various consultants and private companies.

80. Mauy of these plans focus only on container handling, without paying
much attention to other functions of the port such as small crafts, a sand pier and
so on. Compared to the following alternatives, more dredging is required in fiont of
the second berth (north berth). '

. 2) Alternative Plan- D2 (see Figue 3-10-2)

81. This alternative is one of the comprehensive plans to comply with all the
functions required in 2015 that were analyzed in the previous section. It includes a
third container bexth for futwe expansion. New facilities to be constructed are as
follows:

¢ Two (2) consecutive container berths with one (1) for future expansion
e Six (6) bexths for tuna boats which mainly use Pier 18 at present
o Two (2) berths for sand baxges which use Pier 20 with concession
+  Increasing the depth north of Pier 18 for passenger cruiser ships
" (At least one length of ship is assured as the width of slip between Pier 18
and the new container terminal. This new space will be avaslable for future
expansion of the activities of small crafts) ' '

82. In this case, all the facilities of PCC, including the pier at Diablo, around
the port are assumed io move to the north Covozal for the new port construction.
In addition, new marinas such as a ARI marina at Amador will be used for
relocated pleaswee boats. ' ' '

83. However, this alternative will be more expensive than the next one, shice
the dredging volune is larger than the alterative plan - D3.

3) Altemative Plan-D3  (sce Figure 3-10-3)
84. “This is basically the same as the alternative mentioned above. It allows
for the possibilily of future expansion of the container terminal at site - Farfan.
Therefore this alternative is slightly more economical. '

4) Alternative Plan-D4  (see Figwre 3-104)

85. - - The components of this plan yepiesent the base minimwn in terms of
meeting the demand. It allows the width of the stip in front of the north of Pier 18

-_5?__



to be reduced, based on the past performance of ship mancuvering. As a result, it
is not always necessary to relocate the PCC pier at Diablo. Only the sand pier 20
should be moved to another place. The space between the PCC pier and the
existing public boat club at Diablo could be available. The Diablo Spnnung Chib
with concession by APN is also to be removed.

86. In addition, it is possible to limit the dvedging to the ship berthing place
just in front of the container terminal in order to start operation as soon as
possible and reduce the construction cost. In this case, the berth structwe is
designed as one with a depth of 14 meters; dredging is carrvied out to the depth of
13 meters for the time being, and the container vessels calt at the terminal with
the help of hugh tide as aforementioned.

81. Conceraning tuna boats, only two (2) berths are secured at the south side of
the new contamer terminal in front of Pier No.19. In follows that the port of
Vacamonte { or other vacant existing berths ) should play an important wole in
supporting them. -

88. - This plan is the most economical among those of D2, D3 and D4.
According to the latest informalion of subsoil investigation, however, it is
necessary to dredge various types of rock around the quay face line, This will
influence the construction cost,

5) Alternative Plan-D5  (see Figure 3-10-5)

89. In this final plan, the quay face line of the container terminal in the plan
D5 is wtated southwestward to the line where rock dredging isn't necessary. A
turning basin of a diameter of 2L{ = 600m) can be secuved in this area,

90. New facilities to be constructed ave as follows:

+  Two (2) consecutive contammer berths
*  Two(2) berths for tuna boats which mainly use Pier 18 at present
(‘The port of Vacamonte { or other vacant existing berths ) should play an
important role in supporting them) ,
*  Two (2) berths for sand barges which use Pier 20 with concession .
¢ Decpening the depth of the north of Pier 18 for passenger cruiser ships

91. . Regarding the new container terminal, the space for the future expansion
of the yard can be assured behind it without affecting the housing area at Diablo.



Finally, the total area will become 700 meters by 500 meters.

( Note )

92.

It is not recommended to fill up two water stips with carth { one

surrounded by Pier No. 15, 16, 17 and the south of 18, and the other by the noith
of 18 and 19} in order to form the new container terminal avound there easily. ‘The

reasons are as follows: -

(@ Decrease of the pier extension of the poxt

(®

In case that any of Pier No. 16, 17, 18 and 19 are not available, the port will
not be able to serve all the cargoes and/or passengers at the target year. As
evaluated in seetion 3.4 and elsewhere, the futuwre wharf utilization will be

- yather high, In particular, smali crafis (ferries and launches) might not have

®)

©

any place to moor in the absence of Pier 17 and 19.

The launches could be accepted around the pier for PCC launches protected
by a breakwater at Naos island of Amador. It also scems to be the most
appropriate and the most economical way. However, it requires some
investment for a new pier after all. In addition, it would be very difficult to
obtain the consent fiom ARI, which is now developing the whole of Amador
as a strategic center of tourism.

As one desirable alternative, the ferries might be integrated at the passenger
pier of ARI at Amador. Especially the north part of its joint seems to he

- appropriate for them. It is protected from waves caused by vessels and/ or
“the direct wind from the Pacific Ocean. However, it requives some

Q)

investment and the consent from ARI as well as the aforementioned
launches. AR! intends to plan this area for high-class towists with
sophisticated hotels etc., but not for ordinaxy users.

The amplification of the port of Panama ( Mulle Fiscal ) could be considered
as aiother alternative for the ferries. Investment in a new quay and a new
long permanent channel in the Panama bay is requu'ed which may be
seriously affected by siltation. ' :

@ Increaseof construction cost of the new container terminal

" (@) 'The construction of the new container teyminal at existing Pier No. 18 seems



coonomical at first because the existing berths can be utilized for filling in
the slips. In fact, however, the demolishing cost of the shed of Pier 18, ctc.,
will be more expensive than the other alternative proposed in this Study
{ see Appendix). -

- (b) In addition, in oxder to handle conventional cargoes, construction work
would have to be performed very carefully, which could result in delays and
finther expense. In contyast, the construction of the new container terminal
at Diablo could be carried out more smoothly because the site is separated
from the existing facilities,

(2) Site - Farfan

93. This site has a sufficient potential for port development in the futwe, and
will be developed after Site- Diablo. Therefore, the container terminal will be
designed as one with a depth of 15 meters, and the berthing area just in front of
the piers will be tentatively dredged to a depth of 14 meters in the same manner
adopted in Alternative Plan - b of Site - Diablo. It is noted that the existing seaside
road is to be shifted to run around the following plan. -

94.  The representative future plans of this site will be as follows:
1) Alternative Plan-F!  (see Figaue 3-10-6) -

95. This is the alteimative in which the land is reclaimed in the front of the
seashore of the site, The drédged earth and sand can be utilized for construction
materials. As seen in the figiue, however, the maximum number of container
berths, including those for future expansion, is § - 6 berths. Compared with the
next alteimative, the potential for future expansion is very limited.

2) Alternative Plan - F2 (seg Figwe 3-10-7 )

96. Diffexent fiom the above plan, this plan consists of digeing into the land.
The maximum number of container berths is estimated as more than 9. In
addition, the large area around these berths can be utilized for various port-
related uses such as an industrial complex.

97. This plan is more desirable than Alternative Plan - F1 from the viewpoint

of future expansion. According to the latest information of subsoil investigation,
however, it is necessary to dredge rock around the Faxfan Beach, which will

-_60__



influence the construction cost. This applies to K1 as well.
3) Alternative Plan- ¥3  (sce Figwe 3-10-8)

98, Different fiom the aforementioned plans, the container terminal is
located a little to the south of the arca where yock dredging is required. The quay
head line is parallel to the alignment of the Canal. Concerning the future
expansion of the yard, the space for it can be assweed as with D5 at Diablo.

3) Site-Amador (see Figwe 3-10-9)

99. A new oil terminal will be located in fiont of the existing Balboa Tank
farm at Amador. It consists of one (1) tanker pier and two (2) o1l barge piers as
aforementioned in the previous section 3.6.

100.  The turning basin of 2 L ( 370m) for the tanker is shifted slightly to the
south avound the existing Balboa Yacht Club, since the twming basin is not
secwred hetween the Canal and the pier. The function of the yacht club should be
relocated.

