,

Before considering new berth construction at Calcutta we will EXaminé the
full utilization of existing berth facilities,

The following table shows the relatiénship between the number of -
berths and the lost cost in 2004/05 for the conventional alternative

derived from Appendix 11-1-11,

@ In 2004/05
fa} Dry bulk cargo
{i) Using the Indian average productivity per total time at berth

{1,150 tons/day} .
No., of berths 6 5 4 3
Lost cost (MY) . 42 160 652 - 4,570

(ii) Using the Indian average productivity per working time at berth
and reducing lost time at berth (1,728 toﬁs/da§3 | .
No,., of berths © 5 4 3
Lost cost (MY) 27 107 440 é,581
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® Containexr cargo
(i) Using the productivity of 10 TEUs/hour
No. of berths 7 6 5 4
Lost cost (MY) 52 168 606 4,628
_‘Kii) Using the productivity of 15 TEUs/hour
No, of berths 6 5 4 3
Lost cost (MY} 15 59 242 1,515
(iii) Using the productivity of 20 TEUs/hour
No. of berths 5 4 3
Lost cost (MY) 13 58 295

© General cargo
(i) Using the Indiar average productivity (492 tons/day)
No. of berths 23 . 22 21. 20 19 18 17
Lost cost {(MY) 239 440 813 1,525 2,995 6,567 20,244
(ii) Using the productivity of 600 tons/day
No; of Berths 23 22 21 20 19 18 17 16
Lost cost (MY) 19 39 78 154 300 585 1,i55 2,385

Berth C NSD will handle liquid bulk cargo, SO0 the usable number of
berths will be 26,
.The following table shows the combiration of respective cargo berths

and the total lost cost.

() Container 4 berths

Productivity : 20 TEUs/hour 15 TEUs/hour 10 TEUs/hour
Lost cost (MY): 58 242 4,628
Dry bulk berth  General cargo berth Bokh Total lost cost
No. of -Lost cost No, of Lost cost Lost cost (20TEUs) (1STEUs) (lOTEUs)
berths . (MY) berths (MY) (MY)
6. 27 - 16 - 2,385 2,412 2,470 2,654 7,040
5 107"' 17 1,155 . 1,262 1,320 1,504 5,890
4 440 1B 585 1,025 1,083 1,267 5,653
3 2;5é1 19 : 300 2,881 2,939 3,123 7,509

(in case 11i) {(in case ii)
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® Container 5 berths

20 TEUs/houx 15 TEUs/hour

productivity 10 TEUs/hour

Lost cost (MY): 13 59 606
- ' : Total lost cost

No?rifbuizsiezzgt gi?e;?l Ei;gocgiith LOEEtZOst {20TEUs) (15TEUs} {(l0TEUs)
berths (MY) herths (MY) {MY)

) 27 15 5,518 5,545 5,558 5,604 6,151

5 107 16 2,288 2,495 2,508 2,554 3,101

4 440 17 1,155 1,595 1,608 1,654 : 2,201

3 2,581 i8 585 3,166 3,179 3,225 3,772

{in case 1i) {in case i1}

The althernatives of berth combination are as follows,

In 2004/05 {Conservative Plan}
Container Bexth Dry Bulk Bersh Genexal Cargo Hexth Lost Cast Jue to
vessel waiting
x 1,000 tons x 1,000 tens x 1,000 toas
Cargo Yoluce 2,235 1,070 2,310
{268 x 1,000 TEUs]}
¥o. of Yassal 462 it6 . 507
1,266 D.317 1,389
Ng. of B Prod. W |Ho. of B Prod. [ Ho. of B Prod. W
TEUs fhour day tons/hour days _ tons/hour days ) S
kleernative & 4 20 0.2 4 1,728 4.0 16 . 600 1.2 77 1,083] Long Waiting
Time for Dry
2 4 15 a.8 LY i * 18 " " 1,267 | Buik Carriers
3 4 0 0.2 5 ” @,98 17 " 2.4 1,320) Long Waiting
Time for General
L) 4 15 0.8 5 - - 17 - - 1,904 3 Cargp Carriers
5 5 20 0.2 4 » 4.0 17 * - 1,608 ] Long Waiting
Time
6 5 13 G.6 1 - = 17 " " 1,654
i,

The average waiting time of dry bulk carriers of alternatives 1 and 2
seems to be too long, and the average waiting time of general cargo vessels
of alternatives 3 and 4 seems to be too long. The average waiting time of
both vessels of alternatives 5 and 6 seeﬁs=to be tdo iong, Accordingly, if
it is impossible to increase the productivity of respective berths, it
would be necessary to construct some new berths,

From the calculated results in Appendix 11-1-11, the relationship
between the number of berths and the lost cost in 2ﬁ04/05 for the rather

radical alternative is as follows,

In the case that the number of container herths is 3, the relationship
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between the productivity and the lost cost is as follows,
Cohtainér ¢+ 3 bexrths

20 TEUs/hour

8

productivity 15 TEUs/hour

23

10 TEUs/hour

Lost cost (MY): 122

The combination of respective cargo berths is as follows,

bry bulk berth - General cargo berth Both Toral lost cost
No. of: Lost cost  No. of Lost cost Lost cost (20TEUs) (15TEUs) {10TEUs)
berths (MY} berths {(MY) (MY}
7 7 16 2,388 2,395 2,403 2,418 2,517
6 27 17 1,155 1,182 1,190 1,205 1,304
5 104 18 585 689 097 712 811
4 440 19 300 740 748 763 862
3 2,581 20 i54 2,735 2,743 2,758 2,857
{(in case i1} {(in case ii)
In 2004/05 {Conservative Plan)
Container Berth Dry Bulk Bezth Genzral Cargo Berth Lost Cost due to
. vessel wai,:i,llq
x 1,000 tons % 1,000 tons x 1,000 tons
Cargo Volume 917,351 1,070 2,910
(110 x 1,000 TEUs)
Ho. of Vessel 180 116 50%
2 0.51%8 0.317 1.189
No. of B Prod. Wa Ho. of B brod. wa Ho. of B Prod. Wg
TEUs/hour day tons/fhour day fons/hour day
Algernative 1 3 20 0.06 5 1,728 0,98 18 €00 1.2 697
2 3 i5 0.19 5 - - 18 v - Ny I
3 3 1¢ 0.93 5 0,98 8 " 2.4 81 (3

although the lost cost of alternative 1 is the lowest, a productivity

of 20 TEUs/hour without gantry cranes is not so easy. Then allternative 2

is the best selection.

The berth allottment is summarized as follows.

(1) Container Berth

In 2004/05 10 TEUs/hour

or

15

110 x 103 TEUs 3B + Barge

190 vessels
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() pry Bulk Cargo Berth : ' .
In 2004/05 1,070 x 10° TEUs 5B 1,728 tons/day
116 vessels Persent Indian Average
{per working time at herth
4+ lost time reduction}

3 General Cargo Berth 3 B
In 2004705 2,910 x 10~ TEUs 18B 600 tons/day

507 vessels

@ Liguid Cargo Berth 3
In 2004/05 119 x 107 TEUs 1B 1,924.5 tons/day - : .
15 vessels {per Lotal time at berth)

The berths shall be allotted taking into consideration the present
berth utilization as follows, _

at present, the liguid bulk cargo is haﬁdled at No. C berth of NSD, As
the necessary number of berths is one, No, C berth of NSD will continue to
be used for liguid bulk in 2004/05. _

No, A berth of NSD is now frequently used for dry bulk cargo, so No. A
berth of NSD will be used for dry bulk cargo in 2004/05, And No. 23 of
KPD2 is now alloted to food grains so it will be used for dry bulk cargo in
the future. Other necessary berths, 3 berths in 2004/05, should be
allocated to some parts of existing faCilitiés. In order to provide good
measures to prevent pollution, this types of berths should be contiguous.
On the other hand, the lock dimension of NSD is greater than that of XPD
and the vessel size of dry bulk carriers seems to be greater than -that of
general cargo vessels, Considering this situation, A and B of NSD and 6
and B8 were allocated feor dry bulk carge berths.

For container cargoes, Ho. D berth s“oﬁld be used., The other 2
necessary berths should be located in NSD or KPD2 by considering the
availability of land use, .

In the above examination, we do not consider the possibility of new
berth construction. But if we.do not think about the.poSsibility of a new
container berth, the conservative plan would not bé feasible, If we think
about the construction of 1 berth, some alterhatives bf the conservativé
plan would be feasible as follows,

The berth allottment of this case 4 would be as follesQ
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No, of berths Productivity Wy

-.Container berth 4 (old 3 + new 1) 15 TEUs/hour 0.8 day
-bry bulk berth 5 1,728 tons/day  0.98 day
General cargo berth 18 600 tons/day 1.2 days
Liquid bulk berth 1 1,924.5 tons/day 0,86 day

28

IWT contdiner transport demand is estimated as follows:

{Gnit: TEUs)

~Year Alternative Estimate Dutch Estimate
Conservative 44,7700 -
2004/05 ~ -
. | Rather Radical 62,000 51,600

According to the Dutch Report on IWT, the handling capacity of one

IWT berth {75m long) is as follows,

31,800 TEUs {1 container dquay crane)

76,300 TEUs (2 container gquay crane)

Therefdre, 1 IWT container berth, with 2 guay cranes 1s reguired in

2004-05, The site of the IWT would be at Garden Reach Jetty.
(6) Alternative Formulation
According to the planning premises and the calculated No, of berths,

we formulated the folleowing alternative plans,

1) Alternative Master Plans

Tn 2004/05, we formulate the following Alternative Master Plans.

@ Conservative Alternative 1 {PFig. 10-1-4)

D Liquid Bulk 1B 1,925 tons/day at C of NSD
Cargo
® bpry Bulk Cargo 5B 1,728 tons/day at A, B of NSD

{per working time at berth) and 6, 8 of KpD1
and 23 of KPD1

(® International 48 15 - 20 TEUs/Hour at D of NSD and

Container Cargo 28, 29 of KpPDZ
and 1 New Berth
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@

@

()
@

@

®

@

@

at Gerden Reach

Inland Water ‘1B
way Container Jetty
Cargo
General Cargo 188 600 tons/day ooat other berths
{per working time at berth) .
Conservative Alternative 2 (Fig. 10-1-5)
Liguid Bulk 1B 1,925 tons/day ' at C of NSD
Cargo
bry Bulk 58 1,728 tons/day _ . at.A, B of NSD
Ccargo ' and 6, 8 of KpD1
' and 23 of- KPD2Z
Container 4B 15 - 20 TEUé/Hour _ at' D and 4, 5 of
Cargo NSD and 1: New
' ' Berth '
Inland Water 1B at Garden Reach
Way Container - Jetty
Cargo '
General Cargo i8B 600 tons/day at other berths

Rather Radical Alternative 1 (Fig, 10-1-6) -

This alternative is to restrict the container cérgo handling to the
volume of 110,000 TRUs, The rest of the containers, 158,000 TEUs,
would be transferred to the Haldia Dock System, but a volumé'df
02,000 TEUs containers would have to be carried by barges béck to
the hinterland of the Calcutta Dock Systeh; ‘if the rétrénsfefred
cargo wers handled at the Calcufta Déck System, it would be
necessary Lo prepare a Container Terminal for the Inland Water Way
transport; The site of the Inland Water Way Terminal could not be
inside NSD and KPD according to the abbvg:plan. Then the IWT

terminal would be located at Garden Reach Jetty.

