\.\.,.._\_ oy .
/ .\\E

it

y))

e







- JE@N LIBRARY

- [RBNGAE RN
1 71 _

026382L






ARAB REPUBLIC OF EGYPT

FEASIBILITY STUDY
REPORT

ON THE SECOND STAGE
DEVELOPMENT PROJECT
OF THE SUEZ CANAL

JULY 1980 SUPPLEMENTARY REPORT



EAES Mb/} g‘“_ﬂi [i]

Hé\ 85 318

55N 11216

o o Kt A At LA e 3 . 4

WAook
1617 |

5_...0_.5__1 .



The resuits of additional studies on tﬁe devetopment 'project of the Suez Canal are contained
in this report. These additional s!ﬁdies were conducted in response to the comments and gues-
‘tions which were made bf the SCA 6:1 the Draft Report submitted in March, 1980 (see the
Record of Discussion, the SCA chairman’s letter addressed to the Japanese Ambassador to

Egypt and the comments of the Plannihg and Research Department of the SCA).






His Excellency the Ambassador of Japan
Japanese Embassy
Cairo

Exceltency,

1 would like to thank you for your kind cooperation and for the cfforts exerted in preparing
the “Feasi'bility Study” conceming the ““Second Stage Development”. Moreover we found that
the tech. study is very sophisticated and interesting & fulfitls and the tech. requirements of the
Suez Canal. But it seefhis to be thal — three important pomts which are sununarized here after
need more analyms and dlscuswons
I- The size of ships is increasing and the average transit number is quasi-constant from 1976

uptil now. It reached a mean of 60.9 during the first quater of 1980. Also the Canal can

allow in particular condition 75 ships per day.

2- It appears from literature and penodicals that the balance of {anker world fleet will oceur
the middle of 1983 and VLCC’s will ¢ontinue to cruise with such economic speed of 12
knots and this will absorb a part of the surplus. -

3. The Suez Canal tugs will escort the loaded VLCC’s of more than 100.000 D.W.T. and more
than 250.000 D.W.T. in ballast. The spacing between two tankers wilt be reduced from
iwelve length of the shipsta S or 6 Iengih and that will increase the Suez Canal capacity.

In the meantime 1 would like to draw your kind atteniion that we are still preparing the
commen(s of the draft final report. For this reason 1 will be most obliged if the Japanese
Government accepls to kindly send the Japanese team in charge of this “Feasibility Study” to
come to Ismaitia as soon as pbssible for exchanging views and more discussions before preparing
the final report.

For this purposc I suggest the first week of May would be adequate for this visit.

Thanking you again for this valuable cooperation, with my best regards 1 remain,
Excellency, k

Youss sincerely,

CHAIRMAN & MANAGING DIRECTOR
Suez Canal Authority

Signed

(Fng. M. Ahmed Mashhour)
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Comments from Planning and Research Dcpa;tuie;it, SCA
I- P.1V-58

It has been mentioned that world coal seaborm trade (energy coal) wﬂl increase by 18% up
to 1985 to compensate the diversion from oif to coal. At the same time oil is expected to increase
with the same rate of energy consumption (Elastwlty = 1.0). This percentage is used l‘or Suez
Canal traffic forecast. Please explain the causes of this hlgh rate

2- P. 1V-60 Table 43-15

The figures of ncrihbmmd expected volume of coal through Suez Canal in 1978 are not
related to our assumpt:ons on P. IV 61 that the '.olume wnll be 93% of G. 733 miition tons
(poiennal) distributed as 76% as metallurgccal and 24% as energy coal

3- The expected 'v’(?:linne of transit ¢argoes in Suez Canal shown in Tables 4-3-7 for oil,l 4311
for iron ore, and 4-3-15 for coal {northbound) are built on the potential volume relevant to Suez
Canal in 1978 while for other commodities the expected volume are based on the actual transit
through Suez Canal in 19’1_8. Please explain.

4- P IV-76

Fulure traffic of nitrogenous fectilizer, the figures, are not based on the way of calculation
mentioned in page 1V-69. The same remark is noticed for cement and fabricated metals. Please
explain.

- P.1V-10i1

Other goods b'y direction and arca (Sucz)

The other goods for soutitbound are calculated as the total tralfic minus metals, cement,
fertilizer and cercals, while iron ore and coal have not been deducted from the total.

As for northbound, you deducted from the total, ores and metals instead ofnron ore, coal,
cereals and fabricated metals. Please explain.

6- P.IV-133 and 134

Route choice
it has been menhoned that the f mght tatc in fulure is approximated by the fluctuating level
of the sh:ppmg cost per ton of cargo.
_ [R (a+bd)xcr+A .
When o« = | .0, FR just covers the Shlpplllg costs and the selection among the alternatw»
routcs is made by using this Treight rate (FR) in eaclh route.



Please explain: :
. What is the value of alpha which is uséd in this forecast?
2. What is the expected daily number of tankers transiting the Suez Canat I:-ased on the
value of alpha has been used?

7- P lV-l22, 123,124

It has been discussed the ship size distribution and some amendments have been made to
take the world fleet development into account.

Please send us a table including these amendments.

6- The equation ment:oncd in page Vi 33 related to transit capacdy does not realize the
iheon,hcal transit stated in Table 6.3.2 and others. :

With kindest regards.

Planning & Rescarch Dep.
Dr. Eng. Ammar.
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RECORD OF DISCUSSION
._ i om - :
- The Feasibility study for the Second Stage
Development Project of the Suez Canal

© March 25, 1980

A Japancse Team headed by Mr. S. Maeda stayed in Ismailia from March 20, 1980 to
March 25, 1980 to exphain the final draft report of feasibility study on the second stage
development project of the Su‘ez‘ Canal to the Suez Canal Authority (hereinafter referred to
as the SCA). o |

After an overall explanatlion was gIlVC!'I by Mr. T. H_azanm, a member of the Japanese team;

Mr, S. Macda stated that three alteérnatives of work programmes has been prepared in the

report and each of them is feasible in every aspect, but the sclection of the most suitable

progiamme must be¢ done by the SCA.

Mr. 8. Maeda made the following recommendations to the SCA on the second stage project.

(1} The second stage development project of the Suez Canal should be implemented in the
earliest opportunily after completion of the first stage Project because the transit
demand appears to increase rapidly in the immediate future and thus the Canal’s transit
capacity will soon be saturated. In addition such an carly start of the Second Stage
Project will be economical because many dredgets are kept idle after the First Stage
project is over.

(2} It is also recommended that the Second Stage Dcvelopmenl Project be finished well in
advance of demand forecast in order o neef an unexpected increase of transit traffic,
Such an early finish of the doubling project will contribute to the reduction of waiting
time for convoy formation at both ends of the Canal and to avoid the total closure of
ihe Canat due to accidents in the Canal. According to our study such an allernative is
economically and financially feasible.

Mr. S. Macda proposed to widen a part of the existing Canal which will become the west

Channel after the Second Stage Project in order to enable any size of southbound tankers to

transit the Canal because an additional investment is not targe and additional revenue from

increased fransit ULCC’s can justify such widening works. [t was agreed to include this
widening in the second stage project as one of the alternative plans.

The SCA expressed its doubt about the possibility of traffic increase in future in view of the

increasing trend of ships size, In response to the doubi a detailed explanation was given by

the Japanese team and it was understood.

It was agréed that further comments of the SCA on the report, if any, should be sent to the

Japanesc Embassy in Cario by April 12, 1980,

The SCA expressed its hope that the Japanese team would visit Ismailia to explain the final

report and requested the team (o send the SCA a few copies of the final report in advance of

the team’s visit, ‘



8 At the final meeting with the SCA on March 25, 1980 Mr. S. Macda, leader of the Japanese
Team, expresscd his thanks for the kind coopcrahon extended to the Japanese Team by the
SCA, partlcularly by Dr. A. Ammar and his collcagues. His thanks was also due to ail the
persons of the SCA who worked for the team. - :

March 25, 1980

Signed . Signed |
Dr. Eng. A. Animar : M. S. Maeda :
Director of Planning _ Head of the Japanese Team
and Research, SCA ' for the sécond stage

development project of the
Suez Canal :



Exchangé Rate

US$1.00 = LE 0.69 = Yen 240

US$1.30 = SDR 1.00






Chapter }
-1

1-2
1-3
Chapter 2

2-1
2-2
2-3

Chapter 3
3-1
32

33 E

Chapter 4
4-1
4-2
43

" CONTENTS

SUMMARY
Analysis of VLCCIULCC Traffic Demand and Increase in the

Size of Dry Cargo Vessels .. ..o u e e e e
Transit Capacity and Ship-to-Ship Intervals
Widening Plan of West Channel .
ANALYSIS OF VLCC/ULCC TRAFHC DEMAND AND

INCREASE IN THE SIZE OF DRY CARGO VESSELS

Forecast of VLCC/ULCC Demand and Supply .. oo e e
Selection of Suez or Cape Route by Large Tankers . .......ovvueeeniinn.
Number of Diy Cargo Shlps Traffic and Trend of Increase in

Ship Size « .o
TRANSIT CAPACITY AND SHIP TO—SHIP INTERVALS

Transit Capacnty

............................

L T T

.........................................

WIDENING PLAN OF WEST CIIANNEL
Traffic Pemand Forecast
Implementation Plan

.........................................
............................................

ANNEX

ANALYSIS OF TRANSIT CAPACITY ... .. oo, e e
Study of Transit Capacity by Standard Shlp ..........................
SimulattonTest . ............. ... ... ..., e e
Evaluation .............. S

Dredging Sectionand Volume ... .. ... . ... ... ... . .. it
Implementation Plan . . ... ... . . . . e e e
Dredging Cost . . . i e
ECONOMIC ANALYSIS ....... ot e,
STy a8 . . i e ettt et et et e
L 3] © TP A RS e e

StudyCase . ............. . ..., e e N EEEEEREEEERRRE
Costsand Benefits ... ... ... i et e s e Cans
FRR and Evaluation .. . ... PN R e



Table No.

Table 2-1
2-2
2-3
24
2-5
2-6
27
2-8
-9

2-10
211
2-12
213
3-1
4-1
4-2

- 43
4-4
45
4-6
4-7
4-8
4-9
4-A-1
4-A-2
4-A-3

A-l
A2

A4
A-5
A-0
A7
A-8
A-9
A-10
A-11

LIST OF TABLES

Title Page
World Qil Imporis .. .. ... .. .. v et eeieac et 8
“Qil Imports by VLCC/ULCC Transportation ...... i eaaaeaaa 9
VLCC/ULCC Demand in 1990 ... .. ST R S e e 9
Existing VLCC/ULCC (in the middle of 1978) ..... ... S £ &
Existing VLCCfULCC (End 1979) (. ....... e i 10
Estimated Volume of Scrapping ........ DR A PP 11
Estimated Rate of Scrapping ... vcevccenvesan e bataieen e 11
Southbound Tankers of 150,000 — 200,000 and over 200,000 DWT . .. ... .. 15
Non-Tanker Traffic Volume before the Canal’s Closure and
after Its Reopening . . .. ... ... 000 R 24
Transited Tonnage and Average Ship’s Sizeby Type. o v oo i v il 25
Wortd Fleets — Analysis by Principal Types ... ... iviiinan.. e 26
Cellular Container Ships in Service ... .......... e et 26
Average Size of Full Container Shipson OrderbyRoute . ............ ... 27
Saturation Yearof the Canal Capacity .. ... oo it 32
Maximum Navigable Ship Size . ...... ... ... i 35
Potential Trallic Number and Potential Revenue ... ... .- S 37
Increase in Potential Number and Potential Revenue ... ... .. ... . ... 37
Tanker Traffic Number and Tanker Revenue: BaseCase . ................ 38
Predging Volume . . .. ... e i i i i e e, 42
Dredging Cost . .. o i i it i et beeeea e s 43
Cost Disbursement Schedule (Phase ) .. ... . oo e 43
Cost Disbursement Schedule (2nd Stage) ... .. .. .. o i 44
Additional Revenue Induced by Doubling and Widening Plan e e i6
IRR Calculation Sheet . ......... ... e e ettt e 48
IRR Calculation Sheet ............... e te e iae e 49
FRR CalculationSheef . .. .. ............... e 50
ANNEX
Daily Numberof Standard Ships .. ... ... ... ... i il 52
Saturation Years of the Canal Capacity .. .................. [ 52
Outlineof Predging Works .. .. ...ttt it it i e e i n e 62
PDredging Volume . ... .. i i i i i e e e 63
DredgingCost . .. ........ ... ... ... ... PRI . 66
Cost Disbursement Schedule .. ... ... ... .. iy, e e s . 67
Annual Investment Schedule e et ii e 69
Additional Revenue induced by Doubling and Widening Plan e e 69
IRR Caletlation SHEt ..o v v vt e e e e e et et e e 73
IRR Calculation Sheet . ... . e e 74

FRR CalculationSheet . .................. R P 75



Fig. No.
Fig. 2-1

23
24

26
11
3-2
33
3-4
4-1
42

A2
A-3
A-4
A-5

LIST OF FIGURES

Title Page

Suez/Cape Break-Even Freight Rates by Regions .......oovvrrrnen.... 16
Break-Even Freight Rates by Ship’s Sizes .. ... .. .ot iiin e, 17
Effectol‘SlowSteaming................i ......................... 18
Effect of Bunker Ol Price HIKe .. .o\ oonrr ot 19
Effect of Canal Toll Increase and Decrease .. ............ouvennunnn.... 20
Effect of Waiting INCIEASE .. .o v oo et 21
Demand and Transit Capacity (Standard Ship) .. ... ... . ... . . ... . ' ..... 32
Occurtence of ShipWaiting ... . ... . . . i, 33
Wailing ShipPs .. ... ... 33
Waiting Hours . ... .. S 33
Outline of Tanker ForecastingModel . ... .. .. .. ... . ... 36
Dredging Schedule ... . .. e 42

ANNEX

Demand and Transit Capacily ... ... ... . e, 53
~Waiting Situation: Base Case .. ... ... .. ... .. i e, 55
Waiting Situation: High Case . ... ... ... ... . i, 56
Standard CrossSection . .. ... ... ... .. 58

Dredging Schedule



Exising Channels

‘ ‘D.ouhl.i'ng'

g A W 3 (M

Phase I Step 13 km6l — 95

ey

( km 61—734 Western channet) - .
( km 734—95 Eastern channet) '

 Step .2 'kﬁ_lﬁ — 51
~ { Eastern Channel )}

To El Arjiep

km 122-135
{ Western Charnet )

)
e
3
E
5
&t
b
X
d
s
=

. Phase T K 135-162

. L Lo k@ 135—144 Western Chanr 1) ‘
MED | TERRANEAN ¢ 14 Westorn Channe :
. SEA -~ { ki 144-162 Eastern Cha_nnel)

ke 0 — 15 : :

{ “eslcrr_l. Channel ) . S i

Western Approach Channels ’ _ :5.‘

Area flooded at high tide

sT:_‘_Lg—l-—.Jq—l—.‘—P-r;"—t—‘—r

El Cap :\\y\)l Kantara
s .

Has El Ish- El tina

PORT SAID

LAKE MANZALA

A



Ixistng Channels

Doubling o Widening

. . _ ‘;_\’estern Chanﬁe!
‘Phase T Step 1% km 61 — 95 ‘ o ka 16 - 61 -~ _
( ku 61-734 Westera chaanel) _ km 73 122 ' :

km 145 —162 v

( kn 734--95 Eastern channel)

Step 2 ki 16 — 53 _
( Eastern Channel }

e hg oy g

To EI Arish

ks 122-135
( Western Channel }

™

Appro‘acﬁ Channe l (Suez ) W

Phase 1l ke 135-162 o
( km'135—144 Western Channel)
( ke 144—162 Kastern Channel)
ke 0 — 16
{ Western Channel )
Western Approach Channels

%

El Kantara

Principal 1

""“"';"'7""?‘ Railways




RED SEA

X 211
E R 2y
R - .