101.  In this figure, a cruise ':hipr pier and a recreational marina planmed by
ARI are also shown. (A jetty type pier for cruise ships is modified as a T-type piex
parallel to the Canal here. )

4) Site- Comzal

102. As afomn‘nentibned, PCC plans to gather their functions, which are
scattered m‘ound the port of Balboa, in the north part of Corozal. The relocation of
the function of Pier No. 19 will be included.

(6) Rodman (see Figwe 3-11-2)

103.  The existing facilities of Rodman shall be compensated for in the process
of the construction of the new Canal. Alternative facilities will be constructed to
the south of the existing facilitics. The plan is camried out by digging into the land
as shown in the figwe. It is also neoessary to change the ahgnment of the Pan-
American Highway. ' :
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3.11 Development of Road Network and Land Use Plan of Surrounding Area
3.11.1 Development of Road Network

104.  In oxder to check the capacity of the road network, port oriented land
transportation demand is forecasted. Container cargo transportation demand and
other cargo transportation demand are forecasted separately.

(1) Container Cargo Transportation Demand

1) Transportation Demand between Container Terminals and Destination
Aveas

105.  Major container transportation takes place‘ between (wo container
terminals: (1) Balboa and Diablo for 2005 and 2015 and (2) Favfan for 2015, and
two major destination areas: (1) Free Zone in Colon an(l (2) Panama City and its
swrounding area.

106." ‘The oxigin and destination of container Cargo thmugh the port of B-alboa
( medmm case ) is forecastéd as follows; 7

Table 3-11-1 Origin and Destination of Container Cargo

(thousand TEUs/ yeax)

Year S 1995 - 2005 2015
Panama Domestic* 23 GO 137
"~ Free Zone* - 16 - 26 34
‘Transshipment G 352 751
- Total ' 44 437 925

(*) The ratio between Panama Domestic and Free Zone is assumed approximately
G:4 in 1995, 7:3 in 2005, and 8:2 in 2015 based on Table 2-2-11,

107.  Cargo flow in wnit base is shown as follows based on the assumption that
the number of 20 ft containers and 40 ft containers are alimost the same.



Table 3-11-2 Container Cargo Ficw in Unit Base

( thousand units / year)

Year 2005 2015
Panama Domestic . 40 91
- Free Zone 17 23
Transshipment 235 503
Total 291 617

2) Transportation Demand of Transshipment Container between Container
Ferminals

108.  Transportalion between Diablo and Farfan may take place for
transshipment cargo in 2015, In that year, 503,000 wnits of transshipment
containers are handled. (Such transportation is preferable to be reduced as much
as possible by adjusting the operation of the teyminals and/ or shipping lines. )

109. - If berths of embarkation and disembarkation are selected randomly, 1/4
of the transshipment at Diablo or Farfan will be handled at a different berth of
embarkation or of disembarkation. On this assumption, 126 { 503 X 1/4) 0G0
wnits of transshipment containers are transported between these two terminal
areas.

(2 General Cargo and Bulk Cargo Transportation

110.  The number of laden vehicles which carry port oriented bulk cargo is
estimated as shown below. Based on the result of a field swvey by JICA (The
Feasibility Study on the Improvement of the Panama-Colon Highway, 1993), umt
weight cawried by one vehicle is assumed as 4.0 for break bulk ¢argo and 6.0 for
solid and liguid bulk cargo. This traffic mainly takes place between Panama City
and the port of Balboa { existing Batboa ).

" Table 3-11-3 ‘T'raffic Number of Laden Vehicle

Cargo Type Break Bulk " Other Bulk
Taxget Year 2005 2015 2005 2015
Total Cargo Volume (thousand tonfyear) 095 185 839 1492
Unit Weight (ton/vehicle) : 4.0 4.0 5.0 5.0
Number of Laden Vehicle (thousandfyear)] 24 416 168 298




(3 Poxt Oriented Traffic Volumo and Development of Road Network

111.  Road traffic vohmue related to the container transportation is estimated
here. All containers are assumed to be transported by one wnit on chassis pulled
by a tractor. In oxder to convert the number of containers to the traffic vohune, the
ratio of laden trailer and the ratio of welated vehicle induced by container
transportation are assumed as 0.5. Consequently, the ratio between traffic volume
and the number of containers transported 1s;

(140.5)/056=3
112, Annual taffic volume is Show n below;
Table 3-11-4  Annual Traflic -Volume

(thousand vehicles/ year)

Year 2005 20156
Panama Domestic 119 274
Free Zone : bl 68
~ Total - 170 342

113.  The abave traffic caused by container transportation will be allotted to
Diablo terminal and Fayfan terminal. '

114.  Traffic volume of tmnssh;pment containers between two texminal arcas
is calculatcd as 378 (126X 3) 000 for the Long 'I‘erm Plan

115.  Trafiic volume for bu]k cajgo to and from Panama City Area is 576 192
X ' 8) thousand vehiclesfyear in 2005 and 1032 (344 X 3) thousand vehicles in
20156.

116.  In 01(!@1 to check the capamty of cach 1oad sectlon annual traffic volumes
shown above are converted to design howly traflic volume Parameters ave
assumed as follows;

Annual traffic days 350 daysfycar
Traflic howws o 8 hows/day
" Daily peak ratio 1.3 '
" Hourlypeakratio 14



117.  Design traffic volume related to the port activities for each segment of the
road network around the port is as follows:

Table 3-11-5  Design Traflic Volume for Each Segiment of the Road Network

( Vehicles/ hour}

Short terin { 2005) 484
Diablo - Panama Domestic 17
Diablo - Fiee Zone 33
Existing Balboa - Panama City Area 374
Long Term (2015 ) 1139
Diablo/ Faxfan - Panama Domestic - 178
Diable/ Faxfan - Free Zone 44
"Transship ( Diablo - Farfan ) 246
Existing Balboa - Panama Gity Area 671

118.  The maximum traffic volume around the port is approximately 500
vehicles/howr in 2005 and 1150 vehicleshour in 20165, This traffic volume will
affect the traffic condition, which is under congestion even now, and expansion of
the capacity is wgently needed. In addition, major trunk lines avound the port
area should have at least fowr lanes and crossings, corner cwves and road
alignments need to be improved. New road area for widening should be reserved
imcluding expansion space. ' _

119.  'The traffic volume between Diablo and Farfan tenninals is around 250
vehicles/howr in the Long Texm Stage. On the current road network, this traffic
and part of the traflic from/ to Panama domestic and Free Zone flow into the
American Bridge mix with the general traflic. Since this {raffic may cause
mngcé_tion on the bridge, it is necessary to strengthen the bridge or to secure a by-
pass raute. ' ' -

120. (It is also desirable to strengthen the road network to/ from the
international airport of Tocumen from the viewpoint of development of inter-
modal transportation in the future. ) ’

121.  Transship cargo transportation between the port of Balboa and the ports
of Cristobal by road or railroad is expected. In this regard, much lﬁghct prioxily
should be put on the early completion of the Panama-Colon Suiaerhighway and
North Cotridor and the arrangement of divect access to them. The railroad station



and related facilities should be appropriately separvated from the wad network
around the port to prevent traffic jams at raalroad crossings.

3.11.2. Land Use Plan of Swrounding Arvea

122.  The function of port is fulfilled in combination with the road network
system aud swrounding arca. Port development must be in good coordination
with the land use of the swrounding arca. In order to promote land wse of
surrounding area in line with the poit development policy, the port management
body shall have basie policy of land use and administrate the area closely related
to port aclivily.