Liquid Bulk 1B 1,925 tons/day : ~at C of NSD

Cargo T : co

Dry Bulk 5B 1,728 tons/day at A, B of NSD

Cargo {per working time at berth}.and &, 8 of KPD1
: and 23 of KpD2

International 3B 10 - 15 TEUs/hour = at D of NSD and

Container Cargo ' 28,29 of KpD2
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@

®

) Rather Radical Alterpative 2 (Fig. 10-1-7)

@

&

¥nland Water
Way Container
Cargo

General Cargo

‘Ligquid Bulk

Cargo

Dry Bulk
Cargo

International
Container Cargo
Inland Water
Way Containex

Cargo

General Cargo

1B

188 600 rons/day

1B 1,925 tons/day

58 1,728 tons/day

iz 10 - 19 TEUs/hour

1lB

188 600 tons/day

— 373~

at Garden Reach
Jetty

at other berths

at C of NSD

at A, B of NSD
and 6, 8 of KpDL
and 23 of XPD2

at b, 5 and 4 of
N&D

at Garden Reach
Jetty

at other berths
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(7) Examination of Lock Entrance Capacity

The'number of sach type of vessel is as follows.

in 1986/87 in 1994/95 in 2004/05

(119-4,605)

@ Liguid bulk carvier (C of NSD) 26 19 15
& Dry Bulk carrier 66 76 116
o . {190)
(3 Cotainer cargo vessel 173 286 462
@)-GEnéral cargo vessel 509 462 507
| (638)

Total 774 843 1,100

The mean arrival time and the average arrival number of vessels are as

follows.
in 1986/87 in 1994/95 in 2004/05
_ ({0.572)
(D) - Mean arrival time {1/ 2} 0,472 0.433 0.332
(1.775}
@ A 2,12 2.31 3,01

The necessary. time to use the lock 1s not certain, so we suppose that
30 minutes would be necessary. And also we suppose the available time to
use the lock would be 2 hours per one high tide. In order to use the

queueing model, we introduce the following situation,

| @ One day is supposed to be 2 hours.
@ vessels are supposed to call at Calcutta during only this period.
3 The average service rate per one day is supposed to be 4,
@) The number of locks is 2.

() beparting vessels are supposed to use another high tide.

. Then the quéueing calculation results are as follows.
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@ in 1986/87
5 p] 1 2 Lo

2 2,14 4 0.2675  0,0412 O,
(1 2.14 4 0.5350 0.6155 0.

@ in 1094/95

5 ] # e Lg
2 2.31 | 0.2888 0.0525 0O,
(1 2.31 4 . 0,575 0,7894 0O,

@ in 2004/05

5 2 # o Lg

2 3.01 4 0,3763  0.,1241 O,
(1 3.01 4 0.7525  2,2879 O,
2 1,75 4 0.2188 - 0,0220 O.
(1 1,75 4 0.4375  0.3403 0.

According to the above examination,

sufficient capacity.

Wq
0193 = 2 minutes

2876)

W
0227 = 3 minutes
3417) '

Wg

0412 = 5 minutes
7601}

026 = 1.5 minutes
1944}

in all cases the locks have

If only one tide is used for entrance and departure, the gueueing

calculation results are as follows.

(' in 1994/95

s 2 £ 8 Lg
2 2.31 2 . 0.5775 0,5779 0,
(1 2.31 21,1550 oo
@ in 2004/05
s A M o Lg
2 3.01 20,7525 1,965 O.
(1 3.01 2 1.505 o
2 1.75 2 0.4375  0.2071 O,
(1 1.75 2 0.8750 6.1250 3,

Wq .
2502 = 15 minutes

Wa

6528
o )
1184
5000)

L1}

39 minutes

n-

7 minutes

In all cases, the locks have sufficient capacity.
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The allottment of berths to NSD and KPP is as follows,

NSD KPD

In 2004/05 LB DB CB BB  Total DB CB BB Total
Alternative 1 1 2 2 5 10 3 2 13 18
' 2 1 2 2 3 10 3 0 15 18
3 1 2 1 5 3 213 18
4 1 2 303 3 0 15 18

In 1994/95
Alternative 1 12 15 9 2 2 14 18
2 1 2 3 3 9 2 0 16 18

We do not introduce different productivities among the berths which
are used for the same kind of cargo, so the number of vessels can be

calcﬁated as follcows,

NSD KPD

In 2004/05 LB DB CB BB Total DB CB BB Total
Alternative 1 15 46 231 141 433 70 231 366 667
2 15 46 462 85 608 70 0 422 492
3 15 46 63 141 265 70 127 366 563
4 15 46 190 B85 336 70 0 422 492

In 1994/95
Alternative 1 19 38 95 122 274 38 191 340 569
2 19 38 286 73 416 38 0 389 427

The mean arrival time and the average arrival number of vessels are as

follows,
NSD KpPD

In 2004/05 Mean arrival time 2 Mean arrival time P

Alternative 1 0.843 1.186 0.547 1.827
2 0.600 1,666 0.742 1,348
3 1,377 0,726 0.648 1.542
4 1,086 0,921 0.742 1.348

Th 1994/95 _

Alternative 1 1.332 0.751 0,041 1.559
2 0.877 1,140 (.855 1.170
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If the service rate # is 4, the queueing calculation of a single lock

would be as follos,

NSD
In 2004/05 2 u o Lg wWg
Alternative 1 1,186 4 0,2965 00,1249 00,1054 = 13 min.
2 1,666 4 0,4165 0,2973 0,1784 = 21
3 0,726 4 0,1815 0,0402 00,0554 = 7
4 0,921 4 0,2303 0.0689 00,0748 = 9
KPD
Alternative 1 1,827 4 0,4568 0.,3841 00,2103 = 25
2 1.348 4 0.3370  0,1713 0,1271 = 15
3 1.542' 4 0,3855 0,2418 00,1568 = 19
4 1.348 4 00,3370 0,1713 00,1271 = 15
NSD
In 1994/95 2 2 [ Lqg Wq
Alternative 1 0,751 4 (,1878 0,0450 0,0599 = 7 min.

2 1,140 4 00,2850 0.1136 00,0997 = 12

KPP

Alternative 1 1.559 4 0.3898 0.2490 0,1597 = 19
1,170 4 0.2985 0,1209 0,i034 = 12

A

In all cases, each lock has a sufficient capacity. In considering
that the lock of MNSD is better than that of EPD, we should think about
using the NSD lock more, so the alternative which concentrates containers

at NSD is better.
{8) Evaluation of alternatives

In 2004/05, we formalated 4 alternative Master Plans,

The merits and demerits of the respective plans are as follows.
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11-1-4 . Cargo Handing System

The purpose of this section is not to plan the cargo handling
equipment for the increased cargo volume to be handled in the target year

‘but to plan mainly the improvement of the cargo handling system at Calcutta

bock System,

{1) General Cargo {except bulk)

The éargo handling'at port has to be considered as a unified system
and not in a piecemeal fashion, and it can not really be divided into
individual stages {(from/to ship, at apron, between apron and storage area
and loading/unloading to/from truck or trailer). The handling at each

~stage is only one step in the total handling system. If we hope maintain
high throughput at the port, the cargo passing through the port must flow
gsmoothly.

Ideally, the cargo handling unit at sach stage should be the same to
maintain a smooth flow.

In general the handling unit at each stage is Lhe same as that handled
by'#hip.gear or guay-side crane, Thus it is necessary to introduce a unit

load system.

1) From/to ship
The best handlinq method is a combination of guay-side cranes, ship

gear and mebile cranes (for smaller ships). However, the existing gquay-

side cranes have three big problens:

a. Too old
b. Too many

¢. Fixed on rails
The reconmendations are as follows,

a. A half (i/2) or a third (1/3) of the existing guay-side cranes
should be disposed of, The remaining cranes should be moved by
power cable to berths where quay-side cranes will be required from

time to time and two or three berths should be covered by three ox

four quay-side cranes.
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b. The necesgsary quay-side cranes should be replaced as necessary,
c¢. Upon increasing the ground load restrictions mobile cranes will

be used,

2} At apron
In general the cargoe handling at apron is carried out manually with
the help of hand trucks at present, . .
After the unit load system is introduced, the manual handlihg at ‘apron
will not be needed becsuse the cargo which will be transported over a long
distance will be loaded directly to track or trailer by ship gear or quay-
side crane or by forklift., However, it 1s negessary to clarify tﬁe

following items before the unit load system is introduced.®

a Labor and system adjustment to accommodate the changes

b To prepare the necessary ground surface condition,

3) Between apron and storage area _
The manual handling for short-distance transport will be eliminated by
introducing the unit load system. The long-distance transportatioh'will

not be changed greatly, and it will be carried out by trucks and trailers,

4} At the open storage yard
There are 20 vard cranes at the open storage vard and the handling is
mostly carried out using these cranes,
The theoretical features of the yard crane handling system at the open

storage yvard are as follows.

a Large stacking height
b Large stacking area

C  Large initial investment -

However, the vyard cranes are not actuallf used in accordance with the
planned system. The crans have limited mobiliﬁy,_and the Staqkiﬁg height
is low, - |

The consultant recommends changing the handling systeﬁ at the some

open storage yard from the yard crane system to the mobile crane system,
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Merits Demerits

Alternative 1 [{D On the back side of container ' @ One new berth must be constructed
berth in KPD2, sufficient land @ Container berths are alleocated
for container yard is available. separately, and the aperation

@ It is easy to convert general control must be divided,.

cargo berths to container berths, | () The location of container berths
at KPD2Z is the most inner side
of KPD2, and container vessels
must pass through 2 bridges and
narrew water ways., o

® The width of the channel in front
of 27~29 KPD is only 100m, but as
the container berths have' compara-
tively high productivity and. the
frequency of berthing becomes
rather high, the width of: the
channel is rather narrow in
comparison with the average vessel
length over all, _

® The proportion of the vessels
which use KPD will be more than
that at N&D, _ o

® Some difficulty of connecting
IWT and the c¢ontainer vessel
terminal is likely.

@ The increase of traffic to the
hinterland is preojected.

Alternative 2 [ (D It is easy to convert general ‘@ Same as 1 of alternative 1.
' cargo berths to container berths, @ Same as 7 of alternative 1.
@ It is easy to conpect the IWT @ The available area for the
with the container vessel container yard is smail,
terminal, @ 1In . order to get a sufficient area
& Operation control is easy for the container yard, the
because container berths are -labour house at the back of the
concentrated in NSD, ) boundary wall must be removed,
Alternative 3 | (@ Effect to decrease traffic load | @ Same as 2 of alternative i.
to hinterland is expected. @ Same as 3 of alternative 1.
@ same as 1 of alternative 1. ® same as 4 of alternative 1,
3 Same as 2 of alternative 1. @ Same as 5 of alternative 1.
® Effective use of existing ® Same as © of alternative 1.
facilities. . : ) :
—
Alterpative 4 { (@ Same as 1 of alternative 3. ® same as 3 of alternative 2.
& Same as 4 of alternative 3. @ same as 4 of alternative 2,
& Same as ] of alternative 2.
@ Same as 2 of alterpative 2.
{8 Same as 3 of alterpative Z,

Taking into consideration the above merits and demerits, alternative 4

seams to be recommendable,
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5) At shed .
Most of the haﬂdling at the shed is carvied out manually,
Thus the stacking height is limited and the handling capacity is
small. The consultant recommend's the use of forklifts for the handling at

the shed.

(2) Corntainers
1) From/To ship
Two different handling systems will be used to and from container
ships: the reoll-on, roll-cff method and the lift-on, lift-off methed.
However, the roll—on, roll-off method will be used only in special
cases.
. The 1lift-on, 1lift-off method will basically be adopted at the port.
The handling from/to ships will use ship gear, and the reasons for this are

as follows,

a Most of the container ships which call at Calcutta bPock System are
1st and/or 2nd generation ships.
b These ships are not so large, and most of them don't have any

special facilities for roll-on, roll-off cargo handling.

