32 Features of the phased plans

3-2-1 Transit conditions

Dif_l‘e;ént phased plans” are” studied to determine what transit conditions are secured

compared with those after the completion of the First Stage Project.

(1)

(2)

Size of transit vessels

_The size of iransit vessels. projected for the First Stage Project is around 150,000 DWT
tanker fully faden for the northbound channel and 50,000 G/T container vessel and around
300,000 DWT tanker in ballast for the southbound channel. The Canal section was designed
for these vessels sizes under the Second Stage Project. :

Pian O is intended for expanding only the section Kmi6- 32 5 to meet the demand for
the time being, with no work on other sections. Accordingly, an insufficient area ratio will
occur at part of the channel, thus reducing the area ratio of 4.6 projected for around
300,000 DWT tankers in ballast on the west channel, This is probably wnavoidable if Plan 0
is regarded as an extension of the First Stage Project.

With the exception of Plan §, the phased plans are designed to use the existing Port
Said Channel as the western channel in the section Km0—16. Accordingly, it is impossible
for vessels with more than 11.5m (38') in draft to transit the Port Said Channel.
Consequently, those southbound vessels exceeding the draft have to"fus';'e the New Port Said
Bypass while it is not in use by northbound vessels. In each phased plan therefore around
300,000 DWT tankers in ballast and 50,000 GfT confainer vessels may be regardecl as the
largest southbound vessels.

Transit scheme

As the transit scheme undcr the Second Stage Pro;ect is to be studied in detaﬁ in Part
VII, it is sufficient here to ascertain the d]fference belween various transit conditions under
the phased plans. :

As the method of lransnt after the oomptetlon of the First Stage iject is to run one
northbound convoy (non-stop) and two southbound convoys (S-1 convoy will lay to at the
Great Bitter Lake and S-2 convoy at the Ballah Bypass while the northbound convoy
passes), the transit method under the phased plans is proposed on the following prmclples
I The northbound convoy trapsits the Canal in non- stOp
2 For southbound convoys, non-stop translts are 1o be made avallable as much as pos-
sible by doubting the Canal.

The traffic diagram of each’ phased plan based on the above prmc:p!es may be prepared
as Figs. 6-3-2 — 6-3-8, The diagrams are based on the following premises:

a) The average speed of northbound vessels is to be 13km/h and soulhbound vessels
t4kmfh.

b) Transit vessels are to maintain an mten'al of 10 minufes.

¢) - TFransit hours are to be shared equally by northbound and soulhbound vessels.
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d) Transit hours are to be based on a 24-hour cycle. .
¢) Waiting sections are confined to the Ballah Bypass and the Great Bitter Lake.
Table 6-3-1 shows the allocahon of nav:gable time and Waltmg hours under cach

phased plan.

Under. each’ plan the navigable hours increase compared with the current situation
(after the First Stage Project). With it, the navigable time period is 14.2 hours, They
increase, however, to 15.8 hours in Plan 0, 18.0 hiours in Plan 1, 18.8 yours in Plan 2, 19.9

hours in Plan 3, 21.3 hours in Plan 4 and Bnally to 24 hours in Plan $.

Table 6-3-1 Comparative Characteristics of the Phased Plans

Transit Capacity . Transit Hours Waiting HoursfShip
. South- North-
) bound bound "
' o | Nomber i
South- North- Scuth- | North- Y niit- -
of : e : Valt-l 4 ve, Tim
bound bound |~ oys bound | bound Average “am__ng Av. | ing Tage Das ::
) . - Convoy | er- [Con- tion
: : age | voy
[ Ships{day hours " hours - hours | heuss | houvrs
Existing sl 31 42 3 $119.38% 1249| 816 | S1 828 o] o | 408 _ 14.16
el saon N:15:2 | $219.05 52 745 '
| _Slage) ]
Pian O s1 41 47 3 | s123.22) 1249 [ 1007 | s11072] of o | 504 |59
52 6 N:1S:2 | 521755 §2 595
Plan 11 54 54 2 25.59 1249 | 1399 135991 0} O 7.00 | 18.00
1.5:1
Plan 1-2 §1 45 54 3 S512060| 124910 750 | SY 900 o] 0 | 375 {18.00
8 9 N:1,S:2 52 11.60
P13 54 54 2 0 ) 0 |18.00
N:1S:1 1t.60 12.49
Plan 2 51 36 ;S6 3 §121.0} 1242 6.39 51 241 0§ 0 319 | 18.82
52 18 N:1S:2 | s2t160
Plan 3 60 60 2 19.94
N:1,S:1 11.60 1249 0 0 0
Phnd 64 64 2 21.34
N:is:1 11.60 | 12.49 0 0 0
Flan § 144 144 2 24.00
' N:ES:1 i1.60 | 1249 0 0 0
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It is possible to reduce the waiting time for the convoys in Plans 1-2; 1-3,2 ~ 5 com-
pared with the current condition. Though a reduction in even one hour per vesse) cannot be
realized in Plans 1-2 and 2, the average waiting time will be nil because of non-stop opera-
tion for both southbound and northbound convoys in Plans 1-3 and 3 ~ 5. On the other
hand, waiting time will increase in Plans @ and 1-1, as it will be greater for southbound con-
voys in proporlion to the increase in the transit capacity.

As has been described, the creation of the west channel adjaceat to the New Port Saig
Bypass is not planned prior to the stage of a complete two-lane canal in Plan 5.
Accordingly, those southbound vessels of over 11.5m in draft have to use the east channel
prior to or after the use by northbound vessels, Fig. 6-3-9 shows the current convoy diagram
under this condition.

Assuming that southbound vessels enter the east channel after northbound vessels
passed HM100 on the Port Said Approach Channel, about 1.5 hours of the nawgable time
duration can be secured. This nav:gable time duration seems to be sufficient to cope with
large-sized southbound vessels making transits in 1981, In Plan 0 this navngable time
duration can hardly be secured as shown in Fig. 6-3-10. In Plan 1-1 targe-sized southbound
vessels have to pass the Kml6-point by using the east channel before northbound vessels pass
through the New Port Said Approach Channel (east channel) as shown in Fig. 6-3-11.
Furthes, these large-sized southbound vessels have to wait at the Ballah By-pass for
northbound vessels to pass.

In Plan 2, when those vessels in the last half of a southbound convoy depait,
northbound vessels will have passed through the New Port Said Bypass and the east channel
of the Port Said Approach Channel. Accordingly, non-stop transits :wi‘il' be possible for
large-sized southbound _véssels if they depart from the Outer Waiting Area and proceed
through the east channel of the Approach Channel after general cargo vessels departed from
the Port Said Harbour persuant to the current method of transit (Fig. 6-3-12).

In other words, if precedence is given fo the expansion of the north section of the
canal as in Plans 0 and -1, it will be difficull to secure the nawgable hme duration for’
large-sized southbound vessels. Further, it will result in disadvantages such as the necessily
of making a complicated adjustment to.the method of transit and of 3ilocatmg a part of the
navigable time duration for northbound vessels to Jarge-sized southbound vessels. -
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Southbound convay Por Farge ships . -
Fig. 6-3-12 Traffic Diagram (11)

(3) Transit capacity ~ : A Lo
_ For the transit capacity, as it is sufficient here"'td ascertain the difference in evalua-
tion among the phased plans, a theoretical traiisit capacity is to bé'éom'put.ed_'. S
The transit capacity under each phased plan may be obtaincd by the equation below
assuming that the navigation tiimé duration of soulhbound and of northbound transit are
equal. I S : '
| N=[c —(FVLSs} —-\};) X L]l T R (X))
Here, N : transit capac_ity"(riumber of vessels for both directions)
L Cr transit c'ycle'(zti hours) o _ _
Vs:  average speed of sonthbound vessels (14 km/h)
Vi average speed of northbound vessels {13 km/h)
L: Longest Sing[e-lané section E
T : average time intesval between ships L o
The transit capacity _und'ef each plan was computed from the ecjualion“().’l,'as'suming
that the average tinie interval beiwéénj'i«essds __isfilO'minmes for thfe: s_tanc'_ia}d vessel. The
Rutes of Navigation specify a2 5--20 minute time interval, according to the size of vessels.
However, as the actual record of a fortnight from August to September 1979 was, in
average, 10 minutes, it was adopted as the interval fot the standard vessel.
Table 6-3-2 shows the theoretical transit ¢apacity under each plan,
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The curcent transit.capacity, of 84 vessels per day for the standard vessel may be
increased by 10 6 94 in Plan 0..Plan 1s will have the same longest single-lane section of
Km 122-162, so the transit capacity will be 108 vessels per day. L

In Plan 2, as the single-lane section of Km 16-31is alitile shorter than that of Plan 1,
the capacity wilt be 112 vessels. It will be 120 in Plan 3 and 128 in Plan 4, and finally free
transit will be possible in Plant 5, and the capacity will be doubled to 288.

" Table 6-3-2 Theoretical Transit Capacity (Standard Ship)

Plan - Capacity (shipsfday) | Plan® -~ | Capacity (ships/day)
Existing _ . Phn)-3.__ L _IOS
{After Ist Stage) _ Plan 2 1?2
Plan 0 94 ; Plan3 .+ 120
Plan 1-1 .]08 Plan 4 128
Plan 1-2 108 Plan 5 YT

i

122 Quanlitf and cost of construction

Table 6-3 3 shows the quant;ty and the cost of construction obtained from Table 9.4-1. As
regards to the quantlty of works by category, the amount of dredging will be 68 million m? in
Plan 0. Of Plan -1, Plan 1-2 wil} have the smallest at 142 million m?® and Plan 13 the largest at
294 miflion m® followed by Plan I-1 at 159 mitlion m?. It will be 178 miltion m* in Plan 2, 329
million m? in Plan 3 and 368 million m* in Plan 4. Finally it wilt be 556 million m" in Plan §
which conipletes thé expansion to two lanes.

" Table 6-3-3 Construction Cost of Phased Development Plans

{Asof 1979)

. Construction Work . . Construction Cost . o

— — T T A 1 Remarks

Dry " Bank . . ol Dy Bank .

E.lca\lrztion Works Diedging | pycavation | Works Dredging Total
10¢ m? Kin 10°m* | 105 § | 10¢§ s | o1e0s
Plan 0 S 140 -8y 619 195 224 a9 | 84S
Plan1-1' ] 480 |- 674 . ‘1593 - 887 50.7 1249 ° 2443
Pan12 {990 | 7158 | 148 | w483 sas | oasna. | 3879
Pan13 | 1470 | 1432 | 2936 | n39 | 1032 | 2916 | 61427
Pian 2  99.0 758 1725 1483 525, | 209 R TIN
Plan 3 147.0 w2 | 33 | e | 1032 | 3514 0 | (6716
Pand | 1540 [ ies.d | 3628 | 237 | 260 4095 7612
Plan § 266 | 2339 | ssss | s39 | 1 | sz | 10442

Nofe: 1} Thest cosls éxclude the procurement cost for tugboats and navigation aids,
?)  The bank works consist of the demolition, remioval and construction of new serelment.
©3) " The dr)’ excavaﬂon includes the temoval of the existing failway and siphon pipes.
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. For dry excavation, the anount wilt be 14 miflion m® in Plan 0. Of Pian 1, it will be the
smaltest in Plan 1-1 at 48 miltion m?®; 99 million m* in Plan 1-2 and 147 miltion m* in Plan 13,
Further, it will be 99 million m?* in Plan 2; 147 million ® in Plan 3 and 154 miltion m® in Plan
4. Finally, it will be 226 million ' m?® in Plan 35, equivalent to about 36% of the totat amount of
dredging. : ' : '

The eonsimchon cost do not include related equlpment of naugatmn aids and {ugboats,

The construction costs under each plan is estimated to be USS$85 million in Plan 0, which
constitutes the smallest figure. Of Plan 1, the cost is expected to be US$244 million in Plaa 1-1,
US$388 mdhon in Plan 1-2 and US$61S miillion in Plan 1-3, or 2.5 times that in Plan 1-1.
Further, it is estimated to be $442 mllhon in Plan 2, US$6?2 million i in Plan 3, USS?67 million
in Plan 4 and USSl,l44 million in Plan 5.

33 Comparison of Phased Development Plans
3-3-1 Cdmparisdn by Cost-Benefit Analyéis

 This section is intended to comgpare the phased plans by cost-benefit analysis. As the
purpose of comparison here is only to ascertain the difference among the phased plans, cost and
benefit are defined as follows: :

(1) Costs . :

" Costs are to be only those shown in Table 6-3-3, excluding those for maintenance,

. opération and administration as they are ¢stimated to be about 2% of the construction

- costs. S ' : '

The plan of yearly investment is based on the assumptlons given below

a) The Second Stage Pro;ect is to commence at the beginning of 1981, allowing six
months for prellmmary works prioz to the commencement of site works

b) Annual amount of dredging is assumed tobe 60 million m?, in e\ery phased plan.

¢} Dy excavation and the construction of revetments are lo proceed without interfering
with dredgmg .

d) Yearly investment is to be made in keeping paCe with dredgmg

(2) Benefits : :
Additional revenue dem'ed from an increase in capacity resultmg from the Second
Stage Project are included. The benefits from the reduction in transit hours for Canal useis
resulting from the expansion to two lanes (reduction in waiting houts for southbound
convoys) are also to be adopted The reduction in wamng hours at both ends of the Canal
brought by c0mpletely doub]ed Canal is also counted as benefit. .

These beneﬁts are to arisc one year after the completlon of cousimchon under each
phased plan and are to remain at the same level afte.r the capacnty reached under each plan
Computat;on of beneﬁts arising from mc;eased revenue is based on the pnnc:ples given
below. : : - ' R L

a) As regards to_"projecl'ed vessets' 'fer.:lhe‘_eom'p;itat'idn_'of an increase in revenue, a
10,000DWT general cargo vessel is to be the representative size, in the light of the
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recent transit record, Though the average size of non-tankers is 12 ,000 DWT, as this

- calegory includes bulk carriers, the size of 10 000 DWT is to be used for a conservative
- estimate of the benefit.

The transit toll for a 10, 000 DWT general cargo vessel is Sl? 522 per transnt (converted
at 1 SDR = §1.3).

b) The number of transit vessels is as shown in Table 6-1-4 converted to standaed transit
- vessels from the results of the forecast of transit demand in Part 1V. In order to convert
the actual number of transit vessels to.that of standard vessels leaving at an interval of
10 min., the interval foi_each size of vessels is to be assumed as shown below. For the
actual departing interval, Part VII should be referred.
Disbléc‘ement ; ' : " Tinie Internal
Non- tanker = ' ‘ S (minutes)
| 0 - 30,000 NRT 8
— 60,000 . 10
60,000 - : 12
~ Fanker ' - -
060,000 DWT . 12
— 150,000 BT
- 250,000 B 1
~ 300,000 L S T
300,000 - R
- Table 6-34 Forecast Number of Standard Ships (Base Case)
. {ships/day)
; s Standard Sh1p o _
B E L Nt A v ?.23}11‘3%%;’;?:* Tota
1980 683 | 1560 | 697 w06 | 1062 | 635
1985 839 1763 8.53 36.11 13.12, 7539
1990 1013 20.58 10.b 4 4498 16.97 92.64
1995 120.1 21.95 1147 52.87 20.60 106.89
2000 1396 ). 22 13.12 62.63 302 12298

<) .Thc,mlmbet cof transit vessels for the computation of the increase in revenue is

Transit capacily under \ [ Transit capauly after.
each plan ] lhc First Stage Pro;ect

estimated by the method shown below: | _ _ : =
Number of transit vessels
- = | for the computation of

" the intrease in revénog

- However, it ‘will take some time for the number of transit vessels to reach the
theoretical capacity under ¢ach phased plan. Such a period of time may be estimated

~ from Fig. 6-3-13. Conversion, in monetary terms, of the effect of reduced hours is

based on the principles given below: .
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a) As in the case of the computation of the increase in revenue, the projected size of
véssels for the computation of the effect of reduced hours is to bé a 10,000 DWT
general cargo vessel. The number of transit vessels for computation'is to be the

‘the yearly total number of transit vessels. The cost for a 10,000 DWT vessel is
USS56,480 per day. :

b)  Theé reduction in transit hours is to be the difference between the average waiting
hours after the completion 6f the Fitst Stage Project and those under ¢ach phased
plan as shown in Table 6-3-1. However, in Plan 1-1, in order to allow southbound
large-sized vessels to make transits, it is necessary for them to leave Port Saig
about four hourss earlier, assuning that they reqiiire a transit t'in)e period of two
hours (see Fig. 6-3-11). If these large-sized vessels are assumed to be between
2:?5,000 DWT tankers and 120,000 DWT butk carriers in size, t_'he ship cost per
day will be as shown below.

