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X. PLAN OF EXECUTION L et

L Outlmc and Dwmon of Wonk ‘ N
This project consisls pnmc:paily ot dlcdgmg to wulcn 'm(l deepcn t!}ic (‘aml ina

volume of approximately 400 mllllon m® , as accompamcd by tiatl‘;fCI of 1cvctmcnts for |

130 km, earthworks of approximately 70 million m?, bz;c;nk_\{gfialt'glj_-_c'alxtcxl1‘slon'\_vo_rk_ at Port

Said for approximately 5 km,zctc.

{-1 Dledgmg o

Smce no drcdgers are avaulablc in Egypt except a fcw owned by thc ("m'tl Authorlty,
the greater part of the dmdgmg work has to be carried oul by fo:ugn contmctons The
execution assignment mcludcs 3 sections, i.e. the yen-loan section where executing con-
tractors have already been assigned, the section for which lntcmatlona! tepders are to be
invited in future, and the section where the work is to be executed d_nectly by the Canal
Authority. All these sections are exhibited in Fig. 10-1-1.

The yen loan section includes Lots A, A;, B and C for the total carth volume of
122.5 million m?*, The section for future intcruational bid includes Lot D, the waterway
to the south of Port Tewfik and west branch side of Kabret By-pass which has double
channels, Lots I}, I¥ and G inside Great Bitter Lake, Lots If and J between Great Bitter
Lake and Timsah Lake, and Lots K and L between Ballah and El Cap, for the total
carth volume of 236 million m®. The section to be covered directly by the Canal Au-
thority is expected to extend from El Cap (35-kin point) to the channel entrance of

Port Said with a total earth volume of 14 million m?.

[-2 Reveiment _

The revetment removal work is planned (o transfer the east bank for about 120 m
to the back, in consideration of the future widening project. However, where corrections
are to be made fo the curvature on the bends of the Canal, both banks on the east and
west sides have to be transferred. In addition, transfer of mooring bollards is also in-
cluded in this revetment work,

Whole of this work is to be exccuted by local contractors. However, 1‘6moval of

some concrete mooring bollards installed in water will be executed by foreign con-

tractors.
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1-3 Earthworks R S
Excavation on the land section of the Canal exfension sites js to be done by earth-

moving machine. This work also includes removal of concrete m1]1t1ry stmctums and
banking for constr uct:on of dumpmg sites for the dlcdgcd §0|l
Thesc ealthwm ks are to be execuied by local contractors '

1-4 Breakwafer and Navigation Aids

Breakwater work is intended {o extend the existing bréakwater outsi'dé Port Said
approximately § km towards offing. This work is vequired to prevent the siltation of
the fairway by driftsand, which js liable to occur as the fairway is deepened and ex-
tended towa:ds offing. It is to be exccuted under direct control of the Canal Author—
ity. .
¢ is plapned that the Canal Authority will also place an ordcr for new tugboats

’md tmnsfet iight buoys and mooring buoys.
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Fig. 10-1-1  Division of Dredging Work Sections
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2. Execution
2-1 General .

I okder toexectite the work, '_tll'e'c‘(‘)n'st_‘ru'(itidil bases are to be provided at Suez,
Ismailia and Poit Said. For tr'zmspo‘rfatidh of miaterials; the Canal ‘itsell is aviilable and
roads are maintained in Zood condition alofig the Canal, so’ that no probléiis are expect-
ed to develop: Laiiding of im‘portcd"cquiﬁmb_n_f and 'materials witl pose o '[yi'qiilciﬁs
gither because Port Saiﬁl and Suez ar¢ ‘equipped with noeessary Facilities. o

In regard to !abo"i‘,‘ unskilled. labor force can be readily recruited "at‘i'clati‘vely' low
wages, but since seamen and machine operators are limited in number, it is ‘tecommerid-
ed that local workers be given technical traiting in a systeindtic way or-by delegation to
the exceuting contrdactors in the cotirsé of the [51_'0j6¢'t,‘ s6 #s to secure more skilléd
workers. ' SN e : '

In the aspect of constiliction matéiials and equipment, it'is of course necessary to
maintain quarries and ‘shipping ‘facilitics in order to assure sinooth-supply of iaterial
stones:(approximately 100 ’n‘}illioh m?) for construction of the breakwater at Port Said.
Except for this supply of materials, exccution is expected to posé no problems since
the principal part of this project is dredging which: does hot require ‘any mass procure-
ment of material. - As regards cquipment, however, it may be found difficult to hire a
large number of large suction dredgers. It is expected that as many s 20 dredgers will -
be needed in addition to those required by the Canal Authority for the yen-loan sec--
tion. Orders should therefore be placed with the contractors well i advance so that
they may have enough time to secure the nccessary dredgers. B

For maintenance and repair of working crafts, a dock yard for large boats is
available at Port Said, and repair and maintenance facilities for medium and small boats
are also in operation at Port Twefik and Ismailia. These facilitics are either directly
controlled by or related with the Canal Authority and thought to be able to repair the
working crafts engaged in the project. I[However, their facilities were damaged by war
and althou.'gh efforts are made to. restore their pre-war: function, only part of them are
in serviceable condition at present. It is urged that these docking facilities, elevated
facilities, machine t;)ols and otlicn' rcla&d éctivities be completely restored to their
original condition before begit‘uiix‘lg\thq work. In addition, because spare parts of
special cq__ﬁip_‘:_ﬁéht have tq_ibe_ﬁfdcunqi{ rom foreign so'prc'cs, sufficient quantity of
such réblaccmcnt partsrsh.(l)uld‘ be kcpi in st.ock 50 as to assure quibk repair. without,

aniy obstacles to the progress of the work.
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22 Dredging
221 Yen-loan Section
The yen-loan section permits smooth (l'r,é(!ging by suction dredgers atthough hard

layers containing sands’tdne‘are found: in _L:o‘t_‘ C.; However, considering the large:volume ...

of earth to be dredged, safety of mobilization and economy, it will be necessary to put ..
large dredgers, in'opcration, -In those ports of Lot C where hard layers are found, large x
dredgers with powerful cutters shOUld be cmplOyed and. in.a(ldition it is neceésafy to
esfablish a system under which worn and .lorn parts, such as culler tips, can be effici-
ently and carefully replaced or u,paned ‘

Dumping site is to be provided 200 m away from the Canal water front on Sinai .
peninsula side by banking to be performed separately. The piping in the Canal must . -
be frame-supported or sunk in part, but the floater type will suffice for almost all
parts. On land, the disposal pipeline need to be only laid on the ground. The piping:
arrangement at the dumping site is to be made into a vein shape, since the dredged.
earth is sandy. The average discharging distance is abou{ 2,500 m which is.within the .
span of large pump dredgers’ capabilities, _

In order to complete the work before the end of the constluctlon pcriod 10 or.
more flcets of the 8,000 HP class dredgers are required computing from the amount -
of workload. The standard organizatioﬁ of a fleet is to be as follows:

Suction Dredger (8,000 HP Class): o

Anchor Boat {20 t capacity) |

Pontoon {500 t) . B

Oit Barge (120 m*) | I G

Water Boat (120 m*) | I

Tugboat (180 HP Class) |

Launch (50 HP) [

Besides above, . o =

- Sand Discharging Floater Pipe . . - o Approx. 5,000 m -

This list does not inclu;le-'a tugboht for tli_c pump dfe(_lgér,'mlich'niay be hired ':
as necessary. S e e

Mobilizing trips of the drcdgeis fmm Jap'm are recommended to be made dmmg L
the pcuod from October to the bcgmnmg of Apn il to 'woul the mousoon on the Indlan -

Ocean and the typhoon on the Pacific Occan
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' 2-2-2 lnicmatwnai Bid Scctton o
Lot D outside Port I‘ewﬁk has hmd 1ayers mcludmg sandstone of whu,h ptoperty

and quantlty aie to’ be determined in- the rcsults of a coming’ smvcy Howcver a '
larger qmntlty of hard rocks than found in Lot Cis ﬂntncxpatcd In this section, thcrefme

only the part which can be dredged by suction dlcdgers inay be covered and f6r the rcst
where the bed cannot _bc excavated by dxc(fgers it is most _lcasonable to remove crushed ;
pieces by bucket dredgers after blasting the bed. At any rate, since this section con-
tains hard bedrocks and calls for _d'r’c'('lging in.the du:te'r qcean’,: it i‘hvolvcsh'number of
problenis lik'é weather évactia.tion of working crafts; low work efficiency; etc. which
may require a precise review of the execution plan after leariing the result of soil sur-
vey. Note that the earth dumping site in this section is provided at a submarine (icpfh'
near the shore of Sinai peninsuld. SR -
In other lois of the international-bid section, all work can be gxecuted by’ sm,tlon
dredgels just as in the yen-loan ‘section. o
Since the work begins 9 months later than the yen-loan work the followmg crafts
will be 1cqurrecl in order fo complete in the same time as the yen-loan section: total 19
flects of suction (IrcdgetS'(S,OOO'HP'ciass),_ 7 fleets iii the Canal, 10 fleets in Bitter Lake
fa_irwa_y and anchorage and 2 fleets in the fairway off Port Tewfik. Beside_s, for dredging
into the ocean off Port Tewfik, 10 or 11161-3 flecets of large bucket‘dredgers_ will hav«; to

be mobili’_&ed.

2-2-3 Canal Author:ty $ Dnect Control Sectmn ‘ _

In the Canal Authority’s (lnect contlol section, the part msnde the Canal is good
for the A_u_tho_nty s pump dredgers or buck_et (hc__:dgers,- while the fanrways at Port Saic
Harbor for trailing suction dredgers, Since the dredging. inside the Canal deals with
soft beds, no technical problcmé will be involved, The dredging of Port Said fairways
by traii'ing suction dredgers w.il.l neither involve any ha.rdship except that the location
of the carth dumping site shoul(i plefembly be prowded near the shore but not too
close to it as to cause: dctc; ioration of the dredgmg cfficmncy, 50 that it will serve as a
saind by- pass to the 010310!1 pmt on the castern coast.

lotal amount of duectly conhollcd work has to be C'm,fully planned in proper

proportuon to the wmkmg craf‘t capabnlitlcs including those of the ncwly built crafts

of the Authouty
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23 Revetment i .

Most part of the existing bank is protected by sheeting in the lower part and by:
sloped stone- -pitching, in the upper part so that it can offset.ship waves:by their runup.

This structure.may be the only one to be followed basically after thc removal.
The removed materials may be reused to save the cost,

2-3-1 [}cmgn of Revctmcnt .

There have. been devised more than 20 types of different revetment stauctures but
none have proved to be tmly satisfactory. _

The revetment has an extension of about 120 km on one side, so that it has a
total extension of about 240 km. It is likely that the cost of ifs construction and
mamtenance will largely affect the Canal operation.

The most serious problem to be considered in the revetment construction is the
possible collapse which could result from the ship waves and fidal currént and the
resultant outflow of backfilled sand.

Note must therefore bo taken of the fact that the collapse of a revetment is often

affected by the cruising speed of vessels and sectional area of fairways.

(1) Design Condition

Table 10-2-1 shows the design condition of the revetiment.

From the past experiments, it is estimated that the largest ship wave at a given
design scclional area of fairway and a given cruising speed is 100 cm for negative wave
and 30 cm for positive wave. Accordingly, the maximum negative wave of 100 m is
expected to work on the revetment as residual water pressure. ' '

The design tidal levels (WL and LWL) are the values recorded at respective pomts
which are described in Section | (Natural Condition) of Chaptcr VI,

Lanthquakcw arc nof consulencd because bgypt is f;cc from them.

Desigl.l Condition of Revetment

Table 10-2-1
: NPT il Wi, . 8oil Weight -
weatom | sirwe | i ) SN | S
S5~ 62 Clay containing sand Q,_sl"‘ 1.8 tf!na 1O tm?
62 w‘Ms Sand 30° 1.8.({m3 1.0 ym? .
5 145 ~ 158 Sand conlaining gravels 35° 1.8 tfm? 1.0 l,{|||3 '
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(2) .Determination of Structure _

A variety of structures can be conceived, however, after a careful review, the one
proposed by the Canal Authority is favorably regarded with respect, The following 3
points are noted in i(icsigﬁin__g.