'2) At terminal’
There are many handling methods at container terminals including the
transfer crane system (rail, rubber tyred), chassis system, straddle
carrier system, forklift system, front loader system, mobile crane system,

and others,

The most suitable handling system for the terminal will be adopted.

The items to be considered include:

The size and shape of the available container yard.

a

b The estimated cargo volunme.

¢ . Flexibility of the adopted handling system.

d Cost (initial cost, running cost, maintenance cost).

e Operation system and number of operators at the container terminal,

i Others

The consultant recommends the rubber tyred traasfer crane system for
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Calcutta., The reasons are as follows,

The rubber tyred transfer crane system 1s alfeady.used for handling
containers at the partially constructéé container berth. .

The size of the available container vard is limited. _This_handling
system provides qgreat flexibility. The initial inﬁestment is lower than

that of the rail transfer crane system,
11-1-5 Required Scale or Cargo Handling Equipment

The development plan for the cargo handling equipment except. container
handling eguipment is not the equipment” to cope with the forecast increased
cargo volume but rather the equipment to promote the proposed handling

system and to replace the old eguipment.

(13 Equipmeht for general cargo (except builk)
1) Quay-side cranes
No new or replacement equipment is planned, and the old cranes are to

be disposed of.

2} Minor handling equipment
The minor handling eguipment will be expanded to increase the
throughput at berth. However, it will not be increased drastically. The

conditions for this plan are as follows,

a Average service life

Mobile crane 15 years

Fork lift 5 years
b  The rule of replacement

Equipment will be replaced cne year after the average service life.
¢ The minor handling eguipment to be used. in the target vyears

(1994/95, 2004/05) will be increased as follows:

At present  in 1994/95 in 2004705

Fork lift 47 70 (47 x 1,5) 105 (70 x 1.5)
Mobile crane 43 47 (43 » 1.,1) 52 (47 % 1,1)
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'@ ‘The capacity of the minor handling equipment is as follows:

Fork—-1lift
10t 5% of the total number
5t - 25% "
"3t | 70% "

Mobile c¢rane

45t 5% of the total number
30t 20% "
16t 20% "
10t 30% "

6t 25% "

e The handling of logs at apron and in the storage yard will be done
by log loader in principle. However, the existing handling
equipment wili also be used for log handling until it is disposed

of .

(2) Container Eguipment

1) . Number. of containers and berths

19924/95 2004/05
Containers 116,000 TEUs 110,000 TEUs (A1-2)
Berths 3 : 3

2) The required minor handling equipment

Figures in parentheses indicate the values in 2004/05.

a2 Rubber tyred transfer cranes

The required number of rubber tyred transier cranes is usually

calculated by the following exXpression.,

NT = 2N + 1 or 2

NT : Reguired number of rubber tyred transfer cranes

M : Number of guay-side container cranes
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However, the above formula is used for the dguay-side:. crane system
and in this case the containers will be handled by ship gear. Thus,
the cycle time will be slower than it would be using guay-side
cranes., .

On the other hand two (2) quay-side container cranes are usually
provided at one container berth and the containers are handied by 2
gangs in general,

However, in this case the containers Wili be handled by 3 gangs per
kerth scmetimes,

The consultant recommends four (4) rubber Eyred transfer cranes

{including one crane for the land side} per bherth,

b  Chassis
For carriage between ship gear and transfer cranhes
Two chassis will be reguired per gaﬁg and -six {6} ‘chassis will be
reguired per berth,
For C.F.5
The reguired number of chassis for the C.F,5 is usually calculated
- by the number of gangs stuffing and unstﬁffing cargbes. The
containers .which are stuffed/unstuffed within the. port .area are
L.C,L (less than container load) carxgo only and F.C.L. (full
container load) cargo does not pass through the C.F.S in general.
Some F,C.L containers move through the C,F,S at present because of
special local conditions. '
However this practice should be discontinued as it is contrary to
the goal of door-to-door service.
The volume of F.C,L cargo which passes through the C.F.S will be
reduced to zero in 2004/05,
The ratio of containers via the CF8 is assumed to be 50% (20%) in

the target years.,

Number of gangs; Ng

0.5(0.2) x 110,000 (110,000) x 1.3 x 2
350 x 24 x 0.6 -

]

Ny

28.4 (11.3)
29 {123
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Required numbexr. of chassis
Nea = 1.5 Ng-
44 (18)

.t

~Total reguired number of chassis

Nc = 69 {(40) (including 10% spare)

¢ ‘Tractors

Nt = 25 (20} {including 10% spare}
d Pork lifts

For - C.F.S 1.5t
NP = Ng + 1 = 30 (13)
For . cC,F.S 3t
NF* = 16 (7)

.For Empty 5t
NE = 110,006 x 1.3 » 0.2
30,240 (350 x 24 x 0.6 x 6}
=1
. For  General service 45t
Ng = 1

However, some of the handling eguipment will be procured by C,P.T
with A.D,B Funds,

The remaining necessary equipment will be considered in this paper,

(3) Floating cranes (For general and heavy cargo)
The maximum unit load to be handled by quay-side cranes is less than
5t., The catgo_with a packaged load over 5t is shown in Table 11-1-4,

However, most of the cargo with a unit load of less than 10t will be

handled by ship gear,

‘The percentage of the cargo to be handied by floating cranes is

assumed as follows.
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Unit load by ship gear by floating cranes

20

5t ~ 10t 80 % §
10t ~ 20t 40 % 60 %
20t ~ 30t 20 % 80 %
30t ~ 50t 10 s o 90 %
50t ~ 100t 0 100 %
100t over O 100 %

The cycle time of the floating cranes for each unit load is assumed as

fellows.,

Unit load cycle time (hours)

5t ~ 10t 5/60
10t ~ 20t 1/ 6
20t ~ 30t 1/ 3
30t ~ 50t _ 2
50t ~100t .4

100t over _ 8

The required handling hours of the floating cranes is estimated in the

following table.

No. of pieces No. of pieces to Required hours
be handled by F.C

5t ~ 10t 14,556 2,911 _ 243
10t ~ 20t 1,486 891 149
20t ~ 30t 194  ass 52
30t ~ 50t 26 : 24 R 43
50t ~100t 50 50 S 200°

100t  over 34 -V 272

Tolal . S 964
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nmeT_cur:ently has three floating cranes {FC} with a lifting capacity
of 60t (2nos.) and 30t (lno.).

oup of the three FC, one 60t capacity is over aged being 05 years old
and the other two are over 25 years old.

Moreove;,'for loading/unleoading of heavy cargoes over 60t, the Port of
Calcutta has ;b depend on the only 200t capacity canti-lever fixed crane
and great inconvenience 1is caused in case the 200t crane is out of
commission at the_time of actual demand,

Te increase the demand, the overaged FC should be replaced by a
suitable higher capacity FC.

It will be desirable therefore to procure one 60t capacity FC in the
Short~term'?lah period and one 150t capacity FC within the Master Plan

‘period in addition to the 60t FC.

Type of floating crane

There are two kinds of floating crane {self-propulsion and non-

propulsion) and their features are as follows.

Self-propulsion

a. Can work alone
b. Easy to move at narrow space

c. High capital cost

Non-propulsion

a. Low capital cost

b. Reduced operational cost

Moving distance 1s very short except to go to Haidia Dock System where

one exclusives FC will be provided.
~Judging from the above working conditions, one non-propulsion type C
and ohé self-propulsion type FC should be adopted at Calcutta Dock System.

whenever the non-propulsion type FC is required to be moved, it would

be towed by tug boat.
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Table 11--1-6

Unit Weight

5~ 10t

10 ~ 20t

20 ~ 30t

30 ~ 50t

50 ~100t

100

Name of Commodity

Open machines/Parts/vehicles
Cases/Packages/Iron Packages

Coils/Coil strips/Coiled Sheets

Structural members
Steel plate/Sheets/Billets
Skids

Machinery/Parts/Vehicles
Pack cages/Iron/Materials
Coil strips/sheets
Structural menber

Steel plates/sheets

Machinery/Parts/Vehicles
Cases/Packages/Iron Packages
Structural members

Plate

Machinery parts

Machinery & Machinery parts

Machinery parts/Iron packages

Iron packages/cases/Boilers

Profile of Heavy Cargo

Handling at Calcutta

Volume

650pkgs
3,873
6,444
732
8,766
91
14,556

171
450
591
227
47
1,486

31
120
23
20
194

26
50
21

13
34

Weight

3,096t

24,360

- 43,408
5,046
15,210
483
91,603

12,051

9,035 -

6,767
3,401
599
21,853

876
3,198

535 .

780
5,389

917
3,437
2,385

1,879
4,262

127,461

(4) The crane for container handling from/to container barge

1} In 1995

Rémarks

(6.3)

{(14.5)

(27.8)
(35)

{(68.7)

(125.4)

The floating crane (self-propulsion swing type, 60t) in item (3) will

be used temporarily for container handling from/to container barge,

2) In 2005

Two (2) guay=-side container cranes for container barge should be

prepared.
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11~1-6" Required-Scale of Gtorage Facilities

(1} Classification of Cargoes by Storage Facility Type
The c¢lassification by storage facility type was made by CPT in 1987/88
as snown in Appendix 11-1-12,

From this analysis, the following findings become clear,

1) Import Cargoes '
@)Import carqoes are classified into the following four items,
{a) Cargoes Whiéh use transitsheds
{b) Cargoes which use open-storage yards
'-(c).Cérgoes which use transitsheds and/or open-storage yards

{d) Cargoes which are directly transferred to outside of the wharves

2 Major commodities of the above-items are as follows,
{a) Cement, Sugar, Foodgrains
(b) iron and Steel, Machinery, Fertilizer/Rew Materials
{c)} Chemicals, Others

(d) Salt, 0il

@ The cargo volume of the respective classified items is as follows.

Item Cargo Volume % Note

{a) 404,034 tons 12 S : Shed

(bl 771,871 23 Y : Yard

{c} i,173,604 s SY: Shed Yard
{d) 1,006,870 30 | NA: Hot App.
Toral 3,356,439 100 1

@) The volume of the break bulk cargoes handled in 1987/88 was 2,115,000
tons (218,000 + 1,897,000 tons).

& Among the commodities which belong to items (a) to (c], the
commodities which are not break bulk are as follows,
@ Foodgrains, O Fertili=er, {© Raw Materials for Fertilizer

{salt belongs to the commodities of item (d))
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® Excluding the volume of commodities @ to © frown thae cargo vo%umes

which beleng to items (a) to (c¢), the volume of the break bulk cargo

classified to items {a) to (¢) is so follows.

Ttem Cargo Volume %

(a) 360,748 tons 18.5

(b} 434,52i . .22.3

{c) 1,154,950 59,2
[ wotal | 1,950,219 100.0 |

@) 1f we assume that half of the item (c} cargoes belong to item (a) and
the item (b) respectively, the.share of the break bulk cargoes which

belong to items {a) and (b) becomes as follows.

Ttem s Cargo VYolume
{a) © 48,1 938,223 tons
{b) 51.9 1,011,996

Total 100.0 1,950,219

@ On the other hand, by the analysis of containerized cargoes,, it
becomes clear that 70 % of the import containerized cargos belong to

item (aj.

