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The Study of Alternatives to the Panama Canal
(Component Study : Engineering and Cost Estimates)

Phase 2 : Preliminary Engineering and Cost Estimates

PREFACE

The Phase 2 Study is part of the Study of Alternatives to the Panama Canal being carried out
under a Commission representing the Governments of the Republic of Panama, the United
States of America, and Japan. A Secretariat composed of technical staff from the member
nations was also established.

After a selection process, the Commission chose a consortium of consultant firms representing
the three countries (SINBOL) to carry out a Feasibility Analysis/Final Report (FA/FR) Study
of Alternatives to the Panama Canal. The Detailed Plan of the FA/FR Study was produced
in September 1990 and included an overall work flow chart (Fig. 1). The component studies
included the Engineering and Cost Estimates Study (ECE Study), identified in Fig. 1 as work
items B.2.1, B.2.2, B.3.2 and B.3.3.

In Phase 1, corresponding to work items B.2.1 and B.2.2, a broad range of study cases was
collated and developed so that the engineering feasibility and cost of each study case could
be better assessed for prescreening. Yachiyo Engineering Company Limited (YEC) completed
the Phase 1 study on Engineering and Cost Estimates and submitted their Final Report in
February 1992.

In accordance with the results of the prescreening carried out by the Commission at the end
of Phase 1, the Phase 2 Study focuses on the following two alternatives:

1.  High Rise Lock Canal
2. Route 10 Sea Level Canal

The purpose of the Phase 2 Study, corresponding to work items B.3.2 and B.3.3 of Fig. 1,
is to provide sufficient engineering and cost estimate information, data, analysis, and
conclusions to enable the Commission, after considering the results of all component studies,
to select the best and most viable alternative to the present Panama Canal.

The first report to be submitted in Phase 2 was the Inception Report. Following meetings in

Panama in August/September 1992 with the CAS Secretariat, the Inception Report was
revised to reflect agreements reached at the meetings.

)
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The Interim Report dated October 1992 was submitted on October 21, 1992. Following
submission, discussions were held with the CAS Secretariat in Panama between November
11 and November 19, and the agreements reached are described in the Memorandum of
Meeting dated November 19, 1992. Subsequent monitoring meetings were held with a
representative of the CAS Secretariat between December 15 and December 18. The
agreements reached during these meetings are described in the Memorandum of Meeting
dated December 18, 1992.

The Draft Final Report which was submitted on February 6, 1993 included substantial
completion of most items to be addressed on the Phase 2 Study. The Draft Final Report was
jointly reviewed with the CAS Secretariat in Panama between 17 and 25 February 1993 and
agreements reached were Summarized in the Memorandum of Meeting dated 25 February
1993. The Final Report was submitted on 20 April 1993.

The alternatives under consideration, study outline and objectives are briefly explained in Part
. The basic conditions and assumptions, etc. commonly used in developing the preliminary
designs and costing in Part III and Part IV are described in Part II. The technical examination
results, construction plans and cost estimates for the new High Rise Lock Canal and Sea
Level Canal are given in Part III and Part IV respectively.

Final Report 1/2

Summary »

Part I  : Introduction & Objectives
Part I : General

Appendix

Base Maps

Final Report 2/2

Part III : High Rise Lock Canal
Part IV : Sea Level Canal
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EXECUTIVE SUMMARY

1. GENERAL

The objective of the study in Phase 2 is to provide engineering, preliminary design,
construction planning and feasibility engineering, cost estimates for the following two
alternatives:

1) High Rise Lock Canal
2) Sea Level Canal

1.1 Features of Alternatives
The main features of the High Rise Lock Canal and Sea Level Canal are listed in the
table below. Details of these two alternatives are summarized in the summation tables

(1) and (2) attached at the end of this Executive Summary.

Table S.1-1 Main Features of Alternatives

Alternatives High Rise Lock Canal Sea Level Canal
Along Existing Canal Route 10 from IOCS Study
Alignment Shown as Fig. S.1-1 Shown as Fig. S.1-2
Maximum Ship Size 150,000 200,000 250,000 DWT
(2020) 16,200 16,200 16,200
Existing C. _
New Canal 2,000 2,000 2,100
g;mber of Total 18,200 18,200 18,300
1p
Transits (2060) 20,000 20,000 © 19,400
Existing C. )
New Canal 4,600 4,600 5,100
Total 24,600 24,600 24,500
Number of Lanes 2 1 (approach 2)
Number of Lifts 2 0
Water Level 85 feet & 90 feet Sea level
Case (a) | Case (b) | Case (c)
Tidal Lock & Gate n.a.
parallel 4 1 lane parallel
locks 2 gates 4 locks
& 1 gate
Shown in Fig. S.1-3

n.a.. not applicable
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Result of the Study

The Study proposals are phased to meet transit requirements for the years 2020 and
2060 or beyond, and it has been assumed that the existing canal and locks will
continue to operate in addition to the new canal. Construction unit costs have been
adjusted to take into account the enormous scale of construction.

The results of the study are as follows.

1) Details of the Study are summarized in the summation tables attached at the
end of the Executive Summary.

2) Total construction cost for the year 2020 and the additional cost for the year
2060 with main facilities included in the cost are listed in the Tables S.1-2

and S.1-3.

3) Results of the sensitivity analysis for the canal bank slope and the bottom
width of channel are shown in Table S.1-4 for Option Study.

Table S.1-2 Summary for the Year 2020

Item

High Rise Lock (85 feet)

Sea Level Canal

150,000 DWT | 200,000 DWT

Case (a) Case (b) Case (c)

Total Cost (Mill.USS$) 7,374 8,546 13,519 | 12,747 | 14,159
New Facilities Included: -
Canal 2 lane canal 1 lane canal &

2 lane approach

Lock and Gate

third lane lock
(one lane of new locks)

parallel 1 lane parallel.
3 locks 2 gates 3 locks

& 1 gate
Water Supply n.a. Indio n.a.
Pump Station (MCM) n.
Barrier Dam n.a. 3
Freshwater Barrier n.a. considered
Diversion Scheme n.a. considered
Crossing Bridges 2 places 3 places

Breakwater

existing available

additional new

n.a.:

not applicable
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Table S.1-3 Summary for the Year 2060

(Additions to the Year 2020)

Itern High Rise Lock (85 feet) Sea Level Canal
150,000 DWT | 200,000 DWT | Case (a) | Case (b) | Case (c)
Total Cost (Mill.US$) 1,407 1,350 1,717 775 1,717
Lock and Gate fourth lane lock fourth n.a fourth
(later than 2060) lane lane
lock lock
Water Supply 2 dams 1 dam 1 dam
Cir, Indio Trinidad Upper Gatun
Pump Station 2 places 2 places n.a.
Crossing Bridges 2 places 4 places
n.a.: not applicable
Table S.1-4 Summary of Options Study
Additional Cost (Mill. US$)
[tem High Rise Lock (85 feet) Sea Level Canal
150,000 DWT 200,000 DWT | Case (a) | Case (b) | Case (c)
Canal Bank Slope
Cotangent 0.4 Increase n.s. 277 837 n.s. 837
Increase Bottom Width
of Channel from 7B to n.s. 555 129 n.s. 129
8B

n.s.: not studied
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2.1
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221

HIGH RISE LOCK CANAL
(Part III, Section 1 Engineering and Preliminary Design)

With regard to the High Rise Lock Canal alternative, two case studies were conducted,
for prospective ship sizes of 150,000 DWT and 200, 000 DWT. Two water levels,
i.e. 85' and 90', were also considered for Gatun lake.

General

General engineering conditions used in Enginecring and Preliminary Design are
summarized in the Summation Table (1) attached in the last page. The Schematic
Layout of the High Rise Lock Canal is shown in Fig. S.1-1.

Water Management Plan
Annual Yield

Calculation of the annual yield of the Gatun watershed of 3,339km? is necessary to
determine the available lockage water volume for the High Rise Lock Canal. The
annual yield minus municipal use (4%) and evaporation loss (10%) gives the
available lockage water volume. Based on analysis of the runoff of the last 51 years,
the average annual runoff (yield) of the Gatun watershed is 6.6 billion m’. After
reduction for municipal use and evaporation loss, the available lockage water volume
is 5.6 billion m’.

Water Balance

From the calculations, the following have become clear.

1) 150,000 DWT in the year 2020 case
The required water volume (3,881 million m®) for the existing and new locks
can be supplied from the existing catchment and dams, and no special counter
measures are needed.

2) 150,000 DWT in the year 2060 case
The required water volume (5,872 million m®) cannot be supplied from the
existing catchment and dams, and a new water source (Indio) and regulating
dam (Ciri) are necessary.

3) 200,000 DWT in the year 2020 year case
The required water volume (4,068 million m®) cannot be supplied from the

existing catchment and dams in a dry year, and Indio Dam is needed as a new
water source.

S-7
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4) 200,000 DWT in the year 2060 case

The required water volume (6,303 million m’) cannot be supplied from the
existing catchment and dams even in an average year. Trinidad dam as a
regulating reservoir and Indio dam as a new water source are necessary. A
recycling pump system is also needed.

5) Facilities for water supply dams and pump stations are summarized in Table
S.2-1.

Table S.2-1 Dams and Pump Stations

Max. Ship Size DWT
Year Rain fall High Rise Lock Canal (85 feet) Sea Level Canal
150,000 DWT | 200,000 DWT | 250,000 DWT
Wet year n.r. n.r. n.I.
2020 Average year n.rI. n.r. n.r.
Dry year n.I. Indio n.r.
Wet year n.r. n.r. n.r.
Average year Indio Indio
2060 Cin Trinidad n.r.
Pump S
Dry year Indio Indio Upper Gatun
Cid Trinidad
Pump S Pump S
Note: n.r. : not required.
wet year : 1981 (maximum yield in last 10 years)
average year : average yield in 51 years
dry year : 1982 (minimum yield in last 10 years)

The relationship between the required water volume for the existing and new locks
and the available water volume in an average year is shown in Table S.2-2 and S.2-3.

In all cases there will be no water shortage except for special situations for the high
rise cases. The water shortage may occur near 2060 and especially during dry years.
However with addition dams and/or pump stations there will be sufficient water for
all situations.
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2.2.5

Dams in Gatun Watershed (Acting as Regulating Reservoirs)

Any shortage in the lockage water cannot be compensated for regardless of how many
dams are constructed in the Gatun watershed. The best way of compensating is the
use of water from the Indio dam located outside the Gatun watershed or pumping to
recycle water. Consequently, such planned dams as the Ciri, Trinidad or Upper Gatun,
all located in the Gatun watershed, should act as regulating reservoirs for the effective
use of the available water for lockages. The feasibility of such dams acting as
regulating reservoirs was examined at the 3 sites as shown in Table S.2-4. The
elevation of the crown, dam height and effective storage of each dam site are given
in the table while the locations of these sites are shown in Fig. S.2-1. The typical
dam cross section is shown in Fig. S.2-2. It was decided that the Ciri and Trinidad
dams for ship size 150,000 DWT and 200,000 DWT respectively should be used as
a regulating dam.

Indio Dam (Acting as New Water Source)

Planning of the Indio dam in the upper reach of Rio Indio will provide a new water
source. The water stored by this dam will be guided to the western end of Gatun lake
via an open channel. The main specifications of this dam are given in Table S.2-5
while its typical cross-section is shown in Fig. S.2-2.

Water Circulation Plan

This system guides the lockage water from the lock's lower chamber through an open
channel to a recycling basin for temporary storage, instead of discharging it directly
to the sea. The stored water is pumped to the Gatun lake side. The pump capacity
used in the calculation was 30m®/sec with a pipe diameter of 3,600mm and a motor
output of 9,200kw.

Pumping is not required for the year 2020. For the year 2060, two pump stations are
proposed, one on the Atlantic side and one on the Pacific side. Allowing for outages,
two pumps are required at each pump station.

It is necessary to provide a recycling basin and pump station on both the Atlantic and
Pacific sides since the volume of spent lockage water discharged from the new locks
on one side only is less than the volume of water required to be recycled. Separate
recycling ponds and pump stations will also be an advantage in the event of an
emergency.
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Table S.2-2 150,000 DWT Ship Case (85 Feet)

Description Year 2020 2060
1. Available Water (Average Year) MCM 5,647 5,653
2. Lockage Water (for Existing Locks) " 2,867 3,540
3. Lockage Water (for New Locks) " 1,014 2,332
4. Total Lockage Water (2 & 3) " 3,881 5,872
3. Water Balance " +1,766 =219
Table S.2-3 200,000 DWT Ship Case (85 Feet)
Description Year 2020 2060
1. Available Water (Average Year) MCM 5,647 5,653
2. Lockage Water (for Existing Locks) ! 2,867 3,540
3. Lockage Water (for New Locks) " 1,201 2,763
4. Total Lockage Water (2 & 3) " 4,068 6,303
5. Water Balance " +1,579 -650
Table S.2-4 Dam Dimensions in Gatun Watershed

Name Dam Crest Elevation Dam Height | Effective Storage Volume
Ciri Dam 125 m 60 m 120 million m’
Trinidad Dam 145 m 80 m 475 million m’
Upper Gatun Dam 120 m 95 m 340 million m’

Table S.2-5 Indio Dam Dimensions

Name Dam Crest Elevation Dam Height Effective Storage Volume
Indio Dam (H) 95 m 90 m 710 million m’
Indio Dam (L) 85 m 80 m 550 million m’

S-10
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23 Canal Excavation Plan
2.3.1 Description

Calculation of the excavation volume was conducted for 4 different cases involving
two ship sizes, i.e. 150,000 DWT and 200, 000 DWT, and two lake water levels, i.e.
85'and 90'. Topographical maps and sea charts (with a scale of 1/25,000) were used
for the calculation. Moreover, five geographical types were introduced to represent
the soil and rock characteristics of each zone. (See Fig. S.2-5)

Calculation Results

)
W
[

Calculation of the excavation volume was conducted scparately for ground (dry)
excavation and dredging. The results are given in Table S.2-6 and Fig. S.2-3. The
relevant figures for Sea Level Canal Case (a) are also given for reference purposes.
The excavation volume for each zone with a water level of 85' and a ship size of
200,000 DWT are given in Fig. S.2-4. Both the dry and wet excavation conditions
are further classified in terms of the geological characteristics, i.e. soil, soft rock and
hard rock, etc. Please refer to the main report for a more detailed description.

Table S.2-6 Excavation Volume

Water Ship Size Dredging Volume | Dry Excavation Total Excavation
Level Volume Volume
(DWT) (million m?) (million m°) (million m’)
8s' 200,000 ‘ 358 242 600
85' 150,000 295 217 512
90' 200,000 346 229 575
90 150,000 286 205 491

S-12
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24 Lock Structures and Mechanical Equipment

2.4.1 Lock Structures (Concrete) and Incidental Facilities

9

2)

3)

4)

Lock Locations

Fig. S.2-6 and Fig. S.2-7 show the planned lock locations on the Pacific side
and Atlantic side respectively. The location of the new high rise lock on the
Pacific side has been slightly moved westward from the previous location
suggested in Phase [ because of the partial alteration of the canal alignment to
enable the smoother navigation of vessels. As a result, the location of the new
lock is a distance of some lkm from the existing lock. This separation is
preferred on safety grounds as the canal side water level of the high rise lock
is 85' which is much higher than the water level of Miraflores lake of 55'. A
closure bank is introduced (as shown in Fig. S.2-6) next to the new lock to
prevent the overflow of water from the new canal side to the existing lock
side.

Surge Basin

Hydro-dynamic impact caused by the surging phenomenon may occur on the
Pacific side when the canal water pours into the lock chamber in a relatively
short period of time. To reduce the effects of such surge on vessels, a surge
basin in proposed in the area of the Rio Cocoli valley of the new Pacific side
lock using the natural topography as much as possible. A surge basin is not
required on the Atlantic side since Gatun lake is immediately adjacent to the
upstream end of the new locks.

Recycling Basin and Pump Station

The introduction of a recycling pond is proposed for the year 2060 on both the
Pacific and Atlantic sides to store the spent lockage water (mainly fresh water)
for subsequent recycling by pumping. A pump station with a capacity of
60m’/sec will also be provided on both ocean sides between the recycling
basin and surge basin.

Lock Structure

All locks and approach walls will be the gravity type with varying cross—
sections to meet the stability requirements and to incorporate a hydraulic
tunnel system. The seismic coefficients used are Kh=0.1 and Kv=2/3Kh. Fig.
S.2-8 shows the typical cross-section of the area around the middle operating
gate.