1 To perfoim adequate functions as a canal bank.

2. Economy. ' _

To be constructed in line with the social welfare acfivities, another objective
of this project. o . .

A gentle slope of a stone-pitched bank prevents the earth from falling while a
rough surface thercof has certain effects in o'ffsettihg-wave impact.

The stone-pitching work may require a large number of labor hands, but in Egypt
it is more economical to resort to manpower than {o piles because wages are rather

low,
The material stone used for the existing bank can be re-used so that only the

quantity in short has to be transported from the quarries in M. Atteiqa.
Since the project also aims at uncmploymcnt relief, the stone pitching work where

many laborors can be employed is to be favorably accepted.

E SRR IR

Fig. 10-2-1 Design Cross-section A (Revetinent)
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Fig. 10-2-2 Design Cross-section B

Table £0-2-2 - Cross-section Allocation

Section (km)

Cross-section

Crown Height [ Berm Height

{m}

(m)

LW.L (D.L)
(m)

5;,150 ~ 25,000
25,000 ~ 38,000
38,000 ~ 44,500
47,000~ 47,500
417,500 ~ 49,000
49,000 ~ $1,000
51,000 ~ 59,000
59,000 ~ 76,000
82,052 ~ 85,000
85,000 ~ 94,500
94,500 ~ 97,732
134482 ~ 145,000
145,000 ~ 155,500

155,500 ~ 158,738

9]

T 0 > 0O 0 =

-
=

19.60
19.60
19.60
19.60
1960
19.60
19.60

19.60

19.80
19.80
19.80
19.80
19.80
19.80

17.00
17.00
17.00
1700
17.00
17.00
17.00
17.00
17.20
17,20
17.20
17.20
17.20
19.20

§8.10
18.10
18.10
18.15
18.15
18.15
18.15
18.20
18.20
18.25
18.2%
18.20
§8.20
18.20

Pile Type and Length
{m)

U-U 5w
u-ff sm
U=l Sm
U-11 Sm
-l sm
U~ 5m
U--Ir 5m
U-l 5m
UL S m
CU-II S
U-fl 5m
U-1 4m
u--1t 4m
U-t 4m
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In addition, if the piles driven into the cxisting bank are {o be used, the structure
will become much more stable, B .

By the foregoing reasons, a combination of canfilever sheet pile fypc and éton'e-
pitched type is adopted. o |

When the bank is designed by calculations worked out under comlmons shown in
Table 10-2-1, it will have cross-sections exhibited in Fig. 10-2-1 through [0-2-3.

Allocation of these cross-sections will be as listed in Table 10-2-2.

2-4 Earthworks
Exccuting equipment for earthworks on land are fo be comprised principally of

motor scrapers as supplemented by bulldozers. Some concrete military siructures, of
which removal has to be executed by blasting and with tractor-cranes, shovel loaders,
(Iump trucks etc., are scen remaining in part. Since the mound of the dumping site can

bc built by sunpty stacking sand on the gmuud cmly bulldozers may to be uscd.

2-5 Breakwater
2:5-1 General

As seen from Fig, 10-2-4 and 10-2-5,the breakwater has a submerged rubble mound
structure. Rubbles for this riprap work can be collected in Mt. Attaqa, located to the west

of Suez, and hauled by truck or rallway to a suitable place in the vicinity of Suez, wheie a

2+ 290

22 50

ol 7 e Ml ]

Seole  1:2,000

Fig. 10-2-4  Section of West Breakwater, Port Said
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shipping site is provided: for transfer onto stone hauling boats.and transpartatim to

the breakwater construction site through the Canal. -

2-5-2 i)esiglx of Breakwater - - - _ _

Only extension of the west breakwater of Port Said is involved in the Breakwater
Plan of the First Phase Extension Project: and a structure as préposed by the Canal
Authority is adopted. - o | ' B '

The existing west breakwater hias an cxtf_msio'n of 1,354 meters from the light-- - *
housc at its shoreside end, and points to NNW nearly in paralicl with the fairway. It
was built to cut the invading waves -and protect the entrance channel from the west
to east littoral drift. Thercfore, the movnd structure is adopted based on cconomy,
availability of materials, exccution methods and bearing capacity of ground. It is
formed into a breakwater as far as 4,500 m from the base, and its 4,500 ~ 7,354 m
section is submcrgéd. "l‘he -head is submerged iﬁ order that the function of a break-
water will be exhibited while the decrease Qf the bearing capacily towards offing will
be compensated.

These factors may as well bé taken into account for the planned extension of the
subimerged section. In consideratiou-bl’ the soft submarine bed, the foundation is to
be formed with quarry refuse or sand, over which the upper part of a mound structuce

is to be built in the same way as the existing breakwater, with the crown height set

West Eost

.Jll;'q

570

3
00 230 200

CGeole F o 2060

Fig. 10-2-5 Port Said West Breakwater (Design Cross-section of Extended Submerged Section)
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at half the water depth so as {o prevent deposition of dift sand in the enirance channel.
The crown width is to be 10 m (constant), which is as large as that of the cxisting
breakwater, but the bottom breadth is to varied proportionately to the water depth,
The mound foundation work will require some review in respect of thickness,
material, displaceiment method, cte. after a survey of the submarine bed.
In addition, it is concluded to be proper that the submerged section be extended
as far as the point of 15.0 m water depth, basing on the siltation suivey by water depth
and considering the resnit of cost comparison between the submerged section and the
fairways maintenance dredging.
The design cross-section and extension of the submetged scetion, as determined

from the above standpoint, are shown in Ifigs. 10-2-5 ~ 7.

West £ast

"!i‘:"

7.5C

i5.C0

214.00
] A3 et 260
[ 12.2Q. 11.80 1
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18.00 _ 13,30 .
___32j30 e -
2300 SR 1930 o
I e . _..... 8230 .
YT -7 M 23.40 .
. %850

Scele - 1: 2,000

Fig. 10-2-6 Port Said West Breakwater (Design Cross-section of
Extended Submerged Section)

3. Coordination of Execution

In the coordination required among different types of work involved in the project,
priority shonld be giuen to the revetment removal and carthworks over the dredging work.
“This is because there are some lots which call only for dredging and not for revetment re-
moval or earthworks, and dredging in the greater part of the Canal cannot be started before
completion of the revetment removal and earthworks. However, if the revetment removal
progresses too far ahead of the dredging, slope failure could occur before the Canal is

widened and deepened by dredging and this could result in the inability to maintain
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the existing water depth, Besides, different contractors are expected to be assigned for

the execution of the dredging work, tevetment removal and carthworks and this project

is so large in size that an cnorimous number of dredgers will be at work, thus it is very

important that coordination among these types of work be properly conducted by the

Canal Authority.

4.

4-1

Construction Cost

Yen-Loan Work
Total costs of yen-loan work are shown by the type of working cralt and work items

in Table 10-4-1 and by individual lot in Table 10-4-2.

D

2)

3)

4)

5)

The costs were calculated on the following condifions,

Unit costs are based on the 1974 commodity price, and any price rise from infla-

tion thereafter is not considered,

The forcign currency portion of the construction costs is required for procurement

of materials, cquipment and working crafts not available in Egypt as well as for

services to be paid in foreign currency.

No import tax is included in the cost of construction equipmeni from foreign

counfries.

Compensation for fishermen and cost of land acquisition incidental to the con-

struction work are excluded.

In the calculation of yen-loan section itemized costs, Japanese Construction Cost

Fstimation Standard and Rentat Table have been rvelerred to as a basis,
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‘Pable 10-4-1 Cost of Yen-Loan Construction Work

o ) ) ) i ) Operation . Unit Price Amaopnt
Classification Besipnation Type & Dimenstons or Stand-by Unit Quantity Lacal !:o,cgg,, Total Locat Porcign Total
} Cusrency *(, usrency Currency | Curichcy -
[ LI L.E. LE. [LE. L,000]L.E, 1,000 L1 1,000
Dredger Suction dredger Non-propelling, D8OROPS Operation Bay 8,100 2,410 4,360 6,17 19651 35,268 54,919
' # “ Stond-by Day 1,350 590 2,110 2,700 803 2,854 3,657
9,450 3,000 6,470 9,470 20,454 38,122 58,576
Anchor barge ?)(gg]o ?‘gt[% E}slclcr:;g;(c?t(;r”mg’ Opetation Day 3,150 49 43 92 158 136 2914
- - Stand-by Day 300 15 31 46 5 B 14
Poutoon A A M Operation | Day 900 5 13 28 13 12 2
. Stand-by Day 5,250 3 8 11 i7 42 59
Water boat Sieel built, non-propelling 126 m3 Qperation Day 2,700 7 s 12 i9 13 32
o - Stand-by Day 7,200 2 3 5 17 22 39
Auxifiaty vessel Oil barge Steel buill, non-propefling 120 m? Cperation Day 1,700 7 5 12 12 8 20
" " Stand-by Day £,200 2 3 5 19 15 44
Tugboat Steel built, DI8OPS Operation Day 5,300 23 s 38 120 9 199
" * Stand-by Day 850 7 12 19 6 10 16
Lawnch Steel built, DSOS Operation Day 10,000 10 ) 15 97 47 144
o " Stand-by Day 200 4 3 7 0.8 0.7 i
Total B 144 146 290 480 406 886
Discharge pipe 760 miiy x 6 M Opecration Day 8,100 36 124 160 292 1,005 1,297
" - Stand-by Day 2,820 28 175 203 8 494 572
Floater 1,400 mm x 4.5 mm Operation | Day 8,100 40 145 185 323 1,176 1,499
” " Stand-by Day 2,870 12 Fi 83 3 200 233
Rubber joint 760 mm x 1.6 m Operation Day 8,100 25 160 1835 202 1,297 1,499
Discharge pipe wotk “ " Stand-by Ly 2,820 12 30 92 35 224 259
Connecting pipe fnstallation and removal Set 150 706 451 1,157 106 68 1
Fipeline support (on ” Set | 10,050 2 0.1 2 2 1 2
Water boat Set 75 260 157 417 19 12 3t
Discharge pipe (on sca) " Set 1,500 231 154 385 347 231 578
Disearee pipe (on - Set | 10,050 35 2 ¥ 353 18 371
Tolal 1,387 1,520 2,907 130.8f 4,727 6,535
Mo ilratiomand | Tleet L set Voot 10| - - - o | ss826 | s8
Land eqpuipment Truck 12t Operation Day 1,000 25 ] 15 25 0 25
" Crane 151 Operation Day 1,000 58 0 58 58 0 58
Tolal Day 83 0 83 83 0 83
Others Travelling expenses Person 290 0 1,540 1,540 0 446 446
Grand total 22,825 49,527 72,352
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Table 10-4.2  Yen-Loan Work Construction Cost by Lot and Work Type

Unit: L.E. 1,000
. . Mobilization
, Punp Auxiliary | Sand Pipe Lawl

lot Currency Dredger Vessel Work Faquipment | sgg(rit ation Othess | Total
Local 3,450 82 307 4 0 0 3,853
Ay FForeign 6,366 69 804 ] 990 1H 8,305
Total 9,816 151 1,11 14 990 76 12,158
Local 1,205 28 107 s 9 0 1,345
Ay FForeign 2,247 24 279 0 344 2% 2,920
Total 3,452 52 386 5 344 26 4,265
Local 5,273 123 463 21 0 0 5,880
B Yoreigt 9,852 104 1,210 0 1,492 4 12,772
Total 15,125 227 1,673 21 1,492 ii4 8,652
Local 10,526 247 931 43 0 ) £1,747
C Foreign 19,657 209 2,434 (0] 3,000 230 25,530
Total 30,183 456 3,365 43 3,000 230 | 31,277
Local 20,454 480 1,808 83 0 0 {22825
Total Foreign 38,122 406 4,727 0 5,826 446 49,527
Total 58,576 886 6,535 83 5,826 446 72,352

4.2  Gross Project Cost
Gross construction costs by work type are listed in Table 10-4-3.

Work Schedule Plan

Work Schedule

The schedule of work by types is shown in Table 10-5-1.

Dredging work in the yen-loan section is to be carried out within the Canal and

thercfore few limitations to the ficld work are expected from weather and ocean condi-

tions. Uncertain factors involved in the work schedule would be accidents caused by

explosion which result in the exposure of harder layers than anticipated. By reason of

thesc factors, the work schedule should be planned with an ample time allowance.