™

B Channel

S

e bty

i

it

| GEBEL GINIEFA
-.zufffF?\

GEBEL SHABRAWIT

IU
L
<

"
N

®

=)
o
{
0
L
o
0

25KM
J

: pr'ir‘lci?.al roads

“rirttr Rai lways | |

Ha el







Chapter 1

sUMMA_nY






Chapter 1 SUMMARY
1:1. Analysis of Vl__,CC/ULCC Traffic Demend and Increase in the Size of Df)‘ Cargo Vessels

1-1-1 Forcast of VLCC/ULCC Supply and Demand

~In the Main Report the linie of reéoverii of t!‘ie' tanker market, which pr’dfoundly affects
ihe cana] transit of VLCCS was forecast to come in the second half of the 1980s but here, we
calculated ‘the time of recovery. of demaud/supply batance exclusively with respect to VLCC/
ULCCs. Many uncertain factors affecting the demand and supply of shipping were dealt with on
the following as:.umptlons (until 1 990) ‘

1) As to the. oll movement between OPE (‘ and advanced nanons ‘which represents 90%
of \’LCC]ULCC teade, it is assumed, the Tokyo Summit Declarahon that oil shipments to
Europe wilt gradually decrease while those to the US.A. anid Japan will gradually increase. .-

.2} - Regarding the supply, it is assumed that the scrapping of tankers will gradually
decrease with the recovery of the market

.3 It is assupied that the prevmlmg pattem of tanker operation wnh the average speed of
12 knots and 12 days of port siay will be gradually improved toward 15 knots and 6 days with
the recovery of the niarket. (19?3 level was 16 knots, 4 days) .

 Conséquently, it is expected that the demand/supply of VLCC/ULCC will recover ifs
balance in' 1989 but, if energy conservation is intensified above the present level, the time of

‘recovery will be further delayed : :

The above analysis presupposes that no large tankers are bullt in the meantime.. but in
reality, orders may be issued gradually for the construction of VLCC/ULCC as the demand/
supply baiance recovers. We should say, lherel‘ore that the actual balance tecovery will be fur-
ther away. )

I- I 2 Seleetlon of Suez and Cape Roules by VLCC[U LCCs

-The Mam Report employs a model in whlch the canal traf fic of VLCC/ULC(‘S changes wnh
the - tanker market snluat:on Here we analyze the effects of various external factors on this
route selection and hope that this analysis will contribute toward fuller understanding of the
: prescnt condttzons the drawing up of a greater varlety of forecasts on the future and the estab-
lishment of an ophmum canal toll system

" Transit” through the Suez Canal is eeonomlcally advantageous for 250 000-ton tankers
headed for the Arabian Guif from ‘the’ Atlantic coasts of Europe if the freight rates of the next
shipment exceed $6. 40/t0n This break-éven pomt vanes by various factors and ifs extent is as
follows: - ' 5 . .

“§y By ateas, fre:ght rates of the. break-even are the lowest for the easlesn part of lhe
Mednterranean Sea and lhe hlghesi for e Caribbean Sea, so high that, at the present market
rate, it is impossqble to altract, tankers on the Caribbean run ‘to the Suez route. -~

©2) “The direct 1mpaet “of . ship’ size difference, reduced speed and fuel pnee on the

g



break-even point is small. Since, however, the rise of fuel price pushes up the lower limit of the
* tanker markel, the situation is favorable for Sucz at a time of depression such as the present.

3) The impact of canal tolls is so great that extensive analysis of environment is necessary
in setting tolls. Generally speaking, the level at which VLCCs on the Northwest Furopean run
can be atlracted brings the largest revenue.

4) The increase of waiting time reduices the advantage of using the cana). An additional 4-
days of waiﬁng, for example, produces the same effect as a 35% raise of tolls.

" 1-1-3° Number of Dry Carge Ships in Transit and Increase in Ship Size

Thé Main Report presuﬁpbses the rapid increase of dry cargo ships. We have conducted a
more détailed analysis following the discussions with the S.C.A.

The number of dry caigo ships using the Suez Canal increased 4.3% annually during the
- period of 1966/1978 and the average tonnage increased 3.7% annually. Particularly in 1976/
1979 after the reopening of the canal, the size of ships rapidly increased by 9.6% annually. But
in this demand forecase, dry cargo ships are classified by ship types (butk carriers, general cargo
ships, contamer ships, ete.), their relations with cargo items are studied and the change by fraffic
volumes by cargo items isreflecled in the change by ship fypes. :

Thus the trend towards larger ship size is analyzed and forecast by ship types bnt in actual
transit in recent years, the increase in size has been only gradual. In the world fleet also, the
increase of the averape ship size has slowed down, The size of container ships whose size increase
occurred relatively rapidly is gradually leveling off. It is believed that the future size increase by
ship types will be slow on the whole. Shift from general cargo ships to container ships is in
progress but, from 1he results of the analysis conducted on cases where the shift witl be eartier
than foreeast in the main report, the impact of the shif¢ will be the decrease of 0.8 vessel per day
in 1985 and 7.9 in 2000. '

As'to the relations between ship types and cargo items, we used data only of the monlh of
July 1978 but, the load factor, was estimated by the tonnage of ships loaded with cargoes and
the tonnage of cargoes throughout the whole year of 1978. So, the forecast c!t')seiy reflects
realities. Trial calcutations based on the load _factor‘ obilained from the data of 4 thonihs of 1979
showed fhe increase of 0.2 vessel in 1985 and the decrease of 1.0 in 2000.

The aggregate decreasé according to the two preceding analyses will have little effect on the
general trend indicated in this forecast,

1-2 Transit Capacity and Ship-to-Ship Intervals

The possibility of shartening the ship-to-ship inferval for VLCGCs to 5-6 I, with the support
- of powerful tugboats was examined. [t is our opinion that the SCA should consider shortening
the ship-to-ship intervals only after becoming thoroughly experienced in the control of VLCC's
fransit and after it has made sure of the reliability of the SCVTMS scheduled forsoon mstallatlon
For the present, as we proposed in the Main Report the SCA should adopt a ship-to- ship interval
of 1I2x L (16 mi.nutés) to allow for a sufficient stopping distance and a safety interval.
The shortening of the time interval from 16 minutes to 12 minutes would have the effect
- of postponing the Canal’s capacily saturation by a year or so, as is clear from the results of the

—e-



diagram analysis using standard ships. This period has been t‘:miﬁmicd by a simulation test
using real ships, :

As mentioned above, the shortening of the VLCC ship-to- slup distance will not greatly
conteibute to the increase of transit capacity. 1t is desirable that the increase of ltansnt capacity
will be made by ineans of doubling the Canal step by step according to the increase in the traffic
demand and the shortening of ship'-to-ship. intezvals should be considered very cautiously from
the view-point of navigational safety.

1-3 Widening Plan of West Channel
t-3-1 Traffic Demand Forecast

The method of forecasting the traffic demand in this section is the same to that described
in the Main Report, here we forecast both the number of ships and the canal revenue. The results
of forecast in both cases of the Doubling and Widening Plan and the Doubling Plan (Main Report)
are shown in the following table:

Traffic Number and Canal Revenue: Base Case

Year ] X iy .
1980 1985 | 1990 | 1995 | 2000
Case _
Doubling and _ ‘ .'
o Widening Plan | 05:28 |  8389] 103.34| 120.07] 139.63
Ships/day Poubling Plan | 68.22 | 83.73| 103.10] 119.79] 139.33
Difference - 006 | Ol6| 0.24 0.28| 030
o — Doubting and | . _ 5
B s oo F 7929 | 10417 |1320.8 | 15429 [1768.0
Reyenug!year Wldenmg P!an . N P :
(10° USS) | DoublingPlan | 7852 | 1021.6 |1290.6 [1506.7 |1730.5
: In¢réase : 1.7 - 20.1 30.2 36.2 37.5:

The tonnage (DWT) proportion of the ULCCs of 350,000 DWT or over to the whole tankers
varies from route to toute; ie. 10-13% on the Arabian Gulf — Northwest Europe route and
Arabian Gulf - North America route and about 5% on the A_rabiaﬁ Gulf — Mediterranean route.
However, how many ULCCs go through the Suez Canal depends greatly on the freight market.
When the market is brisk, the number of Suez routing ULCCs will increase, but in depression,
many ULCCs will divert to the Cape route, Taking this market factor into account, it is estimated
that the effect of widening upon the number of fransiting vessels would be 0 16 ships per day in
1985 and 0.30 ships per day in 2000. The increase in the annual revenue would be 20 mllllon uUs
dollass in 1985 and 38 million US dollats in 2000,

The effect of the teansit of ULCCS is appreciable in the market boom period; it is estimated
fo be about 2% of the total Canal revenue or about 6% of the revcnue from tankers,

1-3-2 Implemientation Plan

The implementation of the Doubling and Widening Plan which combines the doubling of
the Canal as proposed in the Main Report and the widening of the western channel to accom-
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modate SO0,0DO_DWI‘ ballast tankers is examined here.
The soil volumes are as follows:

_ Sail from doubling Soil from widening Total soil
Doubleing (Phase |)
10°m? 10°m? 108 m3
and Widening 3293 'U'm 36.2 365.6
Doubling (Phase II .
oubling (Phass 11 555.8 44.6 600.4

and Widening

Phase | doubling is to be complcted in 1986, Phase 1l in 1994, and the Canal widening i in
1984 to meet the forecasted demand of the Base Case. For the execution of this dredging work,
the SCA is to deploy nine pump dredgers of its own, totalling 44,650 HP, of which four dredgers
(35, 500 HP) will work for the d'oub]ing of the section north of Km 58 and five dredgers (9,150
HP) for the mdenmg In additlon a total of twelve contract dredgers (73,000 HP), ¢ight (56,000
HP) for doubhng the se¢tion south of Km 58 and four (l’i Q00 HP) for widening, are to be

deployed.
The dredging costs are as follows:

Doubling Widcning Total

Doubling {(Phasc 1) g3.0 10° LE 17.0 10°LE + 100.0 YO°LE 4
and Widening 2310 10°8 41.5 10°% 272.5 1058
Doubling (Phasell) 132.2 + 442.6 183 + 46.2 105.5 + 488.8

and Widening

The total cosis of 60i1bli11g and widening are as follows:

Local curfency ' Foreign currencics Totat
Doubling {Phase 1) 10°LE 10 108
and Widening 294 3438 3 7173 S
Doubling (Phaseil) 4S8 589 | 259

and Widening

These costs are based on 1979 prices, computed at the e)(change rate 0[‘ 0.69LE = USSI =

¥240, plus 10% 3dded for contingency.



1-3-3 Fconomic and Financial Evaluation

1} Economic evaluation :

‘The economic evaluation of the Doubling and Wldemng Plan was carried out using the same
method as the Main Report. The inlernal rate of return was computed from the costs and
benefits of the Doubling and Widening Plan and was compared with that of the Doubling Plan.
Evahlsation here was made only from the standpoint of national economy.

For the Doubling and Widening Plan under study, the two-phased plan, Phase 1 and the
doubling of the entise length, was employed as in the case of the Doubling Pian of the Main
Report.

Costs include the construction costs of daubling and widening, maintenance, operation and
administration costs; benefits include toll revenue from ballast tankers of over 350,000 DWT in
addition to the benefits of the Doubling Plan, The tol revenue of Phase ! are unchanged, how-
ever, as it will not increase until the entire length of the Canal is widened. Thus, only the
benefits of the doubling plan are considered. _

The internal rate of return in each case is computed as follows:

Doubling and Widening Plan Doubling Plan
Phase I 22.7% : 24.2%
Phase I + Phase Il : 23.4% ' 23.8%

Fconomic evaluation of the Doubling and Widening Plan may thus be concluded as below:

(1) If the Doubling Plan of Phase 1 is combined with the plan to widen the western chan-
nel for ballast tankess of over 350,000 DWT, there will be a slight fall in profitability
compared with the Poubling Plan, nevertheless this plan still has ampl¢ econoimic
feasibility. -

(2) If the doubling of the entire length of the Canal is combined with the widening of the
western channel followmg the Phase i, profltablhty similar to that of the Doubling
Plan may be expected since the toll revenue from ballast tankers are expected to in-
crease due to the possible passage of over 350,000 DWT tankers.

(3) Judging from the above, the economic feasibility of the Poubling and Widening Plan
(combining the widening of the western channel and the doubling plan} docs not differ
much from the results of the Doubling Plan studied in the Main Report; the conclusion
of the economic analysis in the Main Report therefore seems to be applicable (o the
Doubling and Widening Plan,

2) Financial evaluation

The evaluation of the financial feasibilily of the combined plan (Phase l) was carried out by
FRR, using the DCF method.

In computing the FRR, the costs include the construction cost with contingency, mainte-
nance cost, administration c¢ost and operation cost. Only the benefits from the doubling are
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considéred sirice the widening of the entire length of the Canal will not be completed under the
Phase 1 and, therefore, no revenue can be expected from ballast tankers over 350,000 DWT. The

FRR thus obtained is as foltows:

_Doubiing and Widening Plan i)oubling Plan
FRR _ 15.8% 17.3%

Judging from the above, the costs of doubling and widenitig will be higher than those of
doubling only, but the financial feasibility wilt not be af fected, though there will be a stight fall
in the intemal rate of return compared with the Doubling Plan.



Chapter 2
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Chapter 2 ANALYSIS OF YLCC/ULCC TRAFFIC DEMAND
AND INCREASE IN THE SIZE OF DRY CARGO VESSELS

2-1 Forecast of VLCC/ULCC Demand and Supply -
21-1 Introduction

A wide'gap in demand and ‘supply presently exists for the VLCCJULCCs, which érelvery
important custoniers of the Suez Canal, though the demand and supply of small tankets is bal-
anced. The point of time in the future that the VLCC/ULCC demand and supply again will be
batanced is discussed here. .

‘There are many uncerlainties, besides oil seaborne trade, in determining the time of demand
and supply balance in the VLCC/ULCC branch. They include, for example, the gradual recovery
of navigating speed lrom the present. reduced speed to normal keeping pace with the rise of the

‘tanker market, the increase or deciease of volume of scrapped old-aged tankers, the change of
the countries from which crude oil is ordered and the increase or decrease of the Suez Canal’s
transit volume. All of these uncertainties make it difficult to determine when the demand énd
supply will be balanced. : _ ;

In this section (2-1) it is assumed in calcu]atmg the time of supplyfdemand balance that in

: accordance with the oil seaborne trade forecast in the Main Repﬂrt the operational ef ﬁmency will
gradually improve and the ratio of scrapping of VLCC/ULCC will fall as the supply and demand
of VLCC/ULCC approaches a balance and the freight market recovers.

'2-1-2 Market Sithalion and Operating Efficiency

1) Navigating Speed : :

- Navigating speed is closely corrélated with the shipping market. It was observed in the past
few years that the average navigating speed of VLCC/ULCC ‘ranged from about 11 knots to 14
knots according to the level of freight market.

2) Pori Time - : o o

In the past two years (1978 and 1979), the average port time per voyage preaumably was
about 12 days for VLCCs. Port time is also believed to be correlated with the market situation.
If the situation improves, port time decreases and will probably apprbach' normalcy {4 days per
voyage). However, there is also the likelihood that part cargo trade may increase, therefore the
normalcy may not be fuily reached. ' ' :

3. Scrapping o L RN : : e
‘The most decisive factor in the future VLCC/ULCC supply is "Sclappmg ' of existing ships.
Shipowners® decision to scrap ships is based on their forecast of the freight market in the next
séveral years together with the scrap price of the ships. : . ;
'+ The scrapping of tanker is increasing now because of IMCO tenker regulahons wh:ch are
expected to become effective in June 1981, and the volume of tanker scrapping in 1980 will
reach 10 miilion DWT. After this special scrapping, the ratio of scrapping of tanker will bécome
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Jower because of expectation of recovery of the tanker market.