S-15
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5)

Fourth Lane of Locks

Initially, just one lane of new, large locks is required at Gatun and Miraflores,
however the excavation for the fourth lane of locks (ie. a second lane of larger
locks) is included and costed as part of the initial works for 2020.

The fourth lane of locks may be required by or after 2060 and construction
costs for the fourth lane have been included in Appendix 4.

S-16
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2.4.2 Gate Leaves

1y

2

Description

The proposed gate type is the Miter type gate which was examined in Phase
1. Particular emphasis during the design stage of the main gate was put on the
allowable stress for fatigue. Compared to the Phase 1 design, the number of
gate operations has been reduced with the effect of increasing the allowable
stress for fatigue, in turn lightening the gate weight. The assumed time
required to open or close the gate is five minutes and the gate operation
mechanism has been designed on this basis.

Main Gate Dimensions

The dimensions of the main gate are given in Table S.2-7 and S.2-8.

Table S.2-7 Main Gate Dimensions (200,000 DWT Case)

Position of Gate

Pacific Side
W(m) x H(m) x W(tons)

Atlantic Side
W(m) x H(m) x W(tons)

Upper Operating Gate

55.0 x 23.6 x 2,000

55.0 x 23.6 x 1,800

Middle Operating Gate

55.0 x 37.8 x 4,200

55.0 x 36.3 x 3,900

Lower Operating Gate

55.0 x 40.6 x 4,100

55.0 x 36.0 x 3,300

Table S.2-8 Main Gate Dimensions (150,000 DWT Case)

“Position of Gate

Pacific Side
W(m) x H(m) x W(tons)

Atlantic Side
W(m) x H(m) x W(tons)

Upper Operating Gate

50.0 x 22.1 x 1,650

50.0 x 22.1 x 1,650

Middle Operating Gate

50.0 x 36.3 x 3,400

50.0 x 34.8 x 3,150

Lower Operating Gate

50.0 x 39.1 x 3,400

50.0 x 34.5 x 2,800

Note: .1)

The gate weight indicates the weight of a pair of gate leaves and

includes neither the weight of the gate frame which is built in to the
supporting concrete structure nor the weight of the gate operation

mechanism.

2) W(m) : gate width in meters
H (m) : gate height in meters
W (tons) : gate weight in tons
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Mules

A total of 20 mules with a traction power of 64 tons will be used for both the Pacific
side and Atlantic side of the new locks (totalling 40 mules). The specifications and
number to be installed are the same for both the 200,000 DWT case and 150,000
DWT case.

Incidental Structures
Breakwater

A breakwater is currently provided on the Atlantic side to protect the approach
channel to the canal and this breakwater can be used for the new High Rise Lock
Canal. On the Pacific side, three islands, i.e. Naos, Perico and Falmenco, and the
road connecting these islands act as a breakwater protecting the approach channel. As
a result, no new breakwaters are required.

Berthing Facility for Small Boats

The construction of piers for the mooring of small boats, including tug boats to assist
the navigation of passing vessels, is planned. These 50m long and 10m wide jetties
will have a pile foundation with concrete slabs. A total of seven such piers will be
constructed along the canal, including the approach channels.

Anchorage Area

Vessels wishing to use the canal must sometimes anchor offshore while awaiting
permission to navigate the canal. The introduction of an anchorage area on the ocean
side of the approach channel is necessary for the new canal as in the case of the
existing canal. The planned area is sufficiently deep and no dredging is required. As
the vessels use their own anchors, there is no need for the construction of new
anchorage facilities.

Transportation Plan

With the construction of the new canal, the existing Bridge of the Americas on the
Pan American Highway must be replaced by a new bridge to allow a wider approach
channel and an increased bridge height for the passage of large vessels. Four canal
crossing points, i.e. replacement of the Bridge of the Americas and three further
crossings at Van Dam Bypass, Gamboa and Atlantic coast area, are proposed in the
present plan for the widening of the canal and the construction of new high rise lock
facilities. The approximate locations of these crossing points are shown in Fig. S.2-9.
For the year 2020, it has been agreed that only the replacement of the Bridge of the
Americas (Pacific side) and the provision of a new bridge on the Atlantic side will be
costed. Addition of the other two bridges is included for the year 2060. Realignment
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of some existing roads and the construction of new work roads are also required as
part of the new high rise lock construction work. The construction cost for these
bridges and roads, etc. is included in the estimated cost of the High Rise Lock Canal.

Pacific Ocean

Fig. S.2-9 Road Crossing Location

For High Rise Lock Canal, road crossings at locations @ to (4) shown above are
planned. For Sea Level Canal, road crossing at locations @ to (8) shown above are
planned.
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3.1

SEA LEVEL CANAL
(Part IV. Section 1. Engineering and Preliminary Design)

The Sea Level Canal is designed to accommodate 250,000 DWT class vessels. The
case variations include tidal locks on the Pacific side, a tidal gate on the Atlantic side
and combinations of these. The configurations of these different cases are shown in
Fig. S.1-3. The Layout of the Sea Level Canal is shown in Fig. S.1-2.

General

General engineering conditions used in Engineering and Preliminary Design are
summarized in the Summation Table (1) attached in the last page. The schematic
layout of the Seca Level Canal is shown in Fig. S.1-2.

There is a possibility that the Sea Level Canal could cause an environmental problem
on a large scale because of the movement of seawater between the Pacific and
Atlantic. The introduction of a freshwater barrier has been examined as a method, of
solving this potential problem. The study also examines the possible volume of
freshwater to be poured into the canal and by what method, but the likely effects of
this have not yet been studied. A more detailed examination is, therefore, required in
the future prior to the official acceptance of the freshwater barrier.

Water Management Plan
Available Lockage Water for Existing Canal

The main water management item in the case of the Sea Level Canal is examination
of the available water volume for the existing locks in view of the reduced size of
Gatun lake (due to the construction of a barrier dam) upon completion of a Sea Level
Canal. Upper Gatun Dam is planned to supply water to the reduced Gatun Lake as
described in IV.1 Chapter 2 Water Balance.

Freshwater Barrier System

The freshwater barrier system proposed here to solve the problem of seawater
movement between the two oceans involves the collection of rain, mainly from the
watershed at the west side of the canal, and discharging as much freshwater as
possible into the canal or tidal lock chambers to form a freshwater barrier to restrict
the movement of seawater. However, it is questionable whether or not the movement
of seawater between the two oceans will be successfully prevented by the freshwater
barrier system alone. (Setting of the canal water level above HWL +3.6m on the
Pacific side with the installation of tidal locks on both the Pacific and Atlantic sides
could achieve the level of performance shown by the existing locks and may
considerably reduce the possible adverse impact on the environment. Consideration
of this option was not required as part of this study.)
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33.2

Available Freshwater Volume

Only the available volume of water to be used by the freshwater barrier system and
the water collection method are examined in the Report. The main analysis item is
to determine the amount of freshwater which can be made available after meeting
water requirements for the existing canal. In short, the amount of water available
from reservoir (E) for the freshwater barrier is approximately 1,200 million m*/year
in an average year, plus about 700 million m*/year from other rivers.

Freshwater Supply System

Freshwater for the creation of a freshwater barrier could be discharged either into the
canal or into the tidal lock chambers.

1) Discharge into the Canal

Freshwater would be discharged into the canal via outlet structures from dams
W-3-D, W-4-D, W-6-D and W~7-D (refer section 3.6) and from barrier
dam (E). Water from other rivers such as Rio Pescado, Rio Martin Sanches,
and Rio Lagarto (East) would also be discharged into the canal.

It would also be possible to discharge water directly into the tidal lock
chambers as described below.

2) Discharge into Tidal Lock Chambers

The discharge into the canal could be supplemented by the discharge of
freshwater directly into the tidal lock chambers. This method would probably
not be very effective on its own but may be an effective supplementary
measure to the discharge into the canal described in 1) above.

Canal Excavation Plan
Description

The excavation volume was calculated for the three different cases, i.c. (a), (b) and
(c), using topographical maps and sea charts (scale: 1/25,000). Five geological types
were introduced to represent the soil and rock characteristics of each zone. (See Fig.
S.3-3)

Calculation Results

The excavation volume was separately calculated for dry excavation and dredging, and
the results are given in Table S.3-1. The excavation volume for each case and the
excavation volume for each zone are shown in Fig. S.3-1 and Fig. S.3-2 respectively.
Both the dry excavation and dredging conditions are further classified in terms of the
geological characteristics, i.e. soil, soft rock and hard rock, etc. Please refer to the
main report for further details.
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Table S.3-1 Excavation Volume

1000
800
600
400

200

048
Cadd

Case Ship Size Dredging Volume | Dry Excavation | Total Excavation
Volume Volume
(DWT) (million m?) (million m®) (million m’)
Case (a) 250,000 304 948 1,252
Case (b) 250,000 351 1,034 1,385
Case () 250,000 304 948 1,252
Nill.a3 ;DREDGING
1200/1 X 1034

Sea Level Canal

Fig. S.3-1 Excavation Volume for Each Case
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Fig. S.3-2 Excavation Volume for Each Zone (Case a)
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Fig. S.3-3 Zone Map of Sea Level Canal
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Tidal Locks and Tidal Gates
Study Cases

For the Sea Level Canal, three cases were studied, i.e. (a) the introduction of tidal
locks at only the canal entrance on the Pacific side, (b) the introduction of tidal gates
at both the Pacific and Atlantic sides and (c) the combination of tidal locks and tidal
gate.

In Case (a), the tidal locks are located Skm inland from the river mouth of Caimito
river on the Pacific side and no tidal lock is constructed on the Atlantic side. As
shown in Fig. S.3-4, three-lane tidal locks will be constructed by 2020 and an
additional lane will be constructed by 2060, resulting in a total of four lanes.

In Case (b), tidal gates are located on both the Pacific and Atlantic sides. The
location of the Pacific side tidal gates is the same as that of the tidal locks in Case (a)
while the location of that on the Atlantic side is some 15km inland from the coast,
near Escobal village and the existing Gatun Lake shoreline.

In Case (c), the tidal locks are constructed in the same position as in Case (2) while
the tidal gate is constructed near Lagarterita village on the Atlantic side, about 24 km
from the Atlantic shoreline.

Structures
1) Tidal Locks of Case (a) and Case (c)

The tidal lock structure will consist of a recess for torsion—type sliding gates,
a lock chamber wall and guide wall. As mentioned earlier, three lanes will be
constructed for 2020 and an additional lane will be constructed for 2060 to
complete the 4-lane lock. The layout plan for the tidal locks is shown in Fig.
S.3-4.

All structures and approach walls will be the gravity type with varying cross—
sections to meet the stability requirements. The seismic coefficients to be
applied are Kh=0.1 and Kv=2/3 x Kh. Table S.3-2 gives the main dimensions
of the tidal lock structures and the concrete volume.

2) Tidal Gate of Case (b) and Case (c)

The tidal gate structures will consist of a recess for a triangular type rolling
gate and abutment. All structures will be made of concrete. The plan for the
tidal gate is given in Fig. S.3-5 while Table S.3-2 gives the main dimensions
of the tidal gate structures and the required concrete volume.
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Table S.3-2 Dimensions and Concrete Volume of Tidal Structures (2020)

Dimensions (m) No. Concrete Volume
L W D (m’)
Case (a) Tidal Lock 430 60 23 3 6,000,000
Case (b) Tidal Gate - 190 23 2 1,960,000
Case (c) Tidal Lock 430 60 23 3 6,980,000
Tidal Gate - 190 23 1

3.4.3 GQGates

The proposed gate type for the tidal lock is the torsion type sliding gate. In view of
possible emergencies, the provision of two operating gates and two emergency gates,
i.e. two each at the Pacific approach channel side and canal side of the lock chamber,
is proposed. Particular emphasis was put on the allowable stress for fatigue during
the design stage. The assumed time required to open or close the gates is five minutes
and the gate operation mechanism has been designed on this basis.

In the case of tidal gates, the triangular-type rolling gate is proposed. Two gates are
planned at each tidal gate site to allow the emergency use of an extra gate. The
assumed time required to open or close the gates is twenty minutes. The main
dimensions of the tidal gate are given in Table S.3-3.

Table S.3-3 Main Gate Dimensions (250,000 DWT Vessel)

Structure Dimensions No. per Site Weight

W (m) x H (m) (tons)
Operating Gate for Sea side 60 x 30.6 1,650
Tidal Lock Canal side | 60x275 | ! 1,450
Tidal Gate 190 x 27.5 2 8,500

Notes: 1) The gate weight indicates the weight of the a gate leaf and includes
neither the weight of the gate frame which is built into the supporting
concrete structure nor the weight of the gate operation mechanism.

2) W (m) : gate width in meters
H (m) : gate height in meters
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3.4.4 Mules
A total of ten mules with a traction power of 64 tons each will be used for each tidal

lock (40 units for four tidal locks). The specifications are the same as those to be
used for the new high rise lock.
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Barrier Dams
Description

The main barrier dams are two almost parallel dams to be constructed in Gatun lake.
These dams will ensure the present water level of Gatun lake while allowing the water
level between the barrier dams to be lowered to the seawater level. The Sea Level
Canal passing between these two dams can be constructed with minimal adverse
effects on Gatun lake. The barrier dams will start near Escobal village at the southern
tip of Gatun lake and end near Cano Gigante on the opposite side of the lake. Apart
from these main barrier dams, another barrier dam is planned on the opposite coast
of La Laguna village to bring the total number of barrier dams to three. Fig. S.3-6
shows the location of the barrier dams.

Barrier Dam Structure

All the barrier dams to be constructed will be the rock fill type. Structurally, each
will consist of a core, filter and armour layer to ensure proper and stable functioning.
The materials to be used are clayey soil, sand and 500-600 kg rocks for the core,
filter and armour layer respectively. The foundation depth is designed to be some
10m lower than the lake bottom elevation to ensure dam stability. Instrumentation to
measure subsidence will be attached to each dam to check the occurrence of dam
subsidence.

Barrier Dam Dimensions

The main dimensions of the barrier dams are given in Table S.3-4, and Fig. S.3-7
shows a typical section of the barrier dam.

Table S.3-4 Barrier Dam Dimensions

Name Dam Height Crest Level Crest Length | Volume (million m’)
E 30m EL 32 m 4,200 m 13.0
F 32m EL32m 5,100 m 142
G 25m EL32m 900 m 2.0
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3.5.4 Reservoir

An area to the west of the main barrier dam will be separated from Gatun lake to
form a reservoir (E) which will be used as a freshwater supply source for the
Freshwater barrier. The water level of the reservoir will be 26.6m above sea level
which is the same as that of Gatun lake. The reservoir surface area will be about
80km* and the storage volume will be approximately 500 million m’. The watershed
serving this reservoir has an area of 685km’ and rainwater will mainly flow into the
reservoir via Rio Ciri and Rio Trinidad. The freshwater of the reservoir will flow
down into the canal via a freshwater conveyance structure ordinarily. The freshwater
volume from the reservoir will be 1,159 million m® in an average year. Surcharge
water during a flood will be discharged to the Atlantic via the spillway and Rio
Lagarto (see Fig. S.3-6).
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—-=—1 gcundazv c¢f Watershed

Flood Spillway
Structure to
Rio Lagarto

Reservoir(E)

o
g« —7a
T)C 5) NI
YA - N 2o
Freshwater f/"' N } .
Discharge A . LS
Structure 4 --Rdgersion
k j  Same \
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Fig. S.3-6 Barrier Dam Locations
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Fig. S.3-7 Typical Section of Barrier Dam
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3.6

3.6.1

3.6.2

Diversion Scheme
Description

In view of the requirement to prevent flood water flowing into the canal during
construction and to inject a huge amount of water into the canal or tidal lock chamber
as freshwater, it is necessary to temporarily store freshwater from rivers in a reservoir
and other facilities so that a regular supply of freshwater is available for discharge into
the canal for the barrier system. Reservoir (E) is proposed for this purpose.
Freshwater is obtainable from Rio Trinidad and Rio Ciri, both of which directly flow
into Reservoir (E). In addition, the use of Rio Los Hules, Rio Quebrada Chica and
Rio Cano is proposed to provide water for Reservoir (E) via diversion channels.