123.  Here, a land use plan of sunvunding avea of existing port facilities at
Balboa and new container terminal at Diable and Farfan is studied. This plan is
not necessarily based on the detailed demand forecast for future land wse, if it is
basically for the Long Term Plan (or Post Master Plan) Stage. Preliminary
recommendation of land use plan of swrounding avea is shown in Figure 3-11-1
and 3-11-2, These figures also show the road network studied in the previous
section. ' :

124.  The major issue on land use is explained as follows.
(1) Swrounding Avea of the Existing Port

125.  As an wgent program for cargo handhing, some container yard space will
be necessary. The details will be explained in Chapter 1V,

126.  Awound Pier No. 19, a parking area will be necessary mainly for
passenger use. In addition, ticket windows, waiting rooms, and administration
offices for passenger should be concentrated and integrated there in order to
separate passenger flow from cargo flow. :

127.  The south part of alignment of the existing Gaillard Highway is planned
to be moved slightly to the noﬁh by Ministry of Public Works. The existing Paitilla
airport will be relocated to the north part of the new Gaillard Highway. -

128.  “To the south avea neighboring the existing port will be utitized for port
activities.- At present, private companies have automobile and container storage
yards at a portion of this area. Land use here might be limited by the restricted
surfaces of the aiport especially around the extension line of the runway.



Therefore, it seems to be appropriate to put automobiles { compact and mobale ) in
suich an area. The other space can be also utitized for various pwrposes according
to need.

(Note)
129.  The necessary storage arvea for antomobile is estimated simply as below;

@ 1n 1995, around 20 thousand metric tons of break bulk cargoes was imported
by Ro-Ro vessel. Here, all of them are assumed to be automobiles, If unit
weight of 1.45 metric ton is employed, the number of vehicles is estimated at
around 14,000,

@) The area of around 7 ha between the existing Gaillard Highway and the old
Albrook Airport is mainly utilized for storage of vehicles. Supposing that
average required stocking arca for one passenger car is avound 20 1, the
capacity of the area is estimated at 3,600 vehicles.

@ Acoordingly, 0.35 ha of stock yard is necessary for one thousand metric tons
of automobiles handled at the port. That is, 14 - 18 ha for 40 - 51.5 thousand
tons is required in 2005, and 23 - 34 ha is for 64.5 - 97 thousand tons.
Therefore, a sufficient avea must be secured around the existing pott.

(2) Swrounding Area of New Container Terminal at Diablo

130.  According to the increase of container carge handling, shipping and
trading activity will be concentrated in this avea. It is moommended o reserve
sufficient space in the back the terminals.

131.  Many oflices of port related business and industry, including
administration oflices, are located in the city at present. However, they may move
to Diablo through the shiflt of port function from the exisling area. The head
quarters of APN has already been moved here. In addition, the scale of these
functions increases according to the scale and numbei of container terminals, The
details will be explainéd in Chapter V.

132. - Railway is planned to be introduced as a land brldge between the new
container terminal and those on the Caribbean side. It is not recommended to
keep the related area inside of the container terminal, since it might affect the
texminal operation as aforementioned. The inteymodal container transfer faeility



of the railroad will be located at the area to the northeast of the terminals. The
roads behind the terminal should not be cut off by the railroad activities. Only an
access line for passenger terminal is allowed.

133.  As to residents at cwrent Diablo housing arca, many other residential
areas developed by PCC or the US Forces will be available after their reversion to
Panama. Therefore, there is no need to secure a new residential arvea,

(3) Swrounding Avea of New Container Teaminal at Farfan

134.  Since Farfan is almost virgin area, the enthe development project should
be conducted in a well organized manner. It is recommended lo elaborate a total
development plan of this area. In order to make futwe container terminal
activities smooth and effective, siurounding arca shall be reserved for related
activities like cargo handling, land transportation, stovage, trade and industrial
complex. -

135.  Construction of a new 10ad network is indispensable for the development
of Farfan. New container terminals will be accessed from the Pan-American
Highway. Some p'ut of the existing road along the Farfan waterfront should be
cony el’[ed to an access road to the terminal.

. 136. Besides these aveas, northern half of Farfan should be reserved for
possible fulwe expansion of port related functions.

137.  Asis applied to every area, a suflicient green park should be assured for

environmental preservation and amusement. It is recommended to allot more
than 20 % of the total avea as a geeen park.

I -
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IV CONTAINER TERMINAL OPERATION SYSTEM
4.1 Ideal Lay-out of Container Terminal

4.1.1 Facilities in the container terminal

(1) Container Yard

1 The container terminal requires extensive space for marshaling the
containers. A space for storing empty containers which are to be sent back to
shippers for the next shipment is also required.

2. The total container stacking capacity of the container yard depends on
not only the space of the yard but is also related to the handling equipment and
possible stacking height. Also, annual handling capacity depends not only
stacking capacity but also container dwelling time.

3. Container handling equipment moves along fixed routes in the yard m
accordance with predetermined procedures. Pavement of container yard can be
designed to match the handling system.

(2) Container Freight Station

4. Even though door to door transportation by containers is an ideal methoed
of transportation, with respect to LCL (less than container load), it is necessary to
collect it at a specific point, to sort by destination and to stuff in containers in the
case of export, or to unstuff consolidated cargo out of containers and to sort and
classify it before delivery to consignees in the case of import.

5. Usually, a bay for trucks and a bay for containers are provided on each
side of the building with the building sandwiched in between.  Both bay are laid
out symmetrically for convenience of handhing work.

3y Gate
6. The gate is a facility for performing the works of transfer of documents
required when containers move in and out of the terminal, measurement of

weight of containers, provision of command fromn terminal office regarding the
locations where the containers ave to be placed and check of container bodies.



1. As close communication should be maintained between gate booths and
terminal office, the terminal office is noymally built near the gate.

{4) Maintenance Shop

8. The maintenance shop is a building where maintenance, inspection and
repair works of container handling equipment used in the container texminal, as
well as of containers, ave carried out. This is because much of the container
handling equipment used in the terminal is of a large size and not allowed to
travel on public roads.  Also, from the standpoint of improving handling efficiency,
the maintenance shop is a faciity that is indispensable for a container terminal.

(5) Terminal Oflice

9. Terminal office is the building that accommeodates the administration
department providing pivot functions such as collection of information for
efliciency and centrally managing the container terminal, acceptance and delivery
of containers, preparation of stowage plans and yaxd location plang, commanding
of execution of work and control of containers and of container handling
equipment. '

10. The terminal office is generally located near the entrance of the terminal
where a good view of the entire yard can be obtained and close communication
with the gate should be maintained.

4.1.2 TImprovement of Pier 14, 15 and 16 (Urgent Plan)

1L Pier 14, 15 and 16 are being converted to a container terminal for
temporary use until the new container terminal at Diablo becomes available. To
this end, the old railway yard and expendable APN buildings behind the Pier 15
and 16 will be removed to provide yard space and two container cranes will be
installed.

12. As a large investment will be required for the full scale container
terminal at Diablo, the budget for the improvement plan at Pier 14, 15 and 16
should not be excessive. However, it should be sufficient for these piers to serve
as a hub port to and fiom Central and South American feeder poxts. This will be
done when the Port is able to invite mother container-ships and feeder containers
to the Port.



4.1.3 Full Scale Container Terminal at Diablo (Urgent PfauyShort Term Plan)

13, A full scale container terminal will be constructed at Diablo district
adjacent to the Pier 18. The Diablo Container Terminal will have 700 meters
quay wall with yard space of 350 meters.

14. A preliminary lay-out of the terminal is shown in Figure 4-1-1.  From
this lay-out, we note that the maximum stowing capacity will be 4,344 TEU
ground slots including empty container area when transfer crane operation will be
employed. ‘Though the three layers stack is possible for empty container, export
conlainer and transshipment container areas, supposing that an average stacking
layers might be 2.5 {Import 2 layexs / Export 3 layers), maximum stacking
capacity will be 10,860 TEU.

15. Based on the above maximum stacking capacity (except empty container
arca) and depending on working days per year, average dwelling time (days) in
the terminal, ratio of tt‘zlllSShi]) container and peak ratio, possible annual
throughputs could be 620,000 TEUs based on the following formula :

My = MixDy/(Dtxp)

where ; (assumed number)
My :  possible annual throughputs (TEUs)
Mi : storage capacily (TEUSs) 10,380
Dy :  working days per year 350
Dt : average dwelling time 4.6
p . peak ratio E 1.3
My = 10,380x350/(4.5x1.3)
= 621,026
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4.2 Selection of Container Handling Equipment
4.2.1 Container Handling Equipment

16. There are thiee basic systems in use today ! the Transfer Crane System,
the Straddle Camier System and the Chassis System. Advantages and
disadvantages of each system are shown below.