If the average daily operational hours of a suction dredger is 16 hours and

the annual number of working days is 270 days, employment of 10 flects of 8,000 PS

class will suffice for completion of the whole work within the construction period

shown in Fig. 10-5-1.

The dredging work in the International Bid Scction will require employment of as

many as 19 fects of 8,000 PS class suction dredgers in order to catch up with the yen-

loan section, as mentioned carlier.
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Table 10-4-3  Project Construction Cosis by Type of Work:

i

2. Bank transfer, carthworks and breakwater extension age {0 be executed by
3. Foreign cusrency portion of the cost is requited for procurenent
4

See Fig. 16-1-1 for division of lots,

of matcrials, equipmenl and working crafts not available in Eg

the Suez Canal Authortity or govermnent or public corporations.
ypt and For payment for services to be effected in forcigh currency,

Type of Work Secti Lot 1 Quanti Unit Cost Amounl Remarks
he ot Wor ction -0 saniy Local Currency 1 Foreign Currency Total Local Curiongy Forgign Cursoncy Total
ﬁnredging 10%m* LI fm® L.E/m? 103L.E. 10°¥ 103L.E.
Yen-loan seetion Ay 39.7 0.097 160 ¥/m? s 0.306 3.850 6.370[03 ! 12,160
0.20% L.E/m 2.310" LI, Foreign currency is expressed in yen
Aq 16.1 0.134 222 0.424 1.350 2,240 4,270 in the upper column and is Egyptian
04.290 2.920 pounds in the bower column,
B 396 0.148 247 0.470 5.880 9,800 18.650
0.322 12.770
C 334 0.354 591 1125 11,750 19.590 37.280
0.7 25.530
[Totai] (122.5) : {22.830] 38.000) (72.350]
49.330] _
106m? L.E.fm3 L.E.fn3 |30 DR 1O3L.E. 103L.E. 103L.1,
International bid H.IK.K. 101.9 0.097 0.209 36 6.660 24.520 31.180
scction Kabeet
West Branch 5.3 0.134 0.290 0.42%4 480 1.770 2,250
ERG. 1160 0.434 0.290 0424 10.50¢ 383.680 49,180
D 12.8 0.854 3.146 4.0 10.930 40.270 51.200
[Total] [236.0) _ [28.570) [105.240] [133.810}
. H6m? L.Efm3 L.E.fm?3 LEfm3 103L.E. 103L.E. 163L.E.
SCA’s dircet ;
control seetion 1140 0.2 0.1 0.3 22.300 11.400 14,200
Total of dredging [472.5} {74.190] [166.170) [240.360]
Revelment km LE/m Ldim L.E.fm 103L.L. 103LE. 10°L.E. | Bank transfer and instatlation of new
130 162 25 137 14,630 3.250 17.880 facilitics incl. boltards.
: 1033 LEfm? L.E.fm? LEm® Earfluvork in the canal extension site
Barthworks 0.129 0.329 .448 22000 8.000 30.000 and creation of dumping site,
, km LI m LI/m L.EJm
Rreakwater 1.400 1.400 2.800 7.000 7.000 14.000 AL Port Said.
Navigation aids 1 set 850 15.640 16.490 E‘é‘,ﬁ";}a“- mooring buoys and buoy
Others t.130 140 1.270 Miscellangous works
16314 LO3LA. 103L.E.
Grand total 119.800 200.260 320.000
Notes: Unit construction eosts are based on 1974 commodidy price, disregarding any rises from iatlation.
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PO _ . Amount of R . Construction Period - RN
Type of Work Section Work 1975 1976 1977 1978

Dredgl Yendoan 1225 | 4
rodeine Scf:?io?lan miflion m* ) % i : . E ?f;’/////
T L - ! ! -
trull B I | -/
1 ¢ :
f&():];}rglrg:éilon 114 ~ L E : W
Bank transler 130 km I E ?‘W
! .
Earthworks milli?n i I i W
i
!
1
3

1
1
Dreakwat : km + T
extongon! Port said H] | 4: v
. 1
Navigational ) T 7
ai;‘; pationa i sot I 5 WIA
Legend % Mobil_ization and preparatory period at sile % Reserved period
I::I Construction period E_-:_-_‘: Contract period
Fig. 10-5-f Table of Work Schedule
Table [0-5-1  Annual Fund Pl
Unit: L.E. ] million
Year :
Classification 1 2 3 4 Total
Local Currency hS 7 7 4 23
Yen-Loan Work {"oreign Curiency 16 13 i3 i 49
Total 21 20 20 t1 72
Local Currency - 8 i4 7 29
International Bid Work {*oreign Currency - 40 44 21 105
Total - 48 58 28 134
Local Currency 2 10 12 [ _30
SCA Dircct Control Work Fareign Currency 10 8 1 1 20
Total 12 $: 13 7 S0
Loeal C r 7 s ’
Other Works by Local -otal Currciiey : 13 : 38
lorcign Cuircney 8 2 2 14 26
Contractors o
T'otal 15 17 17 15 64
Local Cutrency 4 40 48 18 120
Toltal Foreign Currency 34 63 60 43 200
Total 48 103 108 61 320
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Few uncertain factors.are expected in the work inside the Canat since its bottom
is covered mostly with soft soil. [owever, 4 targer safety margin than any other lofts
jshould be provided for the exterior lot of Port Tewlik where hard bedrocks are

prevalent.

5.2 Annual Fund Plan
Annual requirements of project funds are allocated to cach year as indicated in

Table 10-5-1 based on the work schedule,

6.  Project Managemeni System
The project management system of the Canal Authority is, as indicated in the

Canal Authority’s Organizational Chart, to have the civil enginecring works supervised

by Works Department. As agencies under Works Department, there are Branch Offices
at Port Said, Ismailia and Port Tewfik, respectively in charge of field work for their own
arcas.

After orders for work are issued, these Branch Offices will supervise the exccution
and witness the inspections and surveying. Coordination of working crafts with convoys
transiting the Canal is to be made by Transit Departinent which will directly contact
individual working crafts in collaboration with Works Department. The SCA’s directly
controlled work and maintenance of the Canal are also the responsibilities of Works
Departiment.

The executive and management capabilitics of the Canal Authority are high enough

for the project because the Authority has often undertaken Canal modification works

in the past.

7. Problems Involved in Project Execution
7-1 Ship Manoecuovering

Although the Canal Uxtension Project is intended to cope with the mammothization
of oil tankers, it is likely that the manocuverability of supertankers will decline marked-
ly in restricted scctions of the Canal. In these scctions, supertankers will be far less
manoeuverable than smaller-sized older tankers. '

When the depth, navigable width, profile, and curvature of curved sections of the
Canal are reviewed and checked against the theoretical and empirical data, it can be

concluded that the project is both reasonable and feasible, However, greater safety of
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navigation will be assured if consideration is given to the following.

1} Tankers passing through narrow and shallow scctions should be instructed to sail
along the centre line of thé Canal. Any large deviation from the centre line will make
manoeuvering difficult due to the unbalance of force and abnormal moment caused by
the bank’s action. In such a case, use of tugboat is not effective. For this rca'son,
suitable landmarks or signs should be provided near the banks so as to able to measure

the deviation accurately.

2)  For vessels transiting the Canal, it is necessary to grasp accuiately the time re-
quired for each vessel to pass the distance between buoys which indicate the course as

well as the cruising speed of cach vessel.
3) Data of tida! current and changes of tidal range should be obtained.

4)  Problems in turning

The furning circle of a larger vessel is almost the same as that of smaller vessels.
The circle is slightly small compared with the overall vessel length and a longer time is
required before starting the turning. Therefore, when a vessel is sailing at 6 knots,
steering must be done at about 900 m before the planned veering point; otherwise, the
vessel will swerve greatly, When a vessel sailing at a speed of 6 knofs makes accurate
steering using the rudder angle in commeon use, it swerves if the start of steering action
is delayed by 30 seconds. The swerving in this case is obtained using the following
formula:

3 m/sec. x 30 sec. X sin e
where a is the vécring angle,
Therefore, the amount of swerving is as follows depending on the veering angle:

a i5° 30° 45°
Swerving 23 m 45 m 64 m

Thus, it can be concluded that the veering angle of vessels of 150 ~ 200 thousand
DWT should be kept at about 30° to allow a swerving of approximately 30 ~ 40 m
{width of vessels).

1In actual cases, corrections must be made according to the increasefdecrease in
the rudder angle during veering aclion, increase of steering effect due to increased

engine revolution, and use of a tugboat.

5) When a vessel goes astern, the speed is reduced and a turning movement occuis.
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The direction of {urning is affected by disturbances and cannot be clearly determined
because of the effect of the divection of the turning movenment at the start of the
engine and angular velocity; The correction of the turning movement will bc more
effectively performed by the use of a tugboat, This is also necessary to give room for

manoeuverability,

6) Management of the waterway
If is of special importance to control the passage of smaller vessels at Port Said

and the Port of Suez.

In sum, to meet the future need of passage of supertankers through the Canal,
not only an increase in the number of pilots and tugboats but also improvement of
pilots’ skill to steer giant ships and training of tugboat masters should be considered

to ensure safe navigation,

7-2 Work Execution

1} The amount of dredged soil will reach over 200 million m? in the international
bid section. Therefore, to complele this work in time with the yen-loan section, it is
necessary o secure as many as 20 large-size suction dredgers. To give contractors
ampie time to procure dredgers and to provide a sufficient time allowance to the work

itself, early placing of the orders is important for the international bid section,

2)  The Sucz Canal Authority owns a trailing suction dredger, 6 suction dredgers and 2
bucket dredgers, and it is planning to order for a 8,000-1IP suction dredger and to build a
trailing suction vessel. SCA inlends to dredge approximately {10 million m? of soil
from the section extending from the 35 km point to the enfrance channel of Port Said
as well as fo start dredging of Poit Said by-pass which is included in the second phase
project but planned (o be vndertaken under the lirst phase préject. Dredging capacity
will differ depending on the soil condition, depth, distance to the dumping site,
weather and marine conditions, the level of the skill in dredging operation, efc. Ac-
cording fo the team’s estimate, S.C.A.’s amount of dredging scems to be too large for
its capacity. Therefore, it will be necessary to accelerate the repair of waf damaged
working crafts, reexamine the capacity of S.C.A.’s own F_lcét_ o!‘ working crafts, map out
a more suitable program, and invite an international tender for the rest of work. Also,
i strengthening its fleet, S.C.A. should take into considefaﬁon the fleet system in the

wake of completion of the project.

220



3)  Bank transfer and carihworks have a close relationship with dredging of the portion
to be widened. When the former lags behind, the latter will be hindered. When the
former advances too fast, the present water depth may not be maintained because of
slope failure. These three types of work will be performed by different contractors

and many dredgers and working sites will be involved. So, for smooth flow of work, an

appropriate coordination among these three types is cssential.

4) At the peak period of work, more than 30 dredgers will be engaged in all sections
of the Canal. Most dredgers are suction dredgers, and when they are being operated
not onty in lots where the depth is to be increased but in lots where the width is to be
expanded, swing wires will be stretched across the Canal and this will be an obstacle to
cruising vessels. Therefore, when a convoy passes the Canal, working crafts should re-
treat to either side of the Canal and swing wires be loosened and lowered until they
touch the bottom of the Canal, For this purpose, a wireless communication network
should be provided to order cach working fleet to retreat. Also, a system should be
established to give suitable instructions to secure safety navigation without reducing

waorking hours of flects too excess.

5}  The Canal widening and deepening work in the course south of Port Tewfik should
be given a careful technical examination because it will be carried out in the outer sea
arca with hard layers. TFirst of all a detailed soil survey must be conducted. From the
results of the survey, the workable range of suction dredgers will be grasped. If there

is any portion where suction dredgers cannot be used, a blasting plan should be
_prepared for the portion. Also, because there are a lot of uncertainties in this area
such as soil conditions, weather and marine conditions, contracts should be con-

cluded under reasonable conditions to avoid giving too great risks to contractors.

By so doing, troubles will be considerably reduced in connection with contractors.