275,000 DWT tanker: 26,430 ${day

120,000 DWT bulk carries: 19,08_(") $/day
Average: 19,255 S/day

Ia Plan 1-1, the additional time required for an average large-sized vessel to make

a transit is to be regarded as a negative benefift. The number of transit vessels
dusing the time period of two hours will be 7.5 vessels per day at an interval of 16
min.

¢) As in the case of the reduction in waiting hours at the both ends of the Canal
after the completion of whole doubling the Canal, the projected size of vessels for
the computation of the effect of reduced hounrs is to be a 10,000 DWT general
cargo vessel. The seduced hourss at Port Said and Suez are to be, in average, 10
hours per ship_re;spéciiirély. The number of fransit vessels and the cost for a
10,000 DWT vesse} are the same as in (a) above. This benefit will be enjoyed only
by Plan 5. . ' '

(3} Comparison _ _

On the basis of the above costs and benefits, the cost-benefit ratio under each plan may
be computed as shown in Table 6-3-5 for a computation period of 20 years after the
completion of work. As these ratios do not include ail costs genérating benefits, it is not safe
to regard them as absolute values; it is only to ascertain the difference aniong the phased
plans. ‘ :

"As a result, Plan 0 ShOWS the highest proﬁtab:hly whlle Plan | - Plan 5 show similar
proﬁtablhtles between 1.3 and 1.8. As the unit cost of dredging is higher on the southem
part of the canal compared with the northern part, the more to the south the plan is
implemeénted, the lower the profitability. The high profitabitity under P!an 0 and the low
rate under Plan 2 - Plan 5 are partly dug to this factor. 4

As regards Plan S, as the demand is not expected to reach the capai:ily‘ evén aftera
period of 20 years computation, the benefit of two-lane ¢anal is not fully eénjoyed.
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Judging from the above, there is no marked difference in profitability as far as Plans

1~3 are conceried. High ptoﬁlability may be obtainedl in Plan 0, while Plans 4 and § seem
to be somewhal low in profitability due to the chasacteristics of the area to be dredged.

Of Plan 1, Plan 1-3 shows slightly lower profitability compared with Plans 1-} and 1-2

despite higher costs; this is due to the expected effect of reduced transit hours. The same
applies to Plan 2. In Plans 3 and 4, however, as the effect of reduced hours is equal to that
of Plan 1-3, the profitability falls in proportion to the rise in the dredging cost.

Table 6-3-5 Econonic Evaluation Indexes

Benefit (10° US$) Cost-Benefit
: - : Ratio

Cost ~ Time Saving (Discount

‘ Additional | Transit Time | Early De- Rah: :15%)

(10° US$) Total Revenue |  Saving [pature Loss

Plan 0 84.5 1,074.7 1,2328 | & 1581 - 3.48
Plan 1-1 2443 2,1074 28424 5 5594 A 1756 1.81
Plan 12 3879 | 235029 2,740.3 © 626 - 1.69
Plan 1-3 6147 | 3,879 29957 7922 - £.29
Plan 2 4417 | 34014 32257 - 1757 - 1.66
Plan 3 6716 | 48875 40242 863.3 - 1.50
Pland 7672 $,940.6 5.007.8 9328 - 1.37
Plan S 1,144.2 9,646.3 84444 1,202.2 - 1.32

b)

c)

d)

The results of the evaluation of cost-benefit ratios may be outlined as below.

Plan © offers high profitability with a short work period.

In Plan 1, Plan I-1 requires the minimum construction cost resulling in high
profitabitity, but produces no effect of reduced hours. In view of the same capacitly
shown by the other Plan Is, it may be concluded that Plan 1-2 or Plan 1-3 is probably
desirable judging from the international role to be played by the Canal.

In Plans 2~35, as the unit cost of dredging rises towards the southern part of the canal,
the profitability falls in; the order of Plans 2, 3,4 and 5. Accordingly, these plans have
to be ;mplemented al an appropriate time to correspond the increasing demand.

It may thus be considered from the above that Plan 0 may be lmplemented first to
meet the present demand. This must be followed imniediately by the Plan 1-2 to
obtain increased capacity and reduced houss. Plan 2~5 smay afterwards be imple-
mented according to the increase in demand. -

3-3-2 Study of the transif capacily

This section is intended to ascertain when the capacily reaches the satusation point under

each phased plan, in the light of the results of the demand forecast. Capacity saﬁ:ralion here is
exanined by cOnverted slandard vessels. Though the saturation point for the canal is to be
studied in the next Part with a simulation modei overall fesults are similar to those obtained
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(1) - Transit demand in the standard vessel -
~Table 6-3-6 shows the figures converled to the number of standard vessels for every -
five years from 1980 based on the tesilts of the transit demand forecast made in Part 1v.
Conversion to the number of standard vessels is made based on the transit time interval of
each vessel used under (2), 3-3-1. Fig. 6-3-13 shows the nioverient of the number of
~ standard vessels for the period from 1980 to 2000 inder each case with respect to demand.

Table 6-3-6 Daity Number of Standard Ships

.. Real Ship . Standard Ship
Low Case | Base Case |High Case | Low Case| Basecase | High Case

1977 539 49.2%

78 53.2 53.2%
80 66.2 68.2 70.3 59.3 624 . 638
85 76.5 839 91.8 68.6 754 823
.90 925 103.3 118.1 830 | 9s 105.0
93 107.9 1201 1415 1 96.3 106.9 1246
2000 1253 139.‘6 170.8 1109 1230 1485

Note 1) ‘The number of standard ships in 1977 and 1978 was estimated teferring o the relation belween reai
ships and standard ships in 1980. .
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E : . - 87 l ﬂ? &)
€ Capacny of Plan-3
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by 7 ss T
— Capacity of 15t Stage

80 ‘85 B« I s - 2000
' Year
Flg 6-3-13(2) Demand and Transnt Capacity (2)
{Base Case of Demand)

{2) Canal saturat:on pomt : :
A study is to be made as to how long the capacnty under each phased plan may be ablc
to meet the transit demand. : : S

Table 6-3-2 shows the theoretical daily ¢apacity under each phased plan’. lt-maf be
noted that the transit {ime interval is not realistic and that the passing of convoys may not
be perl‘ormed without a second of loss as shown by the diagram; ioss of time will therefore
be inevitable. Though the loss of time is fo be studied in Part VIL, 5% of the navigable llme
is altocated here to time foss.. : o

As the transit demand shown in Fig. 6-3- 13 is the average numbcr of transits per day,
the actual mlm'ber of transits varies from day to day. As a result of the examination of the
aclual data in Part VII, this distribution seems o be governed by Poisson’s dlst‘nbutl_on asin
the general case of ship arrivals at harbours.

Accordmgly, assuming that transit vessels show the Poisson’s distribution and there is
to be waiting at Port Said and Suez of 1~2 days per month, the transit capacity under each
plan corresponding to the daily average number of vessels may be obtained as shown in
‘Table 6-3-7 (this transit capacity is called the daily average capacity whereas the capacity’
computed initially is called the theoreticat daily capacity).

"The saturation point under cach plan may be obtained by combining the daily average
capacily of Table 6-3-7 and Fig. 6-3-13, and the results are as shown in Table 6-3-8.
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According to Fig. 6-3-14, the capacity may be reached in 1984 in Plan 0, 1988 in Plan
1, 1990 in Pian 2, ]992 in Plan 3 and 1995 in Plan 4. Accordingly, each plan should be
superseded by the next stage before reaching the capacity. .

For instance, though Plan $ is estimated to reach its capacity considerably later ihan
2000, it will have to be completed before Plan 4 reaches its capacity. :

. Further, even if the First St_age Project is completed in 1980, the Canal :will reach its
capacity in 1981 and the capacily will actuatly have to be expanded by that time. Fur that
purpase it is desirable to give precedence to Plan 0. However, as it is expected to require at
least two years for the works and the capacity itself will reach the saturation pomt towards
the end of 1984, it will have to be superseded by the next stage.

During the Phase 1 which projects 1990 as the target year for the First Phase Plan,
expansion to two lanes in Plan 3 must proceed Further, dunng the Phase 11, cxpans:on of .
the entire canal to two lanes in Plan 5 will be reqmred by 1995 at the latest. Even in the
case of a larger increase in demand (ngh Case), the capacity under the Figst: Stage Project
will reach its saturation point in 1980, Plan 1 in 1986 and Plan 3 in I988 all prior to 1999,
“The possibility of High Case in demand until 1990 is forecast to be hxgh and at least Plan 3
will be required during the Phase I with 1990 as the target year. _

On the other hand, in the case of stagnancy in the world economy (Low Case),
implementation of Plan 1 will be sufficient for the Phase [ with 1990 as the target year. As
the demand in the Base Case is a fairly conservative estimate, such a possibility will bz
extremely low.

Table 6-3-7 Daily Average Transit Capacily

Daily Average Theoretical daily
“Transit Capacity (ships{day) Capacity {ships{day)
E:;:::lgst Stage)} 65 BRI 84-
Plan 0 . . 1 . L ) 94:
" Plan | : 87 S 108
Plan 2 ) - 9% | ‘ | . . _“2 .
Plan3 o 98 | B 1
Pland S . 107 . ! -0 128
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" Table 6-3-8 Saturation Years of the Canal Capacity

- Refergnce ,
- Base Case . . :

‘ High Case ‘ ‘Low Case
Existing 1981 . 1980 ] - 1983
Plan 0 1984 - 1983 . 1987
Planl 1988 - 1986 1992
Plan 2 ' 1990 1987 1993
Plan 3 1992 1988 1996
Plan4 - 1995 . - 1990 1999 -
Plan 5 after 2000 after 2000 aftes 2000

3-4 Overall Evaluation

On the basis of ihe results of the above siudy this section is intended to select a two-lane
development plan to be implemented as the Phase 1 under the Second Stage Project wiﬂi ]990 as !
the target year. At the same time, the stepwise plan is {0 be studied under the Phase I plan.

3-4-1 First Phase Plan under the Second Stage Project

According to the study of profitability under each plan in 3-3-1, it seemis the most suitable
to expand the capacily of the Canal graduaily by doubling the Canal in accordante with the
increase of demand. In order to confirm thls Fndmg, proﬁtabmly in the case of investment.in
Plan 5 for the two-lane expansion of the entire Canal according to the demand may be siudled‘:

The investment schedule may be prepared as shown Fig. 6-3-14 so that before the demand
reaches the capacity the investment for t_he next stage will have been completed. It must be noted
that this investment schedule is an ideal one adjusted to the demand and the actual investment
plan will be different as various conditions other than the demand must be considered.

As regards benefit, assuming a project life of 20 years after the commencement of operatlon
on each section, an increase in revenue and the effect of reduced hours on each section are to be
adopted as benefit. Computatmn of benefit is to be made on the same principles as those in
3-3-2. The cost-benefit ratio. computed from these cost and benefit is 1.66, higher than the figure
of Plan § obtained in 3-3-1. L SRTUE -

It is this eéonomical to- ‘make mvestments acc:ndmg to the demand. Accordmgly, if the
target year is 1990, the two-lane expansion should be carried out partially according to the
demand of 1990 for the time being rather than planning the expansion of the entitely doubled
Canal from the beginning as In the Second Stage Project. According to this approach, the Second
Stage Project may be divided into stepwise plans below (sce Fig. 6-3-15):
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Stép Dualing Section | '81 |82 | 83 | ‘84 | "85 86 |'81 |'38 |’89- 90 ’91 92 |'93 794 95
construction period . : . o
1 Km 61~ 95 : > opening
S ; constauction pesiod + opening
2 K.m 16~ 51 consiruction period [
Kmi$22~ 13§ > opemng | -
) constsuction perdod ‘ .
3 | Km135~ 1445 i _ > opening
’ . construction period | .
4 |Km 1445 ~162.4 - opening
Transit Capacily ‘ 65 (53 651 65| 81 [ 87 | 87 | 98 | 98 | 98 |107 |107 |107 |248 | 248
Securad ) ) : . : e .

(Standard Ships)

Transit Demand - 65t 63] 701 73] 15.4| 19| 82 | 85 | 89 | 92.6]| 95 | 98-|10t | 104 rosg]

(Standard Ships) . B . : . )

Fig. 6-3-14 Tenfative Investment Schedule of Plan-§

. Doubled Section - Construction Section for Doubling

First Phase Plan

- Km0 =135 - Km 16-92, Km 61-95; Km 122—135
- (Phase 1) : J ' .

. CKm 016, Km 135162 ¢
Km0 — 162 : -Port Said Approach Channel
' Suez Entrance Channel -

Second P_hase Plan
(Phase 11)

- As for the First Phase Plan, as seen in Fig. 6-3-14 with respect to the future increase in §8
transit demand, the capacity under the First Phase Plan (98 ships/day of daily average capacily)
will be sufficient until 1992, when the demand will be 98 standard ships per day. For the'demand
after 1993, unless a part. of the Second Stage Plan (Plan 4) is completed by that tlme the daily
average capacity will reach its saturation point, - o . S

In view of the above, Plan 3, which is projectéed to expand the section K 0—135 totwolanes
is to be adopted for the First Phase Plan under the Sccond Stage Project with 1990 as the targt ]
year.
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Fig. 6-3-15 Proposed Program of Doubting the Canal

342 Stepwise Plans under the First Phase Plan -

Even after the complelmn of the Fnrst Stage Project, the Canal capacity is expected to reach
saturation in the ear!y 1980'5 Accordmgly, it is desirable from the viewpoint of meeting the
demand to proceed with partial two-lane expansion in the first half of the 19807,

If the First Phase Plan is implemented in parts the capacity will gradually increase. As
shown in Fig. 6-3- 16, the demand may graduaily increase by expanding the section Km 16-32.5

in Step 1°, séction Km 61--95 in Step 2’ and sections Km 32.5--51 and Km 122=135 in Step 3°.

ltowever, as the construction under the Step 1’ requires at least tlwo years, even if the Step
1" is comple{ed in 1983, the capacaty will réach’its saturation pomt iy Just aver a year s time.
Further, for partial operation under the Step 1°, the single-lane and lwo—lane sections wnll have to
be connected aver a few knt on bolh sides of the point K 32.5.Unless this section is divided into
cast and west channels with a ;etty after the two-lane expansion of the single-fane sectlon
hydraulic interference may occur when transit vessels pass each other, thus affecting navigation.
As the cost of the jetty eannot be lgnored, it does not seem {o be advantageous to give preced-
ence to the Step 1°. Accordingly, it is desirable to implement the Step 2’ as soon as possible to be
followed by the Step 1° and Step 3’ implemented in parallel

Fig. 6-3- 17 shows the two steps of Canal opemng under the First Phasc Plan. The hme
of opening of each step n re]ahon to lhe demand may be outlined as below:

Step l:' As the capacitly u'nder'the First Stage Projéct will reach its saturation point in
i981 ihe earhest poss1b!e completmn of construction is desirable,

Step 2:  As the capacily under the Step 3 will ceach its saturation point in 1988 it is
desirable to complete the construction in 1987 at the latest,
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Step 1

Step 2
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The characters of each step are Mn 24 follows.
Volume {10* m®} Conswruction Th:,‘:':f;‘;"' ﬁ,ﬁ;ﬁ
Dredging Excavation _ .Oostl'lD' $ {?»j:;'i’?;;?,; (?ml;m_ )
Step 7 629 ° 140 "e4s - s
Step 2 1418 930 3816 108 87
Step 3 1156 490 189.2 120 o3
Fig. 6-3-16 Stepwise Opening Program
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Fig. 6-3-17 Improved Stepwise Opening Program
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Though the w‘drk_ ‘schedule of the Step 1 will be described in detail in Part 1X: _
[n1imlelllelitaifi011 Plan, c@niple'i_ioi_l is hbt'__expc_ctéd before the end of 1984, and considerable sh"ip
waiting is expected at Port Said and Suez between 1982 and 1984, Chapter VII: Transit Scheme
and Transit Capacity may be refersed ti:'i_ in regards to the _\#aiting condition. _

In order to reduce waiting during the period from 1982 to 1984, a tentative transit method
can be used by forming a.small convoy between the current southbound convoy 1 and 2 (the
small convoy to be called § 2-1 convoy and the cutrent convoy S 2-2) which procecds to Sucz
after aWaiting_the northbound cd:ﬁoy on the west éhamiei of the Ti:"nsah Lake. The teaffic
diagram of this tentative u_xéthod is as shown in Fig. 6-3-18. The diagram is based on the
assumption that the number of waiting vessels at the Timsah Lake is 6: the capacity is therefore
larger than the current one by 6. o ' '

The above stepwise plans for the First Phase Plan show the conditions to be satisfied in
relation to the demand and the actual implementation plan is to be studied in Part 1X including
various conditions other than the deniand.