(1} Transfer Crane System

17. In this system, a traveling type transfer crane is used for stacking a
mudtiple layer in the container yard. And trailers are used for moving containers
between the container crane and the transfer crane, and for transporting
containers within the terminal. '

18. The advantages of this s_\:'stcm are:

a) Since multiple number of containers can be stacked, the container yard
area can be used more efliciently than with other systems. Straddle
carvier requires a gap of as much as one meter between the two rows of
stored contamers to allow for movement of the carrier but there is no
need for a gap in the case of the transfer crane system, and consequently
there is a high land use efficiency rate.

b} The transfer crane is a technically stabilized machine wnth low
maintenance cost.

19. Disadvantages of this system are :

a) Just as in the case of straddle cammier system, it is troublesome to move a
lower layer of multiple stacked containers.

b) The wheel load of the transfer crane is increased etoeqswel) and it
requives the most heavy duty pavement. - However, since the traveling
route is limited, heavy duty pavement is needed only for the specified
area.

20. Most of the existing transfer cranes have an effective span of 23.4 meters,
cight wheels with rubber tives in the traveling device and are powered by a diesel
engine generator wmit.  One lane for truck passage is provided between both legs
at the center or on either side, and six files of container can be stored.

—8-’1_



(2) Straddle Carrier System

21. In this system, only a straddle carrier is used as container handling
equipment. The straddle cartier is used for container handling operations such
as loading and wnloading containers at the apron, storing and marshaling
containers in the container yard and receiving and delivering containers to the
truck of the customers, consignee or consignor.

22. The advantages of this system are :

a) It is very flexible in coping with changes in yard allocation and quantity
of container. Storage and marshaling can be done freely in conformity
with the flow of daily operations in the terminal.

b) Quick dispatching of containers is possible and, therefore, spot receiving
or delivery of containers can be performed easily:.

c) Since containers can be stacked in multiple layers, the container yard
area can be used efliciently. '

23. However, the system also has the following dicadvalltfiget; :
a)  Sinece the wheel load is very heavy, the container terminal requires a
' thick pavement.

b)  Since the straddle carrier is an industrial vehicle which requires precision
operation, special operafing skills are necessary 'md comldelable time
and cost are 1eq1ured for mamtenance

(3) Chassis System

24. This sy:,tem is suitable where containers are delivered or received with
attachment of carrier’s chassis. However, other than North America, since
oontainers are delivered or received with customm" 8 tlactor without attachment of
carrier’s chassis, this system is not suitable,

(4-)7 Other Systen@-quipm_emr -

25.  Where the annual oontame1 handling volume is mmparatuely small
(30,000~35,000 TEU) and there is enough passage space to allow for movement
of container stacker, Stacker Operation using Reach- stacker, Top-ifter, Side-

loader or Ileavy Duty kahft is possible with smaller initial mvestment and_
cheaper operation cost.



26. Comparison of two systems is shown in Table 4-2-1.

Table 4-2-1 Comparison of Systems

System Straddle Canmier Transfer Crane

Storage Capadity
Ixpandability
Initial Cost

Maintenance Cost

Heavy Pavement

Syztem Simplicity
Mobility of Operation
Flexibilily of Operation
Safe Operafion
Container Damage

© : Excollent O : CoodA : Inferior

B> >0 QOO0 OO

QIO D> O|Q > >0

4.2.2  Selection of Container Handling Equipment at Pier 15 and 16

21. At present, we can not refer to Pier 14, 16 and 16 as a container terminal
because of the following reasons. '

a) No container crane is equipped,

b) No container yard is allocated immediately behind the apron. Container
storage yard is dispersed and far away from the pier.

c) Most of the ships coming to the Port are non-cellular conventional type
and very few are self-sustained container-ship. '

d) Container loading and unloading is quite similar to the bulky cargo
handlmg with ship’s gear, so that, hooking and unhooking of qlmgs on the
corner fittings of the ooutamel is carried out mamnlly '

Therefore, efficiency of container handling is extremely low.

28. In this port, because of a tremendous differential in the tide levels (six
meters in the spring tide), full swing of the conventional type sliip’s crane is
restricted at low tide. 'The arm of the ship’s demrick sometimes hits the edge of
the wharf, ' ' '

29.  From this pomt of view, conventlonal lype ships should be replaced by
container vessels carliest possible, however, because there are so many less
equipped ports along the West coast of Central and South America, container
transportation using conventional type ship will remain in the foresecable future.



30. Under the above conditions, if the Transfer Crane System is selected by
the concessionaire, though it is being widely adopted throughout the world,
difficully in container handling will remain.

31. In the Transfer Crane System, yard tractor/chassis plays the important
role of carrying contamers between quay-side container crane and transfer crane
in the yard. Spotting of the spreader onto the container or of the container onto
the yard-chassis is very easy when containers ave handled with the proper quay
crane or bridge-type ship-crane.  However, in this case, so many non-cclular
conventional ships ave involved and containers on these ships ave usually handled
with conventional type ship’s heavy crane. - In this case, because of the sway and
twist. of containers caused by use of such non-standardized container erane,
spotting is very difficult, time consuming and sometimes causes accidents.

32. In contrast to the Transfer Crane System, in the Straddle Carrier System,
yard tractorfchassis is not imvolved and the straddle cairier always picks up
containers, which are lain on the ground standing still with whatever type of
heavy crane, divectly from the ground.

33. If type of ship remains the same for the time being, the Straddle Carrier
System would be a better choice for the Port, however, selection of the equipment
is not limited to the operation at Pier 14, 15 and 16 but the system might be
transforred to a new container terminal at Diablo.

34. - However, use of Pier 15 and 16 as a container terminal is merely a short
term relief without developing the entie land behind Pier 16 and 16, To
minimize investment, existing heavy lifting equipment can be used for temporary
container handling, though the container stacking capacity will be extremely
limited.

4.2.3 Selection of Container Handling Equipment at Diablo

35, Thaugh some difficulty mentioned above will remain, from the long term
view point, the Transfer Crane System will be the best choice.



4.3 Number of Container Handling Equipment Required at Diablo
(1) Container Crane

36. The required number of container crane is calculated using the following
formula :

Ne = My/(EexOxHxDyx(1+rf)x(1-1h))

where ;  (assumed number)
Ne :  munber of container crane required
My +amnual container throughputs (TEUs) 450,000
Ec + handling productivity of crane per howr 25
O . berth occupancy rate 0.7
H :  working howrs per day 16
- Dy : working days peryear - - 350
xf : ratio of 40 footer - : 0.5
rb : ratio of breakdown S 0.1

Ne = 450,000/(26x0.7x16x350x(1+05)x(1-0.1))
= 450,000/ 132,300
= 340 = 4units

(@) Transfer Crane

317. The same calculation formula as above could be applied for required
number of transfer crane (Hv) except for handling productivily (assumed 20
because of often lane change).

Hv = 450,000/(20x0.7x16x350x(1+05)x(1-0.1))
= 450,000/105,840
= 426 = Bunit+1(*) = OGunits , N
(*) minimum of one (1) unit showld be added for receiving and delivery of
containers. ' ' ' ’

(3} Yard Tractor and Chassis
38. It depends on the distance between center of the apron and the deepest
corner of the stacking yard but, in general, four (1) sets of tractor/chassis are

required for one (1) container crane.  Breakdown ratio should also be considered.
In addition, reasonable number of chassis for CFS parking is yequired.



(D Stackerfiafter

39. For the time being, until the hife span of these stackerflifters now being
uwsed at Pier 14 and 15 expives or empty contamer storage area becomes
insuflicient, these stacker/lifters can be used to handle empty containers at the
new tenmnal.