@ Then the actual classification of the import break bulk cargoes in

1987/88 is estimated as follows,

ﬁﬁtal break bulk Containerized Actual break bulk
Itenm CaArgoes cargoes
Share - Volume Cargo Volume Volume Share
S

% ¥ 1,000tons % 1,000tons x 1,000tons % -
Total Volume | 100.0 2,115 28,0 1,897.0 100,0
{a) Shed 48,1 1,017,3 152.6 864,7 [ 35,6
(b) Yard 51,9 1,097,7 65.4 1,032.3 54,4

L L

i 1 we assume that the classification pattern does not change 'in the

future, the break bulk cargeo volume which will'use the transhitsheds
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and the opeén storage. yards respectively can be calculated by the

following formulae.

it

Ws 0,481 x W
Wy = 0.519 x
Ws' = 0,7 x. W'
-Wy‘-? 0.3 = w'
Vs = Ws — Ws'
vy = Wy - Wy'!
where
W : Total break bulk cargo volume at the target year
W! : Total containerized cargo volume at the target year

Ws : Break bulk cargo volume which can use transitsheds

Wy

.

Break bulk cargo volume which can use open-storage yards

Ws' : Containerized break bulk cargo volume which can use |
transhit#heds as break bulk cargoes

Wy' Containeri;ed.break bulk cargo volume which can use

open—storage yards as break bulk cargoes

Vs : Forecast break bulk cargo volume which actually use
transhitsheds at the target year
Vy : Forecast break bulk cargo volume which actually uses

open-storage yards at the target year

i) The forecast volume (W) of import break bulk cargoes in 1994/95 is

2,360,000 tons.,

@ The forecast volume (W') of import container cargoes in 1994/95 is

580,000 tons.

@3 Then, the respective break bulk cargoes can be calculated as follows,

Ws = 1,135,160 tons
Wy = 1,224,840 tons
Ws' = 406,000 tons
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Wwy'! = 174,000 tons:
Vs = 729,160 tons
vy = 1,050,840 tons

dd The forecast volume (W) of import break bulk cargoes in. 2004/05 is
3,935,000 tons, but this volume is obtained in accordance with
268,000 TEUs of containers, sé the volume of import break bulk
cargoes in accordance with 110,000 TEUs of contdiners must be changed
as follows.

The wvolume of break bulk cargoes in accordance with 268,000 TEUs is
1,460,000 tons. So the volume of break bulk cargoes in accordance
with 110,000 TEU is as follows.

110,000

———'—— = 599,000%°"%
268,000

w! = 1,460,0005905

The total break bulk cargo volume accordingly can be calculated as
follows,

W = 3,935,000%°7S - 1,460,000%°"% 1 599,000%°"S = 3,074,000"°08

@5 Then, the respective break bulk cargoes can be calculated as follows.,

Ws = 1,478,594 tons
Wy = 1,595,406 tons
Ws' = 419,300 tons
Wy' = 179,700 tons
Vs = 1,059,294 tons
vy = 1,415,706 tons

2) Export Cargoes

(1) Export cargoes are classified into the following four items
{a) Cargoes which use transitsheds '
{(b) Cargoes which use dpeﬁfstorage vards _
(c) Cargoes which use transitsheds and/br.opén—étorage Qardé

{d) Cargoes which are directly transferred to outside of the wharves
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@ Major commodities of the above-items are as follows.
| {a) Miba, Tea
{b) Iron and Steel, Machinery
{c) Others ..
(@) Jute/Jute Products, Oil

.® The cargo volume of the respective classified items is as follows,

Item Cargo Volume % Note
la) 252,666 tons 33.3 5 : Shed
(53] 59,418 2.8 Y : Yard
{c) 92,798 12,3 SY: Shed Yard
(d) 352,534 46,6 NA: Not App.
Total . 757,416 100,0

@ The volume of the break bulk cargoes handled in 1987/88 was 795,000
tons (269,000 + 526,000 tons}.

C)Among'the_commodities which belong to items {(a) to {c}, the

commodity which is not break bulk is as follows,

@ Coal

® Excluding the volume of ccal from the cargo velume which belongs to
items (a) to (c), the volume of the break bulk cargo classified to

items {a) to (¢) is so follows,

Item Cargo Voiume %
.(a) 252,666 tons 63.7
{b) 50,931 12.8
{c}) 92,798 23.5

Total ] 369,395 100.0

(D If we assume that half of the item (=) cargoes belong to item (a) and
the item (b} respectively, the share of the break bulk cargoes which

belongs to items (a} and (b) becomes as follows,
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Item % Cargo Volume
(a) 75.4 299,065 tons
{b) 24.6 97,330

Total 100,0 396, 395

® The jute and jute products belong to_itém:(d),'80 we'must exclude the

cargo volume of the jute and jute products 276,000 tons, from the

total volume of the break bulk cargoves as follows,

@ on the other hand, by the analysis df containérized cargoes, 1t

_becomes clear that 90 % of the export containerized cargos excluding

containerized jute and jute pfoducts-belong to item (a).

i

1987/88 is estimated as follows.

Then the actual classification - of the eprrt break bulk

cargoes in

Actual break bulk

Total break bulk fontainerized
Etem Cargoes Ccargoes )
Share - Volame Cargo Yolume ‘Yolume .-} Share
% x 1,000tons x 1,000tons % 1,000tens’ . %
Total Volume | 100,0 519 205,0 314,0 100.0
{a} Shed 75,4 391.3 184.5 206.8 65,9
(b} Yard 24.6 127,7 20,5 107,32 34,1

If we assume that the classification pattern does not change in the

future, the break bulk cargo volume which will.use thé transhitsheds

and the open storage yards réspectively will be calculated by the

following
w o=
Ws =
Wy =
W'o=
Ws' =
Wwy' =
Vs =

Vy =

formulae, '
Wi - W2
0.754 W
0,246 W
Wil~ wa!
0.9 W'

0.1 w!

Ws - Wg!

Wy ~ Wy!
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where

Total break bulk carge volume at the target year

Wi oz
Wy, : Total cargo volume of jute and jute products at the
‘tafget year
W :'Total break bulk cargo volume excluding jute and
jute products
- Ws  : Break bulk cargo volume which can use transitsheds
Wy Bfeak bulk cargo velume which can use open—-storage yards

“ W' i Total containerized cargo volume at the target year
W2?! : Containerized jute and jute products volume

W' Total containerized cargo volume excluding jute and

e

jute products

Ws' Containerized break bulk cargo volume which can use

.

transhitsheds as break bulk cargoes

Wy' ConﬁainériZed break bulk cargo volume which can use
open-storage yards as break bulk cargoes

Vs : Forecast break hulk cargo volume which actually use
transhitsheds at the target year

Vy : Forecast break bulk cargo volume which actually uses

open-storage yards at the target year

. The forecast volume (W1) of export break bulk cargoes in 1994/95 is

960,000 tons (530,000 tens + 430,000 tons).

The forecast volume (W2) of ijute and jute products in 1994/95 is

© 276,000 tons,

The forecast volume. (Wi') of export containerized cargoes in 1994/95

is 530,000 tons.

The forecast volume (W2') of containerized jute and jute products in

1994/9%5 is 135,000,

! Theh,.the respective'break bulk cargoes can be calculated as follows,

W

684,000 tons
515,736 tons

i

Ws

Wy - 168,264 tons
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W' o= 395,000 tons

Ws' = 355,500 tons
Wy! = 39,500 tons
Vs = 160,236 tons
Vy = 128,764 tons

i The forecast volume Wi of export break:bulk cargoeé in- 2004705 is
1,220,000 tons (775,000 tons + 435,000 tons). '
But this volume is in accordance withizﬁa,OOO.TEUs of containers,
The contailnerized break bulk Caréo volume'in.accordance_with_110;000
TEUs of containers must be changed as folilows,

110,006

Wit = 775,000tonS H e = 318;000t0ﬁ5
. 268,000. - _

The total break bulk cargo volume, acéordingly Can'be_cglculated as
follows.

Wi = 318,000°0% 4+ 453,000%°"S = 753,000t0NS

& The containerized jute and jute products Qoiume W2f_is 125,000 tons
in accordance with 268,000 TEUs of containers in 2004/0%, '
Then the containeried jute and jute products volume-in accordance
with 110,000 PEUs of containers must be Chénged ags follows,

110,000 o
Wa' = 125,0008005 y 20ITo o 51, gootons

The total jute and jute products volume Wz is obtained from the
following formula,

Wy = 51,000%°0S + 19500097 - 125,0008978 = 121,000t0NS

i

3 Then, the :espective break bulk cargoes can be caléulated as follows,

W = 632,000 tons
Ws = 476,528 tons
Wy = 155,472 tons
W' = 267,000 tons
Wst = 240,300 téns
Wy!' = 26,700 tons
Vg = 236,228 tons
Yy = 128,772 ions
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VQQ:ACcofdingly,.the.dlassification of cargoes by storage facilities can

be summed'up as follows,

(at Presetn)

x 1,000 tons

* Shed Use Yard Use Container
Import 864,77 1,032.3 218.0
Export 3314.0 206.8 205,0
Total 1,178,7  1,239.1 423,0
{in _1994/95) x 1,000 tons
7 N SQEd Use Yard Use Container
Import 7729.2 1,050.8 580.0
Export 160,2 128,8 530.0
Total 889,4 1,179.6 1,110,0
(in 2004/05) x 1,000 tons
Shed Use Yard Use Container
Import 1,059.3 1,415,7 599.,0
Export 236,2 128.8 318,0
Total 1,295,5 1,544,5 917.,0

(2) Allocation of Cargoes by Storage Facilitiy Type to Districts of Ports
) The berth allocation at the target year is as follows,

(in 1994/95%) Alternative-2

District Liguid Cargo Dry Bulk Container Break Bulk
' . Cargo Cargo Cargo
MSD | 1 2 3 3
KPD1 ' 1 9
Kpp2 1 7
Total 1 4 3 19

(in 2004/05) Alternative—4

District Liquid Cargo Dry Bulk Container Break Bulk
Cargo Cargo Carge
" NSD i 2 3 3
KpDL ' 2 8
KpD2 1 7
Total 1 5 3 18
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@ aAccording to the berth "allocation of each district; .the volume of

break bulk cargoes is allocated as follows.

{in 1994/99%)
@ NSD: : tons - © tons
Shed Use Cargo Volume = 889,400  x ——= 140,432

Import = 729,000 xi——= 115,105

Export = 160,200 x-——-= 25,295

Sl

Yard Use Cargo Volume = 1,1779,600' x—— = 186,253

Import 21,050,800 x——= 165,916

Bxport = 128,800 x-—= 20,337

B KPPL:

Shed Use Cargoc Volume = 889,400  x - = 421,295
Impor't. = 729,000 % —-= 345,31(_3.
Export = isb,zoo x————= 75,884
Yard Use Cargo Volume = 1,179,600 '.;; —~— = 558,758

Import = 1,050,800 x——= 497,747

th

Export = 128,800  x—— 61,011

D' wWestside of XpD]

Shed Use Cargo Volume = 374,484 X Hé—*: 187,242
Inport = 307,032 b4 ~—~é~ =153,516
4 -
Export = 67,452 «x ——5— = 33,726
: ' ¥
Yard Use Cargo Volume = 496,674 x——év= 248,337
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Import = 442,442
Export = 54,232
®" Bastside of KpD1
Shed Qse Cargo ?olume = 374,484
Import = 307,032
, Export = 07,452
Yard Use Cargo Volume = 496,674
Import = 442,442
Bxport = 54,232
{C} KPD2:
Shgd Use Cargo Volume = 889, 400
Import = 729,000
Export = 160,200
Yard Use. Cargo Volume = 1,179,600
Import = 1,050,800
Export = 128,800
(in 2004/05)
@ NSD:.
Shed Use Cargo Volume = 1,295,500
Tmport = 1,059,300
“Export = 236,200

Yard Use Cafgo Volume = 1,544,500

415

E
it

r

¥ o =

® — =

K ——— =

18

X—=

221,221

27,116

234,052

191,895

42,157

310,421

276,526

33,895

327,674

268,653

59,021

434,589

387,137

47,452

215,917

176,550

39,367

257,417



@ KPDL:

Shed Use

Yard Use

O westside

Shed Use

Yard lsge

Westside

Shed Use

Import

Export

Cargo Volume =

Import
Egport
Cargo Volume
Import

Export
of XprD1

Cargo Volume

Import

Export

Cargo Volume
import

Export
of KPD1

Cargo Volume

- Import

Yard Use

Export

Cargo Volume

Import

= 1,415,700

Lt

128,800

it

1’0591300

Nl

236,200

1,544,500

18

1:415,700

"

128,800

W

503,806

il

91,856

)

600,639

Il

550,550

= 50,089

1l

503,806

= 91,856

I

550, 550
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1,296,500

411,950

411,950 -

600,639,

% P x 3

]

e sfe e Sle ﬂlh’_*l“

o slo sl <la e

o

h]

235,950 .