Rio Caimito, the watershed of which differs from the Gatun watershed, also has a
large runoff which can be used for the freshwater barrier system. As it is difficult to
guide water from the proposed Rio Caimito dam to Reservoir (E) due to topographical
reasons, water from Rio Caimito will be discharged into the canal or tidal lock
chambers independently of reservoir (E). Rio Lagarto (East) will be dammed near the
Atlantic Ocean and a diversion channel constructed to divert water to the canal.
During major floods however the water would be diverted to the Atlantic Ocean
outside the Atlantic breakwaters. Water from other rivers (Rio Lagarto East, Rio
Pescado and Rio Martin Sanches) will be discharged directly into the canal. Major
rivers flowing into the Sea Level Canal are listed below for reference purposes.

1)  Rio Lagarto (East)
2)  Rio Lagarto (West)
3)  Rio Trinidad

4)  Rio Cir

5)  Rio Los Hules

6)  Rio Quebrada Chica
7) Rio Cano

8)  Rio Pescado

9)  Rio Caimito (East)
10)  Rio Caimito (West)
11)  Rio Martin Sanchez

Diversion Channels and Cofferdams

The locations of rivers listed in 3.6.1 are shown in Fig. S.3-8 while the improvement
measures for each river are given in Table S.3-5.
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Table S.3-5 River Improvement Measures

Name of River Description Dam Channel
Rio Lagarto (East) discharge directly to canal - -
Rio Lagarto (West) dam and diversion channel W-1-D w-1-C
Rio Trinidad directly to reservoir (E) - -
Rio Ciri directly to reservoir (E) - -
Rio Los Hulos dam and diversion channel W-3-D W-3-C
Rio Quebrada Chica dam and diversion channel W-4-D W-4-C
Rio Cano dam and diversion channel W-6-D Ww-5-C
Rio Pescado discharge directly to canal - -
Rio Caimito (East) dam and diversion channel E-2-D E-2-C
Rio Caimito (West) dam and diversion channel W-7-D E-2-C
Rio Martin Sanchez discharge directly to canal - -
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3.7 Incidental Structures
3.7.1 Breakwaters

New breakwaters are proposed for the Sea Level Canal on both the Pacific and
Atlantic sides. On the Pacific side, a breakwater on the eastside only is planned, as
is provided for the existing canal near Panama City. The proposed slope gradient is
1:3, Fig. S.3-9 shows the typical section of the breakwaters.

VM.S. L.+0.10

! -17.10

. ; fO.St.Arnor rock{2Layers)
{10.00] LU /31, Armor rock(ZLavers)

BREAKWATER CENTER LINE

M5 L.+0.30

TM.L.W.S.-2.30

"“‘15:."% : ]
! /0-5t. Armor rock(2Lavers)
L}0.0ol, 418. 30 3t Armor_rock(2layers)

BREAKWATER CENTER LINE

Note 1: All dimensions are in meters.
2: Datum for all levels is P.L.D.(meters)

Fig. S.3-9 Typical Section of Breakwaters
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Jetty for Small Boats

The construction of piers for the mooring of small boats, including tug boats to assist
the navigation of passing vessels, is planned. These 50m long and 10m wide jetties
will have a pile foundation with concrete slabs. A total of six such piers will be
constructed along the canal, including the approach channels.

Anchorage Area

Vessels wishing to use the canal must sometimes anchor offshore while awaiting
permission to navigate the canal. The introduction of an anchorage area on the ocean
side of the approach channel is necessary for the new canal as in the case of the
existing canal. The planned area is sufficiently deep and no dredging is required. As
the vessels use their own anchors, there is no need for the construction of new
anchorage facilities.

Transportation Plan

With the construction of the Sea Level Canal, the construction of new bridges/tunnels
is essential to link the east and west sides of the canal. Four canal crossings are
proposed, at the Pan American Highway, autopista, near Escobal and at the Atlantic
coast area. The total number of crossings will be seven for the Sea Level Canal as
three additional crossings will be provided over the existing canal. The cost of the
construction of these bridges, realignment of existing roads and the construction of
new roads, is included in the estimated cost for the Sea Level Canal.

The locations of the 7 proposed road crossings are @ to (8) shown in Fig. S.2-9.
For the year 2020, it has been agreed that three bridges over the Sea Level Canal, i.e.
the Atlantic bridge, Escobal bridge, and one bridge on the Pacific side, will be costed.

The remaining bridge over the Sea Level Canal and the three bridges over the existing
canal are included in the costs for the year 2060.
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4.

MEMBERS OF THE STUDY TEAM FOR PHASE 2 STUDY

The Study Team consisted of the following 19 members;

Assignment

Project Manager
Structural Engineer (1)
Structural Engineer (2)
Geologist

Geotechnical Engineer
Civil/Hydraulics Engineer
Mechanical Engineer (1)
Mechanical Engineer (2)
Waterways Specialist
Safety Operation Specialist
Port/Harbor Engineer
Highway Specialist
Transport Engineer
Blasting Specialist
Construction Engineer

Design/Quantities Engineer

Cost Engineer (1)
Cost Engineer (2)

Electrical/Control Engincer

YEC
SANYU C.
MHI
MAUNSELL :
JAPMA
PBI
SEIWA

]

SRS ESESSEEEESERET

Akira Ishido

. Shuji Sekigushi
. Masashi Bessho
. Nobuhiko Uchiseto

Murao Toyama
Toshinobu Nakano
Hiroshi Terata
Toshio Aketa
John Read
Takayuki Fukui
Satoru Nishino
Toshihiro Hotta
John Hamilton
Lewis L Oriard
Masahiko Hatayama
Masaaki Naito

Jun Iwasawa
Koichi Nagayoshi
Noritune Chiba

: Yachiyo Engineering Co., Ltd.

: Sanyu Consultants Inc.

: Mitsubishi Heavy Industrial Co., Ltd.
Maunsell & Partners (UK)

: Japan Association for Preventing Marine Accidents
: Parsons Brinkerhoff Pty. Ltd.
: Seiwa Consultants Co., Ltd.
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I. CHAPTER 1 - STUDY ALTERNATIVES

General Description of the Alternatives

The ECE Phase 2 Study is being carried out on the two
conceptual alternatives which survived the prescreening
process. The two alternatives are the High Rise Lock
Canal (HRLC) and the Route 10 Sea Level Canal (SLC). The
routes are shown in Figs. I.1-1 and I.1-3 respectively
and the schematic layouts are shown in Figs. I.1-2 and
I.1-4 respectively. The main features of the alterna-
tives, and the variations to be considered are described
below.

High Rise Lock Canal

The High Rise Lock Canal represents a new fundamental
alternative derived from the results of the Phase 1 work.
It is characterized by improvements to the existing canal
to allow ships of larger size to transit. Two variations
for the maximum ship size are considered; 150,000 DWT and
200,000 DWT. The ability for the larger ships to transit
will be achieved by the construction of a lane of larger,
two-1lift locks at Gatun and Miraflores, and by widening
and deepening the canal waterway elsewhere. Bypass canals
will be constructed at Gatun and Miraflores connecting
the new lane of locks to the existing canal. ' A variation
in the level of Gatun Lake from 85 feet to 90 feet will
also be considered to determine the effects on costs. In
all variations, the existing canal and locks will contin-
ue to operate both during and after construction of the
canal improvements.

The alternative and variations described above do not
correspond exactly to any of the Study Cases from Phase
1. The high rise lock canal for the 150,000 DWT ships
closely corresponds to the Phase 1 Study Case L4 (Gatun
Lake 85') and L5 (Gatun Lake 90'). While Phase 1 Study
Case L7 and L8 considered 250,000 DWT ships with Gatun
Lake levels of 85' and 90°' respectively, the Phase 1
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study did not consider 200,000 DWT ships as a separate
case. A further major difference is that all Study Cases
in Phase 1 assumed that two parallel lanes of new locks
would be constructed. In Phase 2 however, only the exca-
vation for the second lane of new locks will be included.

The route of the High Rise Lock Canal is shown in Fig.
I.1-1 and closely follows the existing canal except at
the bypass canal sections. The layout of the canal
improvements and the relationship to the existing canal
are shown schematically on Fig. I.1-2 and further details
are described below.

Operational Requirements

Two variations of the High Rise Lock Canal are consid-
ered. One caters for ships to a maximum nominal size of
150,000 DWT and the other for ships to a maximum nominal
size of 200,000 DWT. The canal navigation width is suffi-
cient for two-way operation throughout the canal of the
adopted maximum ship size. '

Existing Canal

The existing canal will continue in operation during and
after the canal improvements, and new construction and
dredging works will be carried out in and beside the
existing canal. The preliminary design and construction
planning must ensure that disruption to existing canal
navigation, operation and maintenance are minimized. The
cost estimates should reflect any higher costs associated
with restrictions on construction works.

Canal Transits

The predicted numbers of transits and lockages through
both the existing locks and the new locks are required
for the preliminary designs. Design areas affected by
transits and lockages include the analysis of lockage
water requirements, fatigue design of the lock gates, and
estimation of anchorage area requirements.
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Transit and lockage predictions are based on information
provided to the ECE Contractor by the CAS Secretariat.
The information provided by the Secretariat was based on
data from the other on-going component studies; the
Operating Characteristics and Capacity Evaluation Study
(OCCE Study) and the Commodity and Traffic Projections
Study (CTP Study).

Transit information is available for the years 2020 and
2060, and will be used to consider possible phasing of
the construction of new dams and pump stations for lock-
age water supply.
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1.2.5

Water Management

The existing dams and lakes are able to provide suffi-
cient lockage water for the number of ships now using the
canal. However, this situation is likely to change if the
High Rise Lock Canal improvements are implemented and the
water management analysis is an important component of
the Phase 2 Study.

In Phase 1, potential new dam sites were identified on
the Ciri Grande, Trinidad, Indio and Gatun rivers. The
Phase 2 Study reviews the need for the new dams and
considers where necessary the possibility of supplement-
ing the available water supply with pumping systems and
reservoirs for the recycling of fresh water.

After allowing for evaporation and municipal usage, the
water management analysis is based on the following order
of priority for water usage:

1. Lockage water (highest priority), then

2. Water for hydro-electric power generation.
Dam spillage -will only be allowed when unavoidable.

As mentioned in Section 1.2.3 above, the water management
analysis will be carried out for the years 2020 and 2060.
Recommendations for the staged construction of new dams
and pumping stations will be made if appropriate.

Gatun Lake Water Level

By increasing the level of Gatun Lake from the existing
85 feet to 90 feet, the amount of dredging required to
allow the passage of 150,000 DWT and 200,000 DWT ships
across Gatun Lake is reduced. This variation to the High
Rise Lock Canal is included to investigate if the savings
in dredging costs compensate for other problems. Disad-
vantages to be investigated include higher lockage water
requirements and additional lock construction costs.
Modifications would be required to existing locks, dams,
spillways and other infrastructure affected to suit the
higher water level. Other infrastructure affected would
include sections of the Panama-Colon railway, the PCC

I.1-6
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1.2.7

lakeside facilities at Gamboa, and low level roads and
bridges beside the lake. In addition, the effect of the
higher water level on the environment should be consid-
ered.

Fourth Lane of Locks

It is anticipated that the addition of a fourth lane of
locks will be required in the future. The construction
planning and cost estimates for the High Rise Lock Canal
will be based on construction of just one new lane of
larger locks at Gatun and Miraflores. However, the exca-
vation for the fourth lane of locks, ie. for a second
lane of larger locks, is included and costed.

Preliminary designs and a separate cost estimate are also
required for the fourth lane of locks as a guide for long
term planning. The construction of the fourth lane is
included in the costs for the year 2060.

The preliminary designs and cost estimates for the third
and fourth lanes of locks include culverts to allow the
direct transfer of lockage water between adjacent locks.
This feature will allow water conservation, likely to be
critical if transit numbers required the fourth lane.

PCC Culebra Cut Widening Contract

In July 1991 the PCC approved proposals for the widening
and straightening of the 13 km length of Gaillard Cut.
The widening is from 152m (500') to 192m (630') on
straight sections and to a maximum width of 223m (730')
on curves. Completion of this major improvement will
allow virtually unrestricted two-way transit of PANAMAX
size ships throughout the Panama Canal. Excavation works
commenced in 1992 and will continue over a number of
years. (Source: Panama Canal Commission Annual Report,
Fiscal Year ended September 30, 1991.)
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For the purposes of this Study, the improvements are
considered to have been completed. The excavation volume
for the Widening Contract is not included in the final
volumes and cost estimates for the High Rise Lock Canal.
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1.2.8 Associated Facilities

The preliminary design and costing for the High Rise Lock
Canal includes the design of associated facilities neces-
sary for operation of the improved canal. These facili-
ties include emergency gates, maintenance gates, anchor-
age and mooring areas, breakwaters, port facilities, and
emergency lay-by facilities (tie-up stations). Improve-
ments to the existing road network and new bridges over
the canals are also defined and costed.

In addition a lockage guidance system and a navigation
aid system based on requirements of the OCCE Contractor
is included in the cost estimates.

1.3 Outline of the Sea Level .Canal and Variations

The fundamental alternative for the Sea Level Canal under
consideration in Phase 2 was derived from the results of
the Phase 1 work. It represents a refinement of the sea
level canals considered in Phase 1. The route follows
Route 10 of the IOCS Study and is characterized by a
maximum ship size of 250,000 DWT. Across the isthmus the
canal will be one-way, with two-lane approaches on the
Pacific and Atlantic sides. For tidal control three
variations of tidal locks and tidal gates will be consid-
ered. For the control of movement of biota between the
two oceans, the tidal barriers required for tidal control
will be utilized to assist in the formation of a fresh
water barrier.

Since the existing lock canal continues in operation
during and after construction of the Sea Level Canal,
barrier dams must be constructed across Gatun Lake to
retain the lake water at existing levels.

The route of the Sea Level Canal is shown in Fig. I.1-3
and closely follows Route 10 from the IOCS Study. The
layouts of the three variations of the proposed canal are
shown schematically on Fig. I.1-4 and further details are
described below.
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1.3.

2

The Sea Level Canal alternative and variations described
priefly above do not correspond exactly to any of the
Study Cases from Phase 1. The Phase 1 study cases most
similar to the Sea Level Canal now under consideration
were Study Case S-3 (250,000 DWT, one-way for full
length) and Study Case S-14 (250,000 DWT, 50% one-way and
50% two-way).

Operational Requirements

The Sea Level Canal caters for 250,000 DWT vessels and
the navigation width allows for one-way operation except
for the approaches, which are two-way. The position of
the transition from the one-way canal to the two-way ap
proaches depends on the variation under consideration and
is described in Section 1.3.2 below.

Tidal Locks and Tidal Gates

Three variations are considered for the control of the
tidal currents that would be generated in an unrestricted
sea level canal. The variations were defined during
discussions with the CAS Secretariat in Panama following
submission of the Inception Report. The three variations
are shown schematically in Fig. I.1-4 and are further
described below.

case (a) Pacific Tidal Locks

Tidal control is provided by one set of tidal
locks (three lanes wide with an option for a
fourth lane). The locks are located about 5 km
from the Pacific shoreline at a position with
suitable topography and soil conditions. The
two-way approach on the Pacific side terminates
at the locks and the two-way Atlantic approach
channel terminates at the Atlantic shoreline.

I.1-12
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Case (b)

Case (c)

A Pair of Tidal Gates

Tidal control is provided by tidal gates located
near each shoreline. The location of the Pacif-
ic gates is as in Case (a) while the Atlantic
gates are approximately 40 km from the Pacific
Gates. The one-way canal length of 40 km is
based on the operating cycle of the gates and
the sailing time of convoys through the one-way
section. Both the Pacific and Atlantic ap-
proaches to the gates are two-way and the tran-
sition to the one-way canal occurs on the ocean
side of the gates.

Pacific Locks and Atlantic Tidal Gates

This case represents a slight variation of Case
(a). Tidal locks are provided on the Pacific
side according to Case (a) and the limits of the
one-way and two-way canal sections are also
according to Case (a). However, a tidal gate 1is
added on the Atlantic side to facilitate the
formation of a fresh water barrier, described in
Section 1.3.3 below. The operations and capaci-
ty of Case (c) are the same as for Case (a),
with the tidal gate opening and closing to suit
the transit of the ship convoys. The site of the
tidal gate does not affect the canal capacity.
It has been located 31 km from the Pacific locks
at a site suitable from a construction viewpoint
and where it can contribute effectively to
creation of the freshwater barrier. This aspect
is further described in Part IV - Section 1 -
Chapter 2.3.