213 Long-Term Shipping Demand (Seaborne Oil Trade)

In this forecast the results of the Tokyo Summit conference and the IEA communique are
used for reference in estimating the long-term VLCCfULCC shipping demand. President Carter’s

‘ambitious energy policy is not taken in_to account because it is not clear at present to what extent
his targets will be attained.

Regional oil imposts extrapolated by lhese are as fol!ows

Table 2-1 World Oil Imports.

(10° DWT)
Region 1978 (actual) | 1996 (estimate) '“;;ﬁf:f’u:‘ | f,m‘é’;?:iw

| @
Western Europe 6482 550.0 . 8932 . A4
North Amerdca | 4145 4400 wss | s
Jaﬁan_ a6 3000 . wia | s
Total for three regions 13253 1,290.0 8353 - AD2
Others ' 328.1 - 513 1 *_243-.2 S H47
Grand total 1,6534 18613 i +207.9 +1.0

The above indicatés that, by 1990, oil imports by Western Evrope will decrease while those
by North America and Japan will s‘omewhat"increase. The total imports by the three major
regions decrease by 35 million tons as the decrease in West European imports exceeds increases in
the North American and Japanese imports. The grand fotal will increase by just above 200
miltion tons or an annual rate of 1.0% because of an annual rate of increase of 4.7% in the oil
imports of the “others” regions. :

It éan be understood from the above table that oil imports by the three major regions with
greater opportunities of VLCCIULCC operation will decrease although those by leh America
and Japan will slightly increase. Qil imports by the “‘other” régions will sharply increase but the
opporiunities of VLCC/ULCC trade there are limited for such reasons as the non- avasfablhty of
large harbors (with only a few except:ons including Far Bastern Asna, Brazll ete.) and the fact
. that the 1mp0rt lots of individual counlnes are Small ' :

The amount of VLCC-transported oil‘impo’rts By regions in 1990 may be presuniéd as
foltows: (The rate of VLCC tr’ansportatioh is presumed to be 43% for Western Europe,; 20% for
- North America, 44% for Japan and 32% for the “‘others” regtons based on the actual results i in
1978.) S : =



Table 2-2 Oit Imports by VLCC/ULCC Tran'spotfa'tion o

0 (10% DWT)
Region 1990. o
Wéslen; Ei;roibé ' | 237.i |
* North America 87.6
Japan 1334
Total for three regions 458.1
Others 1828
B Grand total i 7640.9 :

_ V_LCCI uLce rcqu:ire'nier.lts_ hlay be determined on this basis as fdllows:

Table 2-3 VLCC/ULCC Demang in 1990

o (10° DWD)
Importer region (@15 knots * 6 days in port (b) Ié knots * 12 days in port

Westérn Europe 499 734
North America 179 279
Japan 178 24.2
Total for three regions 856 1256

Others. 160 206
Grand total 101.6 148.2




2-1-4 Volume of VECC/ULCC Supply

VECC/ULCC tonnage in mid-1978 was as follows:

Table 2-4 Existing VLCC/ULCC (in the middle of 1978)

L _ | (10° DWT)
V[EC,’ULCC {200,000 DWT or moie) 1922 .
Combination-<casrier ( " ) 80
Total _ 1 2002

Source: Fearnlly & Egers Chartering Co., Ltd. “World Bulk Fléé( July 1978"

It can be scen that the present ULCC/ UuLCC wlume is excessive as against the requnrement
for these ships in 1990. So, in the VLCC]ULCC branch, the present volume will probably de-
crease through “supply adjustment™, namely, the excess of scrapping over new building.

The excess of the present VLCCI ULCC volume over the 1990 deimand is:

15 knots, Gdaysinport............ 98.6 (10° DWT)
12 knots, 12 daysinport....... e 52.0

In 1978, the demand was 110.1 million DWT at the normal efficiency of 6peration" speed
I5 knots and 6 days in port. The volume at the present navigation speed of 12 knots and 12 days '
in port is 148.2 miition DWT. The VLCC{ULCC requirement in 1990 will be approx1mately the
same level as in 1978 with 101.6 million DWT. Thus it can be said that the VLCC dermand is
stationary.

We shall now study the time of demaudfsupply balancing from the view- poml that, in
the idea of “supply adjustment”, demand/supply balance recovers with the progress of scrappmg

" The following is assumed with respcct to scrapping:

Table 2-5 Exnstmg VLCC}’ULCC (End 1979)

Year built No. _ 10°DWT
1966~70 its 25957
1974 65 | 15399
1972 67 16435
1973 86 22313
1974 116 30337
975 104 . 28779
1976 8s 26018
1977 38 12464
1978 _ s 4897
1979 8 2668

Source: 1.1, Jacobs & Co., Ltd. *“World Tanker Fleet Review Feb. 1980"
_..l 0__



. “Table 2-6 Estimated Yolume of Scrapping

. Yearly volume . . o : Cumulative volume .
e | (lO"DWT) T (wﬁnwr)
1979 ST Y K - 1979 - ()1
80 803 80 ISY. “
81 A & 2 "Bl 56
- 82 : 36 .82 . 192
83 L 8.6 : .83 . 13
84 , 108 . - 285 -
85 g 130 85 R 1 X
86 28 86 444
87 176 87 620
88 .| . 20.1 _ 88 ' RS :7 X
‘89 - ©19.6 - 89 1016
9 - S 183 . 90 1199
(*) ('l) Scrap less New building .
Table 2-7 Estimated Rate of Scrapping
Age of vessel Rate of sceapping (%)
{yea) {7 " Bstimated S : Actual
_ 1981 1982~85 1986~90 1979 1973
12 . |. s I 20 17 o
13 625 425 B Y 0
4 65 55 - 40 .20 0
s | 8IS 815 50 33 4
16 100 80 60
17 ue 85 70
a8 90 80 47 10
19 . L 95 - 90
20 100 - 100

2- l -5 Tmle of Balancing of VLCCIULCC Demand and Supply

Consequemly, the time of balanmng of demand and supply through “supply adjustment
is beheved to be in the second half of 1989. However, if it is supposed that operation at reduced
speed becomes semn—pcmmnent because bunker prices will continue to be raised in the l'ulure, the

time of batancing is calculated to be in 1987.



2-1-6 Other Faclors Affecting the Balance -

;1) As the VLCC]ULCC tonnage balance approaches equmbnum aud consequently the
I're:éht market recovers, Suez Canal VLCC traffic will increase. The Canal traffic produces the
same effect as the increase of tonnage supply because of the saving of time of navigation lO 14
days per ‘transit. '

VL.CC teaffic in 1996 estnnated in the main report is 310 nnlllon DWT, wluch is equwalent
to an additional of 10.8 mil. DWT to the existing fleet and compares with the 1978 traffic of
40 mil. DWT or 2 mil. DWT in terms of additional fleet. (Consequentty, the supplyldemand
balance is carried forward by about half a year, ) :

. In other words Suez Canal VLCC traffic produces tonnage supply of about 3.5~ ‘4% of the
traffic volume. '

' 2) The VLCCIULCC demand and supply is also afl'ected by the change of the oil
distributing structure namely, the increase of GG (Government to Government dea!) and I)D
(Direct deal) transactions, the small- shlp market which is believed to have already recovered its
balance, and the LOOP (Louisiana Ol‘fshore Oil Port)

The share of GG and DD transactions in the supply of ol | in the who!e world mcreased
from 8% in 1973 to 42% in the last quarter of 1979 and is expected (o increase further in
the future. It has become clear that GG and DD transactions, which comprise smatler lots than
past transactions routed via the international oxl majors, have cut the demand for lasge ships. If
DD transactions increase, the demand opportumhes for medium and sniall ships witl increase and
the demand opportunities For large ships will decrease.

I the small ship market steadies as a result, VLCC/ULCCS may enter the small s}up market
by part cargoes

*3) ‘The LOOP is the first Us. deepwater oil terminal to be constructed 19 miles off the
coast of Louisiana, It is scheduled to be completed in February 1981 {Capacity 70 _mii- ton per
year). However, its effect on VLCC/ULCCs is considered to be almost negligible, except tﬁat '
the demand for small ships may decrease because of cessation of transhipment from tranship
terminals séatteged throughout the Caribbean islands. '

4)  Last but not least are new building ordeis in the coursé of recovery of tonnage demand
and supply balance. The foregoing analyses disregarded the new building until 1990, but in
practice the most probable development isa gradual increase of new building orders pnor to the
real tonnage balance The common behavior of major shlpowners (1nctudmg oil compames) in
the world is to aim at timely order for new building before the rise in new building price due to
the rush of orders.

If it is presumed as an example that the yearly ratio between new buifding deli\iery'a'nd
scrapping will grow from 1986 to reach 100% in the year of the tonnagé :balance, the new
building tonnage of VLCC/ULCC will amount to about 30 miltion DWT. in four years 1986 -
1989 which will have the effect of delaymg the tonnage balance by about two years. - '
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2-2 Selection of Suez or Cape Route by Large Tankers
2-2-1 Melthod Used in This Demand Forecast

" In this demand forecast; a general economic principle is applied to the shipping world with
respect to the criteria for deciding which to use for Jarge tankers, the Suez route or the Cape
route. In the short term, route selection is affected by various factors but in the long term, these
factors tevel off and the above-mentioned econamic principle dominates. In fact, there is a clear
tendency for the number of south- Boﬁnd VLCCs in ballast through the canal suddénly to change
with the fluctuation of the tanker spol market. '

‘This economic grinciple is: **A shipping company should select a route where the per-day
net income (the remainder reached af ter subtracting fuel cost, port charges and the canal toll etc.
from the freight income) is maximal.” In this case, the ship cost and the capital cost are identical
on the daily basis no matter which route is taken; so, fhey do not affect the selection. .

As can seen from the above principle, the Suez route requiring a smaller number of days is
more favorable if: the freight market rises but if, ot the contrary, the freight market falls, the
Suez route requiring tolls is at a disadvantage. The advantageousness of the Suez route at a
certain time can be determined by calculating the “break-even point™ where one route is as
advantageous as the other and comparing it with the tanker market. - o P

The break-even point for the Cape/Cape route and the CapefSuez route of Ras
Tanura/Rotterdam 250,000-t tankers is $6.40 but the following factors change this value:

" 1)  Geographical location of deshnahon
2) Ship size. '
3) Speed, therefore, fuel consumption rate
-4)" Fugl oil prices |
~'S)" Canal tolls \
'6)  Number of waiting days at canal =

Hereunder is the analysis of the effecis of these factors. It is mtended to help the under-
stan_ding of the results of transit demand forecast and to serve for reference in the establishment
of the canal toll tariff,

2-2-2 Regional Differences

-The breakaeven'point changes according to the distance difference between the Suez route
and the Cape route (see Fig. 2- 1) It is lowest in the eastern part of the Medlterranean Sea {which
means lhat Sucz is at: a relative ‘advantage) and highest in the Canbbean Sea. VLCCs on the
Casibbean run’can ‘hardly be expected to use the Sueze Canal unless the tanker market soars. In
fact, only two VICCs on the Caribbean run used the canal in 1978 (sce Table 2:8).

2:2-3 Ship Size
‘The break-even point hardly changes by ship size. (Fig. 2-2) Rather, il is higher with large

ships. The tanker market is, of course, high with small ships and low with large ships. Al the
current toll rates of the canal, thercfore, Sucez is much more preferable for small ships but not



much so for large ships.
2-2-4 Slow Steaming

dtis préSeriﬂy a general practice for VLOC{UICCs to be operated at 3-4 knots less than their
desrgn speed of 15— 16 knots. Iit this case, the break-even point somewhat lowers but a change at
this level seenis hardly to affect the Suez transit volume. (Fig. 2- 3) -

2—2—5 F u‘el Oil Prices

At present, fuel oil prices are approximately $160--5190 per ton but if these rise 50% or
100%, the break-éven point will somewhat lowcr with the pnée rise, as shown in Fjg 2-4, making
‘Suez shghlly mor¢ favorable, : A . S

But Suez traisit is more affected by the rise of fuel oil pricés than by this lowering of the
break-even point. The sifuation can be made excéedingly favorable for Stiez at a time of market
stagnation such as this, by raisi'ng the tanker market minimum {generally, lay-up point freight)
through the rise of fuel oil prices. :

2-2-6 Canal TO!E‘

The change of canal tolis may greally af{ecl lhe induction of VLCC transit. (Flg 2-5) If the

tolls are cuf to a hal€, for example, the canal may ‘well attract VLCCs of the Caribbean run. lf on
the conftrary, the tolls are doubled, most VLCCs on the Northwest Eurapean rin wnll cease fo use
the canal. . - '
The optlmum toll system by which the toll revenue from canal- -navigating VLCCs can be
maximal should be the tevel at which VLCCs fron: Northwest Europe can use the canal under
the tanker spot market of the time. By conlrast, low tolls catering to the Caribbean Sea or high
tolls aimed only at lhe Mediterranean Sea can callse the decrease of total revenues from
VLCCs. : ' '

2-2-7 Numbes of Waiting Days

It is geneial]y understood that the number of days required for canal fransit is normally two
for VLCCs (including the time to wait for convoy formation and the transit time) and 1.5 for
other ships. This forecast also presupposes two days for VLCCs. The effect on the break-cven
point in the case of a four day increase in this waiting is equivatent to a 27% market rise from
$6.40 to $8.13. {Fig. 2-6) This is also equal 10 the effect of a toll increase by about 35%. =

-4
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23 Number of Dry Cargo Ships Teaffic and Tread of Increase in Ship Size

2-3-1 Method Used in This Transit Volume Forecast

In this forecast, the transit volume of dry cargo ships was determined by the following

method:

Goods Traffic Vessel Traffic - Vessel Traffic
Forecast _ i ! Forecast (N/T) » Forecast (Number)
by Commodity by Type 4 by Type

Share of Each Type of Vessel Increase in Size of Vessel

on Each Commodity : by Type .

{Actual & Forecast) ' (Actual and FORCBSi)

Thercfore, the number of ships in transit and the increase of ship size were all studied by
ship types.

2.32 Review of Traffic

. See Ta'ble 2-9 for the number of dry cargo ships in transit. This number is steadity
increasing and the annual increase rate was 4. 3% (1959>1978) or 3.7% (1959>1979). Note must
be taken of the 1979 decrease from the previous year but it cannot yet be anatyzed because no
detailed trade data are available now. Howwer the main cause is the decrease of south-bound
Cargoes from the previous year due, probably, to the decrease of imports by Iran, and Ihe refative
decrease of European exporis to the Middle East resulhng from the increase of Japanese exporis
to the Middle East because of the rapidly depreciated yen, and from decreased pressure for
export of Europe because of its economie prosperity. :

The average size of dry cargo ships greatly increased from 6,017 NIT in 1966 to 10,184
N/T in 1979 (annual rate: 4.1%). Particulasly, during 19761979 alter the reopening of the .
canal, the annual raté was as high as 9.6%. But when this tendency is analyzed by ship types, the
annual rate, as shown in Table 2-10, was rather low with 1.5% for bulk carriers, 2.7% for general -
cargo ships and 3. 0% for conlainer ships and was only hugh wuh Ro/Ro (23.5%) and car carriers
{9.8%) The cause of this d;f[erence in the average size increase (whtch was high for dry cargo ships
as a whole but low by ship lypcs) was due to the lact that bulk carriers and container ships,
which are large on the average, increased greatly in number due fo the rapidly increased cargo
movement of cement, festilizer, steel and general cargoes and the commissioning of an increased
share of full container ships.