21,467
595,778
470,800

104,978

686,444

629,200

57,244

215,917

176,550
39,367
257,417

235,950

. 21,467

359,861
294,250

65,611

429,028

393,250



5
Export 50,089 X —";'—= 35,778

1 ©'xpb2:

i

. T 7
.- Shed Use Cargo Volume 1,295,500 x-zaﬂz 503,806

- 7
Import 1,059,300  x —— = 411,950

_ - 7
Export 236,200 x—l§—= 91,856

Yard Use,Cargo Volume 1,544,500 X -I;S— = 600,639

7
_ Import = 1,415,700 XT8—= 550,550
o 7
- Export = 128,800 x—1§= 50,089

(3) Calculation Methodology of Required Area

(O The req’uifed area of transhitshéds and of)eh storage yards can be
calculated 'by the following'.fo'rmula.
A= N x C-
Rxwixao
where °
A: Required a’reé_ of transitsheds
N: Cargo volume which use transitsheds
C: Peak rate
R': Average numb_ej; of usage of transhitsheds per vear
365
da

© where da: Average dwell time
w: Unit cargo weight per m2

¢: Available area rate

@) usually the following values are used to calcuate the above required

. area,
¢ = 1.3 -
a= Q.6 for traﬁsitsheds
0.7 for open storage yards
W= 1.3 o .
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(& The average dwell time of import break bulk cargoes was 15 da?s and

that of export break bulk cargoes was 9 days,

S0 the average numbers

of usage of import and export break bulk cargoes are as follows.

If

R = 24,3 for import break bulk cargoes

40,6 for expori_break bulk cargoes
(4) Calculation of Required Area

(D As for the total volume of cargoes, the

calculated as follows,

{in 1994/95)
Area for transitsheds _
729,200 x 1.3 160,000 x 1.3

As = + =
24.3 x 1,3 x 0.6 40,6 x 1.3 z 0.6

Area for open storage yards

e - 1,050,800 x 1,3 128,800 x 1,3 _
® T 4.3 x%x1.3 % 0.7 40.6 x 1.3 x 0.7

{in 2004/05)
Area for transitsheds
1,059,300 x 1.3 236,200 x 1,3

Ags = + - =
24,3 » 1,3 x 0,6 40,6 x 1.3 x 0,6

Area for open storage yaxds

a 1,415,700 x 1.3 . 128,800 % 1,3
5 = - =
24,3 x 1.3 x 0,7 40.6 x 1,3 x 0,7

@ as for the respective districts, the reguired

as follows,

(in 1994/95)
@ NSD district
Area for transitsheds

115,105 x 1.3 N 25,295 x 1.3.
24,3 x 1,3 x 0,6 40,6 x 1,3 x 0.6

hs =

I

Area for open stofage yards _
_ 165,916 x 1.3 - 20,337 x 1.3
24,3 x 1,3 x 0,7 40.6 x 1.3 z 0.7

~ 418~

required area can be

50,014+6,576

61,7175+4,532

72,65449, 696

83,169+4,532

areas can be

7,895+1,038

9,754+ 716

56, 590m2

]

= 66,307m°

it

82,350m

= 87,7012

calculated

I

8,933m

i

10, 470m?



® xpD1 district
Area for transitsheds

345,316 x 1,3

75,884 » 1.3

hs = —
24,3 x 1.3 = 0.6

Ayea for open'storage

497,747 x 1.3

+
40,6 % 1.3 x 0.6
yvards

61,011 x 1.3

Ag =
24,3 x 1.3 x 0.7

D' westside of KPDI
" Area for transitsheds

153,516 x 1,3

+
40,6 x 1,3 x 0.7

33,726 x 1,3

As =
] 24,3 % 1.3 % Q.6

Area for open storage

221,221 x 1.3

1
40.6 x 1.3 x 0.6
yards
27,116 x 1.3

Ag =
24,3 x 1,3 x 0.7

- (" Eastside of KPDL
Area For transitsheds

191,895 x 1,3

-+
40,6 x 1,3 x 0.7

42,157 x 1.3

As =
24,3 x 1,3 x 0.6

Area for open storage

276,526 x 1.3

+
40,6 x 1.3 x 0,06
yérds
33,895 x 1.3

24,3 x 1.3 x 0,7
{© KPD2 district
Aiea for transiitsheds

268,653 x 1.3

+
40,6 x 1,3 x 0,7

59,021 x 1.3

24,3 x 1,3 x 0,6
Area for open storage

387,137 x 1.3

+
40,6 x 1.3 x 0.6
yérds

47,452 x 1.3

24,3 x 1.3 x 0,7

{(in 2004/05)
@ wsD district
Area for transitsheds

176,550 x 1.3

./}.
40,6 x 1,3 x 0,7

39,367 x 1.3

As =
24,3 % 1.3 x 0,6

Area for open storage

235,950 x 1.3

+
40,6 x 1,3 x 0,6

yards

21,467 x 1,3

24,3 x 1.3 x 0.7

4
40,6 x 1.3 x 0,7
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23,684+3,115

29,262+2,147

10,529+1,384

13,005+ 954

13,162+1,731

16,257+1,193

18,426+2,423

25,285+1,670

12,109+1,616

13,871+ 755

1§

N

1§

26,79%m

31,40%m

11,914m

13,959m

14,893m

17,450m

2

2

2

2

2

20,849m°

26,955m

13,725m

14,626m

2

2



@ ¥kprDl district
Area for transitsheds

470,800 x 1,3 104,978 x 1.3
24,3 x 1,3 x 0.6 40,6 x 1,3 x 0.6

-l

As =

Arvea for open storage yards
__ 629,200 x 1.3 57,244 x 1.3
B T OA3 x 1.3 x 0.7 40.6 x 1.3 x 0.7

It

®' westside of KpD1
Area for transitsheds

_ 176,550 x 1,3~ 39,367 x 1.3
24.3 x 1,3 x 0,6 40,6 x 1,3 % 0.6

i

As

Area for copen stdra@e yards
235,950 x 1.3 . 21,467 x 1.3
24,3 x 1,3 x 0.7 40,6 x 1.3 x 0,7

As =

-y

®" Eastside of KPD1
Area for transitsheds

294,250 x 1,3 65,611 x 1.3
24,3 x 1.3 x 0.6 40,6 x 1.3 x 0.6

[

As =

Area for open storage yards

393,250 % 1.3 N - 35,778 % 1,3
24,3 x 1,3 x 0,7 40.6 x 1,3 x0,7

i

As =

(© KPD2 district
Area for transitsheds

411,950 x 1.3 . 91,856 x 1.3
24.3 x 1.3 x 0.6 40,6 x 1,3 x 0,6

i

Ag =

Area for open storage yards _
550,550 x 1,3 . 50,089 x 1,3
24.3 x 1.3 x 0.7 40,6 x 1.3 x 0.7

It

"As =

@ The calculated requiring area is sumwed up on
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32,291+4,309 = 36,600m?

36,990+2,014 = 39,004m?

2

12,109+1,616 = 13,725m
13,871+ 755 = 14,627m°
20,182+2,693 = 22,875m>
23,119+1,259 = 24,378m°
28,254+3,771 = 32,025m°
32,366+1,762 = 34;128m°

the following table.1



(unit: m2)

Distri§§ Sheds Yards 1btaiﬂﬁ
NsD 8,933 | 10,470 | 19,403
KPDl 26,799 | 31,409 | 58,208
1094795 | ‘westside | 11,914 | 13,959 25,873
Bastside | 14,893 | 17,4501 32,343
KPD2 20,849 | 26,9%5] 47,804
Total 56,589 | 73,486 | 130,075
' NSD 13,725 | 14,626 28,351 |
KPDY 36,600 1 39,004} 75,604
2004/05 } . Westside | 13,725 1 14,629| 28,354
' Eastside 22,875 | 24,378 | 47,253
XPD2 32,025 | 34,128] 66,153
Total §2,346 | @7,758] 170,104

(5) Improvement Plan of Reépective_Districts

1) KPD2 District

(D The required storage area on the east side of KPD2 is as follows.

Sheds
Yards

Total
{2) The existing
At the back

At the back

At the back

()‘The éxistiﬁg

At the back
" At the_back
. At the back

in 1994795 in 2004705
20,849m% 32,025m°
26,955m° 34,3 28m°
47,804m2 66,153m°

shed area is as follows.

side
side

side

open

side
‘side

‘side

of berths 22 and 23
of berths 24, 25 and

‘of berths 27, 28 and

Pie Shed

Total

storage yard area is

of berths 22 and 23

of berths 24, 25 and
‘of berths 27, 28 and

Total

—421-

Total Area

17,838m2

26 26,871lm?
29 21,738m°
5,537m2
71,984m>

as follows,
 Yard Area
2,808m?
26 6,550m2
29 11,193m°

20, 543m2

Ground Floor
8,919m2
13,435, 50°
10, B69m2
5,53 7Tme

38,760, 5m°



@)The existing total ground area used for storage space is as folldws.

38,760,5m% + 20,543m% = 59,303.5m°

& The existing total ground area which is used for storage SPace is
more than the total required area in 1994/95, but' is less than the

total reguired area in 2004/05,

(&) In order to handle cargoes by machines, it is convenient to use only
the first floor, and the apron width at berths 22 to 26 must be

expanded.

(D The existing yard avea is 20,453m2 and the required yard area is

26,955m2 in 1994/95 and 34,128m°

in 2004/05, 8o the open storage
area must be expanded by the following amount. '

in 1994/95 26,955 - 20,543 6,412m2

)

13, 585m°

It

in 2004/05 34,128 - 20,543

2

® The existing shed area on the ground floor is 38,760,5m“ and the

required shed area is 20,849m2 in 1994/95 and 34,128m2_in 2004705,

S0 it is possible.to demolish the following $hed areas.
in 1924/95 38,760.5 - 20,849 = 17,911;5m2

in 2004/05 38,760.5 - 34,128 = 4,632,50°

(§) 1t will be impossible to proVide the required yard area by converting

sheds to vards in 2004/05,

A} So, we propose the expansion of the present dock area as shown on the
following figure in 2004/05,. In order to expand these parts it is

necessary to demolish the reSidential buildings.

@ 1n 1994/95, it is not necessary to expand thg_doék_aféa by
demolishing the residential bui}dings;' If we_cohvert_ﬁhe pie shed to
an open storaqge yard, the applicable ground area will'belaé follows
in 1994/95. | |

Shed area S Total Area Grdund Floor
At the back side of berths 22 and 23 17,838m° 8,919m>2
At the back side of berths 24, 25 and 26  26,871m?  13,435,5m%

At the back side of berths 27, 28 and 29  21,738m° 10,869m°

2 2

Total 66,447m 33,223.5n
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'QZ'The open storage yard area will be as follows in 1994/95,

. _ Yard Area

At the back side of berths 22 and 23 2,808m2
At the back side of berths 24, 25 and 26  6,550m°
At the back side of berths 27, 28 and 29  11,193m?
Converted vyard area 5,537m2

26, 080m%

i3 The reguired yard area in 1994/95 will be 26,955m2 and the applicable

@

2 2

area will be 26,080m”°, éccordinqu it will be short of 875m° in
1994795, © But this amount of ground may be obtainable at the south

side of the pie shed,

In 2004/05, the dock area should be expanded and the road system
shall be rearranged as shown in Fig., 11-1-6.