In accordance with advice from the CAS Secretariat, the
tidal locks in Cases (a) and (c) have three parallel lock
chambers. However the designs allow for the future addi-
tion of a fourth parallel lock chamber. The cost of
adding the fourth chamber for 2060 is estimated to assist
in future planning.

I.1-13



Part I - Ch.1 Yachiyo Engineering

The preliminary designs and costing of the tidal locks
assume that a mule system, rather than tugs alone, will
be adopted for assisting vessels through the lockKs.

The tidal gates in Cases (b) and (c) provide the same
clear width as the bottom width of the one-way canal.

Canal Transits

The predicted number of transits and lockages through
both the existing lock canal and through the Sea Level
canal is required for the preliminary designs. The
numbers will affect important aspects of the preliminary
designs, including the lockage water analysis for the
existing locks, lockage water usage for the tidal locks,
fatigue design of the tidal locks and tidal gates, and
estimation of anchorage area requirements.

As in the case of the High Rise Lock Canal, transit and
lockage predictions are based on information provided to
the ECE Contractor by the CAS Secretariat. The CAS infor-
mation was derived from data produced by component con-
tractors for the OCCE and CTP Studies.

Transit information is available for the years 2020 and
2060. It will be used to consider possible phasing of the
construction of any new dams or pump stations required
for continued operation of the existing locks.

Water Management

The existing canal will continue in operation during and
after construction of the Sea Level Canal. The existing
dams and lakes provide sufficient lockage water for the
number of ships now using the existing canal but a review
is necessary. The water area, storage capacity, and
catchment area of Gatun Lake are all reduced by construc-
tion of the barrier dams for the Sea Level Canal. There-
fore a water management analysis for the reduced lake
storage and catchment area is required for continued
operation of the existing canal and locks. The upper
Gatun Dam was identified in Phase 1 as a possible dam

I.1-14



Part I -

Ch.1 Yachiyo Engineering

1.3.5

site and the Phase 2 Study reviews the need for this dam
or for a pumping system to supplement the available water
supply for the existing locks.

The water management analysis for the existing locks is
based on the same assumptions adopted for the High Rise
Lock Canal. After allowing for evaporation and municipal
usage, the order of priority is:

1. Lockage water (highest priority)

2. Water for hydro-electric power generation.
Dam spillage will only be allowed when unavoidable.

As mentioned in Section 1.3.3 above, the water management
analysis will be carried out for the years 2020 and 2060.
Recommendations for the staged construction of new dams
and pumping stations will be made as appropriate.

For the Sea Level Canal itself, methods for run-off stor-
age, diversion or discharge into the canal are required
both during and after construction. The post-construction
proposals must be designed to support the formation of a
freshwater barrier as described below.

Freshwater Barrier

Studies have indicated that a freshwater barrier may be
required to prevent the transfer of biota between the two
oceans.

The three variations of tidal gates and tidal locks
described in 1.3.2 above will assist in the control of
biota transfer. However, they are unlikely to be fully
effective without additional measures such as the
establishment of a permanent freshwater zone within the
Sea Level Canal. It has been agreed with the CAS Secre-
tariat that establishing design concepts for the fresh-
water barrier, or assessing the effectiveness of the
freshwater barrier, are outside the Scope of Works of the
ECE Contractor.

I.1-15
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1.3.6

For the purposes of the Study, preliminary engineering
designs and cost estimates are prepared for the diversion
and discharge of as much freshwater as possible from the
adjacent catchments into the Sea Level Canal. Assessment
of the effectiveness of the freshwater barriers will be
carried out by others at a later date, based on the
freshwater diversion and discharge proposals developed in
this Study.

1t should be noted that the provision of tidal locks on
both the Atlantic side and the Pacific side, coupled with
the discharge of sufficient freshwater between the two
locks to maintain a permanent freshwater canal between
the locks, would be likely to provide the most effective
control. This option is not directly considered in the
Study.

Associated Facilities

The preliminary designs and costing for the Sea Level
Canal include the design of associated facilities neces-
sary for operation of the new canal. These facilities
include emergency gates, maintenance gates, anchorage and
mooring areas, breakwaters, port facilities, emergency
lay-by facilities (tie-up stations), improvements to the
existing road network and provision of new bridges over
the sea level and existing canals. Facilities required
for the continued operation of the existing canal are
also included.

In addition a lockage guidance system, and a navigation

support system based on requirements of the OCCE Contrac-
tor, will be included in the cost estimates.

1.1-16
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I. CHAPTER 2 - PHASE 2 STUDY

Objectives

The purpose of the Phase 2 component study of Engineering
and Cost Estimates (ECE) is to Study the two Conceptual
Alternatives and variations described in Chapter 1 and to
provide the CAS Secretariat with engineering and cost
estimate information, data, analysis and conclusions.
These findings will enable the Secretariat, after consid-
ering the results of all Phase 2 component studies, to
select and recommend to the Commission the best and most
viable alternative to the present Panama Canal.

To meet the broad objectives described above and to
assist the Secretariat. and the Commission in their
assessment, the Study methodology and reporting should be
consistent with the following more detailed objectives
for the Phase 2 Study:

- The engineering and preliminary designs, construc-
tion planning and cost estimates should include the
appurtenant facilities required for operation of the
canal. This will ensure that cost estimates for each
conceptual alternative and variation are complete
and can be fairly compared, providing the basis for
appropriate recommendations.

- The construction planning and cost estimates should
give due consideration to the scale of the project,
including evaluation of current construction equip-
ment and techniques, and consideration of possible

future improvements and innovation. Examples could
include:
i) Consideration of equipment larger than that

currently available to take advantage of
economies of scale.
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ii) Use of alternative methods for excavation and
transport of material, eg. rail, conveyor
systems, etc.

iii) Bulk purchase and delivery of materials and
equipment.

- The Study results and cost estimates should be as
comparable as possible for each conceptual alterna-
tive and variation. In cases where results are not
fully comparable, due for example to 3 lack of
survey information for a conceptual alternative or
variation, the dissimilarity in available data
should be clearly identified and the possible effect
on the results should be considered.

- All assumptions necessary in deriving the results
and cost estimates should be clearly defined in the
relevant section of the report.

- Sources of data and information used during the
Study should be clearly cited in the report.

- The report should be compatible with the assump-
tions, findings and requirements of the other compo-
nent contractors

Terms of Reference

The scope of works to be carried out by the ECE Contrac-
tor is fully described in the Terms of Reference append-
ed to this report (Appendix 1). Minor modifications were
agreed during the meetings in Panama following submis-
sion of the Inception Report and the Interim Report, and
are descrihed in the respective Memorandum of Meeting.

In the Terms of Reference the Scope of Services has been
summarized in terms of four main areas of activity:
Engineering, Preliminary Design, Construction Planning,
and Cost Estimating. Detailed requirements are described
in the Scope of Services under each heading. As agreed
during the Interim Report meetings in Panama, the report
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is structured as far as possible to follow this basic
order.

Study Schedule

The proposed Working Schedule was produced for the Phase
2 Inception Report. A description of each study item and
the study methodology on which the schedule was based
were included in the Inception Report.

The Study work was mainly carried out in Japan. Periodic
visits to Panama provided opportunities for discussions
with the Secretariat and other concerned parties to
confirm the study direction, submit reports, obtain data
and information, and to coordinate with other component
contractors. -
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PART II SECTION 1 ENGINEERING AND PRELIMINARY DESIGN

II.1 CHRPTER 1 - BASIC ENGINEERING CRITERIA

In order to be able to carry out the Phase 2 Study it has
been necessary to decide the basic features and parame-
ters that control the development of the preliminary
designs. Some features were designated in the Terms of
Reference, some were agreed during the subsequent meet-
ings with the CAS Secretariat and others have been inves-
tigated and developed by the ECE Contractor. These basic
features are critical to the Phase 2 Study and are de-
scribed below.

Design Ships

Ship sizes to be adopted for the alternative studies are
150,000 and 200,000 DWT for the High Rise Lock alterna-
tive and 250,000 DWT for the Route 10 Sea Level Canal
alternative. The design ship sizes were provided by the
Secretariat during the Inception Report meeting and are
shown in Table II.1.1-1 below.

Table II.l.1-1 Design Ship Dimensions

Ship Size Ship Dimensions (m)
(DWT) Length Beam Draft
65,000 295 32 12

150,000 306 46 18

200,000 333 50 19

250,000 356 54 21

II.1.1-1
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Lock Chamber Dimensions

The dimensions of the lock chambers for 150,000 DWT,
200,000 DWT and 250,000 DWT ships as provided by the
Secretariat early in Phase 2 are shown in Table II.1.1-2
and Fig. II.1.1-1 overleaf.

As agreed during the discussions in Panama following the
Interim Report submission, the length of the tidal locks
for 250,000 DWT ships assumes that movement of ships
through the locks will be aided by mules rather than
tugs.

Table 1I1.1.1-2 Lock Chamber Dimensions

Canal Ship Size Lock Chamber Dimensions (m)

Alternative (DWT) Length Length wWidth Depth
L1%* L2%*
HRLC 150,000 365 390 50 20.0
HRLC 200,000 395 420 55 21.5

SLC 250,000 420 430 60 23.0

* provided by the Secretariat.
** pDetermined by the ECE Contractor considering emergency

space.
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Fig. II.1.1-1(b) Definition of L1 & L2 for HRLC
(Miter Gates)
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Fig. II.1l.1-1(a) Definition of L1 & L2 for SLC
(Torsion Type Sliding Gates)
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1.3

Canal Cross Section Dimensions

Two canal schemes are considered in Phase 2. A single
lane Sea Level Canal with two-lane approaches for ships
of 250,000 DWT and, on the high level route, the canal is
+to be enlarged to two lanes for ships of 150,000 and
200,000 DWT. Thus, the design of dual and single lane
channels is required for 250,000 DWT ships and dual lane
for 150,000 and 200,000 DWT vessels.

Cross section dimensions for the High Rise Lock Canal and
the Sea Level Canal to be adopted for the Phase 2 Study
were confirmed by the CAS Secretariat during the meetings
in Panama which followed the Interim Report submission.
The dimensions adopted are a function of the design ship
sizes as follows;

width at Base = Wg 3.5 B (single lane canal)

7.0 B (double lane canal)

W
Depth = 1.15 D ;

where B and D are the Beam and Draft respectively of
the design ship.

The channel width for two-lane traffic was selected by
CAS on the basis of (1) U.S. Army Corps of Engineers and
U.S. Navy channel design literature and (2) on the basis
of the design ship width of the Panama Canal Culebra Cut
width as determined through computer ship simulations at
the U.S. Merchant Marine Academy.

Fig. II.1.1-2 shows graphically the typical canal sec-
tions for one-way and two-way canals.
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Fig. II.1.1-2 Typical Canal Sections
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Using the formulae above, the required Cross section
dimensions have been calculated and rounded slightly.

The resulting dimensions are shown in the following Table
I1.1.1-3.

Table 1I1.1.1-3 Canal Cross Section Dimensions (m)

High Rise Lock Canal Sea Level Canal
150,000 DWT 200,000 DWT 250,000 DWT
width 320 350 190 (1l-way)
380 (2-way)
Depth 21 . 22 24

I1.1.1-6
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Canal Bank Slopes
General

An excavation slope is a slope which has been
artificially created by cutting the natural slope and its
stability depends on the original ground characteristics.
Only the slope gradient can be artificially controlled.

The final decision on the criteria to determine an exca-
vation slope gradient can only be taken after slope
stability analysis based on soil engineering constants
which are identified by a soil engineering survey in the
subject area. In addition, such a decision must also
take experience with similar soil characteristics, slope
size and project purposes into proper consideration. The
study findings on the gradient criteria for cut slope to
be created by the canal excavation have been made public
through several reports. The most useful reports in this
regard are the Atlantic Pacific Interoceanic Study (IOCS,
1970) and the Nagano Plan (1981). Both propose five
sectional forms based on rock quality using the same
criteria. The gradient criteria proposed by the Study
are sightly gentler than those of the IOCS and Nagano
Plan, considering the reports associated with Culebra cut
widening project (Ref; "Study of clay shale slopes along
the Panama Canal" - Report 1V, History, Geology, and
mechanics of development of Slides in Gaillard. -) as
compared in Table II.1.1-4.
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Table 1II.l.1-4 Comparison of Excavation Slope Gradient Criteria
Proposed by Various Studies
Type Rock Type 10CS and Nagano Plan Proposed Crit.
(cotangent) (cotangent)
1 High quality rock 0.4 0.6 to 0.7
2 Intermediate gquality rock 0.6 1.0 to 1.3
3 Low quality rock 1.0 to 2.81) 2.0 to 4.4
4 Soft rock 1.0 to 6.7 (Case A curve)l) 2.0 to 4.4
5 Unconsolidated sediments 2.52) 2.5
103)
Note: 1) The slope in question is defined in Fig.I1I.1.1-9
2) Slope in navigation prism
3) Slope above navigation prism
1.4.2 pDifferences in Criteria

The differences between the 10CS slope criteria and the
proposed slope criteria are summarized as follows.

(1)

(2)

(3)

High quality rock (Type 1) is either intrusive
ballast or hard agglomerate and is represented by
the excavation slope gradient at Gold Hill where the
slope gradient of 2H/3V corresponds to the IOCS
criterion for intermediate quality rock.

An example of intermediate quality rock (Type 2) is
the Gatun formation at the No.3 lock former excava-
tion site. This type is considered to be a stable
slope with sedimentary rock. In the case of uncon-
solidated rock of some height, adoption of the Type
2 slope with a gradient of 45° and 15m wide berms at
50m intervals is recommended.

The IOCS criterion for low quality rock (Type 3)
corresponds to the current slope gradient. This
criterion should be applied to shale is relatively
more stable than soft agglomerate containing soft
clay shale.
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(4) The IOCS slope gradient criterion for soft rock
(Type 4) roughly corresponds to the present slope
gradient. The average gradient is approximately
3H/1V. The minimum excavation volume is achieved by
introducing a 100m wide bench at each excavation
height of 50m and the adoption of a slope gradient
of 2H/1V between wide benches is proposed in view of
preventing landslides due to the excavation of high
elevation areas along the canal.

The Culebra formation is classified as low quality
rock by the IOCS. However, it is reclassified into
the soft rock category (Type 4) because of compati-
bility with the present slope gradient and the
criterion for low quality rock and also because of a
history of landslides at the present slopes.

(5) The proposed criterion for unconsolidated sediments
(Type 5) is the same as the IOCS criterion (Type 5).

Standard Slope Configurations

The Study did not conduct any special soil engineering
survey and the standard slope configurations are simply
based on existing data. Their applicability should
remain within the scope of the Feasibility Study. The
introduction of 5 different types is proposed depending
on the rock and sediment properties as shown in Figs.
I1I.1.1-3 to 7.

Empirical knowledge on natural slope gradients and exca-
vated slopes should be referred to in conducting the
detailed design and actual construction work in order to
determine the slope type together with constant examina-
tion of PCC records. Actual construction work must be
based on careful surveying and monitoring of the work.

I1.1.1-9
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Type 1: Strong unaltered or slightly altered volcanic
rocks, e.g. basalt and hard agglomerate lime-
stone; slopes of moderately consolidated intact
sedimentary rocks and tuff not exceeding 50m in
height (Fig. I1.1.1-3)

Type 2: High slopes of moderately conso. .dated intact
sedimentary rocks and tuff; altered but still
solid volcanic rocks (Fig. I1I.1.1-4)

Type 3: Soft volcano-sedimentary Trocks, including soft
agglomerate, with partial clay shale but rela-
tively stable to form high massive hills (Fig.
11.1.1-5)

Type 4: Soft volcano-sedimentary rocks, including soft
agglomerate with frequent development of clay
shale; technical highly distorted and sheared,
located in landslide-afflicted areas (Fig.
I1.1.1-6)

Type 5 Unconsolidated deposits (Fig. 1I1.1.1-7)
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SLOPE CRITERIA FOR CONVENTIONAL EXCAVATION
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Source: IOCS Appendix 9 (1970)

Fig. 1I1.1.1-8 10CS Slope Criteria
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ROCK QUALITY SOFT ROCK AND
200 CLAY SHALES
| | |
(o J &7
150 INTERMEDTIAT N

100 il i // 1 /V’ C
LK — SEA LEVEL STUDIES

T " T T T T T 1 H

T
0 2 4 6 8 10 12 14
AVERAGE COTANGENT OF SLOPES

HEIGHT OF SIOPE - METER

APPLICATION OF CRITERIA

HIGH QUALITY ROCK BASALT
(EXTRUSIVE)
(INTRUSIVE)

INTERMEDIATE QUALITY ROCK CHAGRES
GATUN
CAIMITO

LOW QUALITY ROCK NONE
IDENTIFIED

SOFT ALTERED VOLCANIC ROCKS HIGHLY ALTERED
AND CLAY SHALE AGGLOMERATES
& TUFFS

SOILS RESIDUAL SOIL
ATLANTIC MUCK
PACIFIC MUCK

Source: The Sea Level Canal Connecting The Atlantic
and Pacific Oceans (KPTM, 1981)

Fig. II.1.1-9 Nagano Plan Slope Criteria
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(Feet) SLOPE CRITERIA FOR CONVENTIONAL EXCAVATION
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Fig. 1I.1.1-10 Proposed Criteria by ECE Contractor
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1.5

Number of Ship Transits and Lock Flushes
Introduction

The annual number of ship transits and lock flushes are
of particular importance in the Phase 2 Study since they
define the lock operation frequencies used in both the
water management studies and the lock gates fatigue
design. Lock flush is defined a@s an action to flow out
lockage water into the open sea.