6}  Even after the Canal is cleared, there is possibility that mines and other explosives
remain in the slopes or berms of the Canal. In the execution of the work, prior surveys
and other necessary safety measures should be exccuted to prevent accidents from these
explosives, Once an accident of this kind occurs, the crew of working crafts will become
so ncrvous that the whole work may be suspended and therefore, the execution schedule

may be delayed.
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XI. PLAN OF MAINTENANCE AND MANAGEMENT |

I.  Mainichance and Repair of Fairway ’
1-1 Estimate of Amount of Siltation :
Maintenance dredging carrics the heaviest weight in the maintenance and repair of
fairways. o
Here, the maintenance dredging volume needed after completion of the first phase

project is cstimated for canal watesways and the enfrance channel al Port Said.

1-1-1 qutenancc Dncdgmg Volume in C’mal Waterway

Accordmg to a SCA's lOpOlt fhe maxunum accumuhhon of 31lt in thc Canal is
5 em/fyear. This silting sceins to bc caused by sand blown awty fjom the ncnghboung
desert. Thm,fme silting phummcnon wdl oceur in areas extendmg about 120 km
from 40 km to 160 km pomls nol inclucting lhc Lakc Mul?ala 'uc'l

In the waterways in this sccnon the \wdtl of the fairway V'mcs 'm(l llmc are by-
passes in some places. But :ough[y spcakm;, the widih of the f'mway in this scetion is
comidcréd to be 255 m, the typical crosssection of the Canal,

i\ccumulatlon of silt is IepOI ted to be 5 un/yeat al a maximum but considering
actual amounts of 'Munmhtmn in the msl, average flgme is GStlHl"lICd at 1bout 60% of
this. Thus a rough cstimale of accumulation in the Canal amounts to 900,000 m’ /ycar.

However, this figure is only :zm annual av_crz;gé. [h an actual case, main_tcnéncé
dredpging wifl be conducted every few years during which the most suitable amou_ht for

dredging work is deposited.

1-#-2  Maintenance Dredging Volume in the Entrance Channel} of Port Said

In the First Phasc Extension Project, the water depth will be made 19.5 m. At
the same time the sand- pl()Of ‘submugcd breakwaier will be extended by about 5 km to
prevent the fairway {rom being s:llecl up Therefore, any great amount of maintenance
(Ire(!gmg w:ll not be¢ necessary. ln the Port ‘Said f'l'irway some 3 million m per
year w1ll bc, umlu,h as thc maintenance dlulg,m;, volume (Iuluu, the First Phase Exten-

sion Pro;ect

1-1-3  Hydraulic Smdy of thtonal Duf[ at Port Sal(l Entrance

llu, problun of lllloml (hm ‘1! !ht, Pont Said Entrance has bc:,omc, mcu,asnu,fy
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grave as the waler depth of the Canhal has grown greater,
Fine sand carvied by the Nile is found in this arca. Average sand size ranges from

E00 ~ 150 ¢ and some can be more suitably called *particle soil” vatlier than ‘sand.” .|

.So:l clmmctmsncs

) ?00 up to 6 I water dcpth
1 1,300 from 6 m to (iCLI)Cl ‘water _ ‘

So far it is known that 1 ~ L5 mxfllon m' of f;ait Flows mto thc fauway cmmmlly

In Fcb:umy 1916 when the water (I{,pth was 1l m,a VEO|(,ilt storm carmd 4 mil-
lion m* of silt into the fanway. [t was then that the constiuct:on of‘rthc present westr
breakwalcr was planned. However, since sand kept on dcpositihg conifinuoﬁsly along
the breakwater and the breakwater itself, which is of a sum-pu menbk lypa settled
gradually, 1 ~ 1.5 million m* of siltation stnll occurs tOcI'Iy

In casc of a storm wind and waves come from northwcst o west. I is rcpork,d
(hat in such a case the height of waves reaches 4 ~ 5 m and their perlod is 6 ~ 17
t;cconds Since waves undmgo transformation al thc beach, a detailed stucly is neuled to
know what bm!\m s are formed at the wave bre lkmg) point. Thblbf()lC the 10ug,h re-
!dtlonehlp bolween wave bleakmg and sand drift is studicd here

As shown m the conceptual map of the v1c1mty of the Port Sald halbm sand
drift moves from west to cast. The smd drift can be classified by the types of ItS
tmnspm't as follows:

a) One moving zigzag along the beachllinc'

b) One camcd by the littoral brcaker Llltlbllt

c) :Onc moving along the bed ngLEhCI with sand npplus off shorc, and

) 'Om, tOI]lpOSLd of fine pmt:clcs whlch Iimts up in sea water and . is lmmportcd

* as turbid mass of water,

Since the pmtmlc Size of llm sqn(l dnf‘i m !h:s arca IS very small, aii of the ‘ﬂ)OVL
types arce considered fo Jom the l;ttoml drift phcnomcnon Whm waves co]hdt,_ with
the breakwater or the submerged dike and go beyond them, a considerable amount of
sand may be carried by the waves and flow mto the watuway .

As for current, a l;ttoaal uurmt is ploduced 'nound the wave bicwkmg pomt and

its dircction may (,]lclngL along the breakwater lowmd (hu ofimg Fine sand palmlcs
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floating in the current will be carried up to the 'poiut:né:gr the fail‘way. wlhere the !

breaker current is weak, passing the head of the submerged wire, and deposit:there,

WAVE
s
SAND ORIFT  -p -10. /,;'F-m;,f

—1f|/.1 i 7\\5.,.11.-.-.9;9@ Oreakwoler
. (-5.7m)

Breaxwalér * [+ 1,9™ }

Port Sold

Fort  Fouod

I B

Scale

Fig. t1-1-1 Conceptual Map of Sand Drift Movement in the
Vicinity of Port Said
The amount of sand drift can be estimated using littoral en'ergy of waves. Sﬁvage,

Aono & Sato,l Sato & Takana and Manohar used the following formula.
Qx =a "

where Q, is the amount of sand drift in the beachline dircction, L is the encrgy of
waves and « and n arc constants.

Sawaragi & Iwagaki used the following formula:

Q, = 673M-N (sin 2 ap)"? cos ap
where M = i3 x (172,
N = Hy® (Hy/Le)?",
Qx ism’/h .
M 'réprcscnts: the beach. ch'zl_ract_ci'isti_os,

Bl

N represents characteristics of incident waves,
i is an average beach slope from the wave breaking point to the beachline
(approx. 0.1.~ 0.5) '
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d is dgs at the beachline;
ay is-the wave breaking angle,
Lo is the deepwater wave length, and
I, is the breaker height.
Now let’s compute the amount of sand drift in the f'olloiving two cascs using the
above Tormuia:
Case 1. My =4m; T =0scc
Casec 2. Iy =7m; T =11 sec ‘
Let’s suppose that the wave breaking angle is 45° where the amount of sand drift be-

comes greatest.

Case | Case 2
M =004 (150 x 107°)7 24 M= 01150 % 1076)2 = 4
N=4' (4/506)" 511 N= 7% (7/180)** 540
Oy =673 x4 x 11 xsin(2x457) cos 45" ] Qy = 673 x 4% 40 xsin (2 % 45°) cos 45°
£ 24,000 m?*/hr % 76,000 m* fhe

Assuming that the sform continues two full days,

Case 1 ... ... Qx.: £.0 million m*
Case 2 ....... Qyx = 3.6 million m?

And if the storm continues four [ull days during which the wave in Case | continues
for two days and that in Case 2 for 'dnother t\%éo days. '

Q, = 5.6 miflion m*

Therefore, 5.6 million m?* of sand will move in the beachline direction. The sand ac-
cumuiates Olll the base of the brcak.wﬁtcr and liclps' extend the beach. Thus the land
advances toward the breakwater head. Part of the sand flows over the breakwater or
passes round its head, and flows into the fairw'zly.' ' '

To climinate the sand drift completely, there are only two alternatives: further
extension of the breakwater to the point where the water depth is large, or removal of
the sand drift to the cast side beach. ' :

The most cconomical method may be the removal of the sand in the vicinity of
{he harbor enfrance on a regular basis to always allow a certain water depth. And
another effective strategy is (o provide jeftics at several suitable points beginning from

Damictéa (o prévent the sand from reaching the breakwaler of the harbor enfrance.
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[*‘ig [1-1-2 shows the lehtlonsh:p bctwcul the hcnght ‘IbOVG the scabed 'md fhei

amount of suspen(lcd scdnmnt
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Fig. 11-1.2 Perpendtcular Dlstubmmn of
Susnended Sedlmeufs

This figare was prepared by Fukushima &_T akcmum using the results of their

obscrvations. They classified the relationship into the following five types:

Type I:  Commonly observed at a mtuml beach.

Type I Scen at the corner w1th a solul aug,lc Fo; mcd by a plecctcd structure {rom
the beach. oy s

Type 1HE: Secn in the downstlcam of ‘waves near a breakwater

Type 1V: Not very often obs_e_l ved: bui seen-in awls whclc tho partlclc swe of sand is
very minute.” -

Type V: Observed 'uound a. uvc: mouth
In the case of Po;t Said, Type 1is seen at arcas ffu from the breakwater. Type 11

becoines gradually apparent as Hw_place becomes closer to .the breakwater, Therefore,
comparing with other types, the amount of suspended sediment may be much grealer.
fn case the currend along the breakwater is very fast during the storm, it may be a
sinple but effective method to curve the head of the breakwater slightly outward from
the fairway so as to dircct the current to the opposite .sid‘.‘ of the fairway.
When the deepening work of the lairway is con_nﬁlctecL this problem Will be very

important. Sufficient study should therefore be made on this issue.

[-2 Measures agamst Eloslon of Revetment
Smcc 1ts apening in 1869 the (‘anal has had o be (Iledgcd wgulmly to maintain a

sale fauway for passing vessels. When a vcsscl passes theough the C’]Il‘ll it ptoduws

whirlpools which giw, damages to. the bank. Materials (hus washed oul pile up on the
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canal bed and make the I“airivay shaliower bit by bit:

Together with improvements of the Canal itsclf, work has been continued to
strengthen the f'cvc!ill_cllt, The revetment fias been step by step constructed and i
proved since 1876. Especially the east revetment has been gradually moved to the cast
cach time the Canal was widened.

Since its structure is described in- other places of this report, this section deals with
the relationships between the size and ét}ccd of vessels and the fatiguce and destruction
of the revetment from a hydraulic vicwpoint‘._

When passing through a narrow waterway like the Canal, a vesscl produces wave
and cuirents opposite to the vessel advancing direction, the latter being created by
water mass pushed by the vessel. Also, because the propagation velocity of long wave
in the watcrway is expressed by +/gh (where h is the water 'de'pth and g is the gravita-
tional acceieration), resistance increases sharply as the speed of the vessel (v) becomes

close to +/gh.

Fig. 11-1-3 - Shipwave Created by a Vessel

Alsd, the ratio of the wet area of the vessel (a) to _thc cross-section of the Canal
water (A) has a close relationship wilh. this resistance. ' | _

As regards shipwave, smaller vessels na\?igating at a great speed may give heavier
damages Lo the reveiment than larger ships which navigate at a slower speed.

First, lel’s consider larger vessels. As larger ships have a greater wel .sectional area,
they mect with a great resistance in a narrow wh’t‘erway‘ and all'cus:ubjéc't 'td a lim'iling
vcldcity beyond wl-lich they cannot a_dvancc (V). Acco_rﬁling (o the slil(:ly of Séhijf of

the Netherlands, Vi takes the values shownjn Fig. 11-1-4.
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Fig, 11-1-4 Schuf Limiting Velocity

Values of the limiting velocity and the maximum feasible velocity (80% of the

limiting velocity) obtained using the ratio of wet area, a/A, are shown in Table U1-1-1.

Table i1-1-1 Limiting Velocity and Maximum Feasible Yelocity
(Unit: km/h)

. Vi
af A\ Vi gh™ s
h=10m h=12m h=14m hZIGm_J
0.2. , _ 0.48 13.707.0) 150187 16.2 (20.3) 207070
Q.25 0472 120 (15.0) 130(6.3) 16.1 (20.1) 19.06(23.71
0.37 10.6 (£3.2) _ 126(15.7) 14.6{18.3) 16.7 (209)
-0.35 0.34 89 (11.1) 10.5(13.1) 122{15.3) 14007.5)

*# From Fig. 11-1.5
h = Depth of the Canal.
Figurés in the parentheses are theoretical values.