Existing (After 15l Stage)

. Cycle 24 his 4 convoys 3 aar

Port Said . ) Batiah Eiiter Lake - . Suez

km ¢ 16 S 325 5y 1 134 1IN -85 162 MBS 122 $35 162
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© Fig. 6-3-18 Traffic Diagram (12)
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VI. Transit Scheme and Transit Capacity






PART VII TRANSIT SCHEME AND TRANSIT CAPACITY

1. Present Transit System

The Suez Cana), inctuding the two ports of Port Said and Suez,is under the contro! of the
Suez Canal Authority which controls over the lransnts through the Canal based on its Rules of
Navigation. :

The Canal is now almost at the final stage of the First Stage Development Project. The
channel depth has been increased to 19.5 m and its navigable width at a water depth of 11 m has
been increased to about 160 m. Yet, it is a narrow and restricted channel compared with ordinary
shipping lanes.

For this reason, one-way traffic is being maintained for the Canal except for the sections of
bypasses and the Great Bitter Lake. : '

All the transit ships must book their transits at least five days prior to their scheduled date
of transit. In addition, éach ship must notnfy the SCA by radio at least 48 hours before her
scheduled time of arrival, and give her name, nationality, tonnage, owner, etc.

1-1 Convoy Transit Sysfem

A convoy is formed of ships having arsived at either entrance to the Canal, Port Said or Suez,
by a certain lime.

(1) Each 24 hour period,  two convoys are formed of ships proceeding south from the
Mediterranean Sea to the Red Sea and one convoy is formed of ships proceeding north from the
Red Sea to the Mediterranean Sea. .
a) South-bound Convoy No.l (Sl) is composed in the following order of priority:
3. - Warships
b, Passenger ships
¢.  Ordinary ships located in the harbor
d,  VLCCs and other large ShlpS proceeding directly from anchorage outside the
harbor
- Stow speed ships are assigned to the rear end of a convoy.
b} Convoy No. 2{52) is composed of:
Ships of less than 15,000 tons _
a. ¢ Ships with a maximum draft of 9.14 m (30 ft)
Ships with maximum width of 30 m (98 ft).
b, Stow speed ships sneéting the above requirements
¢. . Ships with deficiencies
The number of these ships must not exceed 19, which is the number of ships that
can be accommodated in the Ballah West Channel. -

() A north bound convoy pmceedmg from the Red Sea to the Mediterranean Sea is dwlded
into two aroups.’
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The first group is composed in the foltowing order of priority: .
a. Warships
Passenger ships
Car carriers
RO/RO
Container ships -
- LASH vessels
Ordinary vessels with draft of 35 ft or over -
Ordinary vessels with average draft of 33 [t or over
~ -Tankers :
The second group Is ¢omposed of ordmary ships other than the above.

= I N RN -2

.

(3) Transit of convoys

South-bound Convoy No. 1 leaves Port Said dunng 02:00 - 06:00 (m the desngnated order
at sh1p-to—sh1p intervals of 5 — 20 minutes according to ship size and cargo type} enters the canal
and starts navigating toward the Great Bitter Lake. It stands at the South Anchorage of the Great
Bitter Lake, to wait for the northbound convoy to pass, and resumes its southward navigation for
“Suez as soon as the last ship of the northbound convoy enters the Great Bitter Lake.

Convoy No. 2 feaves Port Said during 09:30 — 11:30 seven hours 30 minutes after the
departure of the Convoy No.1, and moors in the Ballah Bypass, to wait for the north-bound
convoy to pass, and fesumes navigation toward Suez after the last ship _of the north-bound
convoy passes the Km 60 point.

The first group (tanker group) of the north-bound convoy leaves Port Suez from 06 00 for
the Great Bitter Lake and the second group leaves Suez at an interval of 30 — 60 minutes after
the departure of the tanker group, and completes its entry into the canal at 10:00. .

This ¢onvoy is reorganized at the North Anchorage of the Great Bilter Lake, bringing
tankers with dangerous cargoes to the front to be foltowed by ordinary ships. Ships bound for
Port Said are now at the rear.

1-2 Canal Traffic Control and Regulations

To ensure the efficient operation of the canal and the safety of navigation, SCA maintains
teaffic control with respect to the organization of convoys and the monitoring of ship
maovements. For this purpose, it has a central navigation control office and a radio station at
Ismailia, a harbor control office each at Port Said and Port of Suez and 11 signal stations along
the west bank of the canal) these facilities maintain close contact with pitots belonging to the
In the Canal and at Port Said, vessels of 500 Suez tons or over {at Suez, 300 Suez Tons of
over) are subject to compulsory p1lolage Furthermore, ships must obsenre radio instructions
given directly from the control office. - - . »

The speed for transit through the canal is. usually limited to 7. S kt (14 km/h), 7Tkt(13
km/h) is the limit for north-bound loaded tankers.

- The order of ships in a convoy is designated by the control ofﬁ(}é_. Certain time (distance) is
set for the interval belween ships according to the size of ships and the type of cargoes.

In the channel, overtaking, crossing and anchoring are prohibited.
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2. Transit Scheme after the First Stage Devetopment Project
21 SCA-propoSed transit scheme after the First Stage Project

Under the First Stage Project, the Port Said Bypass (16 km), the Deversoir Bypass (6 km),
the Kabret Bypass and the Great Bitter Lake anchorage have been improved to increase the
transit capacity of the Canal and improve safely of navigation.

As a principle, the existing transit system is reportedly contmued after the completmn of
the First Stage Project, but it will be pamal{y changed as follows:

1) A north-bound convoy goes non-stop, proceeding from the Great Bitter Lake to the
Mediterrancan Sea via the newly created Deversoir and Port Said Bypasses.

2) - Large ships with drafts of 38 ft or over in the south-bound convey (81) proceed directly
from the waiting anchorage outside the breakwater to the Great Bitter Lake via the Port Said
Bypass. o

3) With the completion of the First Stage Project, the Cahal becomes available for the transit
of ships up to around 150,000 DWT with full 10ad and up to around 300,000 DWT in ballast.

4) The interval between large tankers will be 25 minutes

22 Introduction of navigation control system after completion of the First Stagc Development
Project

The Suez Canal Authority starts to install the Suez Canal Vessel Traffic Management System
(SCVTMS) in early 1980 to ensure further safety in Canal navigation in preparation for the
transit of VLCCs after the widening of the canal. This system will be put into operation by the
end of 1981. It is composed of:

1) Moénitoring radar system

2) LORAN C ship positioning system

3) Computerized information processing system

4) Communications system __ _

A carry-on receiver transmilter (CORT) is brought on board each transit ship simultaneously
with the boarding of a pilot outside the harbor. The CORT receives electric waves from the
LORAN C station and automaticallﬁr ‘transmits information, including the code specifying the
ship to the ground station (control center), whereupon the signals are analyzed and processed by
the computer at the control center. The present position and speed of the ship and necessary ship
data are indicated on the dispiay at the ¢ontrol office.

Further, monitoring By the controller is added by an automatic early warning device
incorporated in this display, to wam the controller of speeding of ships, their deviation from the
faitway, the abnormal time intervals between ships, and slowdowns.
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3. Present Conditions of Canal Transit
3-1. Distribution of ships arrival

3-1-1 Frequency

The daily transit frequency of ships using this Canal was analyzed from the transit records
of 1978. Histograms, Fig. 7-3-1 and 7-3-2, were made by ship type, because this classification was

used in the records.
In the histogram for tankers, the probability density of Poisson’s distribution overlaid by

doited lines shows much the same trend as the actual distribution.
Accordingly, the transit frequency of tankers is considered to be governed by the Poisson’s

distribution without calibration.
in a similar attemipt, the transit frequency of non-tankers also generally corresponds with

the probability density of the Poisson’s distribution.
Thus, it is concluded that the arrival pattern of transit ships at Port Said and Suez is

governed by the Poisson’s distribution.

Tartker Doudhbound) Tasker ingrdhbounc]

——a  fden [P PO WY

o taliast x x nballasr
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Note: Dotted lines show the
probability density of
Polsson’s distaibution.

Note: Dotted lines show the
probability density of 200
Poisson’s distribution.
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Fig. 7-3-1 Histogram of Transited Tankers in 1978
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3-1-2 Armrival frequency by time

Fig. 7-3-3 shows the distribution of ships arrival by time, which was prepared from transit
records of the two weeks from September 1 to 15, 1979. These data cover about 800 ships and
were obtained by computer processing from the time of arrival of each ship in the open sea and
the time of her entry into the canat as recorded by the control rooms at Port Said and Sucz.

According to this figure, the number of arriving northbound ships decreases lor several
hours prior to the departure of the convay but remains to be generally even during other period
with alnost no peak. As for southbound ships, there is a slight peak in the early afternoon but
this peak is not remarkable. So, it is considered that the distribution of ships arrival at Port Said

and Suez is more or less uniform and ships arrive at randon.
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Fig. 7-3-3 Distribution of Ship Arsival Time
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3-2 Ship waiting

Fig." 7-3-4 shows the waiting of ships at. Port Said and Suez during the two weeks of
September I to 15, 1979. » ‘

According to this figure, the waiting time of northbound ships — here, Ships which waited
for miore than 30 hours are excluded on the assumption that they had to wait due to sonie special
reasons — is distributed generally evenly and there is almost no peak around the average waiting
time. On the other hand, the waiting time of southbound ships is distributed in a trapezoid shape
showing primarily 6 - 20 hours of waiting time.

The average waiting {ime of northbound ships is 21.8 hours and 1hat of soulhbound sh;ps is
17.1 hours, but, if instances of waiting for more than 30 hours are excluded, the average waiting
time of northbound and southbound ships is 18.6 hours and 15.0 hours respectively; Considering
that ships must arrive at Ieast four hours prior to their depatture for transit procedures, the actual
waiting tinie is 14.6 hours and 11.0 hours respectively, the average for the two directions being
12.8 hours.
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3.3 Time infervals between ships

Time in{ervals between ships were analyzed for transit ships feom the records during the two
weeks from September 1 to 15, 1979, Table 7-3-1 shows the records on average timie intervals
between ships, by ship type and size. These records were obtained by computer processing from
the time records of ships entering the Canal from the waiting anchorage or directly from the open
sea at Suez and Port Said. Therefore, the results are concerned with the time intervals between
ships entering the Canal and these intervals are not necessarily maintained throughout Canal
transit; that is these intervals niay be shortened or extended during the iransit of ships
throughout the Canal. These results show that general cargo ships leave at intervals of about eight
minutes while container ships (including RO/ROs, LASHes, car carriers and other ships) of up to
10,000 NRT leave at intervals of eight minutes or less and those in excess of 10,000 NRT leave at
intéervals 61' mote than 10 minutes. Intervals between bulk carriess are also more than 10 minutes
because they are mostly large. Intesvals between tankers of np to 30,000 DWT are 11 minutes
and those belween tankers in excess of 30,000 DWT are 12 minules in the case of aden ships and
16 minutes in the case of ships in ballast. _

Fig. 7-3-5 shows the distribution of time intervals by ship type and by direction of fransit.
Characteristically, there is a considerable fluctuation around the average vafue in the case of
northbound - ships, but, in the case of southbound ships, most timé intervals concentsate on
certain values. It is considered that northbound transit is affected by tide and time intervals dilter
between head and following tidal currents. _

As for ship lype, time intervals of tankers vary around 1} minules in northbound fransit
while those of southbound tankers concentrate on 10 minufes, 15 minutes and 20 minutes. Time
intervals of northbound butk carriers vary around seven minutes and 10 minutes while those of
southbound bulk carriers concentrate on 10 minutes. Time intervals of northbound general cargo
ships vary around six minutes while those of southbouid general cargo ships concentrate on 10
minutes. Time intervals of northbound container ships vary with relative conceniration on five
minutes, eight minutes and 10 minutes while those of southbound container ships relatively
concentrate on six minutes, 15 minutes and 20 minutes, in addition to 10 minutes.

3-4 Time loss due to waiting for opposite convoys

When convoys proceeding in both directions pass each other at either end of the canal or at
waiting areas in the Canal, lhéy cannot pass the Canal so without time loss, as indicated in the
diagram. One convoy cannot, for psychological and other reasons, navigate at the given spead
until it confirms that the other convoy has passed the meeling point; such measures as a speed
adjustment and a stop at the time of meeting seem to be unavoidable.

Analyzing the actual time foss is extremely difficult even from actuat diagrams. Here, time
lost by southbound convoys at the Ballah Bypass was calculated as in Table 7-3-2 from the spead
change of each ship and her mooring time, using the diagrams of 10 days in December 1977. The
loss of an average 10 minutes occurred at the time of departure for speed édjusiment, etc. Also,
extra time of about I3 minutes was required at the time of stop ai the Ballah Bypass but all this
cannot be regarded as lost time since it appears to inciude time for mooring.
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Table 7-3-2 Loss Time at Ballah Bypass

3 : ~ Date Number of Ships Average Time Lost
| | N T shipp | rinutes
Loss Time Dee. 22,1977 9 10
at Departurs Dec. 24,1977 9 5
Dec. 25, 1977 14 13
L Avenge , 9310
Dee. 22,1977 9 118
Loss Time Dec. 24, 1977 9 109
at Stop - Dee. 25,1977 14 15.6
Dec. 27, 1977 6 7
B Aveizge 126213

35 Ship speed

Table 7-3-3 shows the results of the transit speeds obtained from the records of a week from
December 21 to 27, 1977. Since all the diagrams did not indicate ship types, it was impossible to
show the results by ship type. - '

In this table, the transit speeds are approximatety 16 kmjfh and 17 km/h, respectively, which
greatly exceed the speeds prescribed in the Rules of Navigation(*). It is probably possible for
small ships to transit at a high speed because of their sufficient area ratio (Ar), but it is feared
that the return current and ship wave induced by navigation at a high speed may affect bank
slopes and revetments. The transit capacity of the Canal does not increase through the speed-up
of a convoy if it includes a single ship transiting at a low speed. Therefore, the prescribed speeds
should be observed stricily.

(*) In a week’s records, a southbound 72,015 G/T transit tanker navigated the section 0-104

km at 18.3 km/h. Some northbound container ships and RO/ROs seem to navigate the

section Km 162-122 at more than 20 km/h. High speeds to a certain extent may be
inevitable in this section because of the effect of tidal cuarrent, but, even so, this speed
greatly exceeds the prescribed limit in the Rules of Navigation.

Table 7-3-3 Actual Average Navigation Speed

(km/h)
T Southbound Noithbound
No. of km km No. of km km Total
Ships | 0--104 | 104-162 | Totat | ships |162-104 | 1040

21, Dec. 1977 23 155 15.8 57| 27 158 179 | 169
2 34 15.6 12.7 166 32 15.9 186 | 173
3 35 5.5 17.1 163 | 34 16.5 180 | 173
2 35 156 17.5 16.6 34 156 180 | 168
25 29 13.7° 16.7 152 17 15.2 18.4 16.8
2% 31 154 16.2 15.8 28 16.0 18.0 170
by} 37 | 153 16.1 15.7 24 15.9 170 | 165
Average 1 32 15.2 16.7 160 28 15.8 180 | 169
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4. Transit Simulation Test
4-1 Purpose

In Part VI the Sccond Stage Development Project, the transit capacity in standard ships
(ships leaving at an interval of 10 minutes) was studied for reference necessary for the
comparison of the phased plans.