Number of Ship Transits and Flushes

The annual number of ship transits and lock flushes
adopted for the Phase 2 Study are shown in Table II.1.1.5
below.

The number of transits and the transit split between the
existing and new locks, or between the existing canal and
the sea level canal, were calculated based on information
provided by CAS.

Table II.1.1-5 shows number of ship transits and lock

flushes. More detailed explanations are included in
Appendix 2 of this Report.
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Table II.1.1.5 - Adopted Number of Annual Ship Transits
and Lock Flushes for Phase 2 Study

A.D. 2020 A.D. 2060
Canal Locks
(DWT) Flushes Transits Flushes Transits
H.R.L. Existing Locks 32400 16200 40000 20000
(150,000) 3rd Set of Locks 4000 2000 9200 4600
Total Transits 18200 24600
H.R.L. Existing Locks 32400 16200 40000 20000
(200,000) 3rd Set of Locks 4000 2000 9200 4600
Total Transits 18200 24600
S.L.C. Existing Locks 32400 16200 38800 19400
(250, 000) Tidal Lock 2100 2100 5100 5100
Total Transits 18300 24500
Note : Number of lock flushes given in the table is the total

number of flushes necessary for the stated number of
transits to pass through the canal.

1.5.3 Water Volume in One Lock Flush

The volume of water required for one lock flush can be
calculated from the formula given below:

v = B x L x DH
B x L x (H/N)

= volume of water required for one flush
width of lock in metres

= length of lock in metres

DH = high of one 1ift (DH = H/N)

total rise

N = number of lifts

where,

W<
]

oo
]

(assuming that all chambers are approX the same size)
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Derivation of Number of Flushes Per Ship Transit

The number of flushes per ship transit was discussed and
it was concluded that two flushes per ship transit for
the High Rise Lock Canal would be suitable for the Phase
2 Study. It means the number of flushes for each of the
High Rise Lock alternatives is equal to twice the number
of allocated transits.

The number of lock flushes varies depending on the number
of lifts per lock canal and whether traffic direction
through the locks is one way or alternate. One way
traffic means all vessels passing through a lane of locks
are going in the same direction, ie. all northbound or
all southbound. One way lockages are sometimes termed
relay lockages. Alternate traffic means one northbound
ship is followed by one southbound ship, then another
northbound ship etc. Table II.1.1-6 below shows the
results of analysis of traffic direction and number of
lifts on water consumption per lockage.

Table II.1.1-6 Number of Flushes and Relative Water
Consumption per Ship Transit

* (@) Number of Flushes per Ship Transit

Traffic Number of Lifts
Direction 1 2 _ 3
Alternate 1 2 3
One Way 2 2 2

Note: For the High Rise Lock Canal, see text
below for flushes per transit.
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(b) Relative Water Consumption per Ship Transit

Traffic Number of Lifts
Direction 1l 2 3
Alternate 1 1 1
One Way 2 1 0.667

Note: Assumes total life is the same in all
cases.

Since the proposed locks for the new High Rise Lock Canal
will be two lifts on each ocean side, it can be seen from
the above table that two flushes per transit are required
regardless of whether the new locks are operated with one
way or alternate traffic.

There are other factors which could affect the number of
flushes required for each transit, including:

(a) Maintenance works on the locks,

(b) Trial gate operations,

(c) A switch in direction of traffic at Gatun locks,

(d) Tandem lockages where two vessels share a lock
chamber, and

(e) Introduction of water saving methods such a the
transfer of water between adjacent parallel lock
chambers.

The first three factors would tend to increase water
usage while the last two would reduce water usage, SO
that assumption of two flushes per transit still appears
reasonable.

The assumption can be verified by checking existing water

usage and transit records kept by PCC. Actual water
usage does in fact approximate two flushes per transit.
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The tidal locks is Sea Level Canal Case (a) and (c) have
one lift only generally operating under one way flow, and
the locks are on the Pacific side only. Therefore one
flush per transit has been adopted, as shown in Table
IT.1.1-5.

Tide Levels and Level Datum

Tide levels and datum levels adopted for the Phase 2
Study are based on PCC information and are summarized in
Fig. II.1.1-11. Throughout this report the Precise Level
Datum (PLD) has been adopted as the datum for all levels,
including the ocean approach channels. It should be
noted that the datum levels for tidal elevations and
hydrographic charts at the Pacific and Atlantic entrances
are slightly different to the PLD datum. Adjustments have
been made as necessary in calculating the earthwork
volumes.
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Atlantic Coast Gatun Lake Miraflores Lake Pacific Coast
(Cristobal) (Balboa)

VM.L.L. +26.00m ]
(85)

UM.L.L. +16.50m
(557)

ZH.H.W. L. +3. 60m |

TH W W L. +0. 50m

TM.S.L._ +0.10m M. S.L. 0.30m} g go(p.L.D.)
M LY -0. 10m

ZL.L.W.L.-0. 30m

M. L.¥.S.-2. 30m
ZL.L.¥.L. -3 40m

H.H.W.L. : Highest High Water Level

(Extreme High Water Level)

Mean Sea Level

Mean Low Water Level

(The Datum for Tidal Elevations and

Hydrographic Charts at Atlantic Entrance)

M.L.W.S. : Mean Low Water Springs
(The Datum for Tidal Elevations and
Hydrographic Charts at Pacific Entrance)

= ©

L.L.W.L. : Lowest Low Water Level
(Extreme Low wWater Level)
M.L.L. . Mean Lake Level
P.L.D. . Precise Level Datum as adopted by the Panama

Canal Commission
Source: The Panama Canal Pilot, by Captain George A. Markham,
Chief of Maritime Training, Panama Canal Commission, 1990

(page 462).

Fig. 11.1.1-11 Tide Levels and PLD Level Datum
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Anchorages, Emergency Tie-Up Stations and Moorings

General proposals for anchorages, emergency tie-up
stations, and moorings are summarized below. For a more
detailed description refer to Appendix 2.

Anchorages

Ships awaiting passage require safe anchorage close to
the canal entrance and in sufficient, but not excessive,
depths of water. The anchorage area will be determined
by the number of vessels to be accommodated and the
swinging radius of each ship about its anchor. The
swinging radius will increase with the depth of water.

A spacing between anchoring position of 2.5 times the
swinging radius has been assumed. This will allow for
errors in positioning the anchor and differences in the
amount of chain which is veered.

Predicted traffic includes vessels from less than 100, 000
DWT to 250,000 DWT with drafts varying from 8m to 21m.
These have been grouped into three categories based on
overall length for the purposes of estimating the area
required for anchorage. The resulting spacings between
anchorage positions for the three ship sizes chosen are
defined in Table II.1.1-6 below. These spacings are used
in Parts III and IV to determine the anchorage area
requirements for the High Rise Lock Canal and Sea Level
Canal respectively.
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1.

7.2

Table II.1.1-6 Spacing of Anchoring Points

Max Ship Size(DWT) 40,000 100,000 200,000
Group A B C
(m) (m) (m)
ship Draft 11.5 16.5 21
ship Length 200 300 330
Min water depth 15 21 27
Max depth(Pacific H.Tide) 20 26 32
Anchorage Spacing(Atlantic) 877 1196 1328
Anchorage Spacing(Pacific) 932 1243 1372

Emergency Tie-Up Stations

Provision must be made to enable a disabled ship to be
removed from the navigation channel to minimise the
disruption which it would otherwise cause to canal traf-
fic.

Passing ships induce forces on a nearby moored vessel
which may be large enough to break moorings if the sepa-
ration of the vessels is small. An emergency tie-up
station (sometimes termed emergency lay-by) needs to be
large enough to accommodate the design vessel without
excessive capital cost yet far enough from the nearest
navigation lane for mooring forces to remain within the
capacity of the design ship's normal equipment.

For each tie-up station, two breasting dolphins against
which the ship should be provided. The breasting dol-
phins would be any structure designed to resist the
forces exerted by the ship during and subsequent to the
act of mooring. Usually a heavy concrete deck on raking
piles is provided. In addition, an on-shore mooring
bollard should be provided near each end of a moored
ship.
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The proposed layouts for emergency tie-up stations beside
single and two lane canals are shown in Figure II.1.1-13.
Further explanation of the arrangements shown is given in
Appendix 2.
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II1.1 CHAPTER 2 - CANAL ALIGNMENT
2.1 Canal Alignments

Coordinated alignments for the Sea Level Canal and the
High Rise Lock Canal were provided by the Commission for
the Phase 1 Study. These alignments have been reviewed
in detail using the available 1:25,000 and 1:50,000 scale

mapping.

For the calculation of earthworks, preliminary criteria
have been established for canal curvature at bends in the
canal. To allow for ship navigation at the bends a
radius of five and a half (5.5) times the length of the
design ship has been inserted where the deflection angle
is 30° or more. This situation only occurs on the High
Rise Lock Canal alignment and the 200,000 DWT ship length
of 333m results in a centerline radius of 5.5 x 333m =
1832m.

Minor refinements of the high rise lock canal alignment
in Gatun Lake, and the sea level canal alignment consid-
ering curvature of the waterway, were proposed by the ECE
contractor at the Inception Report meeting and were ac-
cepted by the Secretariat. The revised intersection
point coordinates are shown in Tables II.1.2-1 and 2.

The alignment of the High Rise Lock Canal is shown in the
1:50,000 fold out maps which follow. Drawings for the
Sea Level Canal are also provided; canal widths shown are
for Case (b) but the centerline for Case (a) and Case (c)
is the same.

The alignment and modifications are described below.

II.1.2-1
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Table II.1.2-1 High Rise Lock Canal Alignment

Point |Station |Intersection Coordinates Distance
No. (km) {Angle(’ ) North East (km)
(km) (km)
A -12.50 1. 040. 00 618. 70 10. 40
B -2.10 10 1.029. 60 618.70 6. 39
C 4.29 35 1.023. 30 619. 75 3' 49
D 7.78 28 1.020. 20 618.15 2’ 00
E 9.78 60 1.018. 20 618.20 6' 74
F 16. 52 52 1.014.85 624. 05 2' 9
G 19.48 62 1,015. 95 626. 80 4' 30
H 23. 171 39 1.013.20 630. 10 5' 3
| 29.09 67 1. 008. 00 631. 20 4' 28
J 33.37 50 1.007.20 635. 40 ]' 49
K 34.79 30 1.008.10 636. 50 " 02
L 35. 81 19 1.008. 30 637. 50 4' 96
M 40. 77 20 1. 007. 50 642. 40 l. 57
N 42. 34 32 1. 006. 80 643. 80 2' 87
0 45.20 10 1.004. 30 645. 20 I' T
P 46. 91 18 1.002. 70! 645. 80 0' 81
Q 47.72 21 1.002. 00 646. 20 ]' 44
R 49.16 21 1.001.20 647. 40 2' 50
S 51. 66 10 999. 20 648. 90 ‘0' 68
T 62. 34 24 991.50 656. 30 2' 69
U 65. 03 18 989. 00 657. 30 ]5' 20
X 80. 23 977. 30 667. 00 ’

Table II.1.2-2 Route 10 Sea Level Canal Alignment

Point |Station |Intersection Coordinates Distance
No. (km)|Angle(® ) North East . (km)
(km) (km)
A -2.10 1. 024. 40 599. 00 12. 61
B 9.91 i5 1.014.30 606. 55 3' 20
C 12. 91 15 1,011.55 607. 75 5 34
D 18.25 16 1,007.85 611.60 6. 53
E 24.78 12 1. 004. 95 617. 45 5' 19
F 29.97 16 1.003. 55 622. 45 4' 17
G 34.14 8 1,001. 45 626. 05 3' Y
H 37.45 13 999. 40 628. 65 3' 51
| 40. 96 14 996. 75 630. 95{ - 9‘ 52
J 50. 48 15 988. 00 634.70 3' 51
K 53.99 16 985. 30 636. 95 5" 63
L 59. 62 22 982. 20 641. 65 5' 25
M 64. 88 29 977.50 644. 00 2]' 9]
N 86. 79 965. 00 662. 00 )

I1.1.2-2
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(1)

High Rise Lock Canal Alignment

The basic principle in the design of the High Rise
Route has been the maximum use of the existing canal
route. In those places where a sharp deflection
angle is required, making navigation difficult, the
inside bank will be widened by the adoption of a
curved design, as described above.

(a) Atlantic Approach Zone
(No.-12.80 km ~ No.2.00 km)

The existing approach is used between Point A
and Point B while the section between Point B
and Point C follows the alignment of the former
excavation site for the Gatun 3rd Lock. Al-
though this plan involves a partial loss of
residential areas near Gatun Lock, it has been
selected because of such advantages as the
minimization of residential property loss and
the minimum excavation work required due to the
use of the former excavation site.

(b) Gatun Lake Zone
(No.2.00 km - No.42.00 km)

The section between Point C and Point D is a new
passageway linking the existing route and the
new route. Although the passageway joins the
B-C line at an angle of 35°, widening at the
intersection of the canals will ensure smooth
navigation. The section between Point D and
Point F is along the existing canal while the
section between Point F and Point H avoids Barro
Island and De Lesseps Island, both of which are
subject to environmental conservation as recom-
mended by the Smithsonian Tropical Research
-Institute. This environmental consideration
makes excavation of the ground on the outside of
the curve near Point G necessary. The section

I1.1.2-3
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(c)

(d)

(e)

between Point H and Point N again follows the
existing canal, but widening is basically on the
south side only.

Culebra Zone
(No.42.00 km - No0.52.00 km)

The section between Point N and Point S follows
the existing canal. The present northeastern
bank of the canal remains unchanged while the
southwestern bank will be pushed back to widen
this section.

Miraflores Zone
(No.52.00 km - No.60.00 km)

The section between Point S and Point T is to
the south of the present route, avoiding
Miraflores Lake so that traffic through the
present canal will not be disrupted. Only a
small part of the 3rd Lock, the former excava-
tion site near Miraflores can be used due to the
requirement to separate the new canal and Mira-
flores Lake. This is necessary because of the
significant water level differences between
Miraflores Lake (55' WL) and the new canal (85'-
90' WL).

Pacific Approach Zone
(No.60.00 km - No.79.20 km)

The section. between Point T and Point X basical-
ly follows the existing approach although the
alignment of the section has been slightly
modified to make it straighter. Along this
section, the southwestern bank will be pushed
back to increase the width while the northeast-
ern bank remains unchanged. Some of the exist-
ing facilities on the southwestern bank of the
canal will require modification to accommodate
this widening of the canal.

11.1.2-4
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(2)

Sea Level Canal Alignment

Following the Inception Report meetings, an aerial
survey using a helicopter was conducted to fly over
the alignment proposed in Phase 1. The flight
confirmed the suitability of the alignment adopted
in Phase 1. Observation of the surrounding areas
confirmed that any significant shift to adjacent
terrain would be very unlikely to lower construction
costs. The navigability has been properly consid-
ered and every effort has been made to ensure the
alignment passes through lowland as much as possi-
ble. Consequently, it was decided that the align-
ment proposed in Phase 1 would be adopted in Phase
2.

(a) Atlantic Approach Zone
(No.-2.80 km - No.0.50 km)

This section is some 3 km in length and for easy
navigation if follows the same bearing as the
section from the Atlantic shoreline to Point B.