TlﬁLis, even a l;n_nkcr which czin navigate at 16 knots {28.8 kim/h) on the open sca
will find it difficull to navigate at 10 _l;mols (18 km/h) in the Canal with its engine at

full toad. 1f ajA is 0.25 and the hydraulic depth is 14 m, the vessel’s limiting veloceity

~231—



is 8.9 knols (16.1 km/h) and this value can be obtained by an experiment,

~ As for sialler ships, afA is almost 0. However, if the vessel runs at a speed liczir
the pmmgauon velocity of tong waves in the waterway, a hydraulic phcno:mnon szmliar
{o wson'mcu OCCUrs’ and waves overlap to produce a very great height.  This I!lClllS thc

wors! damage on {he i(,wtlm,nt (There is a study of Sorcensei on this matlu)

Table 11-1-2 . Vessel Specd Producing Sympathetic Vibrations (Simaller Yessels)

(Unit: kinfh; in the parentheses, knot)

[hﬁgl‘::ﬁ'b 10 m 12 m ‘ 14 m

Vessel . . :
speed 35.6(19.8) 30.0 (2! 1) | 422(23.4)

When a large-size ship advances striving through water mass ahead, difference in

45.0 (25.0) 1479 (26.6).

—e

waler level is ercated between ront and back of the ship. As a result, returning cuirent
appears which heads for the direction opposite to the ship’s advancing direction. The
speed of the opposite current (u) has the relationship shown Fig. 11-1-5 with u/\/gh. The

velocity of the current (u) has the valués shown Table 11-1-3 when a/A is 0.25.

"I_'ablé 1113 Values of Returning Currents
(Unit: mfsec)

\Hydmuhc ' ' ;. o '
viy/ gh __\Dcp!h 10 m i2m 14 m 16 m 13 m 20m
% 7 u/\/-h \
024 0.09 0489 098 ’7 1.05 1.13 r .20 1.20
0.27 010 .99 1.08 117 1.25 1.33 1.40
0.30 _ 0.13 129 1.41 1.52 1.63 1.73 1.82
.33 .15 1.49 1.63 1.76 1.88 2.00 2.10
0.36 0.18 1.78 1.94 2.4 2.25 2.39 2.52

(afA = 0.25)

These valucs cause bedload drift of materials of the northern part of the. Canal
whete the soil size ranges from 100 to 150, and are also tiable to invite erosion of thc
revetment. Therclore, the CIOSs-su,hon of the Canal hould have a sufﬁclcnt area an(l

the vcsscl vclocnly should be reduced o a sm!able Icvel
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Returning Current

oo L In this hatched place, shallow submerged berm exists.
‘ Therefqro.'according 1o the operating speed of vessel,
breaking wave runs elong the canal bank and exerts
abad influence upon it,

- Fig. 11-1-6  Conceptual Map of.Re'turning Current
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Let’s suppose that the water dopth is 18 m and v/v/gh is 0.36. Because v =
17.2 km/h, if the vessel navigates at 9.6 knots, the returning curcent will reach 2.4 m/
sec. When the velocity of the vessel is reduced {o 6.5 knots or 11.7 km/h, v//gh be-
comes 0.24. According to Fig. 11-1-5, it is estimated that u//egh is 0.09 dlld u is
1.2 mfsec. _

As discussed thus far, in arcas where the particle size of soil is mmutc speed re-
duction or cross-scction enilargement is a key plobiem. In arcas whcle tidal currents
prevail, it is assumed that the tidal and returning currents react each other, réducing or
increasing the adverse effect. Fonttumtcly, however, in the case of the Canal, patticle
size of bed materials in the southern part where there are stmng tical cmrenls is com-
paratively large, and the limiting flow vclocuy of movcment in the arca is great. There-
fore, this problem will not be very severe. '

Another problem is the backwashes that vessels create. The height of backwashes

is cither higher (Cerest’) or lower (Ctrough’) than the mean watér evel and observations
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Fig. 11-1-7 Lines of Constant Values z : h as Function of a : A and v : v/gh
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indicate that the ‘trough’ is tlncc times g:eatcn This ‘trough’ of bickwashes may re
move sand of the revetment. The height of backwashes (z) has been obtained both
theoretically and empirically as shown in Fig. 1[-1-7,

Using this flgmc and giving specific values to afA and vi/gh , values of zfh can
be found (Sec¢ Table {1-F-4).

Table 11-1-4  Wave Height of Backwashes (a/A = 0.25)
{Unit: m/fsec)

Ilydrauli;: '

Depth 10m . 12 m 4 m 16m 18 m 20m

viv/ gh
0.24 25 30 35 40 45 50
0.27 34. 4] 48 . 54 6l 68
0.30 44 53 62 70 79 88
0.33 58 70 81 93 104 It6

0.36 75 90 105 120 135 150

When the safcty factor of wave height of 2.5 which was proposed at t[ié_lntcrna—
tional Navigation Congress (hereinafter referred to as ‘INC’) is adopted, and sﬁpposing
that the maximum erosion is 2 m, the wave height should be kept at 80 cm-or less.

There is another simpler formula to find the values of 7z proposed by a Russian
scientist,

7 V2 2(Afa) -
28 (Afay- 1

The value of Z can also be obtained from the following formula which was empiri-
catly established on the strength of the past Canal operation.
Vv o2(Afa) -1

2=% " A

If the maximum scouring length in Fig. 11-1-8 is taken al 2 m or half of the sheet

pile length and the safety factor at 2.5, Z £ 80 cm. By applying the above formula,
V2 2x4-1 V2 7

08 =50 @-1y" " 198 V37

V2 =0.8x1.96 x/27/7=11.65
V =341 mfsec. = 12.3 km/h
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"This speed-is too slow andl indicates thal-adequate crosion-preventive measuies

should be-taken in fature if a cruisingspeed of 14 ~-15 km/h is to be maintained.: .-
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Fig. 11-1.8 New Revetment and Scouring Length

When pa;ssing.through a narrow waterway, large vessels should reduce their sailing
velocily as much as possible both to keep safety and to protect the revetment. In
reality, however, convoys composed of a variety of vessels pass and many small vessels
navigate al a higher speed than large ships. Considering this fact, full consideration
should be given to the fatigue of the revetment.

At its Rome and Cairo mectings, the INC concluded that the fatiguc of revetment
may be caleulated using-an average type of vessels. . In the case of the Suez Canai, the
average of supertankers and mammoth fankers is adopled.

Because the Suez Caunal has as long as 260 kin exlension ol revelment, il costs a
huge amount of expense and lime to repair. Therclore, if is i'mpcmtive to establish
low-cost buf effective crosion-preventive measures on the basis of careful rescarch acti-
vities, - ' | ) .
[-‘m"lrh'e.r siudy will have to be made on the fatiguc phcnoména of structures in-.
cluding removal of sand and erosion foy the planted bfmk trahsl‘gr for 130 k.-

Yo check the degree of fatiguc of the revelment, the repeated load method should

be used as in the {atigue tests of s{ructures.
Compuler simulation analysis should be adopted by the parameters of suitable

~236--



class, number and speed of vessels, which arc ‘considered .as the repeated average joads.
These results should be reflected on the. design of the revetment to be mioved (o the -

cast.

current at the reopening of the Canal, upon completion of the first phase. project. and

upon completion of the sccond phase project.

Table 11-1-5  Maximuin Feasiblo Velocity of Ordinaty Vesscls (80% of Theoretical Values)

Table. 11-1-5 shows maxinium feasible velogity, backwash hcighi-én_(l returnilg

- /i_t—_llcopcnirig of On Cowpletion of On Completion of )
~ thie Canal 1st Phase Project 2nd Phasc Project

Wef cross-section (A): m. 1,800 3,275 4,260%!
Width of Canal water o \
surface bg: 1 o 176 240 245
Boi.tom width of the Canal ; ' R
{wetted perinietér): m 173 258 279
Water depth of the Canal: T 15.0 19.5 23.5
Hydraulic depth of the :
Canal: h 10.7 128 154
Largest navigable vessel: 60.000 150,000 250,000

D\V’{\ ¥ ¥ } 2
Draft: ft (m) 40 (12.2) 53(16.01)  67(204)
Width: m 37 .49 51
a: m? 450 800 1,050%2
Maximum feasible velocity: 14.8 16.8 184+

km/h

Notes: . Values obtained at the 30 km point.

2. afA is taken at 0.25.

3. 80% of the maximum theoretical values.

As shown in the above table, the limiting velocity increases as the project advances.

‘That is, as the water depth incrcases the Canal capacity becomes larger.

The distance between buoys indicating the boundary of fairways will be:

On tcopening 89 m
After 1st phasc project 160 m
Aflter 2nd phase project 190 m
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Cons:du ing the decline ot m‘mouwuablhty, it is not neccssary to navigate at' the
maximum speed. Therefore, three speeds, 13, 4 and 15 km/li, were used in caloulatmg

the backwashes and returning current.

using Fig. 11-1-7 ani SCA’s’ chipirical formula.

2.5 is used becduse-no-relevant data are available,

If rubbles are refilled in front of the

As for backwash height (z), lt_ was obtained

For safcty factor, conventional valuc of

(;Soping. :

revctmcnt at tnnc of its constnuct:on as

|l!usllatt,cl at the ught it will prove to

be a substantial improvement.

B!
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Table. 11-1.6 Waves and Returning Currents Produced by Passage of Largest Vessel

Navigation = mjsec On |st Phase On '2nd Phase
velocity: 2= em On reopening Project Comple- Project Com-
Vo ‘ tion pletion
Returning .30 40 .40
current: u
13 kmfh . 40 40 35
A 80 80 80
Retuentng 1.60. .65 1.50
current: u
14 kim/h - 55 50 45
Ak 90 90 90
Returning { 80 | 80 1 70
. current: o
R e it R Bty e e e o e o]
15 k!nil 2% 65 60 - 5§
7% 100 100 100
Scheduled largest possible vcsse;)wl 60,000 150,000 250,000

* a]ucs obtdmcd from Fig 11-1.7.

FE

Values obtained from SCA formula.
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Above table sliows _tha't"'thé‘-'larg‘cﬁ the crbS‘s-‘sck{tibn‘bccioﬁlés;'_thc ‘s_mall'cr the return-
‘ing current becomes, The current speed secins fo increase some 10% per 1 km/h in-
crease in navigation speed. In arcas ncar Sucz whqrc'tidnl cusrent picvails, ti'd:il'c_urj'cn't
of 1.5 m/sec. should be added at: time of (e high water in sp‘fiﬁg_ and fall. In this case,
the erosion of ‘thc rcvetmclit_ cqu;ld occutr, 5o th_’élt'the speed of largest vessels should be
rcdﬁced to a Iilihinuhn. ~While t‘urthcf ;Stlldy-i.é hcc_ded on th_is‘ l“llﬂ:t‘.ll:}l.‘\, bbscrifzit.iqll of
ti(lal current in the area and reinforceinent of the bulkhead will become necessary in
the future. _ o |

Valucs of backwashes oblained by the two methods differ widely from each other.
SCA formula does not consider the effects of water depth and increase in the width
and therefore, when the value. of afA is constant, wave height remains the same. Values
obtained from the SCA formula is bigper and a wave height of approximately 1 m is
expected. o - ' _ _

According to a field study conducted in 1966 when the cruising speed was set at
14 km{h, the observed value of z was 90 m. SCA considers this represenis the actual
condition nidre closcly. Hb\vévcr, its validity is uncerain when the crdss-section or
navigation velocity changes greatly. ' "

1t is also necessary to examine whether it is proper to use the conventional safety
factor of 2.5, but in any way when the speed is 13 km/h, waves that hit the revetment
will be controlled at 80 ¢cm or less. _ _ _ ‘ |

The revetinent should be so constructed that it may resist sand removal and ab-.
sorh the wave cnergy as much as possible. _

Next, let’s consider the values of u and z for transit vessels of the commoncest
types. lor the convenience of computation the folloiving values are assumed for the

commonest transil vessels,

DWT ] Wet cross-seclion afA
Ou reopening 30,000 300 m? | 0.17
Aftcf ﬁrs;t [":hi!SC project 100,000 590 0.18 |
After 2nd phase project | 150,000 - 800 ) 049
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"~ Table 13-17. Rciu_rﬁi:\g Cuvrent and Backwasthi Caused by Average
Type Vessel in the. Canal

B Navigation e O Ist Phase On 2nd Phase -
veloeity: - mjsee On reopening Project Com- Project Come
Ve A= oem _ o ) pletion B plotion

Rglurhiﬁg curent: 1 .95 095" 1.00 ]
T e e R I
| zE*¥ 67 67 67
_ ] Returning curreal: u 1.05 ) 1.0;)— 1.10
VOO i s | e
AL 78 78 78
ﬁ Retvrning cwrent: u 1.20 1.20 120
15 kenfh —7-.;—““”_—“‘“—.5_5 hhhhh 5;”——--‘—-'""-*5;de
| 2% 95 95 95
E;chc(luléd largest possible vessel: DWT 30,000 100,000 150,080 ]

#  Values obtained from Fig. F1-1-7.
=5 Values obtained from SCA formula.

Though more detailed analysis may be nccessary, it is desirable that the revetment
be designed to be free from crosion when subjected to the returning current and back- '
wash whose values are shown above. It would be cnough if navigation velocity is set at

14 km/h or less.
Table 11-1-8 shows similar data for small high-speed ships and general liners.