In reality, ships with different size transit the Canal at time intervals varying with the ship
type and size instead of the fixed interval of 10 minutes.

Therefore, a study of the saturation of the Canal capacity should be made by a more
realistic method. In order to examine what factors influence the Canal capacity, several
simulation tests were made on the capacity using a simulation model.

The purpose of these simulation fests is as follows:

Effect of increasing convoy cycle time on transit capacily

Effect of allowing two-way tralfit: to smatl ships on transit capacity

Effect of increasing transit speed on capacity

Effect of decreasing time intervals between ships on transit capacity

Situatton of ship waiting

Handling of waiting ships aflter a temporary closure of the Canal

Saturation of Canal capacily alter the completion of the First Stage Project
Saturation of Canal capacity under the phased plans of the Second Stage Project

4-2 Flow chart of forecasting and strucfure of the model

The outline of the simufation model is shown in Fig. 7-4-1.

Principal data to be put into the model are such transit conditions as speed, tinie interval
between ships and tolerance time, conditions for forming convoys, the daily number of tfransit
ships and the topographic conditions which were conditions of the canal such as doubled
sections. The transit ships forecast in Part IV for each year are to arrive at Port Said and Suez for
a continuous 40 days, according to a Poisson’s distribution.

Accordingly, the number of transit ships in Base Case and High Case of demand for the
period until the year 2000 is predicted. Therefore, it is possible to put it out for any year in the
period of 1980 — 2000 in accordance with each stage of development of the Canal.
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Fig. 7-4-1 Outline of Transit Simulation Model

4.3 Simulation
4-3-f Simulation cases

This simulation concerns the effect of capacity on the analysis, and will examine how
various factors of transit influence the transit capacity saturation under the First and Second
Stage Projects. The test also concerns the effect of employing a provisional transit system, aimed

to promptly cope with ships that have to wait at Port Said and Suez if the Canal is temporarily
closed.

(1) Capacity effect analysis
The saturation of the Canal is examined with the folowing factors likely toinfluence
capacity: ' '
® Transit cycle time
¢ Transit scheme allowing two-way traffic to small ships
o Ship speed
® Time intervals between ships
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Inftuencial Factor

Computing Case

Development Stage

——

1. Cycle Time

1} 24 hecycle
2} 36 hrcycle

Existing (After Ist Stagy)

2. Different Transit System
to allow two-way traffic
to small ships

3. Ship Speed

allowable ship size less than
5,000 NRT

Existing (24 hr-cycle)

B

1} 13 km laden tanker
14 Xm: Other ships

2) 14 km: laden tanker

IS km: Other ships

Existing (24 hr-cycle)

4. Time Interval between
Ships

I} improved actual intesval

?) actualinterval
3) sherl interval
4) longinterval

L3

Existing (24 hr-cycle)

(2) Capacity saturation analysis
The Canal capacity saturation by standard ships at each stage of development of ik
Canal studied in Part VI is to be reviewed by simulation tests. The cases to be computed zre

as foltows:

Transit System
-] 3 R k
Development Stage Case of Demand No. of Convoys Cyele Time emarks
1) Existing . |
Y. . l .
Bs-use Case N-b 24 urs
_ High Case S-b 2
2)  2nd Stage Prdject
P = : N-b :
lan 1--2 B:-ase Case N-b i 24 hes
High Case Sb 2
Plan 3 Base Case N-b : 1
24 h
High Case Sb i s
Pi e b : ' '
an 4 B?se Case N-b 1 24 hrs
High Case Sb ¢ i

Note:

N-b: Nerthbound

(3) Measures to cope with congestion _
A measure against the closure of the Canal for several days due to an accident of
inclerient weather is to be tested. The study includes a case where the Canal is closed

S-b: Southbound
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several days in 1981 under the present conditions of the Canal. Details of the case computed
are as follows:

Development Stage |- Duration of Canal Closure Year. Cycle Time
days _ hrs
Fxisting 3 1981 24, 36
7 1981 " ”

{-3-2 Input data

(1) Number of transit ships
Using the results of demand forecast in Part 1V (daily number of transil ships by year,
ship type and size), the transit ships are fo arrive at Suez and Port Said for a continuous 40
days accbrding to the Poisson’s distribution. |t is assumed from the results of analysis in
Chapter 3 that ships will arrive continuousty for 24 hours without fluctuation.
The results of transit forecast are put into fites after performing the above-mentioned
processing, prior to computation with respect to the Base Case and High Case of demand.

{2) Transit conditions
1) Ship speed 7
In the standard case, 13 km/h for tankers fully laden and 14 km/h for others as
prescribed in the Rules of Navigations were used as ship speed. As for speed to be used
in studying transit capacity in the case of speed-up, 14 kmfh and 15 km/h, each with
an increase of 1 kin/h compared to the present prescribed speed, were adopted.
2) Time intervals between ships
Below are the cases where time intervals between ships were existing, shortened or
extended to analyse the cffect of these intervals on {ransit capacity.

Time Interval

“Efnl:;lof:(ﬁ Short Interval Case Long Interval Case
B minutes minutes minufes
[ _Non-Tanker
NRT \
0 — 30,000 3 6 8
30,000 - 60,000 10 3 10
60,000 or greater 12 10 12
T - laden and in ballast aden and in ballast laden in ballast
Tanker )
DWT .
0 — 60,000 12 10 12 12
60,000 - 150,000 16 16 20 25
150,000 -- 250,000 16 ' 16 20 25
250,000 -- 300,000 16 16 25 25
300,000 or greater 16 16 25 28
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Values in the “For Simulation” column of Table 7:3-1 are employed in the

exi§ting case under the present conditions. In this case, the distribution in Fig. 7-4-2
showing the present variations is applied to time intervals. Fig. 7-4-2 was prepared from

the time intervals between ships shown in Fig. 7-3-5.
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Fig. 7-4-2 Accumulated Distribution Pattern of Time Interval

3) Tolerance time |
The tolerance time is considered to be small when southbound convoys wait in

the Great Bitter Lake and the Baltah Bypass, as under the present system, buf the
elasticity of time adjustment wili be lacking when a non-stop convoy also is operated in
sounthbound teansit. Accordmgly, 15 minutes were subtracted for each convoy under
the present system as anticipated tolerance time and 20 minutes in the case of non-siop

convoys operated in both southbound and northbound transit.

(3) Waiting area in the Canal
Under the present system alter the comgpletion of the First Stage iject southbound
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(4)

(5}

(6)

convoys wait in the Ballah Bypass and the Great Bitter Lake, as in the past. As for the
mimber of ships that can be accommodaled in each waiting area, 19 ships are
accommodated in the Ballah Bypass 33 ships in the south anchorage of the Great Bitter
Lake and 20 ships in the north anchorage of the Lake. But in the case of a 36- -hour-cycle
time, this accommodation is msufﬁcnent 50, 36 and 60 ships are to be accommodated in the
north anchorage and the south anchorage, respectively, on the assuniption that the number
of accommodated ships can be increased by mooring with two anchors and by overlapping
paris of the swingiig area. Nineteen shlps are accommodated in the Ballah Bypass as in the
past.

Transit system : _

For transit, a system in accordance with the stage of development of the Canal is to be
applied. In the case of the existing Canal, the system adopted comprises one northbound
convoy (non-stop) and two southbound convoys. At each step of development under the
Second Stage Project, non-stop convoys will be in principle, applied for northbound transit,
but for southbound trausit, non-stop convoys will be adopted only when there is timé for
doing s0. Ttansn systems under Phase I {Plan 1-2 and Plan 3), for which srmulatlon tests
were conducted, are shown in Fig. 6-3-5 and Fig. 6-3- 8 in Part VI The navigation time is
apportioned 50% for southbound and 50% for northbound fransit because the number of
ships is nearly the same between the two directions. Since the number of southboimd ships
is slightly farger than that of northbound ships, ship waiting will occur earlier on the Port
Said side.

Priority in forming convoys

As described in C'hapter 1: Present Transit System of Part VII, there is a certain order
by ship type and size in forming convoys at Port Said and Suez. The present priorify in
forming co'xwo'ys'is used in this simufation. However, a new priority system, incorporating
the continued use of the preseént prionity in so far as possible is set for the Second Stage
Project and the case where a new transit system, such as the allowing two-way traffic to
small ships, is employed. For refereace, the priority under the present transit system
employing one: northbound convoy and two southbound convoys, and the priority under
the passing-in-opposite-directions system, are shown in Table 7-4-1. For a traffic diagram
under the passing-in-opposite-direction system, see Fig. 7-4-3.

Others

The latest lime of arriving ships to be incorporated into convoys is four hours prior to
the departure 6f each convoy.
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Dhificrent Transt System Aliowing Small Ships te Pass in Opposite Directions
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Fig. 7-4-3 Traffic Diagram (13)

4-4 Resubts and consideration
4-4-1 Capacity effect analysis

() Cycle time 7
‘The state of wailing was investigated with respect to a 36-hour-cycle transit in addition
to the existing 24-hour-cycle transit system. In this study, the existing convoy system of
one northbound convoy and two southbound convoys was employed, but the maximum
time duration of two hours was assigned to the $-2 convoy. The navigable time duration
under each transit system and the number of standard ships available for transit are as

folows:
Navigable Time Navigable Time Navigable Number
Duration per cycle Duration per Day of Ships per Day
24 hr-cycle 14.16 hrsfcycle 14.16 hrs/day 84
36 hrcycle 26.28 17.52 105

The transit capacity under the 36-hour-cysle system will increase 25% from the level
under the present transit system, and thus is equivalent to the level for Plan | of the phased
development plans. }

it can be forecast from the results of the simulation test that, if the 36-hour-cycle
transit system is adopted, until 1986 the transit demand can be met without expanding the
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Number of Qccurrenca per Month

canal. However, waiting time will increase because of the long time cycle, if quening begins
to oceur. The merits and demerits of the 36-hour-cycle systent are described in 5-3-2 in this

Part {See Fig. 7-4-4).

Qceurrence of Ship Waiting
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Fig. 7-4-4 Effect of 36 Hour-Cycle Transit System

Number of Waiting Ships per Month

(2) System of allowing two-way traffic to small ships _
Allowing ships, even small ones, to pass each other in opposite directions in the limited

space of the canal is undesirable for the safety of navigation. Therefore, two-way traffic
system should be limited to small ships as much as possible; tankers laden with déngerous
cargoes and container ships which cannot easily adjust their speed should be excluded. Ships
with a width uf) to, say, /9 of the width of the canal may be allowed to pass each other,
but, in this study, passing in opposite directions is limited to ships not exceeding 5,000

NRT. The width of a 5,000-NRT ship is approximately 1/11 of the width of the canal.

Waiting Ships

24 hp = cycle :

-
)

36 hr ~ cycle

-
ekl LT S S

b

-x--...._-..-.___--_---

o
&

Year

The traffic diagram for the passing two-way traffic system is shown in Fig. 7-4-3. The
occurrence of ship waiting can be postponed for about two years, compared with the
present system, by employing the two way traffic system (see Fig. 7-4-5). If this
improvement is all that can be expected of this system, which involves danger of navigation,
some other method should be used to increase transit capacity.
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Fig. 7-4-5 Effect of Alternate Transit System
{Allowing two-way traffic to small ships)

(3} Ship speed
A study of how transit capacity will be influenced by a 1-kmifh increase in the speed of

fankers and other ships was made. The navigable time duration and the number of standard

ships available for transit in this case are as follows:

Navigable Time Duration Navigable Number of Ships

Existing Speed 14.16 hrsfday 84 ships
92

Speed Increased 15.40

Thus the transit capacity can be increased by 10%, thereby equivalent to a capacity

level for Plan O under the phased development plans.
The results of the simulation test scem to indicate that the time of capacily saturation

may be postponed for about a year, compared with operation at the present ship speed. (Sece
Fig. 7-4-6) '

However, problems are involved, particularly for VLCCs, due to the navigational
tesistance of tankeérs. For this reason and because of no drastic capacity increase such a

speed-up, cannot be a realistic scheme.
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Fig. 7-4-6 Effect of Increasing Ship Speed by I'kni/h. |

Time interval between ships
The transit situation prevailling after the First Stage Project was studied by using the

actual time intervals from the records of September 1979, shown in Table 7-3-1. in this
study, actual variations in time intervals were given by the distribution shown in Fig. 7-4-2.

The results of the simulation test indicale that, if the present time intervals arc
maintained, waiting may accur immediately after the completion of the First Stage Project.
The results of a forecast on ship waiting in 1981 are as follows:

Number of Ship Number of Waiting Waiting Hours
Queues per month Ships per month hours/ship
Actual Interval 3o 603 17.36
Improved Interval 0 0 11.01

Such waiting, should it occur; would have been considerable in the Canal at present,
but it does not seem that there is much waiting at present. In llghi of time intervals available
from accurate records, it may be considered that a decrease of iransnt capauty is actually
being avoided by i increasing Shlp speed. _

Anyway, if the present time intervals between ships are used hereaflter in operating the
Canal a capacity shortage will occur soon in the Canal after 1he First Stage Projeet. Henee, it
is necessary to accurately control time intervals by adopting the SCVTMS.

¥rom the study of the effect on transit capacity by the shortening or extending of time
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intervals (for details of the shortening, see “Input Data™ in 4-3-2), if time intervals are
shortened, the number of transit ships increases {see Fig. 7-4-7). Thus, after the completion
of the First Siage Project, the occurrence of ship waiting can be put off considerably.
Meanwhile, the extension of time intervals for tankers will result in the decrease of transit
capacity and will soon cause saturation in the Canal, after the First Stage Project. In the
tenlative computation, a duration of 20—25 minutes was uscd as the time interval hch\"een
VI.CCs. Since the SCA apparently considers 25 minufes as the time interval between
VLCCs, the result of the computation should be seriously taken into consideration for
operating the Canal after the First Stage Project.

As seen abave, fime intervals belween ships have a direct impact on canal capacity.
Accordingly, this problem must be carefully studied in view of the safety of navigation. The

time interval between VLCCs is discussed in detail in 5-3.
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Fig. 7-4-7 Lffect of Time Inferval Changed between Ships

4-4-2 Coping with waiting ships during congestion

If the Canal is closed 1o traffic due to accident or weather conditions, waiting will occur at
Suez and Port Said, In this section a simulation model is to be used to ascerlain how wailing ships
can be cleared after the closure of the canal for 3 days and 7 days. Furthes, a study was made as
to how many waiting days may be reduced by means of switching over from the current 24-hour
cycle transit system to a 36-hour cycle system. Clearing of waiting ships at Suez by both sysftem
is shown in Fig. 7-4-8.

Iig. 7-4-8 shows the results of clearing by both the current 24-hour cycle system and the
36-hour cycle system after the closure of the Canat for 3 days and 7 days someltime in 1981,

In the case of a 3-day closure, it takes § days under the current 24-hour cycle system to
clear the waiting ships, whereas it takes less than 2 days under the 36-hour cycle system. In the
ase of a 7-day closure, it takes 17 days under the former method and 6 days under the latter.
This is because of the larger transit capacity under the 36-hour cycle system and suggests that this

cycle system may well be used tentatively in emergencies.
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it an a@cidenfactually occurs, those vessels which use the Suez Canal may not necéssarily
wait at Port Said or Suez and some of them may well be diverted to the route via the Cape of
Good Hope. Accordingly, the actual period of clearing the waiting ships is expected to be below
the results of the simulation test.
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5. Transit Capacity and Transit Scheme under the First and Second Stage Projects
$-1 Transit capacity under the First Stage Project

The system of one northbound convoy (non-stop) and two southbound convoys {each
waiting in the Great Bitter Lake and Ballan Bypass for the passage of the northbound cCONvVoYy) as
in the past, is assumed as the transit system for the period aftes the complehon of the First Siage
Project (see Fig. 6-3-2). i

‘The results of a simulation test on ship queuing after Ihe completmn of the First Stage
Project are shown in Figs. 7-5-1 — 7-5-3. The monthly number of occurrences of ship waiting is ¢
in 1980 and 4 in 1981, and gradually increases from 1982 to nearly 30 in 1984. This number is
the total at Port Said and Suez, with half occurfingat each port. In the results of the simutation
test, the level resulting in ship waiting no more than one or two days a month — the targét in Par
VI — is to be reached in 1981, thus equivalent to the result of the Part VI study from the demand
curve and the standard transit capacity. In the resulis of the simulation test, the number of ship
queues is not serious until 1983, but, in 1984, continuous queuing is likely to occur. This is clear
also from the increase in the number of waiting ships and waiting hours in Fig. 7-5-2 and 7-5-3,
Accordingly, unless the fransit capacity is increased by 1984 at the latest, there will be an
increase in the number of ships diverting to the route via the Cape of Good ilop@: instead of the
route via the Suez Canal. If this tendency first starts with large ships and then reaches down to
smaller ships, these is the fear of a drastic decrease in the Canal revenue. - )

The above is concerned with the Base Case of demand. In the case of the High Case of
demand occurs, continuous ship waiting is forecast, in 1982, and the sntuahon will be more
serious.