The west side of No. 22, 23, 24, 25 and 26 sheds shall be demolished
in order to obtain 25m apron width., And at the east side of these

sheds, cover shall be constructed to obtain the required shed area.

By the above measures, the shed area and the cpen-storage area shall

be as follows in 2004/05.

Shed Area Yard
At the back side of berths 22 and 23 9, 44212 1,400m?
At the back side of berths 24, 25 and 26  14,218m° 6,700m"
- At the back side of berths 27, 28 and 29 10,869m2 27,600m2
Total 34,52%m%  35,700m°

Then the required area of respective facilities will be obtained.
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2} KPD1l East Side District

D) The required area at the east side of KpPDl is as follows,

in 1994/95 in 2004705
Sheds 14,893m? 22,8751
vards 17, 450m% 24,378m°
Total 32, 343m? 47,253

(2 The existing storage facilities are as follows.

Area
Pransitshed 1 :  3,345m° Open vard 1 :  1,830m?
n 5/7 :  6,68%m° n 3 911m?
o 9 :  3,345m° . 3,344m°
u 11 : 3,344m° " 5/7 :  1,560m°
" A :  6,200m° " 9 650m>
fotal ¢ 22,923m° 11 892m2
fotal : 9,187m?

{3 The required area in 2004/05 is 47,253m2, but the existing storage
area 1is 32,110m2, so it is necessary bto obtain the following area in
2004/05,

47,253m% - 32,110m% = 15,143m>

(D The required shed area in 2004/05 is 22,875m2, and the existing shed
area is 22,923m2, so it 1s not necessary to construct new sheds even

in 2004/05, Accordingly, only additional yard area must be obtained,

(% In 1994/95, the following area must be obtained for open storage,
17,450m? - 9,187m% = 8,263m°

& In 2004/05, the following area must be obtained for open storage.

24,378a% - 9,187m> = 15,191m’

(7 By the demolition of the railway system and the rearrangement of the

road system, we can obtain the required area of open storage yards as

shown in the following figure,
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® The open storage area obtained by the above measures, will be as

follows in 2004/05.

At the back side of No. 1 berths 22,4930
At the back side of No, 3 berths . - - 9,59%am?
At the back side of No. /7 berths 8,015m%
At the back side of Mo. 9 berths - . 5,824m2
At the back side of No. 11 berths - 2,125m2
| Total 28, 051m>

(@ accordingly, we can obtain the required open storagé area in 2004/05,
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3) KPDl West Side District
(D at this site, dry bulk cargoes will be handled in the future,

(2) salt is delivered directly from the apron ahd fertilizer and raw
materials for fertilizer in bulk use the_oped'storage yards. The
forecast cargo volume of fertilizer and raw materials for fertilizer
area as follows, 7 . | .

| in-1994/95 . in 2004/05
Fertilizer o 5 Z0,000 tOhS"f'BQIOOO{tODS”
Raw Materials for Fertilizer 386}000 tons 'GBO;OOO_tQhS

400,000 tons | 660,000 tons

@ The dwell time at the open storage yard is'estimatéd as 4 days in
1986/87. Tf this dwell time does not change in the future, the

average usage of yards per vear will be as follows.

36 .
Ry =-—Z—-z 91.3 times

@ The dwell time at the transitsheds is estimated as 5 daﬁs in'1986/87.
If this dwell time does not change in fhe_future, the average usage
of sheds per year will be as follows. ' '

365
Rs =~—§—-= 73 times

The required shed area for fertilizer is calculated as follows,
220,060 x 1,3 o
~=  457m
73 x 1.3 x 0.6 -
30,000 x 1.3

in 2004/05 By = —rems . = 685m2
. 73 % 1.3 % 0.6

I

in 1994/95 As

The reguired open storage vard area for raw materials for fertilizer
15 calculated as follows,
£ 380,000 x 1,3

in 1994795 Ay = _ = 5,946m>
91.3 % 1.3 % 0.7 i

. 630,000 x 1.3
in 2004/05 “Ay = = 9,858m
91,3 % 1.3 x 0,7

% The number of berths utilized for this commodity is 3 in 1994/95 ahd
4 in 2004/05, And the number at this district is-1 in 1994/95 ang 2
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in 2004/05,

6) 8o the required open storage yard and shed avea for dry bulk cargoes

ig calculated as follows, .

1
in 1994/95 Ay = 5,946 x — = 1,982
. ' ' 2 2
in 2004/05 Ay = 9,858 = e = 4,929m
. : 1 2
in 1994/95 Ag = 457 x Y = 152m”
o ' - 2 ,
in 2004/05 Ay = 685 x = 229m

N

(D The required storage area for break bulk is as follows.

Sheds Yards
in 1994/95 11,914n? 13,959m%
in 2004705 13, 725m° 14,629m%

éﬁéccordingly, rthe required storage area for all commodities is as

follows,
Sheds Yards
in 1994/95 12,066m? 15,941n2
in 2004/05 13,954m° 19, 558m2

@ The existing storage facilities area as follows.

No. of berths Transitshed Area Open Storage Area

2 3, 345m?

4 - 3, 344m? 892m°

6 _ 3,345m° 780m°

8 ' 3, 344m° 1,450m°
10 3,345m”
2 3,344m?
(B) ' © 5,287m°

.- Total 25,354m2 : 3,122m2

¢ The required shed area is less Lhan the existing shed area. So the
following area can be demolished in the future.

in 1994/95 25,354 — 12,066 = 13,288n°
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@

in 2004705 25,354 ~ 13,954 = 11,400m2

So it is possible to demclish the sheds No. 4, and B, After demol-
ishing these éheds, the area of existing transitsheds becomes as
follows,

As = 16,723m2

By the rearrangement of the_road éystem; the open storage vard aféa
at the back side of respective berths will be as.f0110ws.-
Yard Aréa
At the back side of bérths 2, 4, and 6 . .12,700m2
.

At the back side of berths 8, 10, and 12 10,610m
23,310m

Accordingly, we can obtain the reguired open storage yard area in

2004/05,
As fertilizer berth will need to be able tO'handle'cargo amount of

road traffie, so the road network in dock area should be rearrangeﬁ

as well as the improvemeni of roads around the dock area,
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4) NSD District

- (D The forecast container volume is as follows.

in 1994/95 in 2004/05
Import - 55,000 TEUs 55,000 TFUs
Loaded 45,000 46,400
Empty 10,000 8,600
Export 55,000 55,000
Loaded 42,000 25,400 .
Empty 13,000 29,600
Total 110,000 . 110,000
TWT 20,000 | 62,000

{Required CFS Area)

@ The container volume which will be handled at CFS will be 50 % in
1994/95 and 20 % in 2004/05 of the ﬁotal loaded containér volume,
Then the container volume via the CFS is as follows.

in 1994/95 87,000 TEUs x 0.5 = 43,500 TEUs
in 2004/05 76,000 TEUs x 0,2 = 15,200 TEUs .

(@ The required area of the CFS is calculated by the.followinq formula,
Cx Db

w X 1 X K

S =

where S : Required Area of CFS (m? ) _

C : Cargo Volume of Total Contalners via CFS (ton)

D : Dwell Time in CFS (days)

w : Unit weight of Carqgoes in CFS (tons/m }

r : Effective Area Ratioc of CFS

K : Working Dayvs per Year _ 7
Usually, the unit weight ‘'w', the effective'area'ratio.éf CFSl’r' and
the working days p.a. 'K' are as followsg -

1.3 tons/m2

r =05

I

W

it

K 350 days :
The dwell Lime of containerized break bulk cargoes is as follows;
Import 15 days

Export 2 days
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@ The cargo volume per container is estimated as follows,

©in 1994/95 .

Import 580,000 tons / 45,000 TEUs = 12,89 tons/TEU

_EBxport 530,000 tons / 42,000 TEUs = 12,62 tons/TRU

. in.2004/05

' Import 1,460,000 tons / 113,000 TEUs = 12,92 tous/TEU

Export - 775,000 tons / 62,000 TEUs = 12,50 tons/TEU

'ggqhe:éargo.volume-via the CFS is as follows:

in 1994795
Impgrt 45,000 ® 0,5 x 12.89 =
Export 42,000 x 0,5 x 12,62 =
in 2004/05
. Import 46,400 % 0.2 x 12,92 =
Xx 0.2 x 12,50 =

Sxport 25,400

290,025 tons
265,020 tons

119,898 tons
63,500 tons

(6) Accordingly, the required area of CFS can be obtained as follows.

in 1994/95 o
15 N 265,020

*
Xe)

2

o o 290,025 x
S1.3.% 0.5 x 350 1.3 x 0.5

in 2004/05 j _
119,898 x 15 63,500

- 29,607m
* 350

=

2

+
1.3 x 0,5 2 350 1.3 x 0,5

(@ at the back side of P berth of NSD,

under construction. Even if we plan

10,417m

kS

4%
Lo
a)

the area of 9,04Om2 of CFS is now

another CFS at the back side of 4

and 5 berth of NSD, it is not possible to obtain sufficient CFS5 area

in 1994/95. This is because the

CFS cargo ratio in 1994/95 will

still be 50 &. The ratioc will soon be reduced to 20 % in 2004/05 and

2 CFS will surely be sufficient to handle the CFS cargoes in 2004/05,

The existing transitshed area at the back side of container berths is

'as follows.

Shed Area Ground Floor

At the back side of D berths
At the back side of 4 berths

Total

12,263m> 6,132m"

17,758m” . 5, 91902

30,0210”  12,051m?

If we use these sheds also as CFS, the total usable area in 1994/95
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will be as follows, .
2

New CFS 2 x 9,040 = 18,080m
Sheds = 12,051n®
30,131m2

when we utilize the existing shed as CFS and construct 2 New CF5, it
is possiblée to obtain a sufficient CFS area in 1984/95,- .

put there is an opinion that the shed aﬁ the'baék of berth b is
physically not usable. And the plan is to demolish thiS'shéd, as
soon as the CFS, now under construction, becomes: operational,  iIn
this case, the usable shed as CFS is only the shed'atithe:back of

berth 4. Then the fotal usable area will be'as follows.

New CFS 2 x 9,040 = 18,080m2
Sheds = 5,919!112
Total 23,999m%

On the other hand, the fequiréd area oOf CFS in. 1994/95 is 29,60?m2,

so the shortage area of CFS in 1994/95 is as follows,
Shortage Area of CFS = 29,607 - 23,999m2 = 5,608m2

As the required CFS area in 2004/05 is 10,417m2,'so it is not

sconomical to constrﬁct'another CPS.

At present, CPT stuff and devan containeré on open yards., _Accofding—

ly, some amounts of cargoes must be handled tentativelyxin the same

way in 1994/95.

{(Required Container Yard Area)
® The required container slots can be calculated by the following
formuia,

M
L =~—!-x Ds
by

where L. ¢ Reguired Container Volume
My: Container Volume p,a
Dy: Total Working Days p.a

Ds: Average Dwell Time of Containers

@ The international container volume of loaded containers is as

follovws,
in 1994/95 87,000 TEUs x 0.5 = 43,500 TEUs
in 2004/05 71,800 TEUs x 0.8 = 57,440 TEUs
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QB'From the empty container ratio, the volume of the loaded containers

and the volume. of the empty containers for IWT are as follows.