(b) Quebrado Zone
(No.0.50 km - No.17.00 km)

The section between the Atlantic shoreline and
Point C follows Quebrado River from its mouth.
In order to ensure good navigability, a straight
alignment has been adopted. About 4.5 Km of
this section passes through a hills but, while
routes requiring less excavation might be
possible, they would be undesirable from a
navigation point of view. The section between
Point C and Point D is a short route to Gatun
Lake and follows an area of gentle topography.

II1.1.2-5
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(c)

(d)

(e)

Gatun Lake Zone
(No.17.00 km - No.38.00 km)

The section between Point D and Point H passes
through Gatun Lake and Gigante Valley, reaching
the mouth of Pescado River.

Galboa Zone
(No.38.00 km - No.60.50 km)

The section between Point H and Point J follows
alongside Pescado River and the section between
Point J and Point L follows alongside Caimito
River, ending at the mouth of Caimito River.

Pacific Approach Zone
(No.60.50 km - No.85.50 km)

The section between Point L and Point N is

planned to ensure the minimum length of the
Pacific Approach.

II.1.2-6
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part II. Sect.1l - Ch.3 vachiyo Engineering

II.1 CHAPTER 3 - SEISMOLOGY

Design Seismic Coefficient

The design seismic coefficient was calculated in accord-
ance with the "Technical Standards for Port and Harbor
Facilities in Japan" by OCDI.

Kh = k * b * c
where: Kh = Design seismic coefficient
k = Regional seismic coefficient
b = Factor for subsoil condition
c = Coefficient of importance

However, for the design seismic coefficient, only the
horizontal coefficient is considered unless otherwise
required specifically from the structure. For the re-
gional seismic coefficient, the values are from 0.05 to
0.15 in Japan.

For the factor for subsoil condition, the value is shown
in Table II.1.3-1. Subsoil classes shall be determined
according to Table I1.1.3-2 in consideration of the
thickness of the gquarternary deposits such as alluvium
and diluvium.

The coefficient of importance shall be'defermined in
accordance with the values in Table II.1.3-3 depending on

the degree of importance of the structure concerned.

Table I1.1.3-1 Factors for Subsoil Condition

Subsoil Class Class 1 Subsoil Class 2 Subsoil Class 3 Subsoil

Factor 4 0.8 1.0 1.2

II.1.3-1
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Table II.1.3-2 Subsoil Classes

Thickness of Sand Gravel Qrdinary Sand, Poor
Quarternary Layer Clay Subsoil Subsoil
Deposits
Less than Sm Classl Class ! Class 2
§—25m Class | Class 2 Class 3
More than 25m Class 2 Class 3. Class 3

Table I1I1.1.3-3 Coefficients of Importance

Clasufication

o Stracture Character of Structure Coefficient of

Importance

Structures of which the chractors (D—(J) are strongly evident among the

Special Class characters in Class A. =

Class A @ Structures tending to cause loss of life and property upon seismic 1
damage.

@ Structures playing an important role in recovery from earthquake
disaster.

@ Structures handling hazardous materials and tending to cause serious
damage to life or property upon seismic damage.

@ Structures causing serious influences on the economic and social
activities of the areas concerned upon seismic damage.

® Structures of which considerable difficulty is expected for
recovery upon seismic damage.

9

Class B Structures other than the Special Class, Class A and Class C. 1.0

Class C §er2:ll sms‘;&ree:__:éher than the Special Class and Class A, and permitting 0.5

The regional seismic coefficient (k) proposed for the
studies in Phase 2 is k=0.10, taking into consideration
the historical seismic data recorded on 7 September 1882.
The proposed factor for subsoil condition is b=0.8 corre-
sponding to subsoil class 1. The coefficient of impor-
tance is c=1.2, assuming class A importance. Thus, the
design seismic coefficient to be applied becomes kh=0.1
from the formula mentioned above.

I1.1.3-2
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Earthquake in Panama

The strongest earthquake to hit Panama occurred on 7th
September 1882.

This earthquake is reported in detail in "The North
Panama Earthquake of 7 September 1882", by C Mendoza and
S Nishenko - Bulletin of Seismological Society of Ameri-
ca, Vol 79.

Other earthquake records on Panama are likewise reported
in "Some Aspects of the Seismic Hazard in Panama City" by
Vergara Munosz - Natural Hazards 3. 1990. And IOCS
Memorandum PCC-3.

Fig. II1.1.3-1 shows isoseismal contours inferred for the
1882 earthquake from the Modified Mericalli intensities.
Contour lines separate zones of equal intensity during
the 7 September 1882 earthquake. The principal tectonic
features presently known for the Panama-Colombia region
are shown in the inset map.

-Source- "The North Panama Earthquake of 7 September
1882" by C Mendoza and S Nishenko - Bulletin of Seismo-
logical Society of America, Vol 79.

Table II.1.3-4 shows a comparison between the Modified

Mericalli Scale and seismic acceleration as a proportion
gravity. -Source- IOCS Memorandum PCC-3.

I1.1.3-3
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Table 1I1.1.3-4 Seismic Coefficent

Acceleration as

Modified Merical Scale Proportion of Gravity

I 0.0001
II 0.0005
III 0.001
v 0.002
v 0.01
VI 0.02
Vi1 0.05
VIII 0.10
IX 0.15
X 0.31

Source: I0CS Memorandum PCC-3

I1.1.3-4
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II.1 CHAPTER 4 - HYDROLOGY AND EXISTING WATER SUPPLY

4.1 Rainfall

Based on the hydro-meteorological data, the climate of
Panama can be categorized into two seasons. January
through April is considered the dry season, and May
through December, the wet season. About 90% of the total
annual rainfall occurs during the wet season, and the
total annual rainfall on the Atlantic coast is about 150%
of that for Pacific coast. The annual average rainfall
for the Panama Canal Watershed is approximately 2,500mm.
(see Fig. II.1.4-1 and Table I1.1.4-1)

4.2 Evaporation

The amount of monthly evaporation in the watershed is
given in the table below (Ref. IOCS JAX-50 Page 20)..

(UNIT: mm)

Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. |Aug. Sep. | Oct. | Nov. | Dec. Total
Gatun 140 149 166 156 109 93 89 95 90 94 89 114 1,384
Madden 137 145 162 153 107 91 87 93 88 92 87 112 1,354

4.3 Watershed Yield

The water supply for the operation of the Panama Canal
is provided by a 3,339 sqg.km drainage area of Gatun and
Madden dams. The average annual yield for 51 years of
record(1933-1983) according to IRHE (Instituto de Resur-
sos Hideraulicos y Electrification) is about 6,593 mil-
lion m3. For the last 10 years, maximum and minimum
yields of 9,948 and 4,892 million m3 occurred in the
years 1981 and 1982, respectively. Annual evaporation is
about 670 million m3. Therefore, the net annual average
yield of the watershed would be about 5,923 (ie. 6,593-
670) million mS.

II.1.4-1



Part II. Sect.1 - Ch.4 Yachiyo Engineering

For some variations, the watershed yield of the Gatun and
Madden catchments is insufficient to meet requirements
(6,303 million m3 for 200,000 DWT case for an average
year by 2060) and the introduction of water from outside
the catchment is necessary. A suitable dam site, on the
Indio River, was identified in Phase 1. The watershed
yield of the Indio river at the proposed dam site would
be about 591, 461 and 988 million m3 in average, dry and
wet years respectively.

Sediment Yield

Sediment observations are not available for the canal
area, but information about sediment yield is available
in the IOCS Report(JAX-50). According to that report,
the design sediment yield is estimated at about 500
m3/km2/year. Judging from land conditions, vegetation
and rainfall compared to similar projects in other
countries, this value seems reasonable for this study.

Design Flood

The maximum discharge data for the study area is avail-
able from 1979 to 1989 at BOCA DE URACILLO of Indio
river. According to the Japanese Design Standard of Fill
Dam, the value of 200 years probability multiplied 1.2 is
adopted for the design flood. The probable flood dis-
charge is calculated based on the Gumbel and Iwai meth-
ods, and the design flood of 285 m3/sec/100 km? was
adopted by averaging the result of the two methods.

I1.1.4-2
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Storage Capacity of Existing Dams

The effective storage capacity in Gatun Lake is about 6539
million m3 between elevations ranging from 25.1lm (82') to
26.6m (87') while the effective storage capacity in
Madden Lake is about 539 million m3 between elevations
ranging from 61lm (200') to 76.2m (252'). The total
usable storage capacity is 1,198 million m3. (see Fig.
11.1.4-3)

Existing Water Use

Gatun and Madden lake water is utilized as lockage water,
municipal water and generating hydroelectric power for
Panama City, the Canal Area and Balboa. There are signif-
icant losses due to evaporation and spillage when runoff
exceeds storage capacities. According to the PCC annual
report (1991), the water use in fiscal year 1990 from
these two lakes are as follows:

Item Volume(MCM) Percent(%)
Lockages 2431 46
Municipal 289 S
Evaporation 589 11
Power 1725 33*
Spillage 253 5

Total 5277 100

* does not include Madden Hydroelectric power
Under the assumptions to be adopted for the water manage-
ment, water for power and spillage will be given the

lowest priority.

Therefore the total volume used for power or spilled will
be made available to provide additional lockage water.

II.1.4-3
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Monthly Discharge and Design Years

The available data period of monthly average discharge
data is from 1933 to 1983 in the Gatun watershed, and
from 1958 to 1990 in the Indio watershed. In the water
balance simulation, the monthly discharge pattern and
three different annual discharges, ie. (1) average year,
(2) dry year and (3) wet year, were defined as follows
to evaluate the capacity of dams and pumps.

(1) Monthly Discharge Pattern

There are six gauging stations (Trinidad, Gatun,
Ciri, Chagres, Bogqueron and Pequeni) in the Gatun
watershed. The pattern of monthly discharge was
determined based on the yield of Gatun watershed by
averaging the discharge each month for the six
stations mentioned above. This monthly discharge
pattern defines the runoff characteristics in the
study area.(See Fig. II.1.4-2 and Table II.1l.4-2)

(2) Design Year (Average, Dry and Wet year)

The average year is defined as the average yield
over 51 years of record (1933-1983). From records
over the last 10 years the year 1982, corresponding
to the minimum yield, was selected as the dry year
and 1981, corresponding to the maximum yield, was
selected as the wet year. The distribution of
monthly discharge in a dry year and wet year was
calculated based on the above pattern. Generally
the dry year controls the requirements for dams and
pump stations.

I1.1.4-4
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II.1 CHAPTER 5 - EXISTING POPULATION AND INFRASTRUCTURE

Population and Land Use

The population densities in the vicinity of both align-
ments are generally quite low with the exception of the
urban development around Panama City (population 650,000
including San Miguelito) and Colon (54,000), and also
corridor development along the Pan American Highway
between Tacumen Airport to the east of Panama City and La
Chorrera (44,000) to the west. Restrictions on develop-
ment within the existing Panama Canal Zone have resulted
in limited population growth in the Zone. With the
exception of Colon, population densities between Gatun
Lake and the Atlantic side are very low, due to limited
access, more rugged terrain and the extremely high rain-
fall. The populations of the provinces of Colon and
Panama in the vicinity of the alignments are shown in
Table II1.1.5-1(a) and (b) respectively.

The locations of the areas in the Table are shown on the
attached Fig. II.1.5-1 and the population densities are
indicated on Fig. II.1.5-2.

Within the urban areas described above there is commer-
cial and light industrial development but elsewhere land
use is mainly farming and grazing with some areas of
tropical jungle still remaining. :

The area lying west of the Canal Zone has undergone
moderate development. The rolling hills on the Pacific
side of the Continental Divide have been cleared and the
land is now used for farming and grazing, although urban
areas along the Pan American Highway corridor have been
spreading. Between the Continental Divide and Lake Gatun
the land is less developed but agricultural use predomi-
nates. Between Gatun Lake and the Atlantic coast the
terrain is more rugged and rainfall is much higher. Much
of this land is not developed with the exception of the
narrow coastal corridor which is farmed.

I1.1.5-1
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Table I1.1.5-1(a) Population Data - Province of Colon

District Zone Area Population Growth Density
(Corregimiento) km2 1980 1990 3 per/km2
Donoso 76-Miguel de 313.6 1192 2218 86.1 7.1
la Borda
78-E1 Guasimo 283.2 1196 1992 66.6 7.0
79-Gobea 48.9 522 610 16.9 12.5
80-Rio Indio 35.2 800 963 20.4 27.4
Others 1136.2 2057 3799 84.7 3.3
Sub-total 1817.1 5767 9582 66.2 5.3
Chagres 69-Chagres 6.7 304 327 7.6 48.8
' 70-Achiote 38 699 755 8.0 19.9
71-E1 Guabo 53.9 909 1191 31.0 22.1
72-La Encantada 135.7 1963 2532 29.0 18.7
73-Palmas Bellas 75.1 1430 1628 13.8 21.7
74-Pina 31.5 678 687 1.3 21.8
75-Salud 104.7 1752 2085 19.0 19.9
Sub-total 445.6 7735 9205 19.0 20.7
Colon 55&56-Colon City 2.9 59840 54654 -8.7 18846
57-Buena Vista 114.5 5190 7547 45.4 65.9
58-Cativa 21 10870 19101 75.7 909.6
59-Ciricito 68.4 1753 2108 20.3 30.8
60-Cristobal 728 3874 15178 291.8 20.8
61-Escobal 94.4 1807 1964 8.7 20.8
62-Limon 76.3 2700 3209 18.9 42.1
63-Nueva 20.4 703 1253 78.2 61.4
Providencia
64-Puerto Pilon 100.6 8460 10241 21.1 101.8
65-Sabanitas 13.8 9924 13729 38.3 994.9
66-Salamanca 196.9 1733 2675 54.4 13.6
67-San Juan 41.7 5839 8716 49.3 209.0
68-Santa Rosa 25.5 460 533 15.9 20.9
Sub-total 1504.4 113153 140908 24.5 93.7
Source: Panama National Census, 13 May 1991.

Note: For locations refer to Fig. II.l1.5-1
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Table II.1.5-1(b) Population Data - Province of Panama

District Zone Area Population Growth Density
(Corregimiento) km2 1980 1990 % per/km2
Capira 348-Ciri de 96.7 1886 2202 16.8 22.8

Los Sotos

351-La Trinidad 110.4 1626 2160 32.8 19.6
Others 725.7 18069 23941 32.5 33.0
Sub-total 932.8 21581 28303 31.1 30.3
La Chorrera 376&377-Central 23.4 37566 44444 18.3 1899.3
378-Armador 65.5 1622 1925 18.7 29.4
379-Arosemena 31.7 498 340 -31.7 10.7
380-E1 Arado 60.5 1574 1696 7.8 28.0
384-Herrera 86.3 686 715 4.2 8.3
386-Iturralde 65.4 595 792 33.1 12.1
387-La Represa 30.2 731 650 -11.1 21.5
389-Mendoza 37.4 1120 851 -24.0 22.8
392-Puerto 31.4 2233 3623 62.2 115.4
Caimito
Others 256.3 20349 34744 70.7 135.6
Sub-total 688.1 66974 89780 34.1 130.5
Arraijan 332-Arraijan 53.4 16272 24665 ‘51.6 461.9
333-Juan D. 48.3 8525 13418 57.4 277.8
Arosemena
334-Nuevo 24.4 1926 2319 20.4 95.0
Emperador
335-Santa Clara 15.9 1169 1422 21.6 89.4
336-Veracruz 13.8 5287 8224 55.6 595.9
337-Vista Alegre 14.3 4007 11801 194.5 825.2
Sub-total 170.1 37186 61849 66.3 363.6
San All 50 156611 243025 55.2 4860.5
Miguelito
Panama 394 to 404- 106.5 389172 413505 6.3 3882.7
Panama City
407 ~-Ancon 664.5 6401 11518 79.9 17.3
Others 1789.8 81534 159780 96.0 89.3

Sub-total 2560.8 477107 584803 22.6 228.4
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5.2.

1

Existing Road System
Road Network

The existing road network in the vicinity of the Canal
Zone is shown in Fig. 1I.1.5-3. The roads have been
classified according to function as follows:

1) National Highways and Autopista (Road Nos. 0-9)
2) Regional Roads (Nos. 10-99)

3) Local Roads (Nos. 100-999)

4) Minor Roads (Nos. 1000-9999)

The above functional classification is described in the
"Estudio del Plan Nacional de Transporte, Informe Final,
Tomo 1V, Carreteras y Transport Vial, Ministerio de Obras
Publicas, pages IV-34 to 36". The categories correspond
approximately to the Panama road numbering system which
allocates a 1, 2, 3 or 4 digit number according to the
importance of the road, as shown above and described in
pages IV-27 and 28 of the above study. The most impor-
tant roads likely to be affected by the canal works are
described below.