To avoid this outcome, the Canal must be doubled as soon as possnblc to increase its transil
capacity. Bui as a2 provisional measure, a new transit systegn qf N-1 and S-3 convoys may be used,
by forming a small convoy using the Timsah Lake to wait for the N-1 convoy, as stated in 3-42
of Part VI. The resulis of a simulation test conducted on this transit systém are shown in Fig.
7-5-4, There is the prospect that ship waiting from 1981 can be avo:ded to some extent by
organizing a additional small southbound convoy '

$-2 Transit capacity under the Second ‘S‘rage Project
$-2-1 Transit capacity under Phase |

For the transit system under the Second Stage Project, no soulhbou:nd convoys can operate
non-stop at Step | of Phase I (Plan 1-2) but, after the completion of Phase I (Plan-3), non-stop
convoys can operate in both northbound and southbound transit. At Step 1, the teansit hours of
noi-stop southbound convoys can be obtained, if part of the northbound cfo:woy afso wails in
the Great Bitler Lake. But here, the study of transit capacity is the main aim; accordingly,
non-stop transit is used for all northbound convoys as in the past, and for some part of
southbound convoys.

Ship waiting in accordance with steps of development of the Second Stage Project is s
shown in Fig. 7-5-1 -- Fig. 7-5-3.
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In the results of this test, thc'month!y number of queues after the completion of Step 1
(Plan 1-2) is O until 1988, but continuous ship waiting is expected to occur suddenly in 1989. In
theory, ship waiting increases only gradually but if, as these sesults show, nearly continuouns ship
wailing occurs in 1989 after zero in 1988 it is likely that there will be queues even in 1988, In
this sense, the situation is much the same as the results discussed in 4-4-2 in Part VL

The monthly number of queues af ler'the completion of Phase 1 (Plan 3) is 4 in 1990 and 10
in 1992, with continuous waiting from 1993. One or two days of ship waiting a month was
forecast for 1992 in 4-4-2 of Part VI, but from the resulits of this test, ship wa:hng may start
earlier than that. :

The above analysns is concemed with the Base Case of demand but in the High Case,
continuous ship Waltmg is expected i in Step 1 to occuir in 198? and i m Phase 1 from 1989

Therefore, even if the Base Case of demand continues, it is neccssary fo complete Phase I in
1987 at the Iatest even Phase I can only meet demand until about 1992. if the demand continues
to increase at the iligh Case, Phase [ must be completed by 1984 and even this phase can only
meet demand until about 1988, .

$-2-2 Transit capacify under Phase H

Phase 11 of the Second Stage Project includes a step (Plan 4) and the Km145--162 section to
be doubled to accomplish the entire doubling of ihe Canal (Plan 5).

As discussed in the preceding “Transit capacily under Phase [”, the transit capacity under
Phase 1 becomes salurated in 1992 even if the demand continues at the Base Case rate, and thus
the transit capacity must be increased to the step of Plan 4. But even in Plan 4, continuous ship
waiting is expected to occur in 1995, and complete doubling of the Canal must be realized by
that year, as can be seen from Fig. 7-5-1 — Fig. 7-5-3. If the demand continues to increase at the
High Case rate, transit capacity must be increased to the Plan 4 by 1984, but it still may be
saturated in 1988.

The results of simulation test for the cases of Exiéting and Plan-1-2 showing daily transit
situation for the period of three days are as indicated in Figs. 7-A-1, 7- A 2 and 7-A-3 at the end
of this Part.
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5-3 Consideration concerning transit system

The followings are the technical and systematic studies of the Canal transit after the
completion of the First and Second Stage Projects(Phase I). These studies are made based on the
results of the above-mentioned studies.

5.3-1 Technical tasks invelved in the Canal transit

) Problems 'ariéing’ oul of the transit of VLCC

1)
a)

b)

Emergency stop in the Canal

A VLCC has much greater incrtia because of its size than a convenhona] ship and
her speed control is extremely difficult. For her steering abmty, the radder effect
is so small that it takes long time to begin turning. Thus, the difficulty in
estimating her inertia and the great errors involved in this estimate make sieering
w}ery difficuit. The difficulty is also due to the fact that the pilots of a :VLCC relies
inaiﬁiy on his eyesight for information necessary for the steering, and his percep-
tion cannot be fully utilized in steering a giant ship. :

The steering of VLCC in the Canal is, indeéd, difficult because of the narrow and
shallow waterway, as well as the effects of the apparent mass and the moment of
inertia of the vessel. Furthermore, the effect of tidal curcent in the southern part
of the Suez Canal, the effect of wind, poor visibifity and other unfavorable natural
conditions are major factors to affect the safe navigation of fasge tankers.

The stopping distance of a large tanker from the time of the start of a full stem
during her navigation until it comes to a complete stop is said to be 10 — 16 L.
The stopping distance is proportional to the initial speed.

Stopping Distance (full ldad)

Nav.
Speed

Time &
Distance

DWT -

60,000 160,000

80000 | 100000 | 120,000 | 140,000

8Kt

92-00
1,300

840
1200

7-30
1,100

6-20
1,000

5-50
820

Time
Distance

4m-55sec
720m

6Kt .

7-00
930

600"
840

5-25
720

4-40
680

4-20
560

Tinie
Distance

3nfl—4(}sec
S500m

Source: Fapanese Dockmasters’ Association ‘Dockmaster No. 37",

<)

d)

The stopping distance derived from rcvcr‘se énging thrust under ball:a_st condition
(50% of full load) is about 80% of that under full load condition.
In restricted waterways the extra mass and hull resistance increase, if the water
depth is shallow. |

The increase of extra mass means an increase of inertia_and the sfoppm“
distance, but the increase of hull resistance decreases stopping distance. Stopping
distance in case of a stopped engine and a reversed engine is shortoned in
proportion (o a smaller h/d, and is sald to be 92% at h/d = 2.0 and 83% -- 85% at
hid=1.5.
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)

g)

If, during the navigation in the Canal, an accident occurs o a large tanker or a
ship proceeding in fsont, the following tanker must stop urgently.
It is only in case of emergency thal a large tanker must stop by a full stern.

In this event, the bow of a ship with a right-luming single screw is theoretically

supposed to swing to right Lut, in a test conducted withlasge tankers by a
Japanuse dockmaster, swing to left occured in anine out of the 22 instances and
the swmg by the same shlp is somelimes to right and sometimes to left, even when
the relatwc wind direction i is approximately equal.

Of course, the swing is closely related to wind dnrectlon, 1da| current, trim,
ship size and other factors. 1lowever, whether the swing- is to right or left can be

- seen only by actually causing a full stern to the ship. Such swing is said to be

totally random with large tankers, o
Geheri’aliy, any large ship maintains approximately her original course for the first
two minutes after a full reverse engine thrust with little swing of her bow. After
two minutes the bow begins stowly to swin.g_ to right or lefi, and the swing
suddenly increases in about fowr minutes.. The tuﬁliﬂg inertia increases with the
length of time of a full stein and the decrease of stopping distance.
' . In a channel, with its extreniély small steering area, it is impossible for a
farger tanker to stop herself without landing on bénks_. _

 To stop a large tanker along the waterway, therefore, it is practicat to cause a
sternway to the ship for about two minutes at the first and correct her bow swing,
using the rudder or tugboats, and then aftes slowly reversing the engine for
deceleration, decelerate the ship further using tugboats, and thus stop the ship
parallel to and in the middle of the waterway.
With the assistance of powerful tugboats, it would be possible for a large tanker
navigating the Canal at 7 kt to be stopped in a distance of 4 — 6 L, il the effects
of wind and tidal current are small,

2} Number of tugboats necessary for Canal transit

a)  Tugboats usually attend a large tanker navigating restricted walerway lo
relieve her difficuly in steering.
The results of a survey on the use of tughoats at Japanese ports and foreign
ports with oil terminals are as follows:
Al(cndan‘ce of Tugboats on Large Tankers
hpanese Ports (fu}l Load) Forecign Ports (ballast) ‘
DWT No. of Tugboats bwT No. of Tugboats
less than 60 000 © 2 Less than 60,000 1--2
60,000 — 100,000 2 60,000 — 130,000 2
100,000 -- 150,000 3-4 ' 130,000 — 150,000 - 2-3
150,000 — 200,000 6 150,000 — 200,000 3-4
Source:  Materials compiled by the Japan Association for Preventing Marine Accident
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b) The requlred horsepower of tugboats assisting the steering of a fully laden large

c)

4

tanker in Japanese porls is 6 — 7% of freight tonnage for tankers of 150,000 -

200,000 DWT. Thus, if is 9,000 — 10,500 HP for a 150,000 DWT tanker. Since

the horsepower of a tugboat is usually in the 3,000 HP class, three or four

tugboats are necessary for a tanker of this size. In the case of departure, the
required horsepower of tugboats is taken about 60% of the horsepower al the
atrival ' |

A large tanker navigating a canal must make an emergency stop in the event of

engine trouble or the engine trouble of a ship proceeding in front, strang wind,

poor visibility or some other reasons. In case of the Suez Canal the number of
escort tugboats can, untike higboats assisting ship stéering in the foregoing porls,
be limited to the necessary minimum for the following feasons:

a. There is a large intervals between ships, unlike ports where ship traffic is
congested. '

b. There is a system by which related shtps can be immediatély notified in case
of an accident and thus ships in the rear can readily take necessary actions,

' (There is sufficient time intervals between shlps)

¢. ln Canal navigation, accusate steenng, such as turning in front of a berth and
berthing a ship alongside a pier, is not required. .

d. In the Canal, tugboats are used ohly' far braking in case of emergencystops,
assisting the maintenance of course against wind or tidat current and for
modoring of ships in the Canal by ways.

e. Tugboats engage in accurate initial rescue work in case of fire, oil leak or
stranding.

f.  During the transit of a convoy, assistance can be expected from tug boatks
escorting nearby tankers unrelated to an accident.

g TFour salvage tugboats are always on standby in the Great Bttter Lake, ready
to assist.

Factors that must be consuiered in deciding the mlmmum sumber of tugboals arz

as foltows:

a. ' Brake horsepower: The limit speed for tugboats is about 5 kt. They are used
to brake a ship in about this Sp'eed. For this"puipose,' they need the suf ficient
horsepower against the total hull resistance of the ship.
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Required Horsepower against Hull Resistance

Total resistatice against T
. L Required horse- | Number of
) 5 Kt. towing .
Vessel size — ———— —{  power tostop tugboats

(DWTD) Fall (R) 1/4 Load {ton) (HP) (No.}

50,000 263 14.0 2600 1

75,000 333 19.2 3300 1
100,000 - 39.8 216 4000 1
135,000 49.5 26.4 5000 2
200,000 64.1 34.0 6400 2
275,000 76.4° 40.3 7700 2

Note: ~ RIW+R3+Rf=R R3 3 L3xRfw.

_Standard Towing Power of Tugboat

Towing power per 160 HP

Type of tugboat Forward (ton) Reverse (ton)
V.SP. 1 0.7
C.P.P 1.35 0.75
Z type 1S 1.2

b.  Sufficient ability to bear the wind pressure during canal transifing.

Wind Pressure by Vessel Size (ton)

Wind Direction Wind Pressure
_ Bow-stern (0°) Beam (90°)
Displacement Sp'e?d (mfsec) | 8 . 12 16 8 12 16
DWT *F 07 1.6 238 59 132 236
0000 B 1.2 2.7 48 100 225 401
s F 1.0 28 490 8.0 180 319
3000 g 17 38 69 13.6 30.6 54.0
F i1 2.5 43 83 _ 18.7 3.3
100,000 B t9 4.3 7.3 14,1 31.8 56.6
- 1.5 1.5 63 t.s 26.0 460
135,000 B 26 6.0 10.6 19.6 442 78.2
00000 B 38 85 15.2 204 - 453 81.6
215000 B 5.2 9.2 16.3 39.0 683 - 12L8

*Nole: F= f‘ull load -~ B = Ballast (50% full)
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c.  Sufficient ability to bear the pressure by tidal current.
The tidat cun'ent in the south of the Great Bitter Lake is 4 knfh (2.16 ki) at
maximum and it greatly aflects the s!cenng of a largc tanker. Current
'pressure in the bow-stern direction affects the braking and stoppmg distance
of a ship. Cursent pressure in the beam direction causes a lee\v_ay_whith, if it
is large, sometimes makes the maintenance of the ship’s course direction
difficult.

Current Pressuze by Vessel Type (1/4 load}

. : . ({oa}
1 Xt. . . 2Kt,
 (DWT — - S
Type (W) Bow-stern - Beam Bow-stein Beam
50000 0.5 82 - 18(6) - w0
75,000 06 98 2.2(1.5) 36
100,000 08 140 2.6(8) 43
135000 093 155 . 3.2(10) i 525
200,000 1.2 19.5 ’ 4.0 66
275 000 1.6 - 262 56 : 82

Note: () Fullload -

It is extremely difficult to détermine the minimum number and horseﬁower of tugboats to
be used in Canal navigation since ship size, draft and topogeaphy, shape and water depth of the
Canal and wind and tidal current pressure are deeply correfated. '

An atteinpt at determining the required number of tugboats, according {o ship size, is
tabulated below:

Preconditions

Wind:  Wind of 12 m/sec in the direction of beam
Tide: Tidal current of 2 kt at maximum and paralle] to waterway
. Required Tugboats by ship type
e Hull Resistance | Wind (beam) Tidal cureent _* Requited
S?ﬁﬁze in transiting 12 mfsec Bow-stern) ('{3::3 numbzar of
) at 5 Kt (tons) ; {tons) Kt {tons) ' ~ tugboats
e 26,3 f i3.2 6 - 455 1
5 ' : _ : .
0,000 (14.0) @25) (18) 383) |
333 18.0 7.5 58.8 2
73,000 (19.2) (30.6) QY (52.0) |
40 b 187 8 66.7 2
100,000 (te) |- (318) 2.6) (56.0) L]
49.5 260 10 B5.S 2
5 ‘ : o ‘
_13 000 (26.‘_1) (44.2) (3.2) {(73.8) 1 B
200,000 (34) o @s3) 40) (83.3) 2
275,000 (40 1 . (683) 6 . | 139 3

Note: (1) Each tugboat should have 3000 HF {duck propeller) and boHard pull of 45 tons,
() ( ) Caseof 1/4 load.
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Therefore, the required number and capacity of tugboats are as follows;

Size (DWI) Sl T may [N
Upto 60000 3000 HP or over 1 3000 [P or over 1
60,000 — £50,000 " 2 SR 2
200,000 over — : — " 3
b

Since the number of tugboats and the wind and tidat current pressure are_correlated,
condifions (wind and tidal current) for the suspension of canal navigation of barge tankers must
e made more strict than ever, if the use of tugboats is reduced. _

In this study, accordingly, taking into consideration of the number of eﬁisting escort
fugboats and the increase of transit tankers, the required number of tugboats at the year of 1990
is estimated as follows;

v Required Nﬁn\ber of Nuni_ber of Existing " Number of Escort-tugs
cat Tugboats (Total) - Escort-fugs : introduced
1990 a3 15 ' 18

Note: A capacity is 3000 HP or over.