2-3-3 World Trend of Ship Size Increase

The size of ships is affected by various factors including total cargo volume,' cargo
volume by transaction unit and harbor conditions. But the recent general tendency of world



shipping clearly shows that the increase of ship siz¢ has ceased, at least temporarily. As in Table
2-11, the rate of average size increase by ship lypes in 1979 over the previous year was 0.2% for
bulk carriess, 0.8% for general cargo ships and 3.0% for container ships and is still diminishing.
Tankers ate even decreasmg in size. Such bemg the case, ‘ship size is considered to increase most
slowly in the futun, L : . : o : : ' o '

. As to the snzc mcrease of contamet - ships. Table 2-12. mdlcates that the size of
conlamer ships operating on major lmer rout¢s related to the Suez Canal and contamer shlps
a!ready on order has generally leveled off and there is apparently no tendency of size increase at
the moment. In. short 1t is con51dered that the size increase by thréé major shlp types using the
Suez Canal buik camers general cargo shlps and container, shlps will progtess but slowly. Lo

The size ifcrease of dry cargo ships as a whole will be afl‘ected by the extent of future
increase in frade volume by 1tems but the size increase is likely to stow down in the future, unlike
in the past four years, due to the towering of the share of bulk carriers resulling from the reduced
cargo movement of cement and nitrogenous feriilizer and lhe relatively small increase rate of
movement of §u.c_h,qargoes as grains and sieel. .

234 Shift fro,i{ General _(_‘a'rgd Ships to Container Ships

The disteibution, by shlp types, ofthe Olher cargoes” in 1978 waéﬁl 8% for general cargo
ships and 13.3% for container ships. But this forecast is based on the assumptnon that the share of
container ships will increase to 25. 5% by ihe year 2000 (The share of general cargo shlps
will decrease for that prcporlmn ) - ' R : :

The followmg are the resulls of calculation altempted as past of a seasilivily analysis and on
the assumphon of lhe cas¢ where the share of container ships mcreases more rapidly to reach
35 5% by 2000 ;

}ncrease an’d Decrease of Number of Vessel Traffic per Day

i98s 1990 1995 2000

GenefalCarnghip B A9 MS A19 A12.9
Containes ship L2 24 36 5.0

Total . 408 A2 &43 A7.9

A Decrease.

Thus in this case, genera] cargo ships wﬂl decrease while conlamer ships will i mcrease and lhe

balance number of ships will décrease.
However it should be noted that the decrease in 1985 is as lmle as 0.8 vessel per day and

that the decreasc of 8 vessels in 2000 (or 9 vessels if’ the decrease of 1 vessel in 2000 caused by
the change of load factor as mentioned later in 2-3-5, is added thereto) causes a delay of only twc

years 20 years ahead.



2-3-5 Share of Each type of Ship on Each Comniodity and Load Factor

In this forecast the vessel trafiic volume is calculated through conversion from the estintated
goods traffic volume by each commodity. This conversion from goods to vessel is based on the
actual traffic in 1978, and as for the share of each type of ship on each commodity, the data of
July 1978 is used. Although it may be felt that the data of oité month are rather insufficient to
represent the whole year, the result of the forecast is consxdered fo be acceptable on the follow-'
ing grounds. ' SRS e ‘

1) As thé ‘one month data is used only for d;stnbutmg the' dry’ cargo trafl"c data'of the
who?e 1978 into the dry cargo vessel traffic data of the whole 1978, the’ total load factor of all
dry cargo vessels in the year is not changed by the one nionth data.

2) For confimiation’s sake, the data of 4 months of 1979 was applied to produce the load
factor of 1979 and to’ calculate the future dry cargo vessel traffic; The result was, as conipared’
with the “Base” Case, an increase of 0.2 vessel per day in 1985 and a decrease of 1.0in2000.

. 3) In the meantime the total load factor 0.80 (dry cargo M/T per dry cargo vessél N/T) in
1978 is nearly equal to 0.81 in 1976--1978 in average and 0.832 in 1979. The fuhlre load factor
will tend towards a gradual decline due to increased share of ger‘leral cargo.

Table 2-9 Non-Tanker Traffic Volume before the Canal’s Closure and after Its Reopening

Year _  Vessel . Cargo. No. of Transit -
- (No) (i0°® NRT) (16° ton) Ships per day

1959 8520 49046 47039 - | 233

1962 9,088 55,501 52,215 49

1966 11320 63,116 66,222 310

1976 14,197 - 109,856 389 | | 388

1977 17,083 144909 93,748 4638

1978 18,7177 174336 | 116,600 514

1979 - 17,665 179.393 124,395 .. 494
1979/1966 (%) 156.1 264.1 1878 156.1

note: - Vessel — except Tanker
_ Cargo — excepl Petroleum & its Products
. soui¢e: Suéz Canal Repoit ‘



Table 2-10 Transited 'fo."ﬁnagé and Average Ships® Size by Type

Year | . 1976 917 1978 - - 1979 o
NRT © NRT NRT NRT Av.N/T
tB\T, TR N 3 L rip? © o f Yearly
N\ _ (10 NT) t_(lq N}T:)_ e qo NT) o (0 wa [increne
Type No.  ACNT | No. AN [ No. AuNT [ Noo Avnril?l6
Tanker o903 175,568 139 86218 __-2'3- '
| 2610 29848 | 2,620 28843 | 2489 29700 | 2698 31979 | T
Bulk Carier | - 23395 C 26202 | 36783 36390 | o ]
SRR 1608 - 14549 | 1818 14413 | 2513 14637-| 2393 15207 |
| combined Cate. Sazes | s ss1s | assy | o
] 1o 43318 147 - 38.925 144 38319 122 39779
General Cargo | 59339 | 66387 74,51 CER P
- 9,789 6062, |10970 6070 | 11,721 6358 [10362 6569 '
Container 4545 21,604 29,995 X0
. 41710899 | 1,130 19.119 | 11437 19903 . { 1666 - 20.287 -
LASH Co2206 o sas R AV 2,641 4 S.'
69 33275 | 82 30951 69 30.681 a1 20022|
RO/RO 7,605 28 © 11,673 16,328 438
1,134 6706 | 1,600 © 7636 | 31,398 © 8350 | 1292 12638
Car.Carier [ S41L | 5748 9805 12315 ':93 ‘
B 258 20973 242 23752 373 26287 444 21736 | T
Passager ship 709 1,026 987 9 | 40
o S5 12891 81 12667 87 11345 82 12146 -
War ship o33 | 604 L 405 500 429
' 9t 3670 | 100 6040 122 3320 149 33s56| ~
Others 1457 2,660 213 EET70 I
— o665 2191 913 2913 853 . 3203 864 3.t16|
Total . 187759 | 220477 - 248,260 - - 266,171 .4
‘ 1606 11172 {19,703 11190 | 21,266 11674 | 20363 13071
NonTankers | . 109856 14909 | 174336 . 179,393 0k
14,195 7739 [ 17,083 8483 | 18,777  9.285 | 17,665 10.184 :

i

'S'ou'r'cé: Suez Canal Report ‘ * 19??;;979 '

—25-—~



Table 2-11 World Fleels — Analysié bj' Princiﬁal Types

Géneral Cargo tIne. P.tssenge_i[(“argo) K

Year Oil Tankess Ose & Butk Carriers ‘
. " Tosms . Yeariy Tons i Yealy . Toas Yearly
No. . Gross Av. tn- No. “G1osy Av. in- § Ne Gross Av, . in-
_ (1,000) Ccrease {1,000y | créase 1 (1.000) crease’
1970 | 6,i03 | 86140 | 14114 clada | 333 | 18518 | araes | 720386 }ora37
1911 | 6291 96,45 | 15280 | B3 | 2520 a3s | 13| 36 | 2203 | 7090 346 | 09
912 | sdsr | 05,129 | 1668 | es farsa | dasars 1580 | 27| ngs? | 059 3.260 | 402
wois |oesor | msass | wrasaf 73 | 2954 ] snmto | nneme |23 | 21389 ) 6956 | 3250 | o 03
194 | 6785 | 12943 § 19085 | 93 | 3wt | s7son. | usas2 | 26 | 21039 essm4 | 3u9 | 0
1975 | 7024 | 150057 | 21.363 | 119 | 3,308 61,831 18.692 L3 | 213830 70399 | 3297 15
1916 7000 § 1esi6 | p9ss| 124 | 35 66,714 } 18991 16 | 21,706 | 73508 391§ 29°
1977 | sz § annae | 2sa02 | s2 | 3881 | 74832 19052 | 14 | 22061 | 77,088 2494 1 30
1978 _6;832 175,035 25434 1.0 | 4130 80,173 1941 08| 22368 | - 79,675 -| 33562 1.9
1979 | esso | 179213 | 25067 s14 | 4208 | sas2r | 19488 02 | 22744 | 81618 | 35911 08
Year L C(ln!ajn-ef Ships Fully Cellufar) Venicle Carriers fotﬂ (Alﬁ' types) }
Tons Yearly Tons Yearly Tons - o | Yealy
No. " |- Gross Av. In- No. Gioss Av. Ia- Ne. Gross Av. | In-
| {1,000) | <reas2 (1,000} o} crease ) (1,000) prease
1910 | 167 1908 | 11425 | ' 52444 | 22714%0 .} 4338 _
wn ot 2,784 120191 54 . 85,041 | 247,203 adn | 38,
1992 | M2 | 4310 S 147 | ars 488 3.50¢ 57391 [ 268340 | 4676 | 41
1923 | 294 5899 12| 84 | 103 359 3485 | a0 | 59606 | 289927 ager | a0
194 | 42 | 6291 15.269 | 20 | 127 469 3693 § 60 | 61191 | 311,323 s087 | 46¢
1975 | 419 6,244 14902 | 2 24 | 142 542 3817 | 34 163 | 342,182 s39.| 55
1976 | 443 ss8s | 15090 | 13} 1e6 687 | 4139 | 84 }esssr| 32000 § 5688 82
5917 | 507 . 73543 4378|214 114 £33 5553 | 342 | 67995 | 393638 5.19% 15!
1973 | 531 8.6M 16335 | 98 | 159 1200 | 7597 | 359 | 69,020 | 406,002 sez | 18
1979 | 594 9.5% 16.828 30 | 187 1,588 8492 ] t25 | 71,029 | 413,021 5807 | a3
Source: “Lloyd’s Registes of Shipping™ : :
Table 2-12 Cellular Container Ships in Service
- Year No. 10° GT - 10? DWT TEU
1970.6 154 19873 (12.9) o 98065  ( 637)
19717 | 129 22122 (17.1) 22837 (17.7) 111431 ( 864)
1972.7 184 36228 (19.7) 35711 (19.4) 174,236 (. 947)
1973.4 | 247 4622 (L3 4498 01 | 221322 (1,020)
1974. 1 256 5.905 23.1) 5,823 (22.7) 281,651 (1,100)
1975.1 306 6384  (209) 5052 (19.5) | 306689 (1002)
1976. 1 325 6,842 LD 6,582 (203) 355,323 {1,093)
1977. 1 354 "~ 7459 {z1.1) 7,136 (20.2) 38985 (i,101)
1978. 1 383 8,554 222 8,187 (21.3) 440351  (1,144)
1979. 1 463 2914 14) 10,039 (LT 525625 (1,135)

* Source: Japanese Shipowners® Associalion “Maritime Transportation Statistics 1980

*(

} : Av.

TEU: Tweniy-footer Equivalent Unit (8'x8'x20" equivalent container capacity)
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Chapter 3 TRANSIT CAPAC]TY AND SHIP-TO- SHlP INTERVALS

‘This section deais w:th the addmonal study conducted on- fteins Nos. 1 and 3 of the
comments in the letter sent to the Japanese ambassador in Bgypt in April 1980 by Chairman
Mashhour of the Suez Canal Authority concerning the Draflt Report

These comments are as follows:

I- The size of ships is increasing and the avesage transu number is quasi-constant frOm 1976
uptil now. It reached a mean of 60.9 ‘during the first quarter of 1980. Also the Canal can
allow in parllcular condiiion 75 ships per day - SRR '

2 (Oniitted) P :

3-  The Suez Canal tugs will escort the loaded VLCC’s of niore than 100,000 D.W.T. and niore ‘
than 250,000 D.W.T. in batlast. The spacing between two tankers will be reduced from
twelve tength of the ships to § or 6 length, and that will incréase the Suez Canal capacity.

31 Transit Capacity _

The transit capamty of the Canal is studied in detail in Part VI ancl VIt of the Main Report
We elaborate on transit capacity in conjunction with the above Item i, as follows:

The transit capacily of the Canal after the completion of the First Stage Project is estimated
below:

Standard Ships * Real Ship
_ _ _ o ~ (Ships/day) {Ships{day)
Theoretical Capacity ™ . 84 : .92
Daity Average Capacity 65 ' ' 1

B “Standard ships” are ships navigating at mtervals of 10 mmutes “Real ships” navigate
the Canal at intervals of five to 20 minutes, dependmg on types and sizes. The relatlon
belween real shlps and standard shnps niay be generally regarded as follows:

. ~ Transit number of real shlps[translt number of standard ships * 1.1
b. 'The theoretical transit capacity is computed from the daily aumber of hours available
- for transit by preparing the Canal transit dlagmm This may be considered as the
maximum daily number of ships that can fransit the Canal, o
. A daily average capacnly should agree with the daily number of ships transiting the
Canal when one or {wo queues per month océur at Port Said and Suez.

Thus, a mammum ‘of 92 shlps (84 standard ships) can transit the Canal daily after the'

completion of the First Stagb Project. Under these condztxons however, uscrs will expenence
chronic delays at both ¢nds bf the Canal,
' If only 7 shlps 65 standard ships) transit the Canal daily, thete will not bé more than ofe
or lwo queues per month, but as has been confirmed from the resulis of the simulation test
covered by the Main Report, there will be chromc delays if the number of ships’ (real ships)
exceeds 80. ; o

l‘herefore ?5 ships (real slnps) dfuly, as pointed out in the letter, is the number of shlps that



can navigate the Canal daily, but at this level, some quening at both ends of the Canal will o¢cur.
“To avoid this outcome, the canal capacity after the complehon of the FLrst Stage Pro;ect shoutd
be increased before the daily SthS in transit reaches 72. The Main Report proposes that the Canat '
capacity be mcreased by the stast of chronic de!ays at the latest

32 Methed of VLCC Transit

.. The trans:t system for VLCCs to nawgate the Canal after the complctaon of the First Stage
Prcucct has been studied in detail in Part VI of the Main Report but it may be described again,
this time in conjunchon with Item 3 of the comments as fotlows: ; S

1) - Escort Tug for VLCCs : ‘ : ‘

Without lhe support of powesful tugboals it is 1mpossnble fora VLCC navngatmg the Canal
to make emergency stops Without running aground on the Canal side slope. Even under the
current transn regulations, a tanker of more than 1 ,000 ft. in length must use tugboat, and the
time interval between such tankers is 16 minutes (1.5—2.0 times interval for non-tankers).

Main Report proposes the suppm_l;of tugboats for tankers navigating the Canal after the
completion of the First Stage Project as follows:

o . Loaded . Inballast
Ta?lfef Size DWT Power HP | No.of Tug | Power HP No. of Tug
~ 60,000 3000 ~ 1 000~ |
60,000 ~ 150,000 | 3000~ 2 3000~ 2
200,000 ~ 3000~ 3

. _Ev'en with these powerful tugboats ready to support emergency -staps, sufficient time
intervals should be required to enhance safety.

2) Time lntervals belween Tankers T

The followmg tnme mtervals for VLCCs are pmposed in accordance with analysm of the
current Rutles of Navngatnon the transit records ‘of the first two weeks of September 1979, and
the navigational behavior of VLCCs.

Time Interval bét:w.eeh_'sl'"aﬁqu_s o

Actual Pe.wrd
(1~ 1519 1980)..