The Pan American Highway (National Route 1) is the only
road which travels the full length of Panama. Near the
Panama Canal Zone it is quite close to the Pacific Ocean
side and mostly has one lane in each direction. Between
Panama and Arraijan construction works are underway for
widening to two lanes in each direction. There are many
residential, industrial and commercial developments on
this road and traffic is congested at times.

A section of autopista parallel to the Pan American High-
way has been constructed between La Chorrera and Arrai-
jan and the Route 10 Sea Level Canal alignment crosses
both roads at a point where they are about 1 km apart. A
further extension of the autopista to bypass the central
area of Panama City (Van Dam Bypass) is proposed and will
cross the existing canal by bridge just to the north of
the Miraflores locks.

I1.1.5-6
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The Boyd Roosevelt Highway (National Route 3) crosses the
Panamanian Isthmus between Panama City and Colon on an
alignment to the east of the existing canal. This high-
way is about 90 km (56 miles) long. The majority is two
lanes wide, while 7 km between Colon and Cativa and 15 km
between Panama City and Isidro are four lanes wide. The
alignment passes through hilly areas and there are sec-
tions where the surface and vertical alignment standards
are poor. The sections closest to Panama and Colon carry
high volumes of commuter traffic and are operating close
to capacity.

The two-lane Gaillard Highway closely follows the eastern
side of the canal between Panama and Gamboa. It is the
main access road for operation and maintenance of the
existing canal on the Pacific side of Gatun Lake, and
also provides access to military and defense areas. On
the opposite side of the canal, access is provided by the
Borinquen Highway. This road is also hard surfaced and
two-lanes wide. Traffic access to this road is con-
trolled at a gate near Miraflores, and public access
beyond the Gold Hill lookout is not permitted. The design
and maintenance standards for both roads are good.

The maps also show Bruja Road between the Pan American
Highway west of the canal and the Gaillard Highway on the
east side of the canal. The road is only open to the
public on the west side of the canal and crossing the
canal over the Miraflores Bridge is not permitted under
normal circumstances.

A coastal road follows the Atlantic Coastline from Colon
to Miguel de la Borda at the mouth of the river of the
same name. This road has two lanes as far west as Nuevo
Chagres, but bridges are generally one lane only. The
road has a gravel surface and is in need of maintenance.
A second road from Gatun follows the north-west shore of
Gatun Lake and connects to Escobal and Cuipo. This road
is two lanes wide and has a bitumen seal, also in need of
maintenance. The only access to both roads is from Gatun
and Colon, via the movable one-lane bridge for light
vehicles beside the lower locks at Gatun.

I1.1.5-8
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5.

2.2

For the areas on the south side of Gatun Lake, the main
road providing access to these farming and grazing areas
is the road from El Espino to Cerro Cama, a sealed two-
lane road in reasonable condition. The only other sig-
nificant road in this area is the road between La Chor-
rera and Mendoza, a two-lane gravel road.

From La Chorrera to Nuevo Emperador via Rio Congo there
is a two-lane sealed road in reasonable condition. The
road from Nuevo Arraijan to Nuevo Emperador via Chapala
is also a two-lane sealed road but is constructed to a
higher standard and provides the best access fro Nuevo
Emperador to the Pan American Highway.

Traffic Volumes

During the course of the Study, it has not been possible
to obtain complete traffic data for the roads in the
vicinity of the two canal alternatives. Some data is
available, particularly for the highways, but is not
published or readily accessible in a comprehensive form.
The traffic data which was obtained is summarized in
Table II.1.5-2 below, though there appear to be some
inconsistencies in the data for the Escobal Road and the
autopista.

A

-

I1.1.5-9
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Table 1II1.1.5-2 Traffic Volume Data

Name of Road Section Date Traffic* Source
Pan Amer. H'way Bridge of the Americas 4/92 30562 2
Pan Amer. H'way East of Arraijan 7/90 16064 3
Pan Amer. H'way Arraijan to La Chorrera 1992 8114 1
Pan Amer. H'way El Espino to La Chorrera 1987 6258 4
Autopista Arraijan 7/90 12922 3
Autopista Arraijan to La Chorrera 1992 5501 1
Nuevo Emperador N. Arraijan to'N. Emper. 1992 1592 1
Port Caimito From La Chorrera 1987 233 4
Cerro Cama Road El Espino to Santa Rita 1987 769 4
Boyd Roosevelt Near Sabanita 11/92 10562 2
Highway '

Escobal Road Gatun to Escobal 1992 132 1
Escobal Road Escobal to Cuipo 1987 382 4

* In vehicles per day

Sources (full citation of references 1, 2 and 3 unavailable):

1. Departamento de Control de Carga y Aforos, Registro de
Afores.

2. Ministerio de Obras Publicas, Direccion de Programacion y
Desarrollo Institucional, Departamento de Planification y
Programacion.

3. Ministerio de Obras Publicas, 1990

4. Estudio del Plan Nacional de Transporte, Informe Final,
Tomo IV, Carreteras y Transport Vial, Ministerio de Obras
Publicas, pages IV-157, IV-169 (undated, about 1987).

I1.1.5-10
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5.3

Existing Bridges over the Canal

There are three bridges across the existing canal, as
described below.

The Pan American Highway crosses via the Bridge of the
Americas. This bridge is an arch truss steel bridge and
has a main span of 1128 feet (334m) and a vertical clear-
ance of about 209 feet (64m) at high water level. The
maximum canal bottom width with the full vertical clear-
ance would be about 800 feet (244m). The approach grades
are 5%. Four lanes are provided over the three central
spans but the approaches are 3 lanes only, two of which
are for the climbing traffic.

The Miraflores swing bridge is located immediately down-
stream of the existing Miraflores locks. It is a sub-
stantial bridge with 4 lanes and a total length of 10,827
feet (3300m). The bridge and the approach roads are
normally kept closed to public access. ‘

At Gatun Locks there is a movable bridge beside the lower
locks. It is closed when ships are passing through,
remaining closed for about 20 minutes to 1 hour for each
ship. The bridge has one lane only and vehicles are
limited to a maximum weight of 20 tons and a maximum
width of 14 feet.

Port Facilities

Existing port and harbor facilities are available at
Cristobal and Limon Bay on the Atlantic Coast and at the
Port of Balboa and Balboa Harbor on the Pacific coast.
These facilities are well developed to serve shipping
using the existing canal and include essential services
such as bunkering and repair facilities.

Ir.1.5-11
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Other Infrastructure

Panama City and Colon are linked by a railway line which
follows a route similar to the existing canal. The line
crosses Gatun Lake on an embankment about 8 km long.
Passenger services no longer run but there are two or
three cargo trains each day.

The major electricity distribution lines and power sta-
tions in Panama are shown in Fig. II.1.5-4. Production
in Panama is divided between hydroelectric and thermal
power stations. The PCC operate their own hydroelectric
power stations at Madden(36,000 kW) and Gatun (22,500 kW)
dams, and operate a thermal power stations at Miraflores
(98,000 kW). Power generated by the PCC is in excess of
canal requirements and the surplus is sold to the IRHE
(Instituto de Recursos Hidraulicos y Electrificacion)
national grid. The thermal power station at Mt. Hope
(20,000 kW) was previously operated by PCC but has been
transferred to IRHE. The other power stations in Panama
are also operated by IRHE. ’

The PCC also operate water treatment plants on the Atlan-
tic side at Mt. Hope and on the Pacific side at Balboa.
These plants provide potable water for the Canal area and
areas of the Republic of Panama. In 1991, water supplied
by the PCC to Panama City and Colon Metropolitan areas
amounted to approximately 216,000 cubic meters (57.1
million gallons) per day. (Source: PCC Annual Report,
1991)

The available maps show a pipeline across the isthmus
adjacent to the existing canal, and crossing the canal
near Gamboa. The pipeline was used to carry oil but is no
longer used (Source: Status of Present Panama Canal,
prepared by SINBOL Consortium, July 1991).

I1.1.5-12
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PART-II Section-2 CONSTRUCTION PLANS

I1.2

Chapter 1. General Construction Plans

The preparation of construction plans is based upon a
High Rise Lock Canal for the passage of max. 200,000 DWT
vessels at 85’ lake level and a Sea Level Canal Route 10
for the passage of max. 250,000 DWT vessels.

In view of the huge volume of construction to be carried
out, the construction plans must take into account the
economy of scale by employing the largest construction
equipment that can possibly be made available.

The items to be examined in the construction of canal
alternatives include, among other things, the
following:

Canal Excavation

The material to be excavated at the proposed site is
complicated and diversified. 1In addition, topographic
conditions also differ greatly zone by zone. Therefore,
from the points of view of practicality and economy, it
will be necessary to vary the excavation method for each
zone and use a combination of several types of excavation
method depending on the zone.

one of the key points in the selection of excavation
method at each zone is as to which method should be
applied, dry excavation or dredging work.

In areas where the need for underwater blasting is antic-
ipated, efforts should be made to keep it to a minimum
because dredging combined with underwater blasting can be
very expensive. In zones where the possibility of having
to use underwater blasting is small, dredging should be
employed as much as possible.

In zones where application of the dry excavation method
is inevitable, it should be done to prevent inflow from
rivers and streams in the neighborhood and make dewater-
ing of the excavation area more complete to assist the

Ir.2.1 -1
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excavation work.
Aggregate for Concrete

On the Pacific Side, as the outcrop of basalt is exposed
in various places, aggregate may be obtained relatively
easily. On the Atlantic Side, as there is no suitable
material available for concrete aggregate in the vicinity
of the construction site, new quarry sites need to be
developed at locations away from the lock construction
site in order to obta-n source rock, which will then be
transported to the construction site.

Arrangement of Construction Equipment and Materials

For the smooth execution of the Project, it is necessary
that huge volumes of construction equipment and materials
be procured efficiently and transported to the construc-
tion site. Because of the huge volumes of cement, fuel,
lubricants and equipment that need to be supplied, logis-
tic bases with wharves should be constructed both on
Atlantic and Pacific sides for the unloading, temporary
storage and transportation of main construction equipment
and materials imported from abroad. Transportation will
be via an access road which is to be constructed for that
purpose.

I1.2.1 - 2
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I1.2

Chapter 2. Equipment for Excavation

Dry Excavation

Because the canal excavation volume in this project is so
huge, the construction cost and schedule will be greatly
affected by how the canal excavation work is carried out.
Therefore, it is necessary to employ the maximum size of
heavy equipment in very large numbers to ensure that the
whole project is on schedule.

(1)

(2)

A study has been made to compare various combina-
tions of equipment and dredging options.

Basis of Excavation

The excavation study is to be carried out from
the existing ground level down to the canal bed.

Areas for placing excavated materials are to be
located along the Canal within a certain dis-
tance ranging from 2.0 to 20 km.

Temporary plugs (non-excavated in-situ earth
intervals) will be provided approximately every
2 km in order to prevent rainfall from flowing
into excavation areas. These plugs are to be
removed one by one after completion of the dry
excavation work between plugs.

Comparison of Earthwork Distance

It is considered that as the size of eguipment
employed becomes larger, costs will decrease in

proportion. In this case, the cost comparison
has been made for earthwork equipment in rela-
tion to respective distance. The haul distance

is taken to be the distance from the excavation
area to the placing area.

I1.2.2 -1
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(3) Comparison of Earthwork Equipment

Comparison of earthwork equipment is as follows:

a. Hauling System by Dump Truck
- 240 ton class dump truck
(max. capacity available)
- 190 ton class dump truck
- 150 ton class dump truck (Phase-1)

b. Conveying System by Conveyor Belt
- 17,000 t/hour capacity,
belt width = 2.8m

c. Hauling System by Wheel Tractor Scraper
- 550 Hp, 47 ton class, 33.6 m3
capacity

Table 1I.2.2.1 - 1 Comparisons for Earthwork System

System Dump Truck Conveyor Scraper
Constructability Weathered/soft Large size Difficult for
rock to be boulders more rock excavation
excavated by than 600 mm to be
ripper crushed by crusher,

Availability of
large scale
Heavy Equipment

or by blasting
Hard rock to be

blasted.

Up to 240 tomn Up to 2.8 m Up to 34 o’
(160 o) dump wide belt conveyor scraper
truck

Up to 1340 Hp Loading/unloading

30 o> class Power facilities

necessary for
conveyor belt
system

Shovel is most
suitable for com-
bination with a
240 ton dump truck

I1.2.2 - 2
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(3)

Cost Comparison

Costs worked out for five (5) systems are shown 1in
Table II. 2.2.1 - 2(a) - (e). Those costs are also
illustrated in Fig. II. 2.2.1 - 5 showing the trend
of cost for each system versus hauling distance.

Employment of Earthwork System

An earthwork system utilizing dump trucks 1is the
most suitable for the Canal Dry Excavation work.

Hourly working capacity is mainly decided by loading
equipment (shovel). Allowing shovel to achieve a
full loading capacity, the required numbers of
bulldozer and dump truck are to be properly provid-
ed.

Combinations of main equipments are as follows:

Loading Equipment: 30 m3 capacity

Power Shovel

Hauling Equipment: 240 ton class
Dump Truck

Dozing Equipment: 98 ton class
Bulldozer

I1.2.2 - 3
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UNIT COST
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Fig. II.2.2.1 - 5 Unit Cost ( $/m3 )
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Part II. Sect.2 — Ch.2

Yachiyo Enqgineering

Dredging

(1)

Combination of Dredging Equipment

The combination of dredging eguipment is to be
decided depending on the nature of material to be
dredged. Unit dredge groups have their own produc-
tion rates and numbers of units will be decided by
considering volume of excavation per year V.sS. PIO
duction rate per year.

1)

Clayey Material

Dredging of clay and silt ls to be carried out
using the Grab Dredger (50m ) - the largest size
available. Dredged materials are to be loaded
onto large split barges (5, 000m3) in order to
minimize the construction period, reduce the
number of vessels required and minimize inter-
ference to canal traffic. It is not considered
using a cutter suction system with a view to
preventing seawater pollution. The dredged
materials are to be transported by S,OOOm3 split
barges and 3,200 HP pusher tugs.

A sufficient number of barges and tugs are to be
provided in consideration of the distance to the
dumping ground and maintaining maximum produc-
tion for the Grab Dredger.

To economize the operation, one split barge will
be moored to the Dredger without a pusher tug
and it will be arranged so that other barges are
back at the Dredger before the split barge is
filled up.

Ir.2.2 - 13



Part IT. Sect.2 — C&.2 Yachiyo Enqgipeering

Table II. 2.2.2 - 1 Unit Dredge Group for
Grab Dredger

Grab Dredger 50m° 3,000 HP 1 unit
Anchor Boat 600 HP 1 unit
Passenger Boat 180 HP 0.5 unit*
Split Barge 5,000m3 depending on
hauling
distance
Pusher tug 3,200 HP ditto

e

* The passenger boat serves two unit dredge groups.

The Grab Dredger has a production of 5,745,600
m3/year.

If sufficient water depth is available in the
operation areas, the Trailing Suction Hopper
Dredger can be employed for dredging clayey
materials.

Table 1I.2.2.2 - 2 Unit Dredge Group for
Trailing Suction Hopper Dredger

Trailing Dredger lO,OOOm3 19,000 HP 1 unit
Survey Boat 420 HP 1 unit
Passenger Boat 180 HP 1 unit

The dredging production of the Trailing Suction
Hopper Dredger depends on its hauling distance.

2) Loose Sand and Gravel

The Cutter Suction Dredger (27,500 HP) is the
most suitable for such materials. In the case
where the placing area is within 2 km of the
dredging site, dredged materials are directly
disposed of through floating, submerged or land
pipelines.

Where the distance to the placing area is more
than 2 km, dredged materials are loaded onto
5,000m3 split barges using a floating pipeline
and loading barge. The arrangement of barges
and pusher tugs is the same as 1) above.

I1.2.2 - 14
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3)

Table II. 2.2.2 - 3 Unit Dredge Group for
Cutter Suction Dredger

Cutter Suction Dredger 27,500 HP 1 unit
Anchor Boat 400 HP 1 unit
Landing Barge 250 HP 1 unit
Passenger Boat 180 HP 0.5 unit*
Survey/Work Boat 600 HP 0.5 unit~
Crane Barge 80 t 0.5 unit*
Split Barge S,OOOm3 depending on
hauling
distance
Pusher Tug 3,200 HP ditto

* Each passenger boat, survey/work boat and crane

barge serves two groups.
The Cutter Suction Dredger has a production of
9,336,800 m3/year.