V  LAND USE PLAN OF SURROUNDING AREAS OF THE PORT

- 5.1  Export Processing Zone ( EPZ)
5.1.1 Effect on Development
1 In order to promote national and regional economy, many developing

countries have set up EPZs within their temitory. Table 5-1-1 shows the
fundamental data of EPZs of Honduras, El Salvador and the Dominican Republic
in 1994, and Table 5-1-2 shows the data of Baranquilla EPZ, Colombia.

Table 5-1-1  Fundamental Data of EPZs of Neighboring Countries (1994)
Country Expoit Foreign Number | Operating Enmployces | Domestic
(miltion $) | Income of EPZs | companies capital(36)

{oihon §) ’

Hondwas 647 97 12 122 42511 a0

El Salvador 431 108 1 3% | na 70

Dominican 1,631 450 31 476 176,311 30

Republic

Sowrce: Government statistics

Table 5-1-2  Data of Barranquilla EPZ, Colombia (as of August 1996)

Ttem Deseription
Name of EPZ Zona Franca de Barmanquilla
HFstablishment 1958 (operationin 1961)
Administration Zona Franca Industvial de Bienes y Seivicies de

Baanquilia SA.

Arca 180 ha (100 ha in operation next to the port, and 80 ha for

constiruction next to the airport)

No. of companies 65 (ndustry, commerce and service)

No. of employees 7,270

Cargo Volume and Value
(1995)
{unit: ton & 1,000US$)

*Volume 452,407 Impmrt 203,618  Export 248,789)
*Value 1,202,993 Import 425,651 Export 777,342)

Source: Zona Franca Industrial de Bienes y Servicios de Barranquilla S.A.



2. As shown in the above Table 5-1-1 and Table 5-1-2, the EPZs have

contributed especially to foreign currency income and eniployment. In case of

the Dominican Republie, for example, the foreign cwrency income through the

EPZs has compensated a deficit of merchandise trade, together with the tourism
- income, while the size of labor force thereof has swollen to 176,311, Barranquilla
EPZ, Colombia ,as shown in Table 5-1-2, handled a total cargo volwmne of 452,407t
i 1995, which corvesponds to 63.3% of the total cargo volume handled by the Poit
of Balboa in '95 (714,501t), and the share of the import volume by sea was 85.2%
 (sowrce: Barranquilla EPZ).

- 5.1.2 Institutional Scheme of EPZs in Panama and Andean Countiies

3. In general, the investors to EPZ will be concerned with the following
conditions, especially with tax incentives and labor relations:

a) Political and cconomic stability of the country

1) Safe situation (neither dimgs nor guerrillas)

&) Location of EPZ _

d Adequate infrastructire ( especially, water supply and inexpensive,
stable and reliable electvic supply}

e} Labor relations (flexibility of Labor Law)

f} Taximcentives

4. Table 5-1-3 shows the institutional scheme of EPZs in Panama and the
Andean eounﬁ‘ies ( Colombia, Ecuador, and Chile). While the EPZs of Colombia
and Chile have a long history of more than 30 years {Barranquilla, Colmnhia') or
20 years { Iquique, Chile), those of Feuador and Panama have a short history of
less than 10 years (Ecuador) or 5 years (Panama). Generally speaking, the
development of EPZs will depend on the incentives, especially tax incentives.



Table 5-1-3 Institutional Scheme of EPZs of Panama
and the Andean Countries

Colombia

Chile

Items Panama Ecuador

Legislation

JLaw/Decree 1992 (New Law} | 1981 (New Law) | 1991 _ 1975

Administration | Public, private or | Privatized in'94 | Public, private or { Mixed
mixed mixed '

Main objectives | Foreign trade; Foreign trade; Foreign trade; Regional develop-
regional develop- | vegional develap- | regional develop- | ment;  cconomic
ment; jobs ment ment; jobs integration with

adjacent countries

Scectors Industiy jtrade; | Indushy;tvade; | Industry; trade; | Industry; trade;
servioe sorvice service service

Tax meontive .

Jmport tax Notax No tax Notax Notax

National input | Notax Notax No tax Notax

Export tax No tax No tax Netax Notax

Ancome tax Permanent non- | Permanentnon- | Notaxfor20 | Notax- retained
tax tax years earnings

Taxable--distribu-
ted profits

Jocal taxes No tax No tax No tax for 20 Taxable

years
yes
Foreigncaven- | Free Free Free Free
¢y handling ' : - . :

.Customs proce- | More flexible More flexible More flexible More fiexible

dures , : . '

Salestolocal | Upto209%, Yes, payingtax/ | Underapproval | Yes, paying tax/

market paying tax/duty | duty : of Council duty -

Requirements | Not specified Not specified Not specified Not speeified

Labor Law

Special system | Special laber pro- | No Temporary emip- | No

for EPZ visions loyment

Locations of

port-based Not existing Barranquilla Josmeraldas Jguique

EPZs Buenaventura JPunta Arenas

Lartagena Arica
Santa barta

Source: Brochwees, pamphlets, JICA studies, hearing ete.




5.1.3 Potentiality for EPZ in the adjacent aveas of the Port of Balboa

5. It is the most favorabla for an Export Processing Zone to be located in the
vicinity of the poxt to impel the port development. In the Andean Cowntries, the
majority of EPZs are located adjacent to the poxt, as shown i Table 5-1-3. -

6. Furthernore, it is ideal to acquire the land of 100 ha or more for a EPZ, if
possible. Among the EPZs shown in Table 5-1-3, the area of Barranquilla EPZ is
100 ha, while that of Iquique EPZ and Avica EPZ is 230 ha and 130 ha,
respectively.  In Panama, Fort Davis EPZ and Panama Teleport lave areas of
100 ha, vespectively. '

1. Taking into eon,qdmahon the above conditions, the southern part of the
former site of Albrook Aiport will be suitable for a futwe EPZ. The site, however,
will not be available, because it is expected to be utilized as an alternative of the
present Paitilla Airport. '

8. Corozal area at the north-west of the Port of Balboa which is of 161.2 ha (54
ha of which is possessed by PCC) also will not be available as an EPZ, because
there are alveady factories and houses, and a part thereof will be expected in the
fulure 1o be vsed as the port facilities such as container yard, warehouses, CI'S
and container handling equipment.

9. It will be, consequen_tly,rs;uitahle for a new EPZ in the adjacencies of the port
to be set up in the future expansion arvea of the Port of Balboa with spacious land
at the opposite side of the Port like Favfan area.

10.  The following issues are of great importance to potential investors, when
they actually intend to invest in an EPZ: '

a) Land price

b) Wage rate

¢) Price for utilities -

d) Standard factory rental price

e} Cultural and 1recreational facilities

f) Preferential tax incentives, especially income tax
2  Quality of labor/employment incentives

) Infrastructure availability

i} Local partner

i) Guaraunteed managerial body



1l Table 5-1-4 shows the potentiality for an EPZ in the swrounding areas of
the Port of Balboa.
Table 5-1-4  Potentiality for EPZ in Surrounding Avea of Balboa Port
Items Details Observations
Available land Arvea 100 ha or more----------possible
JLocation Within the sumounding area
' of the port
Land/factory rental price | To be as low as possible
Poxt Facilities Access to port Good
Shipping chance Good
Ship size accommiodation | To be improved for container
Container handimg To be improved
Reefer container To be improved
Custom clearance Tair
Labor Force .Urban center Panama city (population: 0.8
: million)
Unemployment rate High (13.8 % in '04)
Skilled labor Insuflicient
Public Services Inland transpoitation Good .
Commuuiications Good, but expensivé
JPower supply Good, but expensive
Waier supply Good :
Existing Industvy | .Availability i wban | Insufficient
center -
Availability of vaw mate. | Insuflicient
rials
Possible Indusivial | Electric devioes, electron- | Higher level of wages companr-
Categories tobe lo- | ics, metal, chemical, food | ed with other Latin-Ametrican
cated in EPZ processmg, plaslics, car | couniries '
paxts, others -----Iabor-intensive mdustries
will not be suitable.