Total Loaded Empty
in 1994/95 20,000 TEUs 14,140 TEUs 6,060 TEUs

in 2004/05 62,000 TEUs 46,500 TEUs 15,000 TEUs

§) The required stacking yvard areas for IWT are as follows,

in 1994/95
... . 14,100 x 10 x 1,3 5 9
Loaded A = x 10,000m* = 11,200m
_ 365 x 18O x 2.5
6,060 x 20 x 1.3 3 2
Pmpty A = x 10,000m% = 2,900m
_ 365 x 490 x 3
in 2004/05 _
46,500 x B x 1.3 2 2
loaded A = % 10,000m“ = 29,400m
365 x 180 x 2.5
15,500 x 20 x 1.3 5 2
Empty A = . x 10,000m” = 7,500m
365 x 490 x 3

@ The reguired stacking slots for IWT are as follows,
in 1994/95 loaded Slots = 1,12 x 180 = 202 Slots
in 2004/05 n = 2,94 x 180 = 529 Slots

These slots are preferably provided for IWT itself in the long run.

% The average dwell time of containers 1is estimated as 20 days for
international containers, So, the reguired contairer volume can be

calculated as follows.

in 1994795
43,500 x 20
L =——r—————= 2,486 TEUs
o 350
in 2004705
57,440 x 20 :
==t = 3,282 TEUs
350

% If we assume the average stacking height of international containers

is 1.%, the required slots will be as follows.

International IWT Total
in 1994/95 1,657 slots 202 sloks 1,859 slots
in 2004/05% 2,188 slots 529 slots 2,717 slots



4% The present container yard capacity at hhe back side of D berth of

@

©

NSD is 1,152 slots, so the following capacity must be provided at the
back side of berths 4 and 5 of NSD,
707 slots

I

1,859 - 1,152
Therefore we will provide 800 slots at the back side of berths 4 and

=

5 of NSD,

In 2004705, there will be 1,692 slots at the back side of D berth of
NSD, and 1,200 slots at the back side of 4 and 5 berths of NSD, ‘and
540 slots at Gorden Reach Jetty. So the total‘slots will be as
follows. '

Total Slots = 1,150 + 1,200 + 540 = 2,892 slots

Therefore there will be sufficient slots in 2004/05

The required area of storage facilities for break bulk cargoes is as
follows. |
Sheds Yards CTotal

in 1994/95 8,933m%  10,470n% 19,403

in 2004705 13,725m%  14,626m° - 28,351m°
The existing storage facilities at the back side of 1, 2 and 3 berths
of NSPb are as follows. .

Shed Area Ground Floor Yard
At the back side of 2 berth 17,7572 5,919m% ' 3,831m°
At the back side of 3 berth 17,758m° 5,919m%  1,487m°
At the back side of 1 berth ' ' 4,300m°
Total 35,515m%  11,838m°  9,618m°

In 1994/95, the existing shed area on fhe Ground floor.will pfovide

the required shed area, but the following shortage of open storége

area will occur, : '
10,470m° - 9,618m° = 852 m?

In 2004/0%, the following shortage of shed area and opén storage area

will occur. ' '

Shed 13,725m 2

2 - 11,838m% = 1,887
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vard  14,626m% - 9,618n% = 5,008 nA

@ Accordingly, in 2004/05, we must expand the existing shed avea from

5,919m2 ko 7,000:112, and develop the folowing yard area.

At the back side of 1 berth 7,400m?
At the back side of 3 berth 500m?
15,900m”
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11-1-7 Port Traffic Facilities

(1) Railway System in Calcutta Port

At present, GCD subsidiary yard has 21 tracks. It seems necessary to
reduce the size of this yard because of the decline of the cargo volume
handled at the guay side lines. The required number of- tracks at present
may be 10 - 12 tracks.

As the cargoe veolume to and from.quay side lines is forecaSt_EO"femain
stable through 1995, 10 -12 gracks at GCD yard'éhall remaiﬁ.thrbugh:1995.
However, by 2005, to improve the railway’operation,'mcst-rall&ay cargo will
be shifted to a new loading terminal which will be located at EJC yard and
most quay side lines will be eliminated. ' On the other hand,'new—trécks
shall be constructed for container rakes along side the GCD yard.. _

It is also necessary to remove tracks at EJC yard, which preséntly-has
50 tracks, ©Of these, 7 fully electfifiéd.arrival tracks, 7'top electrified
departure tracks, 3 sorting.tracks, and 2 tracks for loco movement. shall
remain through 1995,

As mentioned above the reqguirement for the guay side tracks. is
expécted to gradually decrease. It would be better to construct a full
rake loading terminal behind the guay Side sheds to improve opératiénél
efficiency, However it seems that KPD and NSD dock do not have enoﬁgh
space for these additional facilities., Therefore, arloading terminal whiéh
will receive empty block rakes from Indian'Raiiways'direétly and transfer
rakes to feceptidn lines without any.repeated shunting operations is
reguired., Container movement by rail will increasé in the case of,
Alternative-1 (2005}, Therefore, additionai réilway facilities for the.
container movement shall be developed up to 2005, Tﬁe location of these-

railway facilities and the required number of tracks are discussed below.

1) Block Rake Loading Terminal
The required number of reception tracks, departure tracks and loading:
tracks are calculated for the Short-term and Master plan'by the_fbllowihé
equations on the assumption that the arrival rate of the rakes follb@s a
poisson distribution and the sérvice rate follows-aﬁ éxpoﬁéﬁtial

digtribution,
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»
Lg= — )
TS - e )
Ssﬂiff
7o e >
Wy Sl )dlo
» 5 P
n=0 n! ) 7(S-a)

where, _
Lq_: Required'number of reception tracks = Number of rakes waiting
at the reception tracks
Wg ¢ Ayerage waiting time at the reception tracks (days)
§ : Number of loading/unloading tracks

i : Average nuhber of arrival rakes per day
A1 ;
.2:: — -
(T\< v * k3t

where,
A : Cargo handling volume per year
T 3 Yeafly working days
v : Actual wagon loading volume (tonnes/wagon)
k : Empty wagon rate
t : aAverage number of wagons per rake
. For the above coefficients, the following values are used.
1 = 350 days, v x t = 2,000 tons, k = 1.0

“u# : Number of rakes loaded/examined at the leading terminal per

day.

: Reguired time for loading/examining at the loading terminal

w®I=

per rake.
A
I

g afs

As shown above, the reguired number of reception tracks and loading
tfacks depends on the loading operational efficiency. The relation between

I :
’ and Lg, Wq are as shown in Table 11-1-7 for the short~term plan in

1995,
oy
r

i

200,000 tonnes
0.2857

i
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Table 11~1-7 Required No. of Reception Tracks in 1995

I/‘,. Mo. of lovading/unloading 4 L Wq Required no., of
thrs) | tracks reception tracks

24 1 G,28571 0,114 | 0,400 1

36 1 0,42806 0,322 ] 1,125 i

48 2 0,2857]) 0,051 ] 0,178 1

As shown in Table 11-1-7, two loading/unloading traéks”will be
necessary through 1995 at over 90% reliability. In addition, one reception
track will be used for the block rakes, .

The required number o©of reception tfacks:and loading tFacks for the
Master Plan in 2004/05 when cargo handling volume will be 0,50 million
tonnes at the loading terminal 1is caleulated in the same way as for the

short-term plan and presented in Table 11-1-8,

A = 500,000 tonnes
T = 350 days

vXt = 2,000 tonnes
2 = 0,714

Table 11-1-8 Reguired No. of Reception Tracks in 1995

-

54‘ No. of loadingfunleoading [ Lg Yq | Required no, of
{hrs}} tracks recaption trachs:
2a P 0.35701 0,104 | 0,146 1
36 3 0.3570 [ 0,060 { 0,084 - 1
48 - 3 0.4760 ] 0,192 0,269 1
—

Considering the improvement of loading operation through 2005, Three
loading tracks will be enough for the estimated cargo volume. In addition,
one reception track shall be used fbr this terminal,

There are two alternative locati@ns for the biock rake loading
terminal viz. the.northern part of EJC and the soﬁthefn part of EJC.
Considering the construction cost, the northern'pért.of EJC éeéms
preferable to the southern part. It would consist of only the track

removal cost and the paving cost, In the case of the southern part of EJC,
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a new road would be necessary and there would be additiocnal cost for
reclaiming a small canal,

However, the southern part of EJC has some advantages. It has a
vacant lot for'the.expansion of the terminal. In 2005, this block rake
1oadiﬁg_terminél will have to handle around 0.% million tonnes and three
full rake lines which can handle three rakes at the same time, Considering
the above and the necessity of the linkage between Oil Installation Road
and Remount Road which will cross the northern part of EJC and will have to
share a large ?arﬁ'of the total traffic in the port area, it seems
reasonable to constfdct the loading terminal at the southern part of EJC.

_Fiq. 11-1-11 show the conceptual plan of the black rake loading
terminal to be located at EJC yard in 1995 and 2005.

Before devéloping the block rake loading terminal, operational
problems in:loadihg/ﬁnloading truéké and wagons and transportation in the
port érea shouid be identified and carefully considered, Therefore, we
recommend conducting a trial. Considering the least cost, the northern

part of EJC may be proposed as the trial site.

2} Container Terminal

The réquired number of reception tracks, departure tracks and
loading/unloading tracks are calculated using the same method as for the
bloek rake loading terminal. 7

The number of contéiners {TEUs) to be handled by Calcutta railway
system will be 58,500 TEUs (Alternative-1), 14,100 TEUs (Alternative—2) in
2004/05 and 22,000 TEUs in 1995 (see 8-4-4),

Phe average number of arrival rakes per day (4] is calculated by the

following egquation,

A 1
A=t X — X X
T t k

1
2
where A : Number of TEUs to be handled per year including empty
containers
T : Working days per year
t : Average number of containers (TEUs) per rake

k : Empty wagon rate

As mentioned above, the reguired number of reception tracks,
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loading/unloading tracks and departure tracks depends on the operatiohal
efficiency.
The average staying periods of container rakes at each of the tracks

al ‘Haldia are as follows,

.

Reception Tracks 3 hrs
ICD'{ioading/unloading tracks) : 18 hrs

Departure Tracks : 9 hrs

a) NSD Container.Terminal

The required number of reception tracks shall be examined considering
that waiting.of incoming rakes at the trunk line should be strictiy avoided
and the required number of reception tracks depends on the number of
loading/unloading tracks and the operational efficiency.

The required number of departure tracks shall be set considering that
outgoing rakes. should not wait at the loading/unleading tracks for
departure fracks.

The required number of reception tracks, departure tracks and
loading/unlcading tracks in 1995 apd 2005 (alternative-2) are calculated on
the condition that all railborne containers will be handled at the NSD
container terminal, and are presented in Table 11-1-9,

The arrival rate is calculated by the eguation below.

A 1 i
A= = X — X =
T t k 2
where, 7= 350 days

£+ = B0 TEUs/rake
k = 1,2

Table 311-1-9 Reguired Number of Tracks at NSD Container Terminal

T
Handling f {Bequired Number of Tracks
Yolume 4 i ﬁaceptlon ! toading/ Departure
A (TEUs) ) ] ! unloading
[ S . ‘ e Sl
g€ (Reception) ! 1 '5 - -
i ‘
- ¢
1995 22,000 0.4714 1 1.33 (loading/ ! 1 i 1 -
univading}i |
{ !
!

i
2,67 (Departure) -

4

. - : - S
" 8 {Reception} E 1 - i -
2005 | ! ! : :
Alter~| 14,100 -| 0,3021 ] 1.33 (loading/ | i r -
‘native ; unloading)} ; |
- i i H H
Z | i H

2.67 (Departurely - ; - N
L L
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b) Second Container Termlnal

In 2005 {Alternative-1), second contalner texmlnal wlll be constwucted
af XPD or WNSD to cater to the 1ncreaqed conralner volume. The-number of
containers which the new contalner terminal w111 handle will be 36,5%00
TEUs. In the case of Alternatlve 2, no addltlonal contalners w1ll be

handled at the second container terminal.  -The required number of tracks

are calculated in Téble 11-1-10.

fable 11-1-10 Required Number of Tracks at the Second
Container Termlnal s .