O ~60,000D“’T 12 mins 0"‘" 14’000 NRT ' I_U r_nins 0 30 000 [)\VT 11 mms

Proposed ~ | - Rulesof Navigation

~ 150000 . 16 14,000 ~ 6 -
~ 250,000 6 f AR EEE SR
. ~300,000 - 16 . Ship loaded with ~ =~ 30,000~ - 12~20

300,000 ~ 16 fissile material 20




The proposal of 16 minutes for tankers of more than 60,000 DWT is on the following
grounds:

‘Assuming that the effects of winds and tides are smali, a tanket transiting the Canal at the
speed of 7 kt must have a stoppmg distance of at least 4-6 L, even wn!h the aid of a pOWerful
tugboat, When making an emeigency stop, a tanker cannot do so while proceedmg linearly;
normally it turns either right or left during the stop So, a VLCC must have more than sufﬁcnent
distance to be able,_to stop without touching the slopes on either sides of the narrow Canal.
Supposing 2.0 as the safety factor for the stopping distance of a 150,000 DWT tanker, the

“stopping distance is: 12 x L = 3,480 m, which distance corresponds to the t_fme interval of 16.6
" minutes. Accordingly, this study proposes 16 minutes as the necessary time interval from the
standpoint of navigational sa!‘ety

As pointed out in Item 3, 1t may be poss,ible fo use 5—6 L as the time interval fo: VLCC

but we cannot agree to adopt such a short interval immcdiately after the completion of the First
Stage Project. Rathes, the use of a shorter interval should be considered when the SCA has
become thoroughly experienced in the Canal operation of VLCCs and after confirming the
reliabitity of the SCVTMS, e ' -

3-3 Effect of Time Inlerval on Capacitly

As stated above, using a short time interval for VLCCs is undesirable frém the view-point of
navigational safety Let us now see the extent to which the shortenmg of time mtervals for
VLCCs ¢an conlnbute to the increase of transit capacity.

Assuming 1.5 as the safety factor for the stopping distance, the time interval is about 12
minutes. We have tested the time of saturation of the Canal capacity by st_andard ships, using 12
minutes as the time interval for VLCCs and using the same niethod as in Part IV of the Main
chori. Fig. 3-1 shows the relation between the transit volunie by standard ships and the Canal
capacity al each slage of doubling. It indicates that the transit volume reaches the capacity at
each stage of doubling when the capacity and the transit volume cross each other. Table 3-1
shows the yeass in which the capacity wall be reached. lt mdlcates that the shortening of time
inferval I'mm 16 to 12 ‘minutes has the ef!'e‘.t of pullmg of f ihe time of capacnty saturation by
only a year or $O. , !

ThlS has been conflrmed by a real-ship s:mulatlon tcst shown in Figs. 3-2~3-4. The results of
the snnulatton test indicale that, as in the smdy usmg s(andard ships, the senous sﬂuatnon of
delays can only be put off for a year or two. '

One can sce from the above that shortenmg of lhe hme interval for VLCCs cannot
stgmﬁcantly conisibute to the increase of transit capacﬂy : S

Thus it is most desirable for transit LapaCllY to be gradually mcreased by doubling as
required by Canal uscrs. The s]wrtenmg of time intervals shoutd be avoided from the view-point
of navigational safety.
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Chapter 4 WIDENING PLAN OF WEST CHANNEL

The Second Stage Project is planned under lhe pohcy of donbhng the Canal, pnor to widen-
ing and decpemng the section. As a resull, the soil of se\veral mitlion m?® will remain to be dredged
in the western channel. However, it is possible that this remammg \oiume can be dredged under
the Second Stage Project, ‘rather than under the Master Plan, and thereby greatly reduce the
costs. Accordingly, the supplementary feasibility study is conducted for the Doubling and Widen-
' ing Plan to dredge the western channel to the section designed under the Méster Plan.

4-1 Teaffic Demand Forecast

This secnon describes the forecasted number of ships passing lhr(mgh the Suez Canal and
the Canal revenue using the Doubling and \”1ds-mng Plan.

The forecasting of traffic demand under the Doublmg Plan is summanzed in ihe Main
Report. Here, the main points of the resuNs of forecasting in this section are described in refer-
ence to the resulis of the forecast set forth in"thé Main Report.

(D Trafiic forecasting method

The traffic demand forecast is classified broadly into tankers and non-tankers. The

Doubling and Widening Plan is to allow the southbound transit of the ULCCs of 350 600

DWT or more along the Canal, the traffic demand of non-tankers is not different from the

resulis of forecasting under the Doubling Plan. That is, the Doubling and Widening Plan

is expected fo permil the transit of the southbound tankers and contribute to an increase
in the number of the transiting tankers and the revenue,

The traffic forecast method emiployed in this section is the same to that described in
the Main Report, except for the input data. The tanker forecasling model is illustrated in

Fig. 4-1. From the input data to this model (the maximuim navigable ship size} changed as

shown in Table 4-1.

Table 4-1 Maximum Navigabie Ship Size

Doubling and Widening Plan Doubling Plan

§6ﬁﬂﬁoand e All Existing Tankers i{axin}um
(in ballast) can pass through the Canal. i 350,000 DWT
Northbound |  Maximum Maximum
{laden) 150,000 DWT 150,000 DWT
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(2) * Result of Traflic forecast :

For the High Case, Base Case and Low Case stated in the Main Report, the potential
number and potential revenue are forecasted. The result of forecast under the Doubling and
Widéning Ptan is shown in Table 4-2, in reference to that under the Doubting Plan.

““Table 4-2 Potential Traffic Number and Potential Revenue

Case 1980 |- 1985 | 1990 1995 1 2000
‘Doubling | High 7036 | 9199 11839 141.86 | 171.16

P and Base - 68.28 | 83.89 | 103.34 120.07 { 139.63
Potential Widening | jow | 6620 | 7655 | 9264 | 108.10| 12544
(Ships/day) | | High- 70.27 91.76 | 118.09 141,54 | 170.84
' Doubling | Base 68.22 83.73| 103.10 11979 | 139.33
' Low 66.16 | 7647 92351 107.92 | 125.28

Doubling | High | 846.5 11549 |1485.5 1765.0 |2086.6

- and Base 792.9 1041.7 | 13208 15420 |1768.0
%‘ZLZ‘:}‘E:;‘ Widening | 10w | 734.8 | 9006 | 11417 | 13589 |1574.7
(10°USS/year) ' High 835.0 1 126.4 1448.1 1_723.9 2045.8
' Doubling | Base 785.2 | 1021.6 |{1290.6 1506.7 |1730.5
| Low 730.5 8909 111255 13364 |1548.4

Difl l‘ereﬁces inn the ship number and Canal revenue between the Dbubling and Widening
Plan and the Doubling Plan are shown in Table 4-3. These differences are indicative of the
increments attributable to the transit of ULCC of 350,000 DWT or more. The number of

non-tankers and revenue are assumed the same in both plans.

“Table 4-3 Increase in Potential Number and Pofential Revenue

Case 1980 1885 1990 | 1995 2000
Increase in “High 0.09 0.23 0.30 0.32 0.32
- Potential - Base © 0.06 0.6 | 0724 0.28 -
Number . vase ’ S ’ Mt 0.30
(Sh.,,s;day) Low 0.04 0.08 0.13 0.18 0.21
_{;uregls_elm High §1.5 28.5 374 41.% 40.8
Yotentia )
Revenue Base 79 | 200 30.2 36.2 37.5
(106US$/Year)| Low 4.3 9.7 16.2 22.5 26.3

Increase = (Doubling and Widening Plan) — {(Doubling Plan)
Low Case represents a delay in the recovery of tanker market. Thus, the widening is
of little effect with the sevenue increase in 1885 at abont 10 miltion US dollass. High Case

“asstimes the recovery of tanker market being accelerated and is, therefore, of the greatest



effect of widening with the revenue increase in 1885 at about 29 million US dollars. In each
case, t'ﬁe effect of widening is produced with recovery of the market; a revenue increase
of 26 o 41 million US dollars is prospected in 2000. .

To represent the incréases of the number and revenue more minutely, the de!anls are
shown in Table 4-4 with respect to Base Case. The year 1980 is lsted for comparison

PUIPOSES.
Talde 4-4 Tanker Traffic Number and Tanker Revenue: Base Case
(Ships) (10° US$)
: : Number of Ships/day Canal Revenuefyear.
Year .Case 1 North South 7 Total 1 l\orth South Tgtal

- D/W 4.60 6.84 11.44 91.80 | 22629] 31810
1986{ D 460 | 678 | 1138 91.80 1 21864 31045
[ Difference | 0 | 006 | 0067 0 7.65 | 7.65
| piw 478 | 797 | 1275 | 10205} 32386 42591
1985 D 478 | 781 12.59 102.05 303.76 | 40581
| Difference | € |} o016 | o016 | o] 2010} 2010
| oiw | sas [ o2t | 1467 | 12954| 39802 $27.56)
990 D 5.46 898 | 1444 | 12954 36929 | 49883
| Difference | 0 [ 023 | 023 | of 3022 3022

D/W 578 | 9_.80—{ 15.58 | 14283 43673 | s1876]
1995| D 578 | 952 | 1530 | 14203 | 40058 | 54261
| | Difference [ 0 | 628 | 028 o] 3615| 36.15]
DjW 5.86 9.83 15.69 14835 | 439.80 | 588.24
2000 D 5.86 9.53 15.39 14835 | 40237 550.72
Difference | 0 | 030 | 030 o 3152 3152

In the depressed economic year of 1980, the increase in the aumber of tsansits by
widening is 0.06 ship a day, and in the revenue is about 7 million US dollars. However, with
recovery of the market conditions, the effect of widening begins to appear, and the number
increases to 0.3 ship a day with a revenue of about 36 miilion US dollars in 2000,

(3) Summary : . _ .

(i} For the Doubling and Widening Plan, which was intended to permit Canal transit
of ULCC of 350,600 DWT or more, the transiting ship number and Cana_! tevenue are
forecasted.

{ii) The proportion in tonnage (DWT) of the 350,000 DWT or more large tankers to
the whole tankers varys from route to route. But, it is at 10--13% in the Arablarn Guif —
Northwestern Europe and Arabian Guif — North Anierica roufes and at about 5% in the
Arabian Gulf — Mediterranean route. However, whether or not all of these lasge tankers pass
through the Suez Canal is dependent greaily on the market condition. In the boon period,
increasing number of tankers use the Suez Canal, and in depressions, use the Cape route.

(i) Traffic demand forecasting was made of three cases, Base Case assunting that the
tanker market will recover in the latter half of 1980's, High Case for earlier recovery and
Low Case fos later recovery. As the result, the effect of widening on the revenue is 10 million



US dollars (Low Case) to 29 million US doltars (High Case) in 1985, or 26 million US
dollars (Low Case) to 41 million US doflars (High Case) in 2000. The effect on the number
is about 0.2 ships 'per day in High Case in 1985 and from 0.2 ship per day (Low Case)' to
0.3 ship a day (High Case) in 2000. The effect of securing transit of large tankers is not

much in depression but is appreciable in the boom period and is expected to be about 2% of
the gross Canal revenue or about 6% of the gross tanker revenue.



42 Implementation Plan
421 Outline

The Second Stage Project and the Master Plan in the Main Report compare as below with
respect to the dredging volume.

Second Stage Project Master plan
Western channel 253,600 x 10°m? 298,200 x 10°m?
Eastemn channel 302,200 x 16*m> 729,800 x 10%m?
Total $55,800 x 103m3 1,029,000 x 10°m?

Most of the remaining volume to be dredged after the Second Stage Project is in the eastern
channel, since the western channel will have only about 45 miflion m?® dredged, or less than 10%
of the total, If the remaining volume in the westen channel can be dredged under the Second
Stage Project, the maximuimn vessel size will increase from 350,000 DWT tankess in ballast under
the Second Stage to SO{),OOO DWT tankers in ballast usider the Master Flan.

The Second Stage Project is planned under the poli_cy of doubling the Canal, prior o
widening and deepening the section, without changing the design ship size under the First Stage
Project. As a resull, the 45 million m® will remain to be dredged in the western channel. How-
ever, it is possible that this remaining volume can be dredged under the Second Stage Project,
rather than under the Master Plan, and thereby gréatly reduce the costs. Accordingly, the supple-
mentary feasibility study is conducted for the Doubling and Widening Plan to dredge the weslern
channel to the section designed under the Master Plan.

4-2-2  Duplementation plan

The dredging sections are shown in Fig. 5-2-3 in the Main Report, with the western channel
dredged to the seciion designed under the Master Plan and the eastern channel dredged to that
under the Second Stage Project. Table 4-S shows the volume to be dredged. :

Since the sounding map after the First Stage Project is not complete, the dredging volume
has been calculated on the basis of the design section of the Second Stage Project. The section
dredged under the First Stage Project is naturally larger than the design section both in width
and jn depth. Accordingly, the dredging volume computed from a sounding map is considered
less than the above values. Therefore, while the dredging volume for the section to be doubled
is accurate, dredging volime of the seciions to be either w;dened or dcepened contains con-
sxderable errors. ' '

* In particular, the Ballah and Deversoir Bypass sections, where the depth is to be increased
by 0.5—1.0m, may already have sufficient depth, and we expect that the required depth will be
more easily secured than as predicted. Therefore, we recommend cairying out sounding surveys
fo ascertain the aciual dredging necessitics.
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The allocation of channel sections to either SCA ot drédging contractors should be made
on the basis of SCA capacities In other words, SCA- should dredge the easiest sections within
the' rangu, of its eqmpmenl and contract out the remainder. SET
' of the pump dudgers owned by the SCA a total of nine ef lectweiy may be deployed for
the Doublmg and Widening Plan: ihree are 10 000 HP class dredgers two are 5,500 1P class and
four are 1,700--3,300 HP class. If they are as‘:.lgned to various dredging sections according to_
their capacuy, i.e., three 10 ,000 HP class and one $,500 HP class dredgers work in the doubling’
sections and the other five in the w:demng sections, the dredging schedule for doubling witl be
as shown in Fxg 9-3-1 in the Main Report and the schedute for the w:demng of the western
channel is shown in I‘lg 4-2, . :

If dredgmg is carricd out according to this schedule, the western channel will be navigable
by 500,000 DWT tankess in ballast, the design vessel size in the Master Plan from 1989, when
the sections Knt 1.5—-17 and 135—145 are scheduled for completion. -

4-2-3  Dredging costs

‘Table 4-6 shows the dredging costs for doubling and widening. Of these, the costs of
doubling are the sameé as i_n the Main Report for the eastern channel; they show anincrease for
the western channel in proportion to an increase of 0.5-1.0m in d'eplh.

The dredging width is 10-40m, and the dredging thickness is 0.5—1.0m for the sections to
be w:dened com:dered fo be poor dredgmg conditions. Consequently, dredgmg efliciency will
be 35— 60% of that for the doublmg work; dredgmg unit costs also witl be 1.5--3.0 times higher
As in the case of the Main Reporl, the dredging costs ate based on 1979 prices, computed at the
rate of 0.69LE = | US dollar = 240 Yen. They atso include 10% for contingency. Cost disburse-
ment shedules are shown in Tables 4-7 and 4-8. .