12. Table 5-1-5 shows a tentative land use plan of an EPZ with an arca of 100
hectares.

Table 6-1-5  Land Use Plan of EPZ (tentative)

Land Use Area (ha) : Descriptions
Factory lot 5.0 1.8mall size 10ha, 2. Mediwn size 30 ha
3. Large size 35ha
Road 150 | Boulevard, Mainroad, Sub-rcad,
Sidewalk, Patrol road
Administrative facility 15 | Administration building, fire station
Service facﬂily 2.0 Service building (restaurant, clinic, bank,
“| ete), Gasstation, Bus terminal
Utility 2.0 | Electiicsub-station, Sewage lreatment
: plant, Water supply tank ,
Park 4.5 Sports ground, Park, Garden
Total - 100.0 ha
13. . As to the administration of EPZ, the administrative company of

Esmelaldas EPZ ( ZO¥REE), Ecuador, is a mixed (public and private) body where
75 % of the paid-capital has been held by the Port Authority of Esmelaldas and
others by public and private institutions and individuals; and Iquigue KPZ, Chile,
is managed by the ‘“Zona Franca de Iquique S.A” (ZOFRI) which is a public-
private corporation, while in Colombia the management was privatized n 1984
and Barrangilla KPZ is administrated by the “Zona Franca Industrial de Bienes y
Servicios de Barranquila S.A” which is a private company (till then the public
corporation had managed it).

14. In Panama, five EPZs excluding Fot Davis EPZ which is a joint ventwre
of ARI and a Taiwanese holding corporation are managed by private companies.
However, as a proposed XPZ will be settled adjacent to the poxt in the Reverted
Area, it is recommendable that the administration company (promoter & operator
company) will be a mixed body (a joint venture of ART or APN and a powerful
private company),though it may have a demerit of being subject to an audit of the
Contraloria General.

-_95_



52 Other Land Use Related with Port Aclivities
5.2.1 Potentiality of Balboa Port for Maritime Complex

15. It can be said that the three powerful impetuses for the Panamanian
economy are : {)the Panama Canal, 2) the Inicrnational Financial Center of
Panama and 3} Colon Free Zone.

16.  In 1970, the Bank Law was amended (Law No. 238), granting various fiscal
benefits to banks by adapting an appmv'll system which provides a modeim and
floxible banking legislation. As a result, the number of banks increased from 24
in carly 70 to 116 (including representative offices} in January ‘87, making
Panama an International Financial Center.  As of the end of September "33, 105
banks from all over the world aze operating in Panama city.

17. Fortunately, the Port of Balboa is situated near the International
Financial Center, Panama City. In accordance with the development of the Port of
Bathoa as a multipwpose port under concession system suggested by the “Public
Policy for Integral Development” of the Government, it will become necessary to
establish a branch or agent of banks, insurance companies, shipping compantes
efe. related to port activities for their convenience of services in the precincts of
Balboa Port. Therefore, it is desivable (o create a specific zone called “Maritime
Complex” adjacent to the port. This maritime complex will contnbute to attract
ships to call at the Port. '

5.2.2 Maritime Comple'-c in Balboq Port

18. The actual land area of the Port of Balboa is 161 4 ha, a]most all of whlch
have been used or a part should be filled in when necessary for use. In accordance
with the concessions to private sector, the entire area of the actual precinets of the
Port will be utilized for them. It is, accordingly, expected to use the land adjacent
to the actual port area for the marilime complex.

19.  'The Maritime (,omplex of the Port 0[' Balboa will include the fonm&g
installations: ' :

" a) B'mks (mcludmg re presentahvc ofﬁce)

- b) Insurance companies
¢) Shipping agents
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d) Service center for cruise passengers

¢) Seamen’s training center (including Evergreen’s nautical school)

f) World cargo distribution center (including mavitime mformation center)
g) Container repair center

h) Maintenance and repair of vessels

1) Commercial complex @ncluding duly-fice shops)

1) Others

(Note) The items from d) to h) are imcluded in AR1’s project of the reverted
areas.

20.  The aea required for the mari{ime complex zone will be at least 30 ha
including a reserved space. Table 5-2-1 shows a (entative land use plan of the
matitime complex with an area of 30 ha. ’ '

21. As to the site, it is desirable that the martime complexrwill be located in
the avea near the Port of Balboa and easily accessible to the City of Panama such

a8

- 1) Corozal South - _
This zone covers an area of 54 ha and is possessed by PCC at present.

2) Southern part of the former Albrook Anport 7
A part of this arven is possessed by APN and has been used as a yavd for
imported vehicles under concession. )

22. In case that the Complex would be set up in the area 2}, it will be an
altemative to locale “Seamen’s training center’” {including Evergreen’s nautical
school) and “Maintenance & repair of vessels” in Corozal South, sepavate fiom the
maritime complex, because this is located along the Panama Canal.



Table 5-2-1 Land Use Plan of Maritime Complex (tentative}

Land Use Axea (ha) Descriptions
Service area 10.0 1. Administration office, Fire station (1 ha)
2. Bank, Insurance company, Shipping agent
ete.l ha)
3. Service center for cruise passengers (2 ha)
4. World cargo distribution center, Maxitime
nformation center (2 ha)
5. Cammercial complex (shop, restaurant etc)
{2 ha)
6. Others {Gas station, Bus terminal ete) ( 2
ha)
Seamen'’s 5.0 including Evergreen’s nautical school
{raining center
Container repair 1.5
center
Maintenance & 30
repair of vessels :
Road 3.0 Boulevard, Mainroad, Subavad, Sidewalk
Utihty 1.0 Electric sub-station, Sewage trcatment plant,
Water supply tank
Park 15 Park, Garden
Reserved 5.0 for future expansion
Total 30.0 ha
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VI PRELIMINARY TECHNICAL STUDY OF MAJOR PORT FACILITIES
6.1 Design Conditions and Criteria
(1) General Information

1. For the study on the short-term and long-term developments, the
JICA study Team applies, so far as they are practical, the design standards
and criteria and natural conditions that APN has already set forth for the
design of the urgent improvement works of the piers at the Port of Balboa
These design standards and criteria are previously detailed in this report.

2. The design standards and criteria which APN has not worked out,
particularly those for the port facilities for accommodating over-panamax
container vessels, will comply with Japanese standards and criteria where
they ave applicable. In proceeding with further study, the JICA Study Team
refers to “Technical Standards for Port and Harbor Facilities in Japan”
establlshed and publmhed by Bmeau of Ports and Harbors, '\Imlshy of
Tranlspmt of Japan.

(2) Design Ships

3. Dunensmns of the desngn shlps for the sh01t term and long-term
de\.elopments are set forth as shown in Table 6-1-1.

(3) Equipment to be Installed

4. APN has desngncd the nnplovement wmks of Pier No. 14 and No. 15
to car ry contamel quay-side cranes hwmg a 30. 26 m rail gauge and for Pier
No. 16 a 22.56 m rail gauge. The container quay- -side cranes once installed at
Pier No. 14 and No. 15 can be used at the container terminal at Diablo in the
short-term development.



Table 6-1-1 Dimensions of Design Ships

Terminal/Berth Ship - |Capacity| Overall | Beam } Draft
Length
Short jContainer Over-Panamax 6,000 | 300 m [40.0 m{13.0m
“Term|Terminal (Diablo){Container Vessel | TEU
Ditto [Pier No. 18 Passenger Ship | 30,000 | 230m {27.6 m; 8.5 m
(North) GT '
Ditto |Pier No. 19 Smalt Craft 2,000 | 88m |[13.2m|4.0m
(Passenger) GT '
Ditto |Tuna Boat Berths{Tuna Boat 5,000 | 109 m {16.4 m| 6.8 m
DWT ()
Ditto [Sand/Gravel Sand Barge 700 68m |9.7m|3.7m
" |Landing Berths ' ' DWT
Long- |Cil Berth " |0il Tanker 30,000 | 185 m {28.3m|{10.9m
Texm ' DWT 1
Ditto |Container Over-Panamax | 6,000 1300 m 40.0 m{ 13.0-
~ ITerminal Container Vessel | TEU " 14.0 m

Note: (*} The design depth of tuna boats will be for light-loaded ones only.