Handiing ,T ' ' Reqmred Number of Tracks
volume i e Recaption | Loading/ |Departure
A {TEUs) : ' unloading|
i e WIS S : _ :
8 (Recepticm) : Sl - - -
. ;1,33 {loadwq/ R 2" | : =
2005 36,500 0,7821 : unloadxng) ’ . A
i 't 2,67 (Départure) - % o 2
L ! .

33 General improvement plan of Calbutta rallway system

Flg. 11~1~12 and Fig. 11-1- 13 show the general plan of Calcutta
railway system in 1995 and 1n 2005 (Alternatlve 2] respcct;vely. Through
1995, most guayside tracka shall be ellmlnated - On thejothex hand, the
container terminal at NSD and the block rake termlnal at EJC shall be
developed and the quay side tracks at KPD—2 and NSD a, B would remaln.'
The block rake terminal shown in Fig, 11-1 ~13 Shall handle not only bulk
cargo but also general cargo. Therefore, it may include an elevated'

loading/unloading platform to facilitate stuffing,
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(2) Road System in Calcutta
1) Traffic volume’ o
The traffic volumes (loaded) generated from each’ dock in 1995 andIZOOS
(Alternative-2) are calculated'from the cardo volume and presehfed in Table

11~1-11 ~ 13,

Table 131-1-11 Estimated_Numbeﬁ of Trucks Per Day.

“(in 1995)
Dock Commodity  |Cargo Volume by truck | Loaded Traffic Volume
: (,000 tonnes, TEU) - {No. of trucks)
Import Export. -| Impbrt,w_. Expﬁrt
XPD-1 (East) Geueral'Cargo ' 428 oL 72 ' .'lii.f o2
kpo-1 (west) | Doy pulk 257 . - LT R
General Cargo 251 |- a3 FL 13-
KPD-2 Dry Bulk BN ¥ 1 I ] 38 SR
General Cargo 599 © 101 o 118 © 30
HSD Dry Bulk 129 - 38 e
General Cargo 634 213 189 &%
Containex 12,510 12,510 ’ 33 33
GRJ Container t 3,095 3,055 a B8
General Cargo 32 30 10 . 9

Hote: (1) Yearly working days = 350

(2) Ioaded Traffic Volume = Cargo Volume by truck/Average load (9.,6L)
(3) Conversion factor for container = 1.1

Table 11-1-12 Estimated Number of Trucks Per Day
(in 2005, Alternative-1)

Dock ,' Commodicy Cargo Volume by Etruck |Loaded Traffic Volume
: : (,000 tonnes,. TEY) {No, of trucks}
import Export. ' Import Export
KPD-1 (East) | General Cargo 627 " 67 187 20
KPD-1 (West) { Dry Bulk - 535 - Y159 -
General Cargo - 251 27 .5 8
KPD-2 Dry Bulk . ST/ N Cos3 -
‘General Cargo 811 - - . 261 1 28
NSD Dry Bulk A &1 T SRR IR+ N R
General Cargo | =~ . 793 208t 236 .t ez .
Container . [% 67,000 | 67,000 | . 174 S
Gry .| container 5,700 {5,700 |0 1s | eas
General Cargo 62 | 33 | 18 |7 10

Mobo: (i) Yearly working days = 350 . ; .
(2) Loaded Trafiic Volume = Cargo Volume by Lruck/Average load (9i6t)
(3} Conversion factor for container = 1,1 '
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- Table

11-1-13" Estimated Number of Truck rer Day

{in’ 2005, Alternative-2)

{(3) Conversion factor for container

2} Parklng space at the exit gates

The queulng of trucks at the ex1t gates causes congestion by occupying
road space.
in 1995 and 2005 for Alternative-2 are ESleated on the assumption that the
arrival rate of the. trucks at the exit gates follows a poission
distribution and the éérvice rate follows an exponential distribution.

estimation is presented in Tables 11-1-14 and 15,

(1) is estimated as follows.

A=NXBXrx(1+8) X0

where,

™ W s

= Monthly

variation

= Daily variation

= Related Vehicle'fate

= Hourly variation

449

= 1.1

= Arrival rate per hour (in peak hour)

Here,

Pock’ Cbnﬁf\odity Carge Yolume by Lruck § boaded Tralfic Volume
: ( 000 vonnes, TEU) (8o, of trucks)
Irqport Export import Export
KPD-1 (Edst) | Geweral Gargs 621 67 187 20
| Kpb-1 twWest) | DEy Bulk 535 - 159 -
) ‘General Cargo 251 21 75 8
kpPD-2 Diy Bulk 178 - 53 -
: General Cargo a8l 93 261 28
NSD bry Bulk .~ 178 - 53 -
General Cargo 621 117 185 35
Container 23,550 23,550 538 61
GRJ Container 10,775 10,175 28 28
General Caryo . 118 63 s ia
e i n
Note: {1) Yearly“work'inéj days = 350
(2} Loaded Traffic Volume = Cargo Volume by truck/Average load (2.6t}

The numbers of-queuelng trucks during rush hour at KPD-1 and 2

the arrival rate

= Number of 1oadé@ trucks as shown in Table 11-1-11 ~ 13



For the above coefficients, the following values are used.

Service rate/gate is assumed as 50 trucks/hour for general cargo/bulk

cargo.

Considering the results shown in Tables 11-1-14 and 15, ‘it seems

reasonable that each gate have two exits and parking spaces (gueueing

8=1.2, r=1.2,

tanes) for 5-10 trucks.

Similary, parking spaces for the trucks waiting for entry Shoula he

provided outside the gates.

§=0,

5,

o =0,12,

Table 11-1-14 Number of Queueing Trucks at the Exit Gates

{in 1995)
: ‘Required no, of parking
Gate | Arrival § Service rate! Average number of | spaces in terms of HNumber
rate per gate trucks gueueing truck No. at over 20 % of gates

L reliability

KPD-1 38 50 1 2 2
Gate 3

KpD-1 43 50 1 2 2
Gate 4

KPD-2 G4 50 I 6 2
Gates 1 1 3

Table 11-1-15 Number of Queueing Trucks at the Exit Gates
(in 2005, Alternative-2) '

Required no: of'ﬁarkiug :
Gate Arrival | Service rate| Average number of spaces in terms of Mumber
rate per gate trucks gueueing ‘truyck No. at over 90 % ol gales
reliability
Kpp-1 54 50 t 3 2
Gake 3 '
KPD-1 63 50 1 6 2
Gate 4 ' '
KED-2 89 50 7 over 30 2
Gates 1. 5 - 3
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3) Projected traffic. volume

The design hourly tlafflC volumes (M) for 1995 and °OOb are calculated

by the following equatlon and presented ln Flgures 11 1 14 M—16

M=NXBXr (H’”

M : Hourly traffic volume
N.B.7,8, 0 Refer to 2) -

: Loaded truck_rate:(O;SQe:-

According to Fig, ]1*1~141¥;16.f{W1£h-boly ﬁieseot network the hourly
traffic volume on Circular Garden Reach Road would be over 300 trucks pex
hour even in 1995, Even W1th the present 1eve1 of road trafflc, Calcutta
Port, Circular Garden Reach Road and espec1a11y Bascule Brldge, Kldderpore
intersection and Kidderpore Brldqe are very congested As shown in Fig. 4-
3-5, not only port related trucks but also busee and cars run. on Bascule
Bridge, At arcund 300 trucks/hour the brldge 1s at a’ etandstlll as shown
in Photo 11-1-{1) due to the traffle Jam at Kldderpore 1ntereectlon._

In order to ease the congestlon ot Clrcular Garden Reach Road,_three
measures are proposed, namely, _ _ L L ) _

a} In order to reroute some heavy vehlcles from Clrcular Ganen Reach
Road to Garden Reach Road,,8w1ng Brldge ehould be replaced or
reinforced and opened to heavy vehlcles. :Hastlng Brldge_on Garden
Reach Road should also be expanded, : __‘- ) B

k) In order to avoid pa551no through Dlamond Harbour Road and KJdderpore
intersection and reroute the cargo trafflc (Hl Dlamond Harbour Road

from the 1ndustr1al/commerCLal area.iln the port, Kantapukur Road,

Eastern Boundary Road and qatya Doctor Road should be 1mprOVed
¢) In order to reroute the trafflc on Clrcular Garden Reach Road from NSD

dock, Remount Road and Sonapore Road Should be llnked
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4) General improvemenﬁ plan of Calcutta port road system
a) Major roads to be improved (ref. Fig. 11-1-18)
In order to ease the congestion on the roads,'éspecially on Circular

Garden Reach Road, we propose following improvement.

Up ¢o 1995 : New yoads
1) Linkage between NSD (conversion of the C,G,R.R) and Sonapore Road
2) Linkage hetween Sonapore Road and Remount Road
. Widening/improvement
1) Swing Bridge on Garden Reach Road
2).Hasting Bridge on Garden Reach Road
3) Sonapore Road and Hoboken Road -
4) Hide Bridge
Up to 2005 : widening/improveﬁent
1) Kantapukur Road
2) Eastern Boundary Road
3) Satva Doctor Road
4} Hide Road
5) Flyover bridge on Hoboken Road

6) Replacement of Bascule Bridge on Circuiar Garden Reach Road
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b) Pérkiﬁg facilities and road network within the docks
as mentioned in 2), gueueing trucks on the road within the docks and
around the gates cause traffic congestion.,
The'qénéral layout of parking facilities and the road nework within
the docks is planned so as to improve the cargo handling efficiency as

shown in Fig, 11-1-17,

c) Parking facilities for trucks in the port area,

Not dnly port-related trucks but also local trucks travelling to and
fyom the'ihdﬁstrial/commercial area are parking on the roads viz, Hide
road, Circular Garden Reach Road, and Garden Reach Road, causing traffic
jams. Some parking spaces shall be provided in order to streamline the
traffiq flow on these roads. Fig. 11-1-18 shows Lthe likely parking areas
around the'pért.

For the port-related trucks, two parking areas shall be developed, one
for KPD and oﬁe for NSD., For the non-port-related trucks one parking area
shall be develoﬁed to ease the traffic congestion on Hide Road. This is
propoéédfto be located at the EJC yard to be released.

Parking capacity is calculated considering the average parking
duration {(hours) and the average number of arrival trucks per hour.
Preséntlyt'pérking duration/truok is estimated as 0,9 hour and arrival rate
is calculated refefing to Fig, 11-1-14 and 16.

The required space for these parking area in 199% and in 2005
{Alternative-2)} is presented in Table 11-1-16, In addition, we propose the
pro?ision' of refreshment stalls, rest rooms etc. at each truck parking

area.,

Table 11-1-16 Required space for parking areas

Arrival rate Service rate Reguived capacity | Reguired space
{trucks/hour) | (trucks/hour) {No, of trucks) {m2}
146 (1995) 150G 15,000

K'P D ) 1.11
205 {2005) 22% 22,500
102 {1995) 105 10, 500

N S5D 1,11
131 (2009} 140 14,000
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Fig, 11-1-17 General Layout of Road Hetwork Around Docks
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Fig., 11-1-18 Major Roads and Parking to be Tmproved/developed
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