Dredging costs for doubling and widéning

Doubling : Widening Tolal
Doubling (Phase 1) g3.10 10°LE 179 10°LE - gp 0 10°LE
and Widening +231.0 10°8 41.5 10°8 2725 10°8
Doubling (Phasc 1) 1322 +442.6 1834462  150.5 4888

and Widening

—41-—



Section 1981 | 1982 | 1983 | 1984 1 1985 | 1986 1987 Dredger
Km16.0~52.0. Widening - 36M P Rt
Km$2.0~58.0. Widening 36M SCA 5,500HPx}
K73.5~101.0, Widening | [ 42M Pt
Km103.0~122.1, Widening| [ 42M Sonuactot
Km$22.4~145.0. Widening | (= a2y pyeniiting

. Kml45.0~161.0. Widening | 1 42M Pt
Fig. 4-2 Dredging Schedule
Table 4-5 Dredging Yolume
Section West Channel East Channel Remarks
16°m? 105 m? B B
Port Said Approach s1.6 ' :
Km 1.5 - 16.0 61.7
16.0 — 30.0 4.5 56.7
-30.0 — 42.0 39 53.06
42.0 — 52.0 44 41.5
52.0 - 58.0 4.3
'58.0-73.5 57.2
735 - 94.5% 4.5 79.6
24.5 — 101.0 3.0
101.0 -- 109.0 2.8
109.0 — 114.8 2.5
114.8 — 122.4 4.1
122.1 - 134.5 379
134.5 — 145.0 40.3
145.0 - 161.0 5.0 62.9
Suez Approach 10.5 7.9
Tota} (Phase §) 134.1 2314
Totaf (2nd Stage) 298.2 302.2
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Table 4-6 Dredging Cost

West Channel East Cha‘nnel _ : _
Section Le | rc | LC “F.C Remarks
- 105LE | 10%s | 10°LE | 108 | ' -
“Port Said Approach | 7.3 | 176 S SCA and Contractor
Km 15— 160 15.3 g6 | SCA :
‘Km 16.0-30.0 2.2 1.2 171 96 | SCA
‘Km 300-420 | 24 13 | 204 11.5 | SCA
‘Km  42.0-520 3.0 1.7 17.3 98 | SCA
‘Km 52.0 - 58.0 45 | 25 - SCA - ,
“Km S$8.0—173.5 86 | 620 | Contractor
Km  73.5-945 12 | 83 | 11.8 | 841 | Contractor
Km 945-1010 | 07 [ 47 - Contractor
“Km 101.0 - '109.0 0.6 44 Contractor
Km 109.0—1148 | 06 4.1 Contractor
Km 114.8 — 122.1 1.0 6.9 ‘ " Contractor
Km 1221 - 1345 6.7 47.1 : Contractor
Km 134.5 —'145.0 -7 50.9 1 " Contractor
Km 145.0 - 161.0 1.9 13.3 15.9 |'119.8 | Contractor
Suez Approach . 238 1L 21 | 83 Contractor
| 659 | 2457 | 846 | 2433 |
Total 100.0x 105 LE+272.5x 10°$ Phase 1 + Widening
150.5x10% LE+488.8x10°S Phase 1+ Widening

Tabte 4-7 Cost Disbursement Schedule {Phase 1)

Dredging Civit Works ~ Total
Yeaar [TLCc | FC | LC r¢ | Ic F.C. | Remarks
10°LE | 1058 | 10°LE | 1088 |[10SLE [ 10°$
1981 | 121 164 | 345 6.7 | 46.6 1 23.1
1982 | 204 | 659 484 9.7 | 688 | 756
1983 204 | 659 476 9.8 | 680 | 755
1984 | 208 | 66| 476 99 | 684 | 775
1985 121 | 288} 155 31 | 26 319
1986 142 { 2729| | 14.2 279
Total | 100.4 | 2725 1936 | 392 | 2936 | 3117
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Table 4-8 Cost Disbussement Schedule (2nd Stage)

Civil Works

Dredging ~ Total :

Year L.C F.C LC EC LC F.C Remadks
10°LE | 1058 | 10°LE | 1068 { 10°LE | 10°§
1981 12.1 16.4 34.5 6.7 466 | 23.1
1982 20.4 65.9 48.4 97| 688 75.6
1983 204 | 659| 476 98| 680 75.7
1984 208 | 67.6 41.6 99| 684 77.5
1985 | 12.1 28.8 17.6 3.4{ 297 | 322
1986 | 121 28.8 7.9 1.9] 200 30.7
1987 16.1 19.2 1.5 42f 276 43.4
1938 16.1 39.2 24.9 66| 410 45.8
1989 2.6 20.0 13.5 24| 161 22.4
1990 2.6 20.0 13.5 24| 161 22.4
1991 2.6 20.0 13.5 24| 16.1 22.4
1992 4.3 26.4 13.5 24| 178 28.8
1993 4.3 26.4 13.5 24| 178 28.8
1994 4.0 | 242 4.0 24.2
Total | 150.5 | 488.81 3075 64.2] 4580 | 553.0




4-3 Economic and Financial Evaluation
4-3-1 E(:'onomi{‘- Evaluation

This section analyses the economic effect of doubling and widening, ilsing the same method
as that of the Main Report. First, costs and benefits are computed in respect to doubling and

widening to obtain the internal rate of return which is then compared with that of the Doubling
Plan. Benefits here refer to those from the standpoint of nationat economy.

1)  Study case

The Doubling and Widening Plan has two phases, as in the case of the Doubling Plan: These
are Phase I and the doulbing of the enfire length of the Canal. The first year of operation under
the phased doubling plan is exaclly the same as that under the Doubling Plan. The Step 1 of the
Phase I is to be ready for operation from 1985 and the Step 2 from 1988. Doubling of the entire
length is to be comipleted in 1994 and ready for operation from 1995. '

2y Cosls

The construction costs in each case are conputed in 4--2. For maintenance and administra-
fion costs, there is litile difference between the Doubling and Widening Pian and the Doubling
Pian, so that the figures under the Doubling Plan are used.

Though the construction costs include (0% for physical contingency, price escalation is
not taken into consideration, as in the case of the Main Report. For facilities such as tugs, the
planned scale under the Doubling Plan should be sufficient, so the facility costs of the Doubling
and Widening Plan are the same as the Doubling Plan alone.

3) Benefits

Since evaluation here is made from the viewpoint of national economy, an increase in Canal
revenue (o be expected from the Doubling and Widening Plan is the benefit. However, since
those ballast tankers of over 350,000 DWT are not navigable in the Phase I, benefit will accrue
only for the increase in transit volume. In the case of compkte doubling, since the widening of
the western channel will be completed in 1988, an increasé in revenue from 350,000 DWT baltast
tankers may be expected from 1989.

Since the transits of ballast tankers expected after the widening of the Canal will be about
0.3 per day even in 2000, this will hardly contsibute to the saturation of the Canal capacity'.
Accordingly, tolls from those ballast tankers of over 350,000 DWT may be regarded as con-
stittiting an increase in revenues due to the widening. In the case of complete doubling, since the
Canal will not reach the saturation point even after 2000, Canal revenues are expected to
continue to increase during the project life. Canal revenues in major years under the Doubling
and Widening Plan in the case of complete doubling are estimated as Table 4-9. After the Canal
capacily has reached the saturalion point, diversion from the Suez roufe to the Cape route is
assumied to begin with the averagé vessel size for cach year rather than with farge vessels. An in-
crease in Canal revenues estimated accordingly (defined as R-1 revenues in Part 1X of the Main
Report) is the benefit. Only the Base Case demand is covered.
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Table 4-9 Additional Revenue Induced by Doubling and Widening Plan

) _ (10° US
Increase in revenues fncsease in revenues increase in revenues due

_ due to doubling due to widening to doubling and widening
i98s | 042 20.1 143 '
1988 200.0 26.7 | 2261
1989 255.7 28.6 284.3
1950 311.3 0.2 . 341.5
1995 565.4 36.1 601.5
2000 752.6 37.5 | 790.1 N

4) Internal Rate of Retern _

The internal rate of return under the Doubling and Widening Plan is computed from the
costs and benefits so far obtained. In computing the internal fate of refurn, the project tife was
set at 20 years, same as the Main Report,

The internal rate of return under the Doubling and Widening Plan is shown below for the
Phase [ and the complete doubling (Phase 11 Expansion Program):

Doubling and widening l)oubling
Phase 1 22.7% 24.2%
Phase I + Phasc 1 23.4% 23.8%

Note: Refer to Part IX of the Main Report.

Under the Doubling and Widening Plan in Phase I, even with the widening of the western
channel, work on sections 0—16km and 122 -145km will not be completed. Accordingly, the
internal rate of return witl fall to the extent of the increased widening costs.

With the completion of doubling and widening on sections 0-16km and 122—145km,
revenues from tankers of over 350,000 DWT can be expecied; internal rate of setiirn, obtained by
combining the complete doubling of the Canal and the widening of both channels will thus be
slightly higher than that under the Doubling Plan. That is, profitability roughly similar to that
under the Doubling Plan may be expected froni the revenues of ballast tankers over 350,400
DWT, despite of the costs of widening. :

It has been ascertained from the above thal the internal rate of return will deop during
Phase I if the doubling of the western channe! is integrated in the Doubling Plan. On the other
hand, it will have no effect on the economic feasibility of the Doubling Plan under the complete
doubling plan, which will permit ballast tankers over 350,000 DWT to transit. Tables4-A-1 and
4-A-2 show the computation of the internal rate of return.
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§) Evaluation
Economic evaluation of the Doubling and Widening Plan is ¢concluded as below:

(1) If the Doubling Plan in Phase I is combined with the plan to proceed first with the widening
of west channet for ballast tankers of over 350,000 DWT, there will be a slight decrease in
profitability compared with the Doubling Plan alone; none the less the economic feasibilily'

s sufficiently ensured.
(2) If the u:omplete doubling of the Canal is combined with the widening of !he \nstem channel
_ ' following Phase I, it will produce roughly the same profitability as the Doubling Plan.

(3) From the above, we conclude that the economic feasibility of the Doubling and Widening
Plan (combining the widening of the western channel and the doubling plah) differs titile
from the resvlis of the Doubling Plan alone, as studncd in the Main Report. Therefore the

conclusion of the economic analysis made in the Main Report applys to the Doublmg and
Widening Plan without change.

4-3-2  Financial Evaluation

The financial feasibility of the Doubling and Widening Plan under the Phase I is based on
FRR computed by the DCIF methoed, as discussed in this section.

1) Costs and benefits

The construction costs include a price contingency apart from a physical contingency.
For the costs of facilitics including fugs etc. the scale planned under the Doubling Plan is suf
ficiently similas to the combined plan. Thus, the costs of facifities under the Doubling and Widen
ing Plan are the same as the Doubling Plan alone For the econoemic analysis.

Since basically there is no difference in control system between the Doubling and Wldemng
Plan and the Doubling Plan alone the various costs of operation and management under the
Doubling Plan, such as maintenance and repairs, general management and maintenance dredging
are used. The costs used do not include depreciation costs, interest payable and taxes.

Only the benefits from the Canal doubling are considered in the economic analysis, sines
in Phase | the entire Canal wili not be widened and thus the benefits of the widening are no
yet available. ‘

2}  FRR and evaluation
The pericd for computing FRR is to be 16 years after the commencement of work, th

same as the Doubling Plan alone. The FRR under the Doubling and Widening Plan is show
below:

Doubling and Widening Plan Doubling Plan
Internal rate of refurn 15.8% 17.3%

Note: Refer to Part X! of the Main Report.
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Table 4-A-1 IRR Calcuolation Sheet
— Doubling and Widening Plan (Phase 1) —
IRR = 22.7%
| _ (Unit: 10% US$)
COSTS BENEFITS -
No. | Year Total C(l)ir:)il;c- Operalion T_olal- l';:::;eug et Profi
Equipment- :

1 Jrest| 906 90.6 A 906
2 | 1982 175.3 1753 A175.3
3 | 1983 174.3 174.3 A _174.3
4 | 1984 176.6 176.6 & 176.6
5 | 1985 1.5 160.0 45 04.2 94.2 s 103
6 | 1986 61.5 56.0 5.5 1193 119.3 57.8
7 | 1987 6.6 6.6 144.4 1444 1378
8 | 1988 8.7 8.7 200.0 2000 191.3
9 1 1989 11.1 1.t 2557 2557 244.6
10 | 1950 135 13.5 311.3 313 297.8
11| 1991 150 15.0 353.6 353.6 338.6
12 | 1992 16.9 169 395.8 395.8 378.9
13 | 1993 169 169 395.8 395.8 3789
15 | 1994 16.9 169 395.8 395.8 3789
15 | 1995 169 169 3958 3958 3789
16 { 1996 169 16.9 395.8 395.8 3789
17 | 1997 169 169 3958 395.8 3789
18 | 1998 169 169 395.8 195.8 3789
19 | 1999 169 169 3958 395.8 3789
20 | 2000 169 169 395.8 395.8 378.9
21 | 2001 169 169 195.8 395.8 3789

22 | 2002 169 169 395.8 3958 37189
23 | 2002 16.9 169 395.8 395.8 378.9
24 | 2004 169 169 395.8 3958 37189
25 | 2005 8.2 8.2 195.8 1958 1876
26 | 2006 82 8.2 195.8 195.8 187.6
27 | 2007 8.2 8.2 1958 195.8 1876
Total | 10820 7728 3092 | 72113 72113 6,129.3
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Table 4-A-2 IRR Caleulation Sheet
_ Donbling and Widening Plan (Phase I + Phase 11) —

IRR = 23.4%

(Unit: 10°USS)

COSTS BENEFITS
No. | Year Total ‘S!l(l?lc i;:»n Operation Total ' lac;i:;s::;g et Profi
Equipment
1| 1981 90.6 90.6 A 906
2 | 1982 175.3 175.3 41753
3 {1983 174.3 1743 - A1743
4 | 1984 176.6 176.6 51766
s | 1985 107.8 103.3 45 943 94.2 A 136
6 | 1986 722 612 5.5 119.3 119.3 46.6
7 | 1987 90.0 834 66 144.5 1445 $4.5
g | 1988 1139 105.2 87 200.0 200.0 86.1
9 | 1989 56.8 45.7 i1 284.3 284.3 2278
10 | 1990 59.2 457 135 341.5 341.5 2823
11 | 1991 60.7 45.7 150 385.3 3853 324.6
12 | 1992 71.5 54.6 169 428.8 4288 357.3
13 ] 1993 733 54.6 18.7 475.8 475.8 402.5
14 | 1994 50.6 0.0 20.6 517.2 517.2 466.4
15 | 1995 226 22.6 5654 565.4 542.8
16 | 1996 24.9 249 610.0 610.0 585.1
17 | 1997 274 274 650.6 6506 6232
18 | 1998 30.1 30.1 6972 6972 667.1
19 | 1999 33.1 331 7460 7460 7129
20 | 2000 364 364 790.1 790.1 153.7
21 | 2001 40.1 40.1 830.8 83038 790.7
22 | 2002 44.1 44.1 870.0 8700 8259
23 | 2003 48.5 48.5 911.3 9113 862.8
24 | 2004 534 534 954.7 954.7 901.3
25 | 2005 52.2 52.2 800.3 800.3 7481
26 | 2006 58.1 58.1 838.1 838.1 7196
27 | 2007 64.7 647 3178 8778 813.1
Total 1,909.3 1,252.2 656.7 13,1332 13,133.2 11,2239




As can be seen, the costs of the Doubling and Widening Plan are higher than those of
the Doubling Plan alone, while the internal rale of return is somewhat lower than that under
the Doubling Plan, though not to the extent of affecting the financial feasibility. From these
results,-the Doubling and Widening Plan best be carried out with the widening of the south-
bound channel at an early date, so that ballast tankers over 350,000 DWT may make trausits.

Table 4-A-3 shows the computation of the financial internal rate of retum.

Table 4-A-3 FRR Calculation Sheet
— Doubling and Widening Plan (Phase I} —

FRR = 15.8%

(Unit: 105 LE)

COSTS BENEFIES
No.| Year Total Cg:)f;s]lgzc- Qperation Total l;‘;ﬁfﬁiﬂ Net Profit
Equipment

] 1981 e 71.6 A 716
2 | 1982 148.1 148.§ A 1481
3] 1983 1574 157.4 41574
4 | 1984 171.5 171.5 S171.5
5 | 1985 1058 102.7 3.1 6590 65.0 N 408
6 | 19846 64.3 60.5 38 804 80.4 16.1
7 | 1987 4.6 4.6 99.6 99.6 95.0
8 | 1988 0.0 60 13138 133.8 127.8
9 {1999 7.7 7.7 174.6 174.6 166.9
10 | 2000 9.3 93 216.0 216.0 206.7
11 | 2001 103 103 2420 2420 231.7
12 | 2002 1.7 1.7 273.1 273.1 261.4
13 | 2003 11.7 113 273.1 2731 2614
14 | 2004 11.7 1.7 273.1 273.1 261 .4
15 | 2005 11.7 117 273.1 273.1 2614
16 | 2006 1.7 1.7 2731 273.1 2614
Totat &15.1 711.8 103.3 23769 23769 1,561.8
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ANNEX

The Doubling and‘ Widening Plan studied in tﬁis supplementary reporl is to_widen a part
of the éxisliﬁg Canal, which wjll become the western channel in the future; the _'Mdening of the
entire length is to be completed in 1988. waever, with supplementary expeditious widening
of somé sections of the eastern channel, transiting of batlast tankers of ovesr 350,000 DWT will
be ﬁossible at an earliest date.