5. The container tevminals to be constructed both in the short-term and
long term developments are recommended te have a rubber ty red transfer
gantry-crane (RTG) system. Containers will be stacked in 4 tires. Howevel
in order to minimize the construction cost, 1o capecml foundation of RTG

passage, like pre-stressed or reinforced concyete slabs are taken into account.

6.

can easd} facilitate the computerwatlon To this end the p'wement is to be

The container stacking yards are to have such pavement so that the},

monolithic, like elther asphalt or conclete pavement Asphalt p'wement 1s
tentatwely presumed for the cost estunate purpose

(4) Subsoil Conditions
7. The JICA Study Team collected the subsoil information at Diablo

and Farfan from APN and PCC. In addition, the team conducted subsoil
investigation at the both sites. The summary of the information and the



results of the investigation axe briefed as follows:

8. ‘The two borcholes at Diablo confirmed the existence of sound rock at
-3.5 m MLWS at about 300 m north of the pier of PCC, and at -8.58 m MLWS
at the mangrove area, about 500 m north of Pier No. 18. Another borehole at
the workshop area, about 200 m north of Pier No. 20 did not encounter either
weathered or sound rock up to - 15 m MIAVS. At each borehole, a layer of soft
marine origin sediments exists, with a thickness of 5.60 m to 9.20 m.
Residual soil,- which has been created from weathered rock, underlies this
layer with a thickness of 2 m te more than 5 m. See Appendix 1L

9, From the facts mentioned above, the construction cost of the short-
term development much depends on the selection of the face-line of the gquay
wall, which will consequently determine the required volume of rock
dredging. '

10. At Farfan, three borecholes are drilled, one inside the swampy area,
one at the existing coast road, and one offshore. Each borehole encountered
sound rock, at -8.00 m inside the swampy area, -6.21 m at the coast road and
at - 10.81 m offshore all in MLWS. The sound rock is covered with about 5 m
thick residual soil. About 2 m thick weathered rock is found on the top of the
sound rock at ihe offshore borehole. Both at the swampy area and offshore,
the marine origin sediments are found. But at the coastal road, instead of the
sediments, a sand layer is encountered. Sce Appendix II. It should be
noted that PCC’s information of the subsoil at Farfan also indicates the
existence of the rock at a shallow depth at both the swampy area and coastal
road. '

11 - “The construction cost of the long-term development, therefore, much
depends on the selection of the face-line of the quay wall because of the rock
dredging. However, the face-line selection cannot be much flexible because of
the now canal alignment for the thivd lock. '

12. < PCC provided the subsoil information at'the water area offshore the

oil tank yard at Amador. The inforination reveals that under the marine
origin sediments lies weathered residual rock, which can be excavated by a
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powerful cutter suction dredger. This conclusion is based on the description
on the boring logs as “Drills casily with water, but the core is recovered in
poor fragmental condition because of the close jointing and weathering.”
See Appendix 11

(5} Tide

13. The highest recorded water at Balboa is + 5.918 m above MLWS and
the tidal range is from + 5.345 M (MHHW) to - 0.466 m (MLLW). Because of
these tidal conditions, the top elevation of the quay wall should be + 7.00 m
above MLWS, except Sand/Gravel Landing Berth, and the fender system has
to cover the verticality of about 6 m above MLLW. (The existing Sand/Gravel
Landing Berths at Pier No. 20 are of a pontoon type. The landing is being
carried out hydraulically. Therefore, the new one should be of the same

type.)
{6) Seismic Force

14. The horizontal seismic force of 10 % of the gravily is applied as
conforming to the design conditions for the improvement of the existing piers
at the port of Balboa. ;

6.2 Improvement of Existing Facilities at the Port of Balboa

ib. The JICA Study Team assumes that APN will proceed with the
improvement of the piers of the Port of Balboa as already designed. The piers
will accommodate non-gear contawer vessels up to the panamax size.

16. As all the detailed drawings are available with APN, the main
features of the improvement of each pier are tabulated in Table 6-2-1.

117. In the design of the improvement works, cast-in-situ conerete piles of
a 1.20 m diameter, which are driven into the rock bed by a pre-boring
method, are chosen as the foundations of the rails for container quay-side
cranes and of the widened concrete deck, The cast-in-situ concrete piles are
technically sound because of the hard rock encounter within a short distance
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below the seabed. For both the short-term and long-term port developments,

as the subsoil is expected similar to that at the Port of Balboa, cast-in-situ

concrete piles with proper dimensions are most probable for the container

terminal guay.

Table 6-2-1 Improvement of Existing Piers

Piex Deepening |Apron Widening Remarks

MLWS)

Neo. 6 -12.20 m None Rock exposes at sea bed.

(9.2 m) (19.51 m)

No. 7 None None Seabed is rock.

{(10.1 m) (13.26 m)

No. 14 -12.60m 37.50m Provision of container crane rails

(10.5 m) (18.75 m) of a 30.26 m gauge.

Provision of concrete slab deck of]
4.75 m width in front.
Provision of retaining wall for
connection to hinterland.

No. 15 -12.95m -35.62 m Provision of container crane rails

(10.1 m - (16.76 m)  |of a 30.26 m gauge.

11.0 m) Provision of concrete slab deck of]
4,75 m width in front.

Provision of concrete deck and
retaining wall for connection to
hinterland.

No. 16 -12.95m 30.43 m Provision of container crane rails

(10.0 - (22.30 m) of a 22.66 m gauge.

10.4 m) Provision of concrete deck and
retaihing wall for connection to
hinterland.

No. 18 -12.20m " None [Provision of concrete deck at the
o (8.70 - (61.47m) |center replacing fill.
' 10.65 m) : e

Note: Parentheses indicate the present depth or width.

18. Assuming the deepening of Pier No. 18 up to - 12.20 m MLWS and
provision of the concrete deck at the center of this pier to be carried out in the
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urgent improvement works, the JICA Study Team concluded that no
additional works, except the renovation of the transit shed as a passenger
terminal and a platform for railway, are nccessary in the short-term
development to accommodate passenger ships of a 30,000 G.T. class (8.5 m
draft) at this pier.

19. The container yard will be developed behind Pier No. 15 and Pier No.
16. The workshops of PCC there will be transferred to Corazol which US
Army is planning to revert to Panama. Other buildings of APN and Panama
Railway will be demolished.

6.3 Port Facilities at Diablo
(1) Dredging and Reclamation

20. The JICA Study Team confirmed the existence of sound rock at
Diabloe at about -3.6 m and -“87.5' m MLWS. The development cost:, thexefore,
much varies among the alternatives. The borchole exploration was
conducted almost on the assumed face-line of the quay walls of these
alternatives. Alternative- Plan-D3 and D4 will reguire a considerable
dredging of sound rock. Meanwfﬁle, the face-line of the quay walls of
Alternative Plan-D5 is selected so that the dredging will not encounter the
sound rock.

21. The turning basin for the short-termn development at Diable is
planned -12 m MLWS. As APN currently m'lmtams the pmt basm 12.95 m
MLWS, no capltal dredging is required. ' :

22. For Alternative Plan D3 and D4, dledgmg volume much exceeds
1eclam’1tlon fill. In these cases, the excess materials shall be dlsposcd of 011
the west bank of the canal if pelmltted by PCC. Meanwhlle for Alternative
Plan-D5, the soils to be dredged are mainly marine origin sedunents, which
should be disposed of to the shallow sea hetween Chorrillo and Amador Gulf
Curse for reclamation. This reclamation can be used as the perimeter of
Amador Gulf Curse and provided with mangrove - plantation as an
environmental mitigation measure. In case of Aiternativcf}_,Pla_n_'-Df), filling
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materials must be imported for reclamation.
(2) Container Terminal Berth

23. In view of the large tidal range, the top elevation of the quay is to be
+ 7 1n MIWS similar to that of the piers of Port of Balboa. The water depth of
the quay is to be - 14 m MLWS for accommodating the over-panamax vessels

at the berth box in future.