(2} Time interval between large tankess B o

Assuming that a large tanker transiting the Canal is always escorted by two tugboats
of 3,000 HP or over, as stated above, the stoping distance of a large tankeris4 —- 6 L. In
considering time intervals between ships in a convoy, such factors as the steering ability of
ships, master and pilot, the power and number of tugboats, the danger of the cargo, the type
of accidents, natural condifions in case of accidents and time required for communications
must be studied carefully. :

H is very important in adopting a time interval that the opinions of pilots engaged in
actual piloting shduld be fully respected. Assuming from the above that the safety factor of
stopping distance is 2, the stopping distance of a 150,000 DWT tanker is:

2L = 3480m :
So, the time interval between ships is 16.6 minutes. _ _

Whereas, the present interval between ships loaded with radioactive material is 20
minutes (4 km) anid the present interval between loaded tankers (16,000 tons or over) is 16
minutes (3.5 km). :

It would, therefore, be convenient for control and pilofing to use the same interval of
16 minutes (3.5 km) for VLCCs as for other tanker groups. : '

Fifteen minutes is used as the time interval between VLCCs for waterway control in
the Bay of Tokyo and generally satisfactory results are obtained from this interval.
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5-3-2 Canal transit scheme

(1) Vanous schemes for increasing transit capacnty ‘
Methods to increase the transit capacity of the Canal were examined in 4 4 of this Part
VI besides doubling the Canal as below.
1) Increasing the transit ¢ycle time (36-hour cycle)
2)  Allowing two-way traffic to small ships
3) Speed-up
4)  Decreasing time intervals between ships

Speed up

This scheme is technically difficult bécause of speed limitation in restricted water,
Even if speed-up is realized by solving the technical problems, drastic capacily increase
cannot be achieved according to the results of examination in 4-4 of this Part ViI. Further,
the effect of speed-up is small if any convoy includes a single slow ship, because ships
procceding in the rear of a slow ship cannot but keep pace with her. Rather, garages for
waiting of slow ships should be provided at some points of the Canal so that convoys, asa
whole, can maintain speeds set by the Rules of Navigation.

Decreasing time interval between ships
This scheme is considered possible to some extent if the navigation control system is

improved. The present time intervals between ships are sufficient in view of the examples of
Japaneése navigational conditions, even considering the special condition of restricted
channel. Decreasing time intervals to a ceértain extent may be possible if the SCVTMS to be
operated after the First Stage Project becomes reliable but this should be limited to small
general cargo ships of which the speed adjustment is relatively easy.

Allowing two-way trafflic to small ships

This scheme is fairly effective for the increase of transit capacity. This is assumed to be
limited to ships (excluding container ships and tankers) of leéss than 7,000 DWT but the
present width of the canal is not sufficient in consideration of such factors as temporary
gusts of wind. This scheme goes against the purpose of ‘enhancing navigational safely and
will require the instatlation of compleX navigation aids and traffic confrol in the Canal,

resulting in the subject requiring further study.

Increasing the transit cycle time

This scheme is likely to increase transit capacity without any drastlc improvement of
the Canal. But to users, the employment of this scheme will cause the deterioration of
setvices. First, thete is a problem of increased time requmd of Shlps walting for the
deparlure of the next convoy at Port Said and Suez. = S

Second, the time of departure from both ends of the canal under a 36- hour cycle
system is not so regulas everyday as it is under the 24-hour-cycle system, thus confusing the
usess. Third, it is desirable for navigational safety to enable LNG ships, LPG ships and other
ships'carrying dangerous cargoes to transit the Canal in daytime in so far as possible, but this
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arrangement is xmpractlcable every oOthee day in the case of a 36-hour cycle. These
inconveniences for users are expected to arise, and the SCA may suﬂer ‘most from the
decrease of its Canal revenue if some large tankers smtch to the route via the Cape of Good
Hope. from the Suez Canal due to poor services and oonsequent economic fasons..

Furlhermore, the SCA will face complicated problems, such as labor management and
the increase of nanatlon aids due lo the change of the 24-hour-cycle system which has long
been famlhar to the SCA.

~ The mtematlonal mle of the Canal makes it m\peratwe to improve services for users
rather than force detenorated semces upon them. .

Therefore, the schemie of extendmg the cycle time should not be employed
permanently for Canal transit. Instead, it should, as discussed in 4- 4, be effectively used as a
temporary arrangement for special occasions, such as the waiting of a large number of ships
on the Port Said and Suez due to an accident in the canal, inclement weathér or some other
reasons.

Transit system aﬂer completion of the Second Stage Prceject

The past system of one northbound convoy (non-stop) and two southbound CONnvoys
will be continued after the completion of the First Stage Project, but under the Second
Stage Pro_|ect it will be possible to start non- stop transit for part of the southbound convoys
from Step 1 of the Phase I, as indicated in F:g 6-3-5, Accordingly, it will be p0551ble to
operate southbound convoys by the following groups: :

S-1:  General ¢argo ships and bulk carriers {to wait in the Bitter Lake)

$-2: Tankess and confainer shi ps (non- -stop)

After the completlon of Phase 1 all 'southbound convoys can transﬂ non—stop,
drashcally smprovmg transit comlmons from the standard of the First Stage Pro;ect

However, sincé the west channel adjacent to the New Port Said By- pass isnot yet ready
at Phase 1, southbound VLCCs and large confainer shlps will use the New Port Said By pass
in their southbound transit before norlhbound ships use it.

When the new transit system is adopted, it is no longer necessary for southbound ships
to wait in Baltah By-pass or Great Bitter Lake. This Lake wilt be only used for shelter in case
of problems.
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Fig. 7-A-1 Transit Diagram Made By
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Simulation Test

Fig. 7-A-3 Transit Diagram
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PART VI TECHNICAL EXAMINATION

Part Vlll is devoted toa technrca! examination of the various pmblems expected to arise
during the development of the Canal. As described in precedmg Parts, the Canal is, to meet an
increasing transit demand in the future, to be expanded and/for doubled. The maxinium ship size
considered in the Second Stage Project is ardund 150,000 DWT and 250,000 DWT in the Master
Plan, and the Canal is to be doubled for the reach of km 0 — 135 under the First Phase of the
Second Stage Project and for the entire reach thereafter. The cross section of eastemn channel,
shall be about 3500 m? with the depth of 19.5m under the Second Stage Project. With i increase
in ship size, the Canal sections expanded andfor doubled give rise to probléms in the manéuver-
ability of transit ships, the stability of the Canal bank, etc. Of these problems, followmgs are
notable, i) hydraulic phenomiena due to transit ii) maneuverability of VLCCs iii) tidal cureent in
the expanded canal iv) stabilily of the canal bank v} siltation rate in the developed Canal,

Problems described above have been examined in detail, prior to the First Stage
Development of the Canal. For instance, the Canal sections proposed for the Second Stage and
Master Plan in this Study have been examined by Coapets & Lybrand Associates Ltd./Maunsell
Consultants Ltd. and by Sogreah through analysis using hydrautic mode! and numerical
caleulation. As the main purpose of the Study is to frame cut the optimum plan after c¢ompletion
of the First Stage Development Plan from an economical viewpoint, the Canal sections have been
designed based on the results abtained in the past studies.

Basic factors taken for designing will be described and reviewed and the results of analyses
obtained newly will be discussed in this Part,
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1. Hydraulic Phenomena due to Ship Transit

Various hydrauli¢ pher'mmena' are induced by ships transiting the Canal; their characteristics
~depend on ship size, ship speed and Canal section. These phenomena may be classified into i)
drawdown ii) relurn current and iii) ship wave, all of which affect the stability of bank and
revetment. A detailed discussion on the stabilily 01' the Canal in the Second Stage Project and
Master Plan are given below. '

1-1 Drawdown -

Water mass in front of transiting ship is displaced and flows toward the stern, this is ealted as
a retumn cusrent. At the same time wafer level along the both sides of ship draws down. This
temporary lowering of water level affects the stabitity of révetment, by increasing a residual
water pressure, and this may cause surge waves on berm when the water depth on it is
insufficient, :
According fo the results of lhe studies mentioned prevnously, drawdown Ad is given by the
following equation. : :
‘Ad= SSIRa‘ 4 -VS’lzg 0449 VSHRa' A4 o i)

where, Ra  ......... Area Ratio
Vs ..l .. Ship Speed - _
g e _Acceleralion due to gravity

Drawdown is shown in Fig. 8-1-1 and Table 8-1-1. As shown, drawdown increases with
increasing ship speed and decreasing area ratio, and the maximum is about 80 cm for a west
channel with area ratio of 4.7 and ship speed of 14 km/h. This is for the value for the largest ship,
while for smaller ships {which transit the Canal more) the aréa ratio increases and this decreases
the drawdown. The drawdown for a ship of maximum size and for a 10,000 DWT class general
. cargo carsier is shown for each stage of development in Table 8-1-2. As shown in the Table, the
drawdown for the maximum ship decreases from 84 cm in the pre-First Stage Development to 65
cmi in the Second Stage and Master Plan due to the increased area ratio adopted, and from 20 cm
to 5 — 7 cm for 10,000 DWT class general casgo carrier. This decreased drawdown is expected 1o
improve the stability of revetment by decreased drawdown is expected to improve the stability of
revetment by decreasing the scouring force acting on it. It has been pointed out that, where the
water depth on a berm is shallow, a surge wave is induced by drawdown and a critical depth for
occurrence of waves, is derived by the foltowing equations: -

db> Vs?fg [4.4/Ra"* + 1/1.72 + Ra?[(Ra — 1) ] | | 2
— to avoid surge waves
dp > Vs?fg (4.4/Ra¥-¢ + Ra’i(Ra - 1?] (3}

— to avoid all waves
where, diy: water depih on berny

The first term of the above equations denotes drawdown, 'and_ the second are for the
additional depth requised to avoid waves on the berm. : ‘ '

A critical depth of wave occurcence is shown in Table 8-1-1 and is ol' smmar characteristics
to drawdown. The water depth on berm must not be less than about 3 m to avoid al waves and
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about 1.5 m to avoid surge waves. These are smaller than the depth at pre-First Stage by about 20
cm. AS 2 SUIge wave causes adverse effects on the stability of the berms, the water depth on it
should be designed to be greater than that which prevents a surge wave.

v !eun.
)

RN ——

- A a— . - - ] ] 4 i ]
[ i Ie e ¢ ¢

Ship Speed dm sz b

Fig. 8-1-1 Drawdown and Ship Speed
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Table 8-1-1 Hydraulic Phenomena

I

T —
Drawdown {m) Velocity of Return Current {m/fsect
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15.68 | .83 .69 .11 €.13 £.15 8,48 £.20 8.27 0.23 £.25 8.1 is.¢8 077 P22 P24 076 873 2.3 0.2 8.3 X I3 pn
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25.00 | .04 B85 0.B5 B.05 R.67 BB 812 &40 a1z B ES 25.&8 P17 813 L.10 B.05 M08 B 17 £.13 BI® 12 BiZ PGS
2208 | 203 264 2,04 £.25 8,85 n.€7 £.60 8.03 A42 211 B2 3.6 .00 a5 M1 812 2,17 2,04 815 B26 RAT GO0 A8

fAequired Depth on Berm to avoid all wave {m) Required Depth on Beim to avoid surge wave (m)

A3 ¥s :_L'-.{!eu.av:z.m:3.?8!4.2815.&31s.eg:r.ee;s.ee;g.ease.ea Ra Vs 1P.00 10BN IR ER I 0B 14 PRI O 26, PR 17, DO IR B2 10 822048
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Vs: Ship Speed {km/h) Ra; Area Ratio

Table 8-1-2 Drawdown versus Ship Size (Vs = 13 Kmfh)

(Ra....Area Ralio} Unit: m

T-_Stage .

Ship Size First Stage _ Second Stage Master Plan
Ship (Max.) 0.84 (Ra=4.0) 0.65 (Ra = 4.8) 0.65 (Ra = 4.8)
Ship (10,000 DWT) 020 (Ra= 11) 0.07 (Ra= 23) 0.05 {(Ra = 30)
Ship (10,000 DWT) -~ 10,000 DWT class ship is of the highest frequency of transiting the Canal.
Ship (Max.) -r-eesmeniinine First Stage 60,000 DWT Tanker :

Second Stage 150,000 DWT Tanker
Masler Plan 250,000 DWT Tanker
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1-2 Retum Current

The miean velocity of return current Vr caused by a transiting ship is given by following
equation:

Vr = Vsf(Ra-1) @)

© The maximum velocity is about 2 times thc value given by the above equation and occurs
near midships. The flow of current is outward at bow and inward at stern associated with eddies,
Characteristics of the return current are shown in Table 8-1-1 and Fig. 8-1-2, and the velocities at
each stage are shown in Table 8-1-3. The velocity, which depends largely on the area ratio, de-
creases from 1.2mfsec at pre-First Stage to about I m at post-First Stage for the maximum ship,
while for 10,000 DWT class general catgo carrier, the velocily is very small at 0. 4mlsec at pre-
First Stage, 0.2 m/sec al the Second Stage and 0.1 m/sec at the Master Plan.

It has been pointed out that, since a return current flows associated with strong eddies, it is

a main factor causing siftation in the Canal. Here, the velocity of current has been revealed to be
less than that at pre-First Stage, and therefore a worsenmg in the siftation conditions cansed by
return current is not expected in the future plan. Lo

RrwnCurent
[N

L —_—— . —————.

L3 S —

Ship Speed [m/1ec)

'Fig. 8-1-2 Returst Current
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Table 8-1-3 Return Current (cm/sec)

_Ship Size o2 First Sta.ge Second Stage | - Master Plan
- Ship (Max.) 120 : 95 95
Ship {10,000 DWT} -~ - 36 : 17 13

1-3 Ship Wave

Ship wave, together with drawdown, causes a great influence on the stability of revetment.
It is different front drawdown and return current, for it is dependent on ship speed and length, as
given by the equation below!

Hs max = 0.73 Vs?/g? « Ls = 0.00076 V$*/LS )
where, Hs max ... Max. ship wave height
Ls ....cccooeonnenne Ship length

As clearly seen in the equation above, the ship wave generated by a smaller ship with shorter
tength is greater. As a considerable increase of transit volume is forecasted for smaller size ships at
the Second Stage and the Master Plan, a full account should be taken for maintenance of
revetment. Ship wave characteristics are shown in Fig. 8-1-3 and Table 8-1-4.