Table 11-1-8  Estimated Values of u and z for Liners and High-Speed Vessels

On 2nd Phase
Project Com-
pletion

On Ist Phase
Project Com-
pletion

Type of Vessel On Reopening

Liner: 15 000DWT; 2=200m® | U=060mjsec | U=030mjscc | U=0.20mjsec

V= 14 kinfh Z=50cm CZ=42em 7= 40 cm
High-speed vessel 30GT; a = 10 sq.m. : o
V = 30 kmfh CE 7= 265 em *7 = 190 em £7=155¢ecm

#7=210cem

7= 260 om

[_ vV =35 kmifh #7 =357 em

Note: Values of 7 are obtained from SCA formula.
* | is considered that these values exceed applicable range of the formula,
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There secnis' to- be no siQnifiéant prOBléIn'- concerning’ ger‘ier'al‘liucrs But formiulds
for z, partmulanly that of SCA seemn to c.xcee(l the appllcable Himit.’ ‘I‘hencfonc it
would be samplcx ahd mote accurate to mcasule actuﬂl waye hclghts when:small vcsscl

navigate at a high specd. R B o

The above is a hydraulic’ cons;dcration concerning the countermeasures against -
1evetment ‘erosion. Me’zsunes against sand removal and the revetment structure: will
be discussed in the section treatmg the structure map- and-its explanation,

Reference: SCA’s report for INC iheeting at Paris, 1969 (SII-3)

Concerning areas"whei'e-.tidal’ curients prevail, follﬁwing exdaminations have beeii
conducted. oo . ' '

The average fidal current in the Tewfik. - Little Bitter Lake arca is cstimated at
1.5 m/sec. in spring and fall and 1.0 mfsec. in other seasons. After completion of
the first phase project, the tidal current is assumed to increase by 10%. When convert-
ing these values to hourly speed, we get ‘ :

4.0 kim/h - for normal time .

5.9 km/h - for high tides in spring and fall seasons, Thus the tidal current will

give a considerable amount of influence.
The convoys sailing plan after completion of the first phase project is prepared as

foilows:
Souithward convoy All vessels 14 km/h
Northward convoy ~ Tankers {8,000 DWT or less 11 km/h
Tankers 18,000 ~ 100,000 DWT -~ 10 km/h
’1"ankcrs_ 1_00,000 DWT or lal‘ger - 10 kinfh
General cargo boats : . 13 kin/h

Here, let’s examine three cases: loaded large tankers, larger tankers navigating

southward, and gencral cargo boats.

Table 11-1-9 - Ground and Relative Speed {Convoy Plan Considering Tidal Currents)

-~ Type of vessel ?éﬁ)lézll(; Relative speed ‘

) ' B Against _ Follow
Loaded 150,000 DWT tanker - - 1okm/h | 14(15.9) km/h 6 (14.1) kmfh
250,000 DWT tanker in balast  14xmfh 18 (19.9) k'mfﬁ | teqisykmin
General cargo boat 14 kmfh 18 (19.9) km/hr - 10.(18. 1y kmfh
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Figures in the i)&rcﬂth‘cse_s are- those for a _high_- tide duting spring and fafl-scésons.

When a vessel navigates in the direction of the tidal bllrrcnt, checking of steerability
should also be performed. And if a vessel navigates against the direction of the tidal: . .
current, the relationships with the maximum speed vy, should also be considered.

In the former case, if the speed exceeds the values given in the above fable, no .
problem will be raised as to the current or the wave, which is desirable from the view-
point of steering. Therefore this casc is not considercd here.

The problem does exist in the latter case. Whether the convoy plan is feasible,
and how much the effect on the reveiment will be should be examined. .

Maximum navigable velocity (80% of the limiting velocity) is as follows:

Loaded 150,000 DWT tanker calA =025 | Vi =162 km/h

250,000 DWT tanker in bailast af/A-=0.18 Vi = 16.2 km/h

20,000 DWT cargo boat alA =007 Viax = 21.9 km/h

Generally speaking, when a tanker of 250,000 DWT is in ballast and its wet arca

is around 600 m? (10.9 m x 55 m), the desigh speed cannot be mainfained duc to the

1

u

great resistance of water and wind.. So, it is desirable to make the speed about 1 ~ -

1.5 km/h lower than the design value. .
1n a high tide during spring or. fall seasons, a 250,000 DWT class tanker in ballast will

have to navigate southward at a speed about 3 kinfh lower than planned, that is, at a
ground speed of 11 km/h or preferably 10 km/h considering its maximum speed. In
this connection; the following data concerning backwashes and returning currents

should be considered together,

Table 11-1-10  Backwashes and Returning Currents at High Tide During Spring and
Fall Seasons after Completion of First Phase Project

-
Ground | Relative | - _ Backwlaivilnix)c:ght: “ | Returning
Vessel -} velocity velocily alA current: u
7 | kmfh ‘ kmfh | m (2) (m{sgc)
Loaded 150,000 DWT tanker | 10.0 159 0.25 130 130 2.24
250,000 DWT tanker in 100 168 | 025 200 150 3.08
ballast ,
_ . (0 | (149 | (018 |- (51 ¢1)) {1.12)
Geaeral cargo boat 100 | 168 0.07 19 60 045

Notes: (1) ~ By paphic solution.
(2) By SCA’s formula,
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. In this checking it is understood that both backwashes and returning cﬁrrcnts ex-
ceed thcii“pﬁﬂﬂiss‘iblé amouns. A 250 000 DWT class tanker i ballast (gqs-ﬁee) will
have {o n'wzg‘lte aft IO kin/h or lc‘;s m t]m swtlon ‘

Northward Convoys:

A northward 150, 000 DWT tankcl w1th load will also have to l]‘lVlg‘ltC at 9 kmm/h
~and at a relative velocity of 15 knifh. A convoy navagatmg northwaid !ns spare
time, so operation can be performed W_lthQUl_. changing the overall plan.

For this purpose, if is necessary to include gas-free supertankers in convoy No. |
leaving Port Said. Also, the navigalion speed of the convoy between Tveik and Bitter
Lake should be 4 ~ km/h lower thai planned thn the speed is reduced from thc |
schcduled {4 km/h to 9 km/h in the 50 km sectmn hetwecn Little Bitter Lakc and Suc?

it takes about 2 hours longex but this is necessary in a lugh fide during (;pung and fall.

Southward Convoys: A

According to SAC’s plan, the southward convoy No. 1 is Schec[uled tu reach Tew-
fik some time between 18:00 and 20:00. If this artival time is delayed to between 20: 00
and 22:00; the purpose will be well achieved without affécting-other convoys. But the
working hours of {ugboats and pilots become longer to create a problem of labor manage-
ment, |

Although thére exist sefv'érafl ‘inor probleths, it can be conclided front the above
discussion that the navigation of convoys can be planne('l without any grave effect on

the revetiment,

The Problem of Scouring at By-pass:

One of. the erosion probloms at the revetment .md slopo arises at thosc by-passes
where vessels come to anchor tcmponanly so.as to wait {or olher CONvoys to p':s‘; by

When a vessel once anchored tempomnly opens the engitie to its full capacity at a
berth along the slope, its serew will wash away sands of the siopé. To prevent this,
groundsels for sheet pile of -”'the revetment were driven down to ~10 m at Ballah by-pass,

but it is said that therc is a fear of gradual wash-off owing to the scouring of the slope.

‘There appears no effect of” backwuish in such place. as thé speed of vessels almost
cquajs:zero, Sands deposiled on the:bottom may shallow. the water: depth. of waierways,
but because there is no squatting, vessels may scarcely scrub the bottom. This may not
cause so much trouble if the bottom is dredged in good time and sands removed or

thrown at the foot of revetment.
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Fig. 11-1-10  Sketch of Ballah By-pass

.. Howeéver, since the dredging cost amounts to L.E. 3,000 yearly, it seems that S.C.A.

wants to find the way to save this as niuch as pbsSible.

244



I 3 Method of Fqiuway Maintenance _

As for the method of maintenance d:cdgmg msule the Canal, trailing suction ducdg—
ers scem {0 be su;t_aﬁbi{o when account;;}s‘ taken; of the need of avmdzmg passing vessels ..
and the shaltowness of digging depth, ete, Tlowever, because. of the limits set.on the
dumpmg site it will be :easomblc to use suction dredgers in sections rather far from the
dumping site and trailing suction: (hc(!gcm in.Port Said. wate:wqy, and both types .
around Bitter Lakes and Timsah Lake. . .. . - . -

1-4 M'untenance and Rep'm Cost

Bneakdown of the main tenancc cost of the Canal cml engmeermg f’lClllllGS 'md
navigauon alcls stands at roughly L L 650 thousand/ycai f01 mamtename dledgmg, L.E.
450 thousand/yecar for repair of revetmmt and breakwater, and L. L 300 thousand/ycar
for maintenance of navigation aids, totalling L.E. 1,400 thousamlfyear DO[)HC]&UOH _
cost fon f‘lClIlthS and wokag craft, howevel IS not mcluded Nox are other Canal
dcvclopment plans llke the Sccond phasc Extfvnsmn Pno,lec,t takcn mto account
2. an';g‘emen)t 'm(f (‘)béra‘tiou‘ M-etho:d' ’

21 Canat Mamgement ) . o

"[hetc appcared no clmngc wlntsoevm from what had been bcfom thc closulc n
that the Cfnnl is lo be nnnaged cntircly by the Suc? Cana] Authonty mcludmg mamtc~
nance ang rcpm;. y ‘ o

Meimbers of t'hk: technical staff scattercd out of the country during the closm'e. are
also xelummg to ngpt m plepmauon l"on the rcopenmg, and it seems rather near. 111
future that thc pre- ciosure con(htlons mll bc restored. lt is ,mdged flOIH the orgamm-
tional pom! of wew tha_l the n_lanqgemcnt z_m_d operation can _i_‘a;nly be cmmd ouf by _
the existing scmp _ 7 _ .