Conlpl.etion of the widening of the southbound channel in 1984, when Step 1 of Phase |

should be completed, is discussed in this annex.






ANNEX
1. Analysis of Transit Capacily

Increases in the number of ballast tankess in southbound transit are expected to result from
a DOubling and Widening Plan. This section discusses how these increases will affect the time of
saturation of the Canal’s transit capacity. '

The study of transit capacity by standatd ships and the study of lransnt capacaly by a
simulah(m_ test have been conducted from the results of the trnsit demand forecast in 4-1 of main

bedy in this report.

I-1 Study of Traasit Capacity by Standard Ship
N Number in Transit: Standard Ships

As described in the teansit demand forecast in 4-1, the Canal Doubling and Widening Plan (to
permit navigation of up to 500, 000 DWT ballast tankers) has a greater transil capacity than the
Doubling Plan alone. The difference is 0. 1 tankers per day in 1985,0.3 in 1990,0.3 in 1995 and
0.4 in 2000 as shown in “Table 4-3. (These values are for the Base Case demand).

To study the year of saturation of the standard-ship transit capacily, the forecast fesults in
4-1 must be converted into the number of standard ship transits. For conversion to standard ships
sixteen minutes was used as the interval for ballast tankers of more than 350,000 DWT.

Ship-to-Ship Interval

Disp!ace_'menl ; Time Internal Displacenient ' Time Internal
Non-tanker Tanker
NRT o - 0-60,000DWT i2
0-30,000 3 ' —150,000 16
—60,000 10 . --250,000 16
60,000 12 —-300,000 _ 16
—350,000 16
--500,000 16

Table A-1 shows the number of ships transit converted to terms of standard ships for the
Base and High Case demands. There will be an increase of less than 0.5 daily transits (standard -
ships) in 2000, compared with the Doubling Plan,

2) Time of Saturation of Transit Capacity.

As in Part 1V of the Main Report the year of saturation of the Canal’s {ransit capacily is
agam studied for after the completion of the Phase | promct and at each stage of the gradual
fulure passage doubling.

Under the polacy mentioned in Part IV of the Main Report, the Canal’s prnscnt capacity and
ifs. capaclty planned for cach stage of doubling plan are based on the Canal transit capacity when
queues occur onge or twice a month, Fig. A-1shows the relation, by years, between the daily :
number of transiting vessels and the Canal transit capacity. The year of saturation is at the point
where the transit capacity and the transiting vessels are c'qual (at the line intersection). Table A-2



shows the year of saturation under the Doubling and Wldcmng Plan along with the case of the
Doubling Plan discussed in the Main Report. Acwrdmg to it, the year of saturation will be little
affected by widening of the western channe! for the use of ballast tankers of more than 350,600
" DWT, because the number of tankers of this class is limited. Speciﬁeally, the number of transiting
ships will reach the transit ¢apacity in 198} (1980 in the case of a High Case demand) for the
present Canal, 1988 (1986 in the case of a High Case demand)for Phase I, Step 1, and 1992 (1988
in the case of High Case demand) for IhePhasel Step 2. Thus, the situation is exactly the same as

in the Doubling Plan.

Table A-1 Daily Number of Standard Ships

Real Ship , Standard Ship
Base Case High Case Base Casz | High Case
1977 539 492
78 58.2 532
1980 63.4 704 62.5 639
: (68.2) (703} ' (62.4) (63.8)
85 34.1 92.0 756 827
(83.9) (91.8) (75.4) (823)
90 103.5 1184 929 105.5
(103.3) (118.1) . (92.6) (105.0)
95 1204 1418 1073 1351
(120.1) (141.5) (106.9) - (124.6)
2000 1399 1711 1235 149.0
(139.6) {1708) (123.0) (148.5)

© Note Figures in brackets show the number of ships under the Doubling Plan.

Table A-2 Saturation Years of the Canal Capacity

Base Casé ngh Case
Doﬁbiing Plan ' ‘%c:;%iﬁggpag ?‘ Doubling Plan al \lk?::!‘;?llill:]g;lgﬁ
Existing 1981 1981 1980 1980 |
Plan0 1984 1984 - 1983 1983
‘Plan 1 (Phase I, Step 1) 1988 . 1988 1986 1986
Plan?2 - 1990 1989 1987 1986 -
Plan 3 (Phase I, Step 2) 1992 1992 1988 1988
Plan'4 1995 . 1995 1990 1990
Phan $ (Complete Doublmg) after after after after.
2000 2000 2000 2000
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Fig. Al Demand and Transit Capacity

1-2 Simulation Test

The Canal ssaturahon time by real ships was studled by conductmg the same simulation test
as in Part VII of the Main Report and using the values obtained in the transit demand forecast of
4-1.

The simufation model used was the same as that developed in the Main Report, with ali
input data (other than fer transit volume) {he same as thai in the Main Reporl.

' The simulation of the Canal’s phased dcmbhng plans compnsed three cases: existing state

and Steps {and 2 of Phase 1. The transxt demand compnsed two cases: Base Case and High Case.

The cases are as foilow»

Demand ‘
o S Base Case High Case
Doubling Stage .
Existing ] O
. Phase I, Step | . o _ : O
Phase I, Step 2 O ' O




[} Saturation b_f Existing Canal

The results of this simulation are shown in Fig. A-2 for the Base Case transit demand and in
Fig. A-3 for the High Case transit demand, by the number of monthly queues, the number of
waiting ships (imonthly), and the average waiting hours per ship.

These reéults_,ind‘icate that the queuing in the Doubling and Widening Plan is generally similar
to that in the Doubling Plan alone; the results are identical to those of the study by standard
ships. If the transit demand continues in the Base Case, queuing starts in 1981 and sharply
increases in 1984. In the number of delayed ships also becomes chronic in 1984. This tendency
also comes from the fact that the averdge per-ship wait increases from 1984. These resulls are the
same as in the Doubling Plan. _ , : :_

If the transit demand confinues in the High Case, queuning increases in 1982 and becomes
chronic in 1983, with these results also agreeing with those in the Doubling Plan.

As above, it has been confirmed that the transiting of ballast tankers of mare than 350,000
DWT by the Doubling and Widening Plan will merely result in some increase in the number of
queuing ships and not affect the time of saturation of the Canal’s fransit capacity.

2) Saturation of the Canal under Phase |

A similar simulation test was conducted on the stage of Phase 1 and produced resulis shown
in Fig. A-2 and Fig. A-3. As can be seen from these figures, the qllelling situation is ﬁearly the
same in the Doubling and Widening Plan as in the Doubling Plan alone, and so; the Canal’s
saturation year is much the same under the two plans. T Phase I, Step 1, where the 61 —95km
Canal length is to be doubled, queuing staris in 1988 (1986 in the case of High Case) and
chronic delays occur in 1989 (1987 in the case of High Case). In the Canal of Phase I, Step 2
where the 0—135km Canal length is to be doubled, quening starts in l989(1986 in the case of
High Casc) and chromc delays oceur 1993 {1989 in ihe case of Hrgh Case).

1-3 Evalu_alion

The Canal’s saturation year nnder the Doubhng and Widening Plan is much !he same as m the
Doubling Plan of the Mam Reporl me this result of the study it follows that the Doublmg and
Widening Planhas only to be executed at the same pace as the Doublmg Plan. In other words, the
opening program of Phase I must be carried on by (he schedule below at the latest.

_ Section to be doubled ~ Opening Year
Step 1 (Phase )] 61 ~95km ' 1985
Step 2 (Phase I} : 61 ~95km 1988
- 16 ~ 51 km '

Since waiting is expected to stast in 1981, as can be seen from the results of the study, it is
desirable for Step 1 to be completed as soon as possible. Work must be sta’tfe_d soon after the
completion of the First Stage Project. Particularly in the Doubling and Widening Plan (where
work on widening sections can be slarted immediately after the completion of the First Stage
Project) work must be performed soon so that doubling work there is not delayed.
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2. Implementation Plan

2-1 Dredging Section and Volume
Widening of the entire reach of the Canal to the section under the Master Plan will be
completed in 1988 for the Plan of widening the west channel alone. But, if a part of the east
channel is supplementally widened, an earlier opening of the Canat for VLCC becomes possible.
For this purpose, following three ptans will be examined:

Phase I Step! (km38-94.5) ................ Doubling-Widening Plan @
» 1 Step2 (km16-1435) ................ » @
I || GmO-161) ... .......... . » @

The dredging section and volunie for the above plans are shown in Fig. A-4 and Table A-3
and A-4. _ _

OF the dredging volume, 55,522 x 10* m? in the Doubling and Widening Plans @ and @
and 63,451 x 10*> m? in Doubling and Widening Plan @ represent the amount of spoil to be
dredged for the purpose of widening.

The dredging volume is based on the standard cross sections of the First Stage Project,
because the sounding maps after the First Stage Project are not yet ready. The cross seclions
dredged in the First Stage Project are, of course, wider and deeper than the standard cross
section, So, a dredging volume computed from a sounding map is less than in reality. Therefore,
the dredging volume for a doubling seclion is accurate but that for a widening or deepening
section is considerably crroncous. Particularly in such sections as the Ballah and Deversoir
Bypasses, where the Canal is to be deepened by 0.5—1.0 m, the necessary water depth is believed
to have already been secured in most sections except for sporadic places where the water depth is
short of the sequirement, if areas requiring dredging and their dredging volumes are to be picked
up from the sounding maps prepared after the completion of the First Stage Project. It is,
therefore, desirable to determine scetions for drcdginmg only after confirming the results of this
survey,

2-2 Implementation Programme

In dividing dredging work betwcen SCA operated dredgers and contractor dredgers, the SCA
operated dredgers will preferentially choose channel sections according to their dredging
capabilities, leaving the other sections to be worked by the contracted dredgers.

Of the SCA owned pump dredgers, nine can be effectively used for the Doubling and
Widening Plan. There are three 10,000 P dredgers, (one of the four dredgers of this class sank
during the First Stage Project), two 5,500 HP dredgers and four dredgers ranging from 1,700 to
3,300 HP. IT the three 10,000 HP dredgers and one of the 5,500 HP dredgers are assigned to the
doubling section and the other five are assigned to the widening section permit them to work to
their respective dredging capabilities, Km 74.5 in the Doubling and Widening Plan @ will be the
construction boundary, and it will be possible to divide the work belween the SCA operated
dredgers working on the north side of this boundary and the contracted dredgers working on the
south,
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Table A-3 Qutline of Dredging Works

Section Dredged

Section Doubled

' Section Widened

Doubling and
Widening Plan @

Km 61 - 95
{Km 61 — 73.4 West Channel)
{Km 72.4 — 95 ¥ast Channel)

Km 1.5 — 16  East Channel
Km 16 - 61 West Channel
Km 73 — 122 west Channel
Km 122 — 145 East Channel
Km 145 — 162 West Channel

Doubling and
Widening Plan @&

Besides Doubling and
Widening Plan @

Km 16 — 51 East Channel
Km 122 — 135 West Channel

Approach Channel (Suez) '

Same as Doubling and ‘
Widening Plan @

Doubling and
Widening Plan 3@

Besides Doubling and
Widening Plan ®
Km 135 — 162

(Km 135 — 144 West Channel) -

(Km 144 — 162 East Channel)
Km 0- 16

West Approach Channel
(Suez, Port Said)

Besides Doubling and
Widening Plan @
Approach Channel (Suez)




‘Table A-4 Drédging Volume

Doubling-Widening

Doubling:-Widening

Doubling- Widening-
Section Plan (D Flan @ | o Plan (3 Remarks
West East West Fast West East
Channel | Channel | Channel | Channet } Channel | Channel
10°m® | 100w’ | 10°m® | 10°m? | 10°m® [ 10°w°
Port Said Appfoach 51,558
Km 15~ 160 2,040 1010 | 612 | 7010
160~ 30.0 4,485 4435 | 56743 | - 4485 | 56,143
30.0~42.0 3,899 3899 | 53616 | 38991 53616
42.0~520 4420 4420 | 41468 | 4420 | 41468
520~58.0 4,264 4264 4,264
$8.0~ 73.5 57,246 57,246 _ 57,246
735~ 945 . | as08 | 79645 4,508 | 79645 | 4508 ]| 79645
945~101.0 | 3049 3,049 3,049
101.0~109.0 2318 2818 2,818
109.0~114.8 2464 2464 2464
114.8~122.1 4,110 4,110 4,110
122.1~134.5 9645 | 37858 | 26451 37858 | 2645
134.5~1450 5,250 5,250 | 40342 | 5250
£450~161.0 s00s | 5,005 5,005 | 62,857
Suez Approach 1,565 1,565 10456 | 7929
Total 97,833 | 94,580 | 135,691 | 246407 | 298,194 | 317,193

__63.._




Of the work schedules for the Doubling and Widening Plan, the doubling work schedule will
be executed by Programme 1 (Fig. 9-3-1, Main Report) corresponding to the Base Case of the
demand forecast. It is optimum in all cases for the widening work schedule to be completed in
1984 simultaneously with the completion of the Doubling and Widenihg Plans @.

The dredging work schedules for the Doubling and Widening Plans @, @ and @ are as

shown in Fig. A-5. The nccessary munber of pump dredgers and their total horsepower is as
follows:

In Plan @ SCA dredgers -9 Nos. - | 55,650 HP
Contractor dredger 8 Nos. 49,000 HP
In Plan @ SCA dredgers 4 Nos. 35,500 HP
Contractor dredger 7 Nos. 56,000 HP
nPlan @ SCA dredgers 4 Nos. 35,500 HP
Contractor dredger 3 Nos. 24,000 HP

"2-3 Dredging Cost

The cost of dredging under the Doubling and Widening Plan is as shown in Table A-5. Of the
. total, the cost for the doubling in the east channel is exactly the sante asin the Main Report but,
in the west channel, the cost increase is for the increase of dredging volume from the 3.5— 1.0 m
increase in channel depth, In the widening section, the width of the dr'ed_ging cross-section is
10—40 m and its depth increase is 0.5—1.0 m! the drédéing efficiency is 35--60% of the levet in
the doubling section due to unfavorable dredgjng conditions. As a résuli, the dredging unit cost is
1.5--3.0 times the level in the doubling seclion. The dredging cost is as of 1979, as in the Main
‘Report, and calculated according to the currency exchange rate of 0.69 LE = USS$ = 240 yen.
It includes a 10% conlingency. .
The dredging cost for the widening poition of the Doubling and Widening Plan is
223 x 10 LE + 63.2 x 10° §.
The apporlioning of the dredging ¢ost by years is as shown in Table A-6.

3. Economic Analysis

The economic effects of the Doubling and Widening Plan are analyzed by the same method
as in the Main Report. First, costs and benefits involved in the Doubling and Widening Plan are
computed and the internal rate of return is determined. Then, these internal rates of return and
the internal rates of return under the doubling plan are comparatively evaluated. Here, only
benefits for the nationaf economy are involved.