Table 8-1-4 Ship Wave (m)

Vs Ls| jp.z0e 20.800 32,792 42,202 SO.20 122,020 150,008 J00.082 250.006 D000 3E0.pSP (BAUR

18,633 Q.64 RE2I RIS DPI REAY  P.035  6.027 D682 p.pRY @2l A¥l Q&M
11.808 8255 0833 2222 017 D8R p.ee7 e - £.002 g0 fee2 P02 MR
12,623 8.63¢ 047 BB 2023 B.EJY Q.003  A.085 BLAS B2 f.88) 88 2.
13.882 a.129 PB.855  B.841  g,827 A0 P.€13 p.eed . P66 p.2eS  EBBL Q.02 R.E83
14,062 8,17 0087 B.GS3 2.843 B.eI5 BB 8,812 B.€EF  ROE)  L.BE 800 REM
15.¢22 €229 B.IIS  B.22%  f857 B85 EEZ - g.B15 08N B.B29 Bt e ROEE
1.8 e.897 B.143 063 een 8859 B2 pe2i PBIS QN2 L.8I0 .B22 REX
17,008 03728 0189 B2 f.ESE R.e7é 0838 MRS 001 RIS R0i3 efll e.pd)
16. 821 8.475 F.228  B.IS8 @114 8.855 R.B4E 2832 e.8M  p019 - B816 gen RN
13.6et 8.5%8 B.255 B197 g7 R4 £.053 P83 R.628  BEM  h.028 2817 RIS
28.6c@ 724 262 BMI G481 S5 BE22 B84 083 BNY PEM eenl AHS

Ls; Ship Length (m}  Vs; Ship Speed (km/h)
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2. Canal Secction

The dimensions of the Canal, which is called a restricted channel, are designed by taking
into account the special conditions of restricted flow hydraulics. For the determining lactors, i)
characteristics of transit ships ii) natural conditions along the Canat and iii) maneuverability of
ship and hydraulic phenomena due to ship’s passage, can, be given. OF the above, item iii) is of a
completely different character from a channel in the open sea. A design method of the Canal has
been established through past experiences and also through the results of detailed model studies.
To summarize the procedure of designing, following steps are taken:

1} determine the ;naximum ship size

2} find the canal depm by éddihg an atlowance to the draft of the ship

3) determine a channel width by lane ratio

4)' if the area of the canal given above is of insufficient arca ratio, then the canal is

widened. . : :

In step 4, an increased transiting resistance and ship induced hydraulic phenomena are

considered. '

2-1 Standard Ship Size

A ship’s size is the most il}lborfant fattor in designing the Canal and therefore, before
examining the Canal section, a brief review on ship size is given. Of ships transiting the Canal, a
ifoaded tanker is the maximum size to de_ter‘m:in_e the canal section, while general cargo carriers
have the highest transit frequency to affect the stability of reveriment, ¢tc. Standard ship sizes of
tankers and general cargo carriers are tabulated in Table 8-2-1. From the Table, the ship
dimensions of draft, beam and length are ex_preséed in relation to DWT by following equations.
The characteristics of tanker dimensions are different between below 300,000 DWT and above,
- and given by different e‘quationé’. l '

1)  Tanker, 100,000 ~ 300,000 [5WT

Full toad draft = —58.08 + 6.32 In DWT (m) ()
Breadth = _110.79 + 13.06 nDWT M
Length =729 + 86.34 InDWT | (8)

2) Tanker 300,000 DWT ~ _ _ :
Fult Joad dralt = —79.08 + 8.21 InDWT *

Breadth = —205.34 + 2041 InDWT (10)
Length = —-943.86 + 101.40 In DWT (1)

3) General Cargo Carrier

Full load draft = 10.63 + 2.08 In DWT (12)
Breadth = -26.96 + 5.10 In DWT (13)
Length = —254.57 + 43.66 In DWT : ‘ (14}

—264-



As the number of tankers over 300,000 DWT is very limited, the equations for them are not
so refiable and therefore, the actual size of existing tankers should be used in designing the Canal.
Ship sizes calculated are shown in Table 8-2-2.

Table 8-2-1 {a) Tanker Size (Japanese Standard)

DWT() Leagth{m) | Breadth (m) Draft (m) B x D (m?)
10,000 139 19.0 3.1 1539
20,000 S 13 238 9.8 233.2

130,000 194 272 . 109 296.5
40,000 211 299 117 349.8

50,000 226 3.1 125 4013
70,000 250 359 136 48382

100,000 270 39.0 146 569.4

150,000 291 442 119 791.2

200,000 315 472 19.0 896.8

250,000 348 51.8 20.0 1103.6

332,000 345 533 248 13218

373,000 347 54.5 27.1 1477.0

484,000 379 62,6 282 1748.4

Table 8-2-1 (b) Tanker Size (by Sogreah’s Repori)

DWT (t} Length (m) Breadth {m) Draft (m)
100,000 - 40 Laden 1465
130,000 44 . 16.15
190,000 _ 48 1830
250,000 ' 82 20.45
300,000 54 220
360,000 _ 60 24.4
250,000 340 . 52 Ballast 1y 40
330,000 350 55 12.80
400,000 370 60 13.0
550,000 400 64 16.5
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Table 8-2-1 (¢} Ship Size, Genetal Cargo Carrier (Japanese Standard) :
— e :
DWT Lenﬁlh Beani Depth Draft
{m (m) (m) - (m)
700 Cost 8.5 46 38
1,000 7 58 9.5 3.1 42
2,000 74 11.7 T 63 5.1
3,000 86 132 7.2 5.9
4,000 95 144 ' 7.8 64
5,000 103 . 1_5.?& B4 68
6,000 124 169 : 9.5 1.2
'g:ﬂf;al 7,000 129 17.6 100 15
Carior 8,000 135 18.3 10.4 1.8
9,000 139 : 189 10.3 80
10,000 - 144 194 11.2 8.2
15,000 162 - 21.7 2.7 o.1
20,000 177 234 - 138 100
30,000 : 199 26.1 157 110
40,000 217 28.3 B ¥ 119
50,000 232 300 184 12,7
Table 8-2-2 Ship Size Calculated -
Tanker 1H0000~300000 DWT Tanker 300000 DWT ~ ; Geﬁ_era‘ Cargo Carrier
[~ 7 ] . - ‘ N ——
DWT L (m}] O {m)] Blm)’;‘B{m’l DWT Lim)| Dim}| B8lml| D-8(m*)] DWT L(r_nl o {m)| glm)j0-85
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tivgas.ze | 22 | 1s 2 | 42010 £22, 08 aeaad 02 | iea | 3,007 5228 | 131097 208, 1 B g.w 1% ELE
120aee. 2 | 28077 | 15,63 | 41901 é64.23 aseea.82 | .60 | os.2e | 381 ] 13 2800, 0493 w2 | e | o
1itace.ae | @8n.€8 | 16,30 | 1300} 2 3280 | 2iv.ee | 25,49 | Se2 | 130200 ceee, | 1en55 | g2 | pH)D
1apate.ee | 200.82 1 1651 | 10.9%€) P20 goeecd.pe | goa.se | os.7a | ss.2l | 142829 sexe, | 1e23 ) hes jrs]
trpasa.pg | FeAB1 Y ap.2¢ | 41.86] 2265 Jepea.pd | 53497 2505 | 5578 | 144099 ceed, | 12528 | 206 |10l
teerracgn | 560 Fanes | asrr) aecey | wpecaer | jmez2 ) pe1p | 6,34 | HTRNT 7eee. | 1d.33 ) s | tapp]in®
treeodea | MAEL | qpa4 } 45.5) BIR.£2 segzed.ee | 358,90 | .00 | f€.ep | 1520, eeta, | 137.81 | &85 | 1L57
tepeze. ez | 35,78 | 1242 | 42,25 863,38 z920pa. 88 | 351,55 | 26,61 | 3242 | 112 opp, | 142,95 | &1 | 1547
rocpeo.eg | 244 | teva | 42.55] §03.52 pagie.e | ager2 | 26,02 | 57,93 | ISSNR2 tezer, | fadss | eosp | e
zerzce.pp | 22487 | 19,05 | 40.€2) 326.8¢ gre20.00 | ez | zraz | fo4d | 192228 15200, | 165.2¢ | $.37 | 222
Zipata.py | 329,88 1 1337 | 49.24) sre1? ecexee.08 | eoer | pr22 ) 5283 | 18L2d seeae, | 1i2.e2 | d.e7 |2
Sopoag.pa | 3242 | aa,e5 | 42.67] ssaee | ezeeptdd | ari.e3| 27,42 [ Sn4 | 1E20.74 262, - | 1E7.55 | 13 | 2059
2eppe.ey | 33541 anss | Ted3freec 1) w2z ed | prie| 2.6 | S0.63 | 165093 weap. | 13552 | aset | sse2|®
egaspr | ME6L | 2ot | Sr.eeliednee - | «seapa.ed | -wes | 2e.ra | €o 30 | 1626 seece, | 202,25 | 1013 | 2.0
2sepes,or | MO} 2447 | SHEQIRCEO7 digeeaee | we29 | 22,57 o7 | 172014 speee. | zoa.ee | 1h.e1 | an.ee s
sepeoape | 0052 | 20,32 | os.eS|terb.dg | areacs.d8 | 202,47 | ze.1s | £n.22 | 1redid ase2a, | a1n22 | ir.es | 206330
sreppg pa | SSR.78 | 26,95 | saS4|1ie. 20 20e02.60 | 7ar61| ze.32 | 41,68 | ITME.02 safed, | 2i7.82 | 1h.eg | 2.2
zaeepn. e | a3 | 2142 | 52223 gt 04,701 se.43| k203 | 1REEH
PR PRYER I R LN BETI TR ICE R TR fergpe.0e | 3275 2365 €2.43 | BPRALDY
Teeae.en | ¥nes | ate2 | snezl1165.9

L; Ship Length {m), - D; Draft (m), BiBeam{m)
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2-2 Required canal depth

The requlred canal depth (dredging depth) is the total of loaded draft, squat, trim, and
3llowance with a depth decrease due to siliation considerad.

321 Full load draft

The full load draft should be for the largest ship which is anticipated to transit the Canal,
and can be taken from Table 8-2-2 or can be an approximated value from the existing ships. For a
general consideration, the value in ‘Table B-2-2 will be used. '

2:2-2 Squat and trim

Duing navigating a ship sinks down, and the average huli sinkage is called “Squat™, and a
difference in draft between the stem and the bow is called “Trim™. Both of them are given as a

function of Froude Number, and from expenmental results these are expressed by the followmg
equations:

Squat = (1.43 Vsh/ R — 0.1DLPP/100 ‘ (15)

- Trim = (0.57 Vsh/gh — 003)LPPI 100 (!6)
where, h ... .... canal depth ‘

Lpp ... length perpendicular

The ¢quations above have been derived by taking the maximum value of experiment, and
thus give somewhat conservative vatues of squat and trim.

223 Allowance

In addition to the above, for a highes efficiency.of propeliar thrust and a temporary increase
of draft, an allowance is added. The allowance is usually taken as 5% of the ship’s draft.

Allowance = 0.05 % Full load draft - a7
224 Depth décréasé 'd}té to siltation

The canal depth gradually decreases due to siltation caused by a return cusrent and a tidat
flow, Therel‘ore, “a mean effective deplh“ for a transit ship is less than an initiat dredging depth
by a thickness of demsatmn When a maintenance dredging is frequently carried out, a volume of
siltation becomes less and the initial dredging depth can be decreased. However, this inhibits _the
smooth transit: of vesséls ‘Here, considering the efficiency of dredging, it is assumed that
mamlenance dredgmg is to be carried out periodically when a thtckneas average at 50 c¢m, The
maximum tluckneSs is assumed to be double the average to give 1.0m, in cons:derahon of locat
variation. =

In total the mmal drcdgmg depth is gwen as a summation of full load draft squat, half the
trim, the allowance and 1 0 m for siltation.
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For a 100,000 — 300,000 DWT class tanker, the channel depth is g'iven .as beloWi

Dredging Depth = 1,05 (-58.08 + 6.32 In DWT) |
+(1.72 Vs/v/gh — Q.13)*PP/100 + 1.00 (m) - (18)

- The dredging depth is determined by ship size and speed, as shown in Table 8-2-3.
An effective canal depth for transit ships is reduced to the dredging depth minus 25 em,
which is an average depth of siltation over the interval of maintenance dredging.

2-3 Lane width

The width of navigation lane is determined by considering the navigation accuracy of the
ship, the natural conditions along the Canal, the bank suction, etc. The positioning accuracy of a
ship is usually taken as 0.5 B (B... ship’s breadth) to give a total lane width of 2B. In addition to
this, in the case of a restricted channel, a clearance is secured agamst a suction forée toward a
bank. When the maximum, rudder angle is taken as less than 15°, the clearance should be more
than about 0.5B, to give a total lane width of 3B. This is only an approxiniate index for the
requmd width of a restricted channel.

" The lane width of the Canal has been determmed based on the extenswe past expenences
and results of experimental studies. In this Study, followmg values are taken according to the
values presently adopted. '

Lane Ratio '
Laden Tanker - 2.6
Ballast Tanker ' 2.7

The ratio for a laden tanker is the same as a present one, but for a baltast tanker the ratio of
2.7 is adopted. The team has been informed by experienced shipping companies that a minimum
- draft of 12m is necessary for the control of a VLCC and this has been adopted in this Study. The
above ratio of 2.7 for a draft of 1 2m is slightly farger than 2.8 for a draft of 11m.

24 Cross Sectional Arca

A canal section may be des:gned based on the values obtamed up to the prwwus section,
by taking a bank slope of §f4 for a northern reach and 1/3 for 2 southem portion, However,
dlffenng from a channel in the open sea, it is necessary to take into account an “Area Rauo"
which is a controllmg factor to the resistance of a nav;gatmg shnp and the s:ltatlon rate in the
channel. An extensive study has bccn made of {he area ratio whlch should be taken to
accommodate a VLCC, exammmg the relahonshtp of engme power, hlp speed ca\rntauon, and
siltation in the canal As a conclusion, a iarger value is recommended for use wnh VLCC«
Accordmg to the present valucs taken, the l‘ollowmgs are adopted in ihxs Sludy

in the case of a laden [anker, it is mdlspensablc to mcrease the area ratm conslderably o
allow a VLCC to transit at a speed hlgher than 13 kmlh, and cavitation is expected since the
engine power of YLCC is re!atwely small m refation to the su!e of the huil Therefon, the
allowable speed timit of 13 km/h for an area ratio of 4. 8 is judged to be reasonable Fora batfast
tanker, a resistance is not so serious as a laden one, since a ¢learance between keel and canal bed
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able 8-2-3 Canal Depth Required (m) (Laden Tanker)

Conal Dept DT jeceea.ca | 11eeen.00] 120200.22 | 120202, 00 14epap. g2 | 1t0a20.62 | 1¢ecos. e2] 1rdame. 02 | 10RO B
oot Ok e sl maw|  ssa|  em| et e imed]| e
Squat .51 §.52 4.52 .52 8,52 e.52 8.5 2.5z p.sg
Yim 12 &2 a2 p12 .42 813 812 .13 .17

005 x Oeoht .23 el An 8.82 8.0¢ 866 8.6¢ .93 B.b2
Siltation 1.8 1.£8 l.e9 1.ea IR 1.83 real  pes 1.62
Totsl 12,85 17.63 18.27 e8] - sem| - 187 28.18)  20.58% .9

ip Speed 11 km — T _
sﬁfgn‘” fh 14.68 e 15.81 16.3¢ 16.81 1R i.65] 1t 6.2
Squst 2.5 (X7 2.62 2.6 .Ef 8.4! 0.6 .61 2.£1
Trim LH L.l & e.14 g.14 ENT 214 8.14 e.14
0.05 x Drsft L& 7] (81 8.7 8.£2 #.64 8.8¢ 8.85 B.$2 e.x2

Siltation - 1.£3 La2 1.83 CLEal . e 1,68 108 1.68 Le2
Total 17.1% 1.7 i 18.58 19. 48 19.96 20.29] . se.f 21,07 |
ip Speed 12 km ) : :
sg»&fslp i H.63 128 1583 16.34 1661 .34 17,650 1e.ed 26,48
Squat 2,68 .68 8.8y B.£3 869 .65 e.7¢ .28 B.7P
Trim a.15 813 8.16 b.1é .16 .16 ¢.1¢ 816 2.6
0.05 x Draft ERE 8.6 .22 8.2 884 2.5 et .03 a7
Siltation 1.c2 1.82 1.2 -1.88 1.3 1.3 2 1.82 1.e8
Total _— ir.24 A8 18.47 19,62 19.58 13.5% 22,39 28.82 25.18
Ship Spéed 13 K :
Dralt 14,83 15.28 15.63 A BTy 17, 12.65 18.84 18.43
Squat 0.76 8.76 e.77 8.77 072 &7 e.28 .28 8.72
Trim W H .17 8.17 e.17 816 2.18 8.18 B.18 2.1
0.05 x Drafa .23 8,76 a7 b.52 e84 £.85 852 .98 8.9
Siltation 1.80 1,83 1.e2 1.82 163 1.e8 1.68 1.3 1.¢8
Total 14 1193 1857 19,18 15.£0 2e.86 2048 .5 21.28
Ship Speed 14 km/h .
Orafy - i4.68 15,22 15.83 ]| 1£.81 17,24 17,55 15,84 K40
Sauat a6 .84 8.85 8.8 B85 885 887 887 287
Trim 4.19 .19 e.13 819 Rt 213 9,18 8.22 e.2¢
0.05 x Dreft .73 7€ 878 #.82 .54 8,85 $.68 8,59 Az
Siltation 1.88 183 L.ee 1.e2 1.82 1.¢2 1.88 1.€d4 1,02
Total . 17.44 18.88 18.67 12,22 15,78 28.16 28.48 21.6¢ 21.29
Ship Speed 15 kmlh - . :
orﬁp .63 15.28  1%.82 18,34 15.61 17.2¢ 15| M 13.42
Squat 8.92 8837 (X E 85 .65 £.95 £.55 e.% 2,%
Trim 8.28 ez 8.2l &2l #.21 8.2l &.21 8.2t 8.2
0.05 x Draft 873 | 7 B.75 8.82 X7 .08 8,83 &2 a9
Siltation Led 1.82 1.28 1.88 168 1.82 1.€8 ez 1.83
Totsl 12.53 1818 wn 13.38 e 28,27 2.7 a1 21.4?