24. The varied elevation of the sound rock is one of the determinant
elements for the structural type of the quay wall. For Alternative Plan-D3
and D4, the top clevation is higher than the required elevation of -14 m
MLWS. For these alternatives, it should be technically reasonable to use the
sound rock as the foundation of the quay wall rather than to excavate it to
the required elevation. The superstructure will he of a concrete open deck
supported on cast-in-situ piles or a gravity type of concrete blocks.
Conceptual cross sections of the quay wall for Alternative Plan D3 and D4
are shown in Figure 6-3-1. )

26. - Ior Alternative Plan-D5, as the face-line avoids _the rock encounter, a
concrete open deck supported on cast-in-situ piles will be preferable; this
type is applied for the existing piers of Port of Balboa. Or, a concrete caisson
bulkhead can be applied since the residual soil is confirmed sufficiently hard
to support the gravity of the guay wall. Figure 6-3-2 and Figure 6-3-3 show
the conceptual cross sections. S

26. - The rail gauge of the container quay-side crane 1s to be 30.26 m since
one of the two cohtahmr cranes to be installed at Pier No. 14 and No. 15 can
be transferved to Diablo when the container terminal is completed in the
short-term development. "

217. The container yard pavement will be monolithic as recommended for
the rubber tyred gantry crane (RTG) system and computerization.’

28. - - For buiidings like the terminal office and CF S, the structures which
prevails‘in Panama, like RC pile foundations, reinforced concrete colwinns,
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beams and slabs, and brick wall, should be applied. However, for the CES the
roof members should be light members like steel truss beams because of
their long span.

(3) Tuna Boat Bexrths

29. The top elevation of the tuna boat berth should be + 7.0 m MLWS
similar te the existing piers. The front depth is to be - 7.5 m MLWS for a
5,000 DWT ¢lass cargo vessel.

30. For Alternative Plan-D3, the tuna boat berth is allocated at Diablo
near the pier of PCC where the sound rock is confirmed at about - 3.5 m.
Because of the rock encounter, an L-shape concrete retaining wall is
preferable as the structure. Figure 6-3-4 shows the conceptual cross section.

31 For Alternative Plan-D4 and D5, the tuna boat berth is allocated
near the existing Pier No. 20 where the sound rock is deeper than - 15 m
MLAWS and covered with marine origin very soft sediments undexlain by very
hard residual soils. Because of this subsoil formation, a concrete open deck
supported on cast-in-situ concrete piles is preferable. Figure 6-3-5 shows the
conceptual cross section.

(4) Sand/Gravel Landing Berths

32. Existing Sand/Gravel Landing Berths are allocated at Pier No. 20,
north of Pier No. 18 across the port basin. At present, the landing of sand
and gravel is carried out hydraulically from the barges which are moored to
the floating pontoon. Unloaded sand and gravel are temporarily stacked at
the open yard behind Pier No. 20. Because of the huge tidal changeb,
floating berth is preferable for future development.

33. - The front depth of the berths is to be -4.0 m MLWS. The top elevatlon
1s to be + 6.0 m MLWS, slightly higher than MHHW.,

34, . For Alternative Plan-D3, Sand/Gravel Landing Berths ave planned
at the land area where wbrkshops exist-at present. As the sound rock will be
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encountered at about - 3.6 m MLWS, the berth should be a combination of a
floating pontoon and slope protection. Stacking arca should be allocated near
the berths. '

35. For Alternative Plan-D4 and D5, the berths ave planned near the
public boat ramp at Diablo, 150 m north of the pier of PCC. The water arca
should be deepened up to - 4 m for the pontoon and turning basin. Across the
existing road, the swampy area is reserved as a sand stacking area. Figure
6-3-G shows the technical concept of the berths.

6.4 Qil Terminal Berth at Amador

36. 0il Terminal Berth is planned as a part of the long-term
development at the water area in front of the tank yard at Amador, where
PCC has conducted a number of borehole exploration. According to the
exploration results, the seabed surface is made of marine origin sediments of
varied thickness from 2 m to 5 m. Below the surface sediments, the
weathered rock exists up to about 5 m to 9 m below MLWS, which are
underlain by “sound rock.” The drilling characteristics of the “sound rock” is
described, however, as “Drills easily with water, but core is recovered in
fragmental condition hecause of the close jointing and weathering.”
Therefore, the “sound rock” can be dredged by a powerful cutter suction
dredger. The scabed elevation is more or less at MLWS.

37. The dredging will be relatively costlj* because of the weathered rock.
The dredged materials can be disposed of acrass the Amador Causeway by
reclaiming a land, preferably for the expansion of the golf course.

38. The oil terminal is comprised of three berths; one (- 14 m deep and
280 m long, Main Berth) for accommodating a 30,000 DWT class tanker, two
(- 7.6 m deep and 130 ni_long, Sub-Berth No. 1, and -5.6 m deep and 100 m
long, Sub-Berth No. 2) for a smaller oil barge. '

39. The turning basin should be drédged up to - 12 m MLWS. However,
Main Berth is to be designed for future deepening up to -14 m MLWS.
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40. Main Berth is composed of two breasting dolphins, two mooring
dolphins, one unloading platform and access trestle. All the dolphins and
platform can be built with steel pipe piles, some of them should be batter
ones to resist the lateral forces such as berthing force and seismic force. The
steel pipe piles shall be rested into pre-bored holes through the weathered
rock or into the sound rock and filled with reinforced concrete. Most of the
pulling-out force acting on the piles shall be carried to the weathered rock or
sound rock with embedded anchor rods or wires. Figure 6-4-1 shows the
conceptual cross sections of Main Berth.

41, Sub-Berth No. 1 and No. 2 should be a conerete continuous deck,
which can accommodate various sizes of oil tankers, supported on steel pipe
piles to be built as mentioned above. The conceptual cross section of Sub-
Berths is also shown in Figure 6-4-1.

6.5 Port Facilities at Farfan
(1) Dredging and Reclamation

42. The navigation canal will shift toward Farfan when the third lock 1s
operational in future. In addition, a 600 m twrning basin must be provided
between the canal channel and the berths. The face-line of the container
terminals of the long-term development is, therefore, chosen rather close to
the coast. Meanwhile, the subsoil exploration confirmed the existence of
sound rock at about - 11 m MLWS about 100 m offshore from the coast. A

considerable dredging of sound rock is inevitable.

43. Based on the borehole exploration and information provided by PCC,
about 175,000 m3 of sound rock must be excavated. As the rock is too hard to
excavate by a cutter suction dredger, the dredging will be carried out by a
special equipment for rock excavation, such as a heavy bucket or chisel, or by
use of explosives. In either case, the dredging will be very expenstve,
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44, The turning basin should be dvedged up to -14 m MLWS for
accommodating over-panamax'container vessels. The front depth of the quay
wall, however, should be - 15 m MLWS for future déepening. The top
clevation of the container terminal berth should be + 7.0 m MIWS similar to
that of the existing piers of Port of Balboa.

46. Because the quay wall is to be built on the sound rock, it is more
economical to minimize the rock excavation. In this view, a concrete open
deck supported on the cast-in-situ piles will be preferable. A gravity type of
bulkhead, like concrete caisson wall or concrete block wall, are discarded for
involvement of the rock excavation. Figure 6-3-1 can be referred to as a
conceptiual cross section of the container terminal berth for the long-term
development at Farfan. ' '

(2) Container Terminal
46. The design criteria mentioned for the container terminals at Diablo
for the short-term development are valid for the long-term development at

Farfan except the crane rail gauge, which should be determined best for
over-panamax container vessels and huge tidal range.
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