Basing upon views and opmlons prcscnlul abovu the current nmmgemcm system
and 01gammt|on will bc cons:dclcd 10 show 0o slgn of p:ob em for the canal Inanage-
ment afiu the c\:panslon To ensure smoothei managemcnt and opelatlon in the
foresecable future, however, the following pomts.may__necgl to be_ studied thoroughly
before the first-phase. project will be completed . . o

a. Mammothization and muc'lscd iransit of Iankcls wnll necessntate more tngboats

than at the time of reopening, and at the same time it will become necedful to

secure the requisite personnel for their operation as well as to conduct system-
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atic training and retraining of personnel including pilots. in the maticeuvering -
of large-sized tankers: -

b.- It is expected that the revenue from the Canal after the expansion. will show
a sharp increase as compared to that of the reopening period, and accordingly
the volume of work for, for instance, repaying the funds raised for the réopen~
ing and expansion will also increasc rematkably. An organizational strengthen-

ing, therefore, will be required for the financial department.

c. A new tariff system will be applied after the Canal reopening. Since the
currcnt system cannot be justifiably applied after the Canal extension, it is
necessary to make scrupulous studies for establishment of a new tariff system

that can be applied after the Canal expansion is completed,

2-2 System of Utilization Charges

Ten years have passed since ﬂlé transit dues of the Canal were revised last in 1966
to P.T. 43.73/1 SCNRT for {oaded shibs and P'T. 19.94/1 SCNRT for vessels in
ballast. In view of the rise in price on an international basis during the past decade
and the financial situation of the SCA on the other hand, a new tariff system will have
to be established as a matter of course. It is in line with this idea that the British,
Norwegian and Japanésc consulting firms are currently conducting research works on
estabiisiiing a new tariff system entrusted by the SCA, and the conclusion is expected

to be given before long. _
Before the closure most of the sea-borne traffic between the east and the west of

the Suez Canal was made available through the Canal, but it is the tendency at present
thal an increasing number of supertankers. take the course via Cape Town. In addition,
with the recent surplus' tonnage of tankers the rate-fixing for tankers became a very
difficult problem, and therefore will be finalized after various factors other than the
rise in price are faken into account.

In any case, however, the new system is supposed to go over the cuitent rate level
and as such will enrich the finances of the SCA.

For reference, revenue from the Canal as estimated on the basis of current rate

system is shown in Table 11-2-1. As for annual révenues, see scction 1-2 {Benefit) of

Chapter XII (Study on Economic Feasibifity)
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Table 11-2-1 * Revenue fromh the Canal (Mill_iou LE)

‘9‘3%/67}3" 1975 1980 1985
1. Re — openiig

1) Dry Cargo 52.7 680 88.4
2) oil 339 17.8 26.4
a. S/S (22.9) (11.0) (18.0)
b. C/$ ' (11.0) (68) ( 8.4)
3) Total 86.6 85.8 1148

2, 1 st Stage Plan _
1) Dry Cargo 68.0 88.4
2) Oil 04.5 8240
a. 8/8 (55.5) (70.5)
b. C/S (9.0 (11.5)
3) Total 91.3 132.5 17G.4
3. Difference between 1& 2 46.7 © 856

The above table shows that the level prior to the closure can only be recovered
after the year 1980 by mere reopening of the Canal; but if by Canal expansion, 50%

increase in revenuc can be cxpected comparing to the case of mmere reopening.

2-3 Management and Operation Cost

According to the 1964 ~ {907 results, the nmnzigcment an¢ operation cost con-
sists of general management expenses, operation expenses for the Canal and Port Said,
facititics maintenance expenses mld'public utilitics expenses, and accounts for approxi-
mately 8% of the total revenue from the Canal, Since it is judged right to assume that
this percentage may noi change even in the years to come, the fulure management and
operation cost will be estimated, employing this percentage, at L.E. 8.9 million in
1965/7 ~ 1966/6 while it will rise to as high as L.E. 10.6 million in 1980 and L.E.
13.6 million in 1985. Annual managemenl and operalion cbst is shown in Table 12-2-4.
(Note that the management and operation cost in this case is 1/2 of the total amount

for reasons given in Section -1 of Chapter XIL.)
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" XII. STUDY OF ECONOMIC FEASIBILITY

1. Nataonal I‘conomlc EV’!IIIaUOII , 4

Fffects of the expansnon of thc Suez Canal can broadly be dw;dcd into two. First
one is pointed out to be an impact on the Lgyptmn cconomy In othc: waords, an in~'
crease in the revonuc froin ihe C.'mal when expanded will contribute to the’ plogless of
[ngptnan economy in the shape of an mcreasu in the. go]d and fonelgn exchnnge reserves.
The second is that the cut-down of {lanspm tation cost of crude oil will be madc possi- |
ble throtigh expansioi, since those supertankess that used to 'fi‘éi_éé:'by ﬁay of Cape
Town prevxously will be able to utilize the Snez Canal. This directly feads to the beie-
fits of tankel .OWNers or shlppc:s and indirectly to those of pcoplc in tho world. There-
fore, evaluation may be made From the standpomts of: ‘ : o '

1) ~ People of Egypt; E

2} Tanker-owners or shippers;

3) Both of above |) and 2).
However, the {eam is in the opinion that the evaluation shoutd be made from the stand-
point of 1) above, as the project is fo be financed by a Japancse loan.
Bénefits of the Canal exp"msion when ithus-
trated in a supply-demand curve ds shown
on the right, coincide with Dg —8o (=Bo)" c S {SCA)
cortesponding to Qs in the hatched

area. SCA and tanker-owners are

going to share the benefits in this

hatched portion, Therefore, if the O {Tonker)

evaluation results of 1) are satisfactory, % 5
so will be. those of 3) .

Method of IRR (lntemal Rate of Retum} was. a<l0pted for. the waluallon and the
project life was estimated at 30 years after completion of first phase extension
project. _ , ‘ _ ‘ .
The local currency of I‘gypt is not always stable and there secems to be a difference
between -the official and actual exchange rates. .For forcigners staymg in Egypt for a short
time, the govermuent penmts the application of the: traveller’s rate which is different from
the official exchangc rate. It may therel‘orc scem necessary -{o mtroducc the idea of

shadow price in the-cconomic evaluation. -In the case of this project, however all the
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benefits are supposed to be paid in forcign currency while local currency is included in
costs. Hence, the concept of shadow price was not adopted, as it was judged safer for

the evaluation not fo introduce it.

1-1 Costs o _
Costs are composcd of' constmctlon cost and mainienance ancl management cost,

and are _na_t.m_ally limited to thosc required for the fust phasc.pro;cpt, Tha( is to say, .
only the construction cost of the fjrét phase project is considered, and if I_n,a_tc_rials of .
existing facilities are available for the first phasc project, only the removal c_oéi is. listed |
up. As for the maintenance and management cost, /2 of the total maintenance and -
management cost for the Canal as a w'holc is specified because of the technical difficulty
is summing up the costs required for the first phase project.

Items of constiuction cost and mainfenance and managemnet cost are as follows.
Annal cons_tructlon cost is based uwpon the plan of execution. For details _rcfcr‘;t_o 50~
tion 4 (Construction Cost) of Chapter X (Plan of Execution). ‘

Construction Cost: Dredging, Overland Earthwork, Revetment, Breakwater, Naviga-

tion Aids (Commodity tax on materials included).

Mdmtenance & Management Cost: Maintenance Dredging (Refer to section -4, Chap. .

- X1I), Other Maintenance & Management (General
Management, Operation, Facilitics Mainienance, . .

and Others).

Other Maintenance & Management Expenses = Yearly Revenue from the Canal x

0.08 (Actual proceed in 1965) x 1/2..

1-2 Benefits .

The increase in the revenue from the Canal after the first phase project (total
revenue — revenue after reopening) was listed up as benefits. ;

The estimation of the revenue from the Canal was based on the cuirent toll 'sys;
tem. [t is not reasonable to apply the current toll system because of the rise in
- prices since the closure of the Canal. However, although various foreign consulting
teanis are now studying, entrusted by SCA, 6n how the new system should be, its
resufts are late in’ coming out for inclusion in this report. The team was therefore
obliged to adopt the current system report. Since the toll under the new system will
be naturally higher than at present, S.C.A.’s revenuc will increase further. Accordingly, = - :
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adoption of fhc current é.ysteill will cause 1.10 serious prciblc;_n foi"cv.a'luating th'c_pfoje_ct.
The cuﬁ-cnt system is designed to collect transit dues at a rate of 43.73 P.T. {1
SCNRT (911(:7 Canal Net Registered “Ton.....sce VI. Suez Canal Authority) whlk, alow
atc of L.E. 19, 94}1 'SCNRT is fixed for tankers in ballast. '
The estimation of bcncﬁts on the bﬂSls of this toll system is shown in Table 12-1-1
~which indicates that a benefit of L:E. 16.4 hundred mllhon (Basc year: 1975) will be
. produced during 30 years of the project life. As for thc revenue from tankers howevel,
ft is assumed that there will be no increase after 1985, so that the 1985 flgune is shown
for all subscquent years. |
While benefits from tankers alone are considered here. it is expected that ore car-
riers of mote than 60,000 DWT will enjoy the merit of ex'pzmsmn and will contribute
to an increase- in the revenue of S.C.A. However, benefits from ore carriers were exclud-
ed from the estimation because they would be negligible as compared to the benefits

from tankers.
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1-3 Aimlysis

The Internal Ratc of Rctum is GStlm’ltcd to be 11.5% from costs and bencﬁts
T‘akmg mto conslderdtlon thc fdct that the mte:est on thc yen: loan from Japan is 2.0%
and the offtcaal latc iy ngpt is 5. 0% (as of November; I974) this project ofwhlch Inter-
nal- Rate of Rctum is 11.5% rmy f;urly be consme:ed fcasnb from the nanonal €CoNno-
mic point of view. _ '

Various 1ssumptlons h'we bccn adoptcd in thc course of reaching the final econo-
mic evaitnahonl Theso assumplions h'wc always been so arranged that the evaluation
wonld be on the safer side. However, if the_: following changes in sitvation take place,
or if a little more optimistic way of looking at things is'adopted, a higher valuc of In~r

ternal Rate of Returi will be given.

a. Oil demand was forecast in consideration of tlie recent policies in Burope and
America {o cut the energy consumption. But if it grows with the drop of oil
price, the importation of oil will gain and so 'will the volume of oil that passcs

through the Suez Canal, This will lead to the increase of benefits.

b. The transit volume through the Suez Canal was assumed to remain on the
same level after 1985. However, if we consider the future life of oil energy and
the amount of oil production in Burope and America within their own territory,
the volume of oil to flow from the Middle East to Europe and America may

possibly increase to some extent even after 1985.

¢. The team adopted the current toll system of the Canal to calculate the benefits,
but when. a new system is sct up a sharp increase in the revenue can be expect-

cd. As a result of this, the benefits of expansion is anticipated fo increase.

d. Costs were limited only to those related to the first phase project and none of
those related. to the reopening were included. However, the costs for the firsl-

phase project include those for revetment removal. etc. which should essentially

be covered by fhe second phase project.
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Table 12-1-2 Table of Eco'nomic_ﬁnalysis

_(Milfion L)
: Cost : Discount Rate 11% [ Discount Rate 12%
Year Coustruction M?)"r';ﬁgﬁ:éw A_dlixinistration' Total Renoli C B C B
1975 - 48 - - . 48 - .48 - a8 | -
76 103 - - 103 - 93 - 92 -
77 108 - - 108 - 88 - | 8 | -
78 61 - - 61 .| - 45 - .43
79 0.7) (4.9) 6 43 4 28 4 27
80 ! (5.3) 6 | 47 4 28 3 27
21 (5.6) 6 49 3 2 3] 25
82 (5.8) 1 50 -3 25 3 23
83 .1y 7 52 3 23 3 21
84 {6.5) 7 | s4 3 21 3 19|
85 (6.8) 8 s6 | 3 | 20 3 18
86 (6.9} 8 | 3 18 . 2 16
87 1.0 8 2 16 2 14
88 (1.1) 8 2 14 2 13
89 (1.2) 8 : 2 13: 2 i
90 (7.3) 8 . 2 i2 L 10
91 {743 8 2 it L 9
92 (1.5) 8 1 10 1 8 -
93 (1.6 8 i 9 1 7
94 (7.8} 9 1 8 i 7
95 79 1 9 1 9 I
96 (8.0 9 L 6 1 5
9% (8.1 9 ot 6 1 5
98 (8.2) 9 L 5 1 4
99 (8.3} 9 1 5 1 4
2000 (8.4) 9 1 4 1 3
01 (8.6) 9 r 4 i 3
02 (8.8) 10 1 3 0 3 -
03 (8.9) 10 1 3 0 2
04 9.0y O 0 3 0 2
05 (9.1) 1o 0 2 0 2
06 (9.2} 10 0 2 0 2
07 {9.4) 10 0 2 0 1
08 9.5) 10 1 0 2 0 1
Total T3 | 1,639 | 322 136 310 | 298
VI T I
Notes: RR =11+ 4 11.5%
i4+12
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2. Financial Analysis
2-1 Preconditions:
Due to the reasons itemized below it is extremely difficult to forecast: the financial

situation of 8.C.A. after the first-phase project. -Thercfore, the fil__aaxlcial forecast in-
cludes portions based on considerably bold assumptions or preconditions.