Shi ed 16 k/h - .

Dﬁstpe _ M e| o ousz| mses|  res et anal  es|  ees 18,42
Squst 1.6 181 .82 1.2 1.82 1.e4 1.8 1.84 1.e5
Trim 8.22 p.22 - eaz2z 822 €2 £.23 E 2 ] .23 .7

0.05 % Oraft 8.23 b.726 8.7 852 8.8 8.£6 2.8 .92 p.52
Siltation N 1.64 1.82 1.63 1.e3 .62 .83 - 12 NG
“Total 12.63 18.2¢ 18.84 1%.42 ;3 op 28,37 22,82 a2 21.%¢

Ship Speed 17 km!h : . )

Draft 1.6 15,23 15.37 161 .81 12,34 12.65|  ie.e4 e.42
Squat .68 1.85 .18 LIt INT] 1.42 .13 L3 .12
Trim .23 L 2,24 &2t @22 .24 8.25 #.25 .25

0.05 x Diaft 2723 7% %1 X s &84 .56 2.38 p.o2 e.e2
Siltation 1.8 f.ee 1.88 1.881 1 ps 1.8 1.ea .80 .82
Total ) L 123 18.32 18.86 18.51 28.8! 28,47 28,91 2.1 24,78

$hip Spead 18 km/fh ' - . '

[ 1.é8 15.28 15.43 15,34 i5.80 13,24 1265  tam 18,42
Squat 1.1¢ INT 118 1.3 10 1.28 .2} 1.22 1.2
Tritm - 4.25 8.25 8.2 £.28 2.2 £.26 8.26 225 £.2?

.05 x Drafy - 6.2 875 4.73 .82 8.8¢ (.8 2.5 p, 2 2,02
Siltation 1.08 Let 183 1.68 1,60 1.22 Lea 1.82 .02
Total 182 18,47 19.86 19.€1 1 2257 2net| 2.2 .8

Ship Spéed 19 km/h : i :

raft .68 L% 15.83 1e.24 15,51 12,2 snes| et 18,42
Squat - .24 128 .22 .23 1.2 L9 5,2 1.:2 1.7
Trim 8.27 &.27 a2 t.27 L 25 e.28 e.z8 L5 [ 3]

G.05 x Drafe. 0.723 0.7 [ Nrs ] 8,82 2.&4 .88 [ ] [ -4 B2
Siftation i N [N] 1.63 1.é2 1.6t 1.6¢ N f.02 1,02
Totgl 12,92 18,52 19.46 1.7 2.2l 28,68 L1 .82 o1.51

$hip Spead 20 k i :
o?.fs.p 20k Mg 1526 134 1.3 16,51 17.24 12,65 g4 12,42
Squat 132 1.4 1,35 1.% 1.3 1,38 L3 1.35 1.42
Trim e.28 8.2% Y 8.2% 2,20 2.2 .38 8.3 £

0.05 X Draft o 8.7 8.3 6.82 8.8 0.8 e.eg| a2 e.22
Siltation 1.3 e 1.¢8 1.ce f.82 1.80 1.0 1.8¢ 1.88
Total 8,82 i8.¢? 18,26 - 1.8 a0l el znze| e 22.61

0.06 x Drafa; Kea) Clearance, Siltation; Allowsnca for Siltstion




Table 8-2-3 Canal Depth Required (m) {Laden Tanker) o Table 8-2-3 Canal Depth Required (cont'd)

022, 08120002, 20 | 130000.04 o | 1ceace. 0o | 1eeave.ee 1oeser 02 | 1eceen.2 DWT {.ooranea bugo | n T ‘
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is greater. However, to take a small area ratio is to give rise to a high return current, and will
increase the siltation rate cbnsideraﬁly. Thus, in this Study, the above value of 4.6 is adopted for
a ship speed of 14 km/h in the case of a ballast tanker. A total effective cross sectional area,
which is calculated by using an effective canal depth {méntioned in 2-2-4), should not be less
than the value of area ratio x B x D. {B: breadth D: draft). '
‘Canal dimensions for a laden tanker are calculated according to the above method and listed
in Table 8-2-4. Asse¢n in the table: . - .
a)  the canal section determined by lane ratio gives insufficient area ratio: 4.3 for bank
slope 1/3, 4.7 for bank slope if4, _ _ .
b)  hence, the canal section is determined by area ratio to give an increased lane ratio; 3.1
for bank slope 1/3, 2.7 for 1/4.

Table 8-2-4 Canal Dimenston Caleutated

Bank Slop §/4

OWT | 1ecaea.69 | 1tenta.en | 120023.08 { 130200.00 ] 148029.00 | 150a02.0a | 1¢8e20. 02 | 178300.60 180023.69 | 192020, 00

 canal Depth | tnea| s | sep | isea|  zeer| eese| zeca| aze|  enes
Kee! Level i ez | tees | ama | arwe | tee | amer | Gspa] 13 | ima

areaBoquited | 2retse | bz | weear | anap | 592 | dnii | meaws | wesow] 4vest ) oamas
width Requived | 10288 | aese2 | Tpeaar | ishge| 1438 | arses | arne | zase| 1eaed ) axeer

" Section calculated by lang fatio ]
sutface Width 2r.16 235,88 243.29 L] el &2,.27 €076 272,98 27.75 Fredc]

~3im Width 139,76 tene3 ) s 3 | agnat | weea 124.27 179.7 | 1enge | yse.rs | ogen:e
ged Width £9.84 92,83 94,74 87,25 R T AT T 1enee | mees | renae 183,18
area 2rnes | essest | maese | sneer | vz | xszae | asera | msene | emres | epnz
pan2 Ratio 2.68 2.8 2,69 2.¢8 2.68 2.68 2.68 2.¢8 2.¢8 2,66
ares Ratio R 473 .71 172 1.72 1,72 L7 4.7 §.22 .72

: Section calculated by area ratio _ _
surfaca Width 23n%e 2i8.72 242,32 | 2| Xeew | lesed e | zrmse| 224 232.15

“1im Width prse | Bra | s | ez | 12eg | weer| recae| 1ss2 | orpeer.| asnge

ged Width 52.75 85.29 so.76 | tarea | rensst apsma | pemee | itz n2ze | e

Area seirez | asteae | zetzes | sz | asria | wmecze | zeacen | o4asdas boaza2r |oadsnes

Lane Ratio 2.63 2.70 2.72 anl - an 208 2.8 2.0t 2.7 2.7¢

Arafdatio 1.6 1.80 1.58 1.£8 108 108 .58 4.8 .00 PR )
DWT

2eeeen.eo | 210a0 02 | 22e0a0. 00 | 220800.00 | 20032, 00 | 25020, 60| 26000800 | 2heste, pa | 200020, €0 | zazzep. ez | Zaaace.c0

Cenal Oepth 21,99 22.31 22.62 22.52 22,29 23,47 23.73 2.9 24,22 2545
Keet Level 28.03 2.7 70.€4 2852 2149 21,45 2.7 2L 22,87 22. 7
ArzaRequired | 443,82 | 43c0.83 | gredies ) oaazere | amare | secr22 | mrpgsy | ersrrr | caered | merny

Widih Required| 12642 128,02 128,65 | 13n.1¢ 132.¢1 122.82 135,32 %61 1228 PRI 4

] - Section calculated by fane ratio
Surface Width 286.69 200,83 29907 | 09452 32,14 20559 303,21 Hu21E [ HEAS 2

KT AN el
-1¥m Width ise€9 | zerer | zpeire | 205y | afps | 2258 | agle | 2rare | zazar | zais | cunen
Bed Width nes ! | pames| usa8 | e | nned | yees | 2022 | 10037 | aener | prez
Acea 129,50 | qe.69 | geriien | 4red.90 | ssseome |oa3ene? | oseranee | Sigher | seeras | ssemen | sz
Lane Ratio 2.8 2.¢4 2.6 2.8 2.6 2.c6 .60 2.68 2.2 2.62 2.6
AreaRatio 1.7 1.2 7 .7 .7 4.2 0 .7 1.7 2.7 7

Section catculated by area ratio,
sutface Width 22161 235.8¢ | ovsse | mrri| ernae: 385 i | e | mase | maee ang.7e

-1tm Width el €1 87,8t 211.88 215,73 219.42 222,95 226,37 229.€¢ 23203 235.84 238,78
E:d Width 5.7 1 {1883 120,28 121,81 1?2518 124.43 125,76 24,93 128,15 129,78
Arga . 4478, 08 4653, €2 472687 {86886 4979.18 5695.38 £2r.%2 S32.46 | S424.84 £527.82 625,51
Line Ratig 278 2.78 2.78 ‘2.8 2.7 2.74 Z.v@ i1 2.71 oAl 2.1
Area Ratio 4.68 4.t i.£¢ L] {.52 iEa 4.5 {58 {08 1.58 1.58

e
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Table 8-2-4 Canal Dimension Calculated (cont’d)

Bank Siope 13
DWT | 1e2000.09 | r10aee.#8 | 12063009 | 222620, 23 | 148020, 04 | isesca.ea] reocea.en | 1reena, o0 f 100300,43 | 120000.02
Canal Depth 12,4 12,89 14,52 19.1 2.8 e 20 sk | 2nes 265
Keel Lﬁ?eT. 15.€} i 1€.78 17.23 7.7 16.z8 .61 18,83 i3 13,21
Area Required 278,78 2394.22 388,32 REEFS by 354,92 ki 2 H 382206 825, 3 (125,51 L F A H
Width Required 182,88 186,12 e 02 173 114,73 116, €5 HE £t 128,58 12824 124,82
: _ o Section calculated by lane fatio - . :
Susface Width 195,34 283,44 288,74 215,52 220,88 225,87 228,53 | 234.5% 232,81 42,82
—1im Width 1385 137.4 1324 148,52 154,68 1 15287 164,52 158,23 p7na 176,92
Bed Width 2| w82 x| 1eass| 2 ws.ar | 10254 § o1 | g 112,05
Area 2508, 2588.33 2268, 28 Ja32.83 |- i 324,23 .78 339922 728,43 RN 2
Lane Ratio 2.8 2.69 2.£8 2.63 2.68 2.68 2.8 2.68 2.64 2.62
Area Ratio .31 IR ]} U] .3 .24 4.8 LI B 8- 4.8 L
. Section calculated by area ratio
Surface Width 214 222,87 229,08 | 2348|2113 245,85 258,61 25667 2040 265,770
~1imWidth er 156,63 1£1.88 163,48 175.33 188,83 188.81 122,87 §55. 44 193,727
ged Width HEM 114.12 "nne 1276 12,21 126.4€ 123.83 131.45 1102 135,09
Atea 2316,27 a22.M 20750 | 2SS B8 s 2935.21 4858.42 485,52 4347.87
1ane Ratio 188 RN 3 .86 .2 kN 4 Ler a8 287 e 3.8
Area Ratio {.£8 4.8 1.02 {.:8 1.£2 4.0 4.£2 {.5a 1.82 i.t0
DWT Zezeag. 62| 21eaze.en | 22eep2, eh | 2220060 | 240200, 02 | 25¢22 2.8p 2ipe08.08 22‘#833; FafSR0RIN. 60 | 2o0e. P
Canal Depth 2!.9? 22,31 22.62 82,92 FARZ) 23.42 22,72 21.5% 1,27 ML
Keal Level 28.03 3 e.cl B 52 21.1% 2145 .70 2.0 27 25,3
Area Required {1$3.52 Ly i 1785,.83 4329.722 | sMT3 TeEL Y 512659 LT 1AM S455.°¢
Width Required | 12642 2er | wemes |ormaas ] aseer | 13sr | g | o13mer | orance 139.p3
_ Section calculated by lane ratio
Surface Width 245.€2 25,1 51,49 256,63 259.73 Iz 3 265,51 266,23 FACR 3 &
- 11m Width 108,62 18404 187,49 1Ea63 | 13375 156.£9 193.51 | zepn | 2eded a3
Bed Width 1.7 ez | neis | onea | o120k penes boazann | ez | oeemas 126. €1
Area 372,25 | 4e2a68 | 4199.23 | 432205 | (LI | eSidpr 1 46ILER | aned.€3  4SBLES | 43aLgy
Lsne Ratio 2.£8 2.8 2.68 2.¢8 2.68 2,68 2.68 2.¢8 2.6 Fy7)
Area Ratio 4,23 4.28 4.2% 4.28 £.23 i,08 1.28 4.2? .27 .27
i _ |
Section éalculated by atea ratio
Surface Width 269.87 272.73 277.58 el e 8447 P | 292.68 293,99 2PE. 32 293,63
—11im Width n1.8?7 207.78 2{1.58 215,86 | 21047 2217 224.83 227,82 27982 2i%62
Bed Width 1IN 55 12,94 if1.2¢ 143,55 143.26 145.92 18,48 143,93 151,435 152,87
Area £492.58 45135.28 1742,32 4565.79 4355.28 S18n.25 521298 522345 420,63 183292
1 ane Ratio 1.€3 .03 .85 163 1.3 3.2 1.3 3.3 .63 I.es
Area Ratio 4,88 1.58 {.58 1.68 4,88 §.r8 1.5 LN 4.82 $. ke
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3. Tidal Curcent and Wale; Levelin the Canal

The resistance to tidal current decreases with the larger cross sectionat area of an enfarged
canal resulting in increased velocity of ¢urrent. The increased velocity affects the 111a1ie11?erabi'lity
of ship and siltation in the Canal, while the change of water level affects the dredgmg datum
level. For the above points, a detailed analysis has been made by numerical calculation. Here, the
characteristics of the tidal current for the proposed canal in the Seconid Stage and the Master Plan
will be examined by a similar method, and the effects on the Canal will be discussed.

3-1 Water level

As the datum for the tidal leve), the marker stone installed in Suez when Lesseps
constructed the Canal, representing a fevel 20m below mean sea level, has been tradmonally used.

According to the record of tidal levels at Port Said and Port Tewfik situated at the ends of
the Canal, the tidal range is as large as 0.4m at Port Said and 2.0m at Port Tewfik, shown in Table
8-3-1. The highest tide is called a storm tide, which includes the effect of atmospheric depréssion
and wind setup,. _ . : : : :

The mean sea !evel is generally higher in the Red Sea than in the Mediterranean Sea 30 that
as a whole, a northward residual current is produced and a current due fo tidal fluctuations is
superposed.

HW.L. and LW.L, at points atong the Canal are represented in Table 8-3-1. The veloc:ty of
the tidal current is higher in the reach between the Little Bitter Lake and Suez, and diminishes in
the Great Bitter Lake. The tidal current flows at the maximum velacity of 30cm/sec in the
northern part of the Great Bitter Lake, 40cm/sec at Port Said and 150cm/sec (mean velocity at
100cm/fsec) at Suez,

Tabte - 8-3-1 {a) Tidal Level

Unit: m
Port Said Port Tewfik
HHWL 18,60 19.50
L.LW.L 17.40 17.00
HWE 18.49 19.00
LWL 18.09 17.50

Table — 8-3-1 (b) Mean Tidal Level {(monthly)

- Unit:m

- Port Said - Port Tewfik Port Said Poirt Tewfik
Jan. 18,03 <18,355 July C 18,115 <18,169
Feb. 17993 - <18,351 Aug. 18,146 >18,144
Mar, 17,953 <187383 © Sept. 18,120 >18,097
Apr. 17956 | <18,319 Oct. 18,085 . <18,197
May | 17,979 L <18309 Nov. 18,086 <18,391
Jus, 18,036 - <18.211 Dec. 18,076 <18,407
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