3-1 Sfudy Case
Following two cases are examined: _
_ Phase | Phase 11
_ ' Step § Step 2
Doubling and Widening Plan & Phase 1 198!]1984 1985/1986 —

Boubling and Widening Plan & Complete Doubling  1981/1 984 1985/1986 1987/1994
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Table A-§ Dredging Cost

West Channel East Channel
Section LC F.C LC F.C Remarks
10°LE| 10°$ 10°LE 1058
Port Said Approach 7.3 17.6 SCA and Contractor
Km 1.5-16.0 15.3 86 2.1 1.2 SCA
Km 16.0- 30.0 22 1.2 21.3% 120* | SCA *Km 16.0 - 32.5
Km 30.0 -42.0 2.4 1.3 SCA
' 9.6 68.5 Contractor Km 32.5 — 52.0
Km 4205290 3.0 1.7 SCA
Km 52.0-58.0 4.5 2.5 SCA
Km~ 58.0—73.5 308 19.0 SCA
Km 73.5-945 1.2 8.3 I8 84.1 Conteactor
Km 94.5--101.0 0.7 4.7 Contraclor
Km 101.0— 109.0 0.6 4.4 Contraclor
Km 109.0 — 114.8 0.6 4.1 Conteactor
Km 1148 —122.1 1.0 6.9 Contractor
Km 122.1 —134.5 6.7 47.1 0.6 4.0 Contractor
Km 134.5-- 1450 7.1 50.9 _ 1.1 8.0 Contractor
K 145.0-— 161.0 1.9 13.3 159 119.8 Contractor
-Suez Approach gg: i :?: 2.1 83 Contractor : giﬁ?‘ %’ @
64.9 x 10°LE + 166.3 x 105$ ... Doubling & Widening Plan ®
Total 102.5 x 10°LE + 203.9 x 108 ..o Doubling & Widening Plan @
152.6 x 10°LE + 508.6 x 10%S ....... Doubling & Widening Plan®




Table A-6 Cost Disbursement Schedule

Dredging Civil Works * Total .
Plan Year _ : ' Remarks
Lc | F¢| e | kc! Le | re
10°LE| 10%s | 105LE} 1058 | 10°LE| 1058
1981 4.5 15.2] 224 3.5 269 | 18.7
gpécbifng& 1982 200 | 498 | 363 | 64| 563 | 56.2
idening : C o
Plan 1983 200 | 498 | 321 | 64| 521 [ s6.2
1984 204 | s1s| 321 64| 525 [ 579
1981~1984 | . | .. g
- Total 64.9 165.3_ 1229 | 227 [ 1878 |189.0
Doublingg| 1984 23.6 56 | 236 5.6
Widening 1085 188 | . 63.8| 236 56| 424 | 69.4
Plan @ 1986 188 | 638 236 56| 424 | 694
'93,‘""'986 102.5 | 2939 | 193.7 | 395 | 2962 |333.4
otal ]
1986 9.9 1.9 9.9 1.9
1987 149 | 386 | 115 42| 264 | 428
1988 149 | 386 | 249 66 | 398 | 45.2
Doublingg] 1989 26 | 2001 135 241 161 | 224
Widening 1990 26 | 200 135 241 161 | 224
Plan @ 1991 26 | 200 135 24| 161 | 224
1992 43 | 264 | 135 24| 17.8 | 2838
1993 4.3 26.4 13.5 2.4 178 | 28.8
1994 391 24.8 3.9 | 248
131998 11526 | 508.7 | 3075 | 642 | 460.1 |s72.9
otal

-GT—




Doubling and Widening Plan @ uses the doubling stage as Phase 1 (doubling of the 0--135
km Canal length) while Plan ® is for the doubling of the entire length. Step 1 (doubling of the
61—95 km Canal Iength) is to be perfbnned first and Step 2 will be started after the completion
of Step 1. Whereas in the Main Report, Step 1 and Step 2 are to be started simultaneously in
1981. In ¢ach case, widening is to be completed in keeping with the completion of Step 1.

3.3 Costs

The cons{mctlon costs computed in 2, !mplementatmn Plan are used as ¢osts in each study E
case. For maintenance and operatlon costs, the values under the Doubling Plan are used because
they are practically the same as under the Doubting and Wldenmg Plan.

The construction costs include a 10’}‘6 physi_cal contingency factor, but does not include :
price escalation,

© Annual investments are shown in Table A-7. The equipment cost for items such as -
tugboats is the same for both the Doubhng and the Doublang and Wideaing Plans since the _
equlpment scale is the same.

3'-3 Benefits

Since the evaluation here is in consuderatlon of the nahonal economy, the beneﬁts cons:sl of
increases in Canal revenues by the Doublmg and Wldenmg Plan The revenue increase by the '
Doubling Plan is as estimated in the Main Report whlre the revenue increase from the use of the
Canal by ballast tankers of more than 356,000 DWT is newly eshmaled in 4 I: ’l‘:ans:t Demand
Forecast,

As is clear l‘rom the results of transit capauty analysss lhe increased number of baltast
tankers expected to transit the Canal when it is widened is only about 0.3 (reat ship) a day even
as late as 2000, Thus, it hacdly affects the capacity of the Canal. So, Ih'e‘ievenUe that ¢an be
eXpected from the i mcreasmg number of ballast tankers of more than 350 000 GWT transﬂmg the
Canal may be regarded as a revenue increase due to the widening.

In Phase I, the Canal will be saturated in 1992; thus, there will be no increase in Canal
revenues starting 1993. In the Doubling and Widening Plan @, the Canal will not be saturated
even after 2000 and so, Canal revenues will continue to increase throughout the project life.
Canal revenues in important years in each cas¢ are eslimated as indicated in Table A-8. Ship that
overflow from the Suez route due to saturation of Canal capacity switch to the Cape route. These
ate listed by the average ship size for each year. The increase in Canal revenue from this source
(defined in Part IX of the Main Report as R-1 revenues) is considercd as a benefif. Demands was
studied only for the Base Case and not for the High Case.



Table A-7 Annual Investment Schedule

. (105US$)

Doubling ind Widening Plan @) Doubting and Widening Plai @ °
1981 | 57.7 57.7
82 1372.8 137.8
83 137 131.7
84 173.8 1738
85 158.9 158.9
86 138.3 154.6
87 - 811
88 . 102.9
89 - 45.7
.90 - 45.7
L9t - 45.7
N - . 54.6
93 - 54.6
94 - 304
Total 7982 1,275.2
*~ Table A-8 Additional Revenue Induced by Doubling and Widening Plan
' ' ' o ' (166 USSY
(1) Revenue increase by  { (2) Revenue increase by [')gl)blf{iﬁge;;s {‘;‘Iiﬁ‘::isggbglan
Doubling Plan Widening Plan CAD+@
1980 - - - —
81 - - ~
85 942 " 20.1 114.3
87 1444 24.7 Cle9.r.
90 3113 302 L3415
92 3958 33.0 42838
95§ 529.3 6.1 565.4
2000 52,6 375" 790.1




3-4 Internal Rate of Return

The internal rate of refurn of the Doubling and Widening Pi_ari is compuied from the costs
and benefits determined in the previous and preceding secti_ons. In computing the internal rate of
retium, 20-years are taken as the project life, as in the case of the Main Report.

}) Phase | Project .
~ The internal rate of retuin of the Phase I Poubling and W:demng Plan @ isas shown below:

. Doubling and Widening Plan @ Doubling Plan*

Internal rate _of return 26.0% 24.2%

+See Part I X of Main Report

From the above fesults, it can be seen that the Doublingand Widening Plan can be expected
to have even a higher intermal rate of return than the Doubling Plan. The w1demng work requites
an extra cost not needed in the construction cost of the Doubting Plan, but a Canal revenue

“increase ¢an be expccted from baliast tankers of more than 350,000 DWT. This will ensure much

the same internal rate of retum as the Doubling Plan.
From the above, one can see that incorporating wxdenmg work in thc Phase [ Doublmg Plan
does not affect the economic feasibility of the project at all.

2) Phase I Expansion Project
The internal rate of fefurn of the Doubling and Widening Plan @ incorporating the widen-
ing of the western channel as part of the doubling of the entire tength is as shown below,

Doubling and Widening Plan & Doubling Plan*
Internal rate of retumn | 25.5% 23.8%

* See Part 1X of the Main Report

From the above results it can be seen that (as in Phase I} the Doubling and Widéning Plan @ ;
— even if the entire lcngth is doubled — can be expected to have shightly higher an mtemal rate of :
retum as the plan involving doubling only. _ )
. From the above, one can sec that incorporating w:denmg work m the project ol‘ doublmg
the entire lepgth does not affect the economic feasibility of the pro;ect any more than it does in
Phase 1. '

3-S5 Evaluation
The economic evaluation of the Doubling and Widening Plan including a part of east channel

be concluded as follows:
1) Incorporating the plan to widen the western channel to permit ballast tankers of more



than 350,000 DWT (o transit does not affect the economic feasibility of the Phase I doubling.
Such Doubling and Widening Plan is as feasible as the Doubling Plan.

'2) Lconomie feasibility of the level of Phase 1 can be expecled from the combined
pcrformance of the work of doubling the éntire Canat and the work of widening the western
channel.

3) The ¢conontic reasabnhty of the Doubllng and \Vldemng Plan combamng the w;demng
of the westemn channel with the Doubling Plan is generally identical to the results of the Doubling
Plan studied in the Main Report. '

Thus, it has been confirmed that the concluslons reached in thé economic eva!uat:on in the
Main Report can be apptied to the Doubling and Widening Plan without any amcndinents.

4. Financial Evaluation

This section deals with the financial feasibitity of the Doubling and Widening Plan. 'This
financial evaluation is based on the FRR computed by the DCF method and does not include
any ¢valuation by finanéial statements. Both plans were studied in the Mam Report and 50, study
results by financial evaluation can bé presumed correct with respect to the Doubling Plan by thuf
¢valuation by FRR,

41 Study Case

The Doubling and Widening Plan @ is examined in this section.

4-2 Costs and Beanefits

The construction costs of the above plan are shown in Table A-9 ~ A-11

Similar to the FRR computation in the Main Report, the construction costs include price
and physical contingency factors. Since such equipment as lugboats can be handled by the scale of
the Doubling Plan, costs under the Doubling Plan can be used as in the case of economic analysis.

For operation costs, no basic difference in control organization exists between the
Doubling and Widening Plan and the Doubling Plan. So, operational, maintenance, repair and
general control cost adopted under the Doubling Plan are adopted as well as the cost of -
maintenance dredging and the cost of révetnient repairs. Depreciation, paid interest and taxes are
not included in the costs.

For benefits, revenue increases due to transit toll resulting from the l)oubhng and Widening
Plan (R-1) are regarded as benefits similarly to the economic analysis.

_7]_



4-3 FRR and Evaluation

The period for which FRR was cdi’npntcd was 16 years from the staet of construction, as in
the Doubling Plan. The FRR for the Poubling and Widening Plan @ is as follows:

Doubling and Wideniﬁg Plan & Doubling Plan®
FRR 18.1% O 173%
*Sce Part XI of the Main Report

Erom the above results, it can be seen that a slightly higher financial profitability than in the
Doubling Plan can be expected from the Doubling and Widening Plan @ . In other words, the
increase in construction eost due to the widening work can be covered by the revenue increase

from ballast tankers of more than 350,000DWT, and the Poubling and Widening Plan can be as
profitable as the D_o_ubling Plan.



Table A-9  IRR Calculation Sheet
— Doubling and Widening Plan @) —

IRR = 26.0%
_ : {Unit: 10° USS)
LOSTS ' !_;ENEF“S _ Net Psofit
No. Year Total ] r(u:(c)?i f)lr; Operation Total [ggi"ﬁ:g
1| 198t 817 $1.1 a 57.7
2 | 1982 137.8 1378 A 1378
3 [ 1983 13,7 | 1317 A 1317
4 | 1934 1733 173.8 . 21738
s | 198s 1634 | 1589 45 1143 1143 a 49.1
6 | 1986 143.8 138.3 _5.5 141.8 1418 & 28
7 | 1987 6.6 6.6 169.1 169.1 162.5
8 1988 8.7 8.1 226.1 iz_s:: 2184
9 | 1989 1.1 th.1 2843 2843 2732
10 | 1990 13.5 13.5 15 | 3415 328.0
1t | 1991 15.0 15.0 3853 385.3 3703
12 | 1992 16.9 16.9 5288 4288 411.9
13 | 1993 169 169 4308 4308 4139
11 | 1994 16.9 169 430.8 4308 4139
15 | 1995 6.9 169 430.8 4308 4139
16 { 199 169 169 4308 4308 413.9
17 | 1997 169 16.9 430.8 4308 413.9
18 | 1998 16.9 169 430.8 4308 4139
19 | 1999 169 169 4308 4308 4139
20 | 2000 169 169 430.8 4308 413.9
21 ] 2001 16.9 169 4308 4308 4139
22 | 2002 169 169 4308 4308 4139
23 | 2003 169 169 4308 4308 4139
24 | 2004 169 169 4308 4308 413.9
25 | 2005 82 8.2 204.1 204.1 195.9
26 | 2006 8.2 8.2 204.1 204.1 195.9
27 Lzoo?_ 82 8.2 204.} 204.1 195.9
" Total 1,107.4 798.2 309.2 - 78737 | 7.873.7 6,766.3




Table A-10 IRR Calculation Sheel

- Doubling and Widening Plan 3) —

IRR = 25.5%
(Unit: 10% USS)
| COSTS BENEFITS et Profi

No. Year Total rEglI:i:n Operation Tatal lﬁiﬂ,?,fﬁg
1 | 1981 7.7 57.7 s 577
2 | 1982 1378 | 1378 61378
3 | 1983 131.7 131.7 A 1317
4 1934 1738 173.8 A 1?3;8
s | toss 3634 | 1589 4s 1143 | 143 & 491
6 | 1986 w601 | 1546 5.5 1418 1418 A 183
-1 1987 8.7 81.1 6.6 169.1 169.1 814
8 | 1988 116 102.9 8.7 226.7 2267 115.1
9 1989 56.8 457 1.1 2843 2843 2215
10 | 19% 592 45.7 135 3415 3418 2823
i | 199 60.7 45.7 15.0 3853 385.3 3246
12 1992 71.8 546 16.9 4288 42838 3573
13 ] 1993 733 546 18.7 4758 4758 402.5
14 | 1994 510 304 20.6 517.2 517.2 466.2
15 | 1995 326 26 565.4 565.4 5423
16 | 1996 249 24.9 610.0 610.0 585.1
17 | 1997 274 274 6506 650.6 6232
18 | 1998 30.1 30.1 697.2 69722 667.1
19 | 1999 331 33.1 746.0 7460 712.9
0 | 2000 6.4 364 790.1 790.1 7537
21 | 2001 40.1 40.1 830.8 830.8 790.7
22 | 200 44.1 44.1 870.0 8700 8259
23 | 2003 48.5 4835 911.3 9113 862.8
24 | 2004 534 534 954.7 9%4.7 9013
25 | 2005 52.2 522 8003 | 8003 748.1
26 | 2006 58.5 58.5 838.1 838.1 779.6
27 | 2007 64.7 64.7 8778 | 8778 813.1
Total 19323 | 12152 | 65 132271 | 13,2274 11,394.8




Table A-11 FRR Calculation Sheet
— Doubling and Widening Plan (B —

FRR = 18.1% (Unit: 10°LE)
COSTS BENEFITS

- Tocreaced Net Profit

No. | Year Total [Sg;}zlr; En?;:lt’ Operation Total Transit

Toll

1 1981 . 454 454 a8 454
2 1982 158 | 1158 A 13158
3 1983 | 1184 | 1184 A 1184
4 1984 | 167.8 | 1678 5 1678
5 1985 | 169.7 | 1357 30.9 33 789 789 a4 9038
6 1986 | 158.1 | 1454 8.9 38 95.9 95.9 A 622
7 1987 46 4.6 1166 116.6 1120
8 1988 6.0 6.0 1522 152.2 146.2
9 1999 7.7 17 194.3 1943 186.6
10 2000 913 93 226.8 236.8 227.5
1 2001 10.3 10.3 263.9 263.9 253.6
12 2002 1.7 1.7 295.9 2959 284.2
13 2003 1.7 11.7 2959 2959 2842
14 2004 1.7 11.7 295.9 295.9 2842
15 2005 11.7 1.7 295.0 295.9 284.2
16 2006 .7 H.7 2959 2959 2842
Total 871.6 | 7285 39.8 103.3 26181 | 2618.1 1,746.5
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