) Reopening plafi and’ éxtension project include wilknown factors | . . especially the
amount of loan {o be procuré(l, its terms and conditions, and the method of securing

local currency fund, ete. are not known,

2) - Loss of data owing to the evacuation of the S.C.A. Headquarters or war damages

made it impossibie to give substance to some of the past data.

3) The newest data available for estimating the expenscs incklental to the Canal
operation are those of seven years and a half ago, and arc accordingly low in reliability

as the base for forecast,

4) The fixed assets shown in the existing financial statements scem to be considerably
far from actuality owing to the evacuation or war damages. The fixed assets shonld

thercfore b(, revatuated at an carliest dafe.

5) A new toll systcm fo be ‘lpph{_‘(f alter the reopening of the Canal lns not been L
established yet. S.C.A. entrusted three consulting firms from Japan, Norway and
England to study the new system applicable at the time of reopening. 1t is expected

that S.C.A. will finalize it taking carefully into account the results of the study and the

tzend of world’s shlppmg industry.

fhc following are the prmcnpal assumptlons adopted fm the fmnncmf forccast.

1Y Revenue from transit. tolls '
This reveénue was estimated by mulliplying the transit tolls in 1967 (before the
closure of the Canal) by the expected net tonnage (SCNRF) of passing vessels which
was gtven .tluough the economic analysis. Otlier small L} rarges like belthmg dues were
disregarded.
2) Revenue from related business _ _
An increase lhro'ugh the expansion of‘blhaésincs; séaie was taken into account in ad-

dition to L.E. 3 million of yearfy mean rcvenue.
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3) Maintenance dredging cost
As this cost was estimated at L.E. 1.4 million per year (in 1974 price), an annual

increase of 3% was considered,
4)  Othiér 'maintenance & managenient cost

Assuming that this cost will grow in proportion {o the increase in revenue from
transit tolls after {979 (after completion of the. first-phase project); an annual increase

of 3% was considered.

5) As for the assets to be acquired after the reopening, the méan dcpreciatio'n f)ériod '
and rate were assumed, and estimated depreciation cxpense for the existing facilities. was -
added, On the other hand, the fixed rate system was applicd to the depreciation in ac- -

cordance with the explanation of the S.C.A,

6) Royalty
5% of the total revenue was assutned {o be paid every year to the government, as -

was the case in the past,

7) Interest payabie

a) Interest on loans alveady introduced .

The Toan from the Central Bank from 1967 to 1973 (amounting to L. E 18 nulllon)
was assuined to be répayed within 10 years (inclusive of a grace period of 4 years) '
starting from 1975 at an interest rate of 4.5%, while the principal and interest of the

govemment loan extendcd so far were assumed to be shelved up.

b) l"und for reopening
Necessary funds for the reopening were assumed to be raised by the following method.

Table 12-2-1 Method of Raising Funds (Reopening)
(Unit: Million L. E.)

Cost o ' Funldlsl Conditions

Local currency require: 44.5 | Loaa from IBRD 208 | 8%, 20 years (.inclu.sive.
ments : ' | of 4 year grace period)
Foreign currency require- 75.5 | Other foreign loans 54,7 | 4.5%, 20 yeais (-do-}

t
mieats _ Debt in local currency | 24.5 | 4.5%, 20 years {-do-).

| _ Owned capital 20 '
Total 120 - | 120
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- c) Fund for the first-phase: [)rc)ject _
The following method was applied to the ﬁrst phase prowct

_Tablga 12{-2-2‘ Method 0{ Raising Fl_!li:d.s' _(First .PhaseL Proje_ct} :
- (Unit: Miltion 1. B.)

Costro o0 T TRumds " Conditions

Local curteticy r"c'qliirc- 1198 | Yenloan® = 49.5 | 29,25 years (inclusive

ments S S L .~ | -of T-year giace period)

Foreign currency rcqu:re | 2002 ). Oi_hcf forcign loans 150.7 | 4.5%, 20 years (inclusive

ments’ _ S Co ' of 4-year grace peiiod)
"Debt in local currency | 79.8 | 5.4%, 20 years (-do-)
Owned capital 40

Total 320 320

8)  Income tax
The current tax rate of 39, 7% was applied to the profit aftel mtelest The breakclown

of the current tax sate is as follows chrdmg to S.C.A.

Commercial & Industrial Market Tax 17.0%
Municipal Tax (10% of the above} | C1.7%
Defense Tax 10.5%

~ National Securit_y Tax 8.0%
Djihad Duty - 2.5%
Total ‘ 39.7%

It is to be added that the income tax before 1975 was disregarded due fo the

loss in the last three years.

9) Amount to be paid to the National Treasury
The government share that uscd to be paid to the National Treasury from the net

profit was not considered.

2-2 Forecast of Profit and Loss

The resuits of a trial calculation of profit and loss for the period of 1974 to 2000 on
the basis of above assumptions are shown in Table 12-2.3,

According to the said table, the net loss in 1974 after paying the royalty, income
tax and interests is found to be L.E. 7.9 million, but S.C.A. will register black figures
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after the reopening of the Canal (expected to be in-thc-middlc_ol‘ 1975). During the
first phase project after the reopening, however, there will be an increase in- the interest
on loans and depreciation expense, and the revenue from transit tolls will remain on

the approximately L.E: 70 million lével'so that the level of profit will be by far behind
that recorded in the past Canal operating period (L.E. 50.5 million in 1965, L.E. 543
mil'llnion in 1966 and L.E. 574.’}‘ million in 1967; revenues from transit tolis in these years
stood at L.E. 83,1 miltion L.E. 91,3 million and. L.E. 94.5 million respectively). | -
It is only in and after 1980, when the revénue from transit tolls increases to a great ex-
tent after the compietion of tlie fjrst-phasé ‘p'l'bjCCf and at thie samé time the inté_i‘ési.
and depriciation expense pass their peak, that the profit begins to show a constant up-

waid fendency,

2-3 Forecast of Cash Flow Statement
The forecast of Cash Flow Statement for the period of 1974 to 2000 basing upon

the assumptions given in 2-1 above is shown in Table 12-2-4.

Judging from the said t‘able a subst'mtlal palt of the funds for the first phase pwject
{1975-1978) must be financed by loans. However, there is no need of 1pprchensnon
about the balance of capital in and after 1977 when the payment of mtercst on the loans
raised for the first phase project is supposed to start on a full scale, and especially in

and after 1980 when the repayment of the principal of those loans is designed to start.

2-4 Conclusions and Problems

The procurement of most of the funds chuired for the Canal Reopening Scheme
being carried oul at present by the government and S.C.A. can be considered to have al-
ready acquired. a definite outlook.

The S.C.A.’s plan for raising funds is shown in Table [2-2-5,
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As for the first ph'lSC plojcct no loan was plcdgccl oxccpt thc Japancsc yen foan
durmg the teain’s stay in Egypt.” The Egyptian government, however is now sounding
Iran, Saudi Arabia and other oil-producing countries as well as the countr:cs in- Burope
and North America for financial aid, and and it seems that the decision will soon be
made coupled with the materialization of an international tcndér f@f the first phase
project. ' o '

Nevertheless, loans fm construction of the fnst plnse plOJcct including the cost of
thc Canal reopening are, as’ mentloncd above, 1epayable from the transit tolls after the
Canal is rcopened and the first phase project completed, and ‘there is no problem in the
capital balance. (The revenue froin transit ducs was ¢stimated on the basis of 1967 toll
rates and when this is raised in future, the balance will naturally ilnpl_'ovc.j

Accordingly, the following will be pdintcd out as matters of consideration when

raising funds for the first phase p_i'oject.

a) ‘Fo expedite the reopening of the Canal so as to earn the revenue from transit

dues;
b) To sccure urgently the resources of foreign currency loans; and

¢) To assure that the govérmncnt will take adequate budgetary measures to secure
local currency funds so as not to cause any hindrance to the progress of works
to be undertaken directly by S.C.A. or by local contractors and to the pay-

ment in local currency for the works to be covered Japanese yen loan.

. Evaluation from Social Point of Vieﬁ
3-1 Effects on Egyp'tian Society
The following are conceivable as'the cffects of the project on the Egyptiun ccono-
my. | ' |
a) The revenue earned by the Canal operation is colossal, and the foreign currency
thus acquired will increase the influence of Egypt over the international com-

munity and also will contribute greatly to the promotion of trade.

b) A part of the Canal revenue will be paid (__lil'e_(itly to the government as royalty
or tax and will serve to strengthen therEgy'ptian' national finance. And indirect-

ly it will serve for the betterment of welfare 'of the Egyptian people.

¢) Control of the Canal which'is of great importance to not only Europe and
America buf also all other counfries of -the world gives unnegligible backing for
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d)

.-+ increasing Egyptian-influence .()ver the:international -political commuiity.

Those vessels that pass’ tluough thc Canal may not m most €ases, blmg any __ '_
other bmeflt to I*gypt than thc payment of tlaﬂSlt tolls Vcssels of thls kmd '

- '“shoulcl by no mc'ms (Icstloy thc lwmg cnvnonments of the people in local com-

5 mumhes along the C'anai nor should they be allowecl to cause any 'wmdcnt

or let oil flow ont ms:de the C'mal ln tlus reg'ud the cstabhshment of safety

. measures‘that may me.ct--tlle 1equlremcnts more than enough is desirable, .-

Total constluctlon cost for the fllst phasc ])10]ect alone amounts to L. b

© 3.2 thousand nnlllon while the pontlon in local currency stands at LE 1.2

thousand million. An increase in employmcnt of manpower and mfluenccs
over the. Bgyptian industries to come cut.of this huge capital input are im-

. mense,, Also. the civil enginecring techniques to be fostered and accumulated

.. through the carth;work and revetmént_ works may. greatly coniribute to other

_ devctbp;ﬁent projects:to follow.

It is expected that economic activities in and around the Canat may also pro-

sper when the Cahal is reopened and its cross séction is expanded and the volume:
of passage increases. Approximately one million people are said to have settled
down in this vicinity prior to the Middle East War, and 800,000 {o 90,000 of
them have returned to their homes so far. When Lesseps first commenced the
constiuction of the Canal, this place was a desert only inhabited by 3,500 people
or less. Since then, the Suez Maritime Canal Company had undertaken various
works all by itself to make a sweet-water canal from the Nile for the excava-
tion of the Canal, to install water supply and drainage facilities and to secure
electricity, etc. Thus, cities, forests and hilly areas were formed in the vicinity,
S.C.A. is still mdnaging those principal public facilitics in the towns of Port
Said, Port Fouad and Ismailia, ete., and the enrichment of its finances is con-
sidered to have considerable influence on the development and progress of
places along the .Czuml. Deserts are easily convertible info fertile plains with
the construction of artificial water channels. Mr, Osman, Minister of Construc-
lion, announced a large-scale improvement plan, In the present situation, no
financial backing is _available for such a plan, but as the revenue from the Canal
comes to show its size in future, plans for developing industrial arcas, harbors

and resorf areas around the Canal will be worked out one after another, The
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completion of the first phase project secems to aceelerate such movement further.

3-2 Effccts on International Economic Community
Judging from the internationalism involved in the Sucz Canal, effects of this project
over the international society, especially the shipping circles, are enormous, The fol-

lowing will be pointed out in connection with the Canal expansion.

a. A pact of the merit of expansion is to be enjoyed by tanker-owners and accord-
ingly is expected to be returned indirectly to the international society in the
shape of cutdown of oil transportation cost. Particularly, effects on the eco-

nomy of Southern BEuvrope will be very big,

b. 1n the short term, however, since the Canal will offer a short-cut, the turn-
over tate of lankers will improve and surplus of tonnage will occur. There-
fore, it will become necessary to have another look at the tanker construction
program while judging the supply-demand of oil. In that case, the type of
tankers will be possibly divided into two, one is Suez Max and the other is

ULCC, after looking far ahead into the second phase project.
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