1f sufficient water depth is available in the
operation areas, the Trailing Suction Hopper
Dredger can be employed for dredging loose sand
and gravel. The Arrangement of the Dredging
group is shown in Table I1.2.2.2 - 2.

Weathered Rock

Dredging of weathered rock is carried out using
the Cutter Suction Dredger (27,500 HP) with the
5,000 HP cutter - the largest size available.
Dredged materials are loaded onto the 5,000m3
split barge using the floating pipeline and
loading barge as in the case of 2) above.

The arrangement of barges and pusher tugs is the
same as case 1) above.

Boulders that cannot be broken into smaller
pieces are removed by the Grab Dredger later.

Ir.2.2 - 15
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4)

Table II. 2.2.2 - 4 Unit Dredge Group for Cutter
Suction Dredger (Weathered Rock)

Cutter Suction Dredger 27,500 HP 1 unit
Anchor Boat 600 HP 1 unit
Loading Barge 250 HP l unit
Passenger Boat 180 HP 0.5 unit*
Survey/Work Boat 600 HP 0.5 unit*
Crane Barge 30t 0.5 unit*
Split Barge 5,000m3 depending on
hauling
distance
Pusher Tug 3,200 HP ditto

* Each passenger boat, survey/work boat and crane

barge serves for two unit dredge groups.

The Cutter Suction Dredger has a production of
7,182,000 m3/year.

If boulders are encountered during the above
dredging operation, the unit dredge group for
Grab Dredger in Table II.2.2.2 - 7 will be
employed.

Medium Hard Rock

The Cutter Suction Dredger with the biggest
rated capacity (27,500 HP) and 5,000m3 split
barges are employed for dredging medium hard
rock.

As cutting harder materials requires more fre-
queént repair/maintenance, the average operation
hours per day are reduced to 18 hours.

Boulders cannot be broken into smaller pieces
using the cutter, so they are removed using the
Grab Dredger.

Blasted materials cannot be dredged by the
Cutter Suction Dredger.

II.2.2 - 16



Part II. Sect.2 — Ch.2 Yachiyo Engineering

Table II. 2.2.2 - 5 Unit Dredge Group for Cutter
Suction Dredger (Medium hard rock)

Cutter Suction Dredger 27,500 HP 1 Unit
Anchor Boat 600 HP 1 Unit
Loading Barge 250 BP | Unit
Passenger Boat 180 HP 0.5 Unit
Survey/Work Boat 6§00 BP 0.5 Unit
Crane Barge 30 t 0.5 Unit
Split Barge 5,000m3 depends on
distance
Pusher Tug 3,200 HP  depends on
distance

The Cutter Suction Dredger has a production of
3,591,000 m>/year.

If boulders are encountered during the above
dredging operation, the unit dredge group for
Grab Dredger in Table II.2.2.2-7 is employed.

Hard Rock

Blasting is carried out prior to dredging. The
Grab Dredger (50m3) is employed to dredge blast-
ed materials.

Blasted materials are loaded into split barges
(5,000m>) .

In case the hourly production of the Grab Dredg-
er is rather low, it is more economical to use
l,OOOm3 split barges.

An 800 HP pusher/tug boat is used together with
the l,OOOm3 split barges.

Ir1.2.2 - 17



Part IT. Sect.2 — C&.2 Yachiyo Engineering

Table II. 2.2.2 - 6 Unit Drilling Group for
Hard Rock Excavation

*SEP L35.0 x B20.0 x H3.4m 1,500 ton 1 Unit
with 8 sets of OD-Drilling Machine
Floating Crane 500 ton 1 Unit
Tug Boat 500 HP 1 Unit
Anchor Boat 600 Hp 1 Unit
Mixing Barge L30.0 x Bl12.0 x H.2.3m 1 Unit
Diver Boat 100 HP 1 Unit
Warning Boat 800 HP 3 Units
Passenger Boat 180 HP 1 Unit

*SEP: Self elevated platform

Table II. 2.2.2 - 7 Unit Dredge Group for
Grab Dredger

Grab Dredger 50mS 3,000 HP 1 Unit
Anchor Boat 600 HP 1 Unit
Passenger Boat 180 HP 0.5 Unit
Split Barge l,OOOm3 depend on
distance
Pusher Tug 800 HP depend on
distance

3

The above dredging fleet (grab dredger, 50m~)

gives a production of 1,388,520 m3/year.

Ir1.2.2 - 18
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Dredging Transporting Dumping

Trailing hopper suction dredging

Dredging Transporting Dumping

Cutter suction dredging

Dredging Transporting Dumping

Fig. 1I1.2.2.2 - 1 Typical dredging Procedure

I1.2.2 - 19
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| ]
Sl = By | |
ATy = s N i
Trailing hopper dredger

Total power: 19, 000 HP
Hopper capacity: 10,000 m3

Cutter suction dredger
Total power: 27,500 HP
Cutter power: 6,000 HP

Grab dredger
Total power: 3,000 HP

Bucket capacity: 50 m3 ' : -

=y P
: =

/
&

Fig. 1I1.2.2.2 - 2 Types of Dredgers
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I1.2.

Chapter 3. Basic Conditions of Construction Plans

Working Days and Hours

The available working days (per annum) varies with the
type of work, local meteorology, and local traditional
holidays. The types of main works are classified as dry
excavation, dredging, concrete works and others along
with available working days.

(1)

(2)

Dry Excavation (Earth & Rock Moving)

Available working days per annum are worked out to
be 249 days (68%), on the assumption that the works
cannot be carried out when rainfall equals and/or
exceeds 15 mm/day.

Operator hours per day

Two shift operation is applied for the works

Operator hours: 10 hours/shift x 2 shifts
= 20 hours

Equipment

Operating hours: 9 hours/shift x 2 shifts
= 18 hours

Dredging (Earth & Rock removal under Water)

Canal Excavation

It is generally held that the dredging works are not
seriously affected by rainfall; available working
days for canal excavation are assumed to be 266 days
per annum (72%).

Operator hours per day
Two shift operation is applied for the Canal excava-
tion

Operator hours: 12 hours/shift x 2 shifts
= 24 hours/day

I1.2.3 -1
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(3)

Equipment
operating hours: 10 hours x 2 shifts
= 20 hours/day

Offshore Excavation

Based on the marine conditions on the Pacific and
Atlantic Ocean sides. (Refer to Ocean Wave Statis-
tics of (National Physical Laboratory)

Percentages of operable days for both trailer suc-
tion hopper dredger and cutter/grab dredger are
estimated as follows.

Atlantic Ocean side Pacific Ocean side
164 days (44.8%) 266 days (72.0%) for Excavation
164 days (44.8%) 178 days (48.9%) for Breakwater

Operator hours per day

Oone shift operation is applied for the offshore
works
Operator hours: 12 hours/shift x 1 shift
= 12 hours/day
Equipment
Operating hours: 10 hours x 1 shift
= 10 hours/day

Concrete Works for the Lock
Available working days: 249 days per annum

Operator hours per day

Two shift operation is applied for the works
Operator hours: 10 hours/shift x 2 shifts

= 20 hours

Equipment

Operating hours: 9 hours/shift x 2 shifts
= 18 hours

IT.2.3 - 2



(4) Data for available working days per annum

1) Earthwork, etc.
On the assumption that earth/rock moving by means of heavy duty equipment ceases
when rainfall is more than 15mm/day

"Table IL 2.3.1-1 Available working days per annum on the Pacific Side (Totumen $)

(RAINFALL >= 15mm )

(FILE : ¥PANAM-06)

JAN |FEB | MAR ] APR MAY UJUN UUL | AUG BEPT | OCT | NOV | DEC | TOTAL

(DAY) I(DAY) (DAY) {(DAY) [(DAY) |(DAY) |(DAY) I(DAY) [(DAY) I(DAY) {(DAY) [(DAY) |(DAYS)

1582 2 0 0 1 5 4 4 3 7 4 3 0 33
1983 0 0 0 2 3 7 4 5 4 8 6 3 45
1984 0 2 0 0 4 4 8 51 10 7 g 0 49
1985 0 0 0 0 2 3 5 2 7 7 2 2 30
1986 0 0 0 1 4 6 4 5 3 7 6 1 37
1987 0 0 0 2 5 4 5 5 5 ) 6 2 43
1988 0 0 0 1 3 5 3 5 7] 14 6 3 50
1989 0 0 0 0 2 5 1 6 6 3] 11 4 38
1990 0 1 0 0 5 2 6 4 3 8 3 2 34
1991 0 0 0 2 3 5 2 3 7 5 5 0 32
TOTAL 2 3 0 9| 42| 45| 42| 43| 59| 72 57[ 17[ 381
AVE. 0.2] 0.3 0] 0.9] 4.2 45 42| 43159 7.2/ 57| 1.7] 39.1
NAWD: (D 0 0 0 1 4 5 4 4 3 7 6 2 39
P. HOLIDAY 2 1 1 0 1 0 0 1 0 0 3 2 11
SUNDAY 4 4 5 4 5 4 5 4 4 5 4 4 52
E MAINT. ¢ 1 1 1 1 1 1 1 1 1 1 1 1 12
summﬂf@ 7 6 7 5 7 5 6 3 5 3 8 7 75
ANAWD: (3 7 6| 7 6| 10 9 ) 9] 10] 12] 12 91 106
A W, Dt 241 221 24| 24| 21| 21 22| 22| 20| 19[ 181 22| 259
TOTAL DAYS 311 281 31| 30| 31| 30| 31| 31] 30 31 30| 31| 365

t Rainfall records presented by " INSTTUTO DE RECURSOS Y ELECTRIFICATION
DEPARTAMENTO DE HIDROMETEOROLOGIA SECCTION DE CLIMATOLOGIA®)

t NNAWD : Non available working days modified due to rainfall

t A N.A WD : Average nonavailale working days

$+ AW D : Available working days

s E MAINT. : Equi'pmént maintenance

= {(B-@)/BHDH
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Table II1.2.3.1-2 Available working days per annum on the Atlantic Side (San Pedro)

(RAINFALL >= 15mm)

JAN [FEB |MAR [APR MAY [UN [UUL [AUG BEPT |OCI [NOV_|DEC | TOTAL

(DAY) [(DAY) [(DAY) [(DAY) [(DAY) [(DAY) |(DAY) [(DAY) (DAY) [(DAY) |(DAY) I(DAY) [(DAYS)

1982 5] 0] 0] 2] 2] 8] 10] 4] 10] 8] 2] 3] o4
1983 0] O] o] 2] 7] 6] 4] 6] 15] 7] 10| 121 69
1984 3] 3] o] of 6] 15] 4] 10| 6] 7] 7] o0l 6l
1935 4] 0] O] 1] 81 7] 6 71 4| 11l 6] 21 56
1986 0] 0] o] 17 4 12[ 71 4] 4] 10] 3] 0] 45
1987 0] 0| o] 6] 12] 6] 8] 11| 9] 13| 9| 6] 8
1938 0| 0l o] 1] 6 8] 11| 8| 11| 12] 13| 5] 15
1989 0] ol ol of 1] 4] 151 9| 6| 17] 12| 2| 66
1990 0] of o] 1] o 7] 10 11| 13| 12| 13| 4] 80
1991 0] 0] o] of 7] 8] 5| 5| 14] 9| 17| 0] 65
TOTAL 12] 3] 0] 147 62 81| 80 75| 92| 106 92| 34| 651
AVE 1.2/ 03] 0] 1.4]62[ 81| 8] 7.5[ 9.2/10.6] 9.2 3.4] 65.1
NAWD: ] 1] of of 1] 6] 8| 8| 8| 9| 11] 9] 3| sa
P. HOLIDAY 2] 1] 17 o 1] o[ ol 1[ o o 3] 2] u
SUNDAY 4| 4] 51 4] 5] 4] 5| 4 4| 5] 4| 4] 52
E MAINT. $ 1] 1] 17 1] il Al o] 1] 1 1 1] 1] 12
SBTOTAL @] 7 6| 7| 5| 7] 5] 6| 6| 5| 6] 8| 71 15
ANAWDt 3] 80| 60] 7.0] 60[120]12.0[12.0/12.0]13.0[15.0(15.0] 9.0 127
A W.Ds 23] 22 24 24] 1971 18] 19| 19 17] 16| 15| 221 238
TOTAL DAYS 31 28] 31 30] 31 30| 31] 31| 30| 31| 30] 31| 365

Available working days per annum are assumed on the basis of Meteorological
data recorded for over past 10 years both on the Pacific Side and the
Atlantic Side

On the Pacific Side 259 days per annum ( 1% )
On the Atlantic Side 238 days per annum ( 65% )
Average available working days 249 days per annum ( 68% )
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2) Dredging Inland Canal
Available working days per annum for dredging Canal
Dredging works are generally not so seriously affected by rainfall.

Work can proceed regardless of rainfall per annum.

Taking the past records(Suez Canal, etc.) regarding a period of annual operating days for
dredging works into consideration, the available working days are obtained in the following manner :

55 days

Periodical Maintenance ---> 15 ¥ % 365 days

Loss days due to --=> 12 ¥ t 365 days 44 days
: Repair of mechanical defects
. Shifting dredging vessels to the operating spots

: Other incidents

Therefore, the average working days per annum are as given below
365 - (55 + 44) = 266 davs ( 72 X )
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3.2 Load Factor, Unit Weight
(1) Dry Excavation
Material types affect the performance and production of earth/rock moving operations.
to understand how materials affect the performance, it is necessary to consider the density,
swell, void, and amount of shrinkage.
Characteristics of materials to be taken into consideration in the cost estimation of earth/rock
moving are given in the table below.

Table 1II.2.3.2-1 Load Factor and Unit Weight

(FILE : PANAMA¥FINAL¥PANAM-07)

Materials State Weight Swell Load Shrinkage Remarks
Materials | (Ton/m3) | (L)# Factar (C)s
(F=1/L)
Earth Natural Bed 1.80 # 1. 20 # 0.83 ¢ 0.90 ¢
Clay Natural Bed 1.80 ¢ 1.30 ¢ 0.77 & 0.90 #
(1.2) (0. 83)
Sand Natural Bed 1. 80 # 1.20 ¢ 0.83 ¢ 0.95 ¢
Soft Rock | Natural Bed 2.20 ¢ 1.50 # 0.67 $ 1.20
Hard Rock | Natural Bed 2.50 % 1.65 % 0.6] 1.40 %
(1.7) | (0.59)
Note :

L : Ratio of bulk in loosened state or haul unit (m3) to natural bed state(m3)
C : Ratio of bulk in compacted state(m3) to natural bed state{m3)

+ Weight, swell and shrinkage factor are obtained from the Standard for Civil Works
Estimation, Ministry of Construction, Japan’

Load factor =1 /L  (Once L is given, Load factor is defined)
Bankyards(m3) = haul unit capacity(m3) x load factor
For cost estimation Load Factors recomended by Ministry of Construction, Japan
are followed except for Clay and Hard Rock, Load factor for Clay and Hard rock are somewhat

modified for the estimate due to our experience.
Modified figures for the Load Factor are shown in parenthesis.

IT.2.3 - 6



(2) Dredging

Table II.2.3.2-2 Load Factor and Unit Weight

(FILE:PANAM-07)

Materials ! State Weight Load Load Remarks
| Materials (Ton/m3) | Factor Factor
To To
Barge Barge
By Cutter | By Grab
Earth Natural Bed 1.80 ¢ 0. 65 0.75
Clay Natural Bed 1.80 0. 33 0.75
Sand Natural Bed 1.80 ¢ 0. 80 0. 80
Soft Rock | Natural Bed 2.20 0. 80 0. 80
Hard Rock | Natural Bed 2.50 # - 0.70

Volume of loaded material in natural bed state

Barge Hopper Capacity x Load Factor

II.2‘

3 -7

is calculated as;
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3.3 Dewvatering System
(1) Bench Cut Method

The bench cut method (20m bench) is used as a stand-
ard and the lowest bench (Canal excavation) below
the datum level is to be done by blasting in one
pass. Bench slope finishing is carried out at every
bench. The access road for access to each bench is
provided. The open drainage ditch is provided at
each berm.

Dry excavation

L e

L

Fig. II. 2.3.3 - 1 Layout of Bench

Ir1.2.3 - 8
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Fig. II.

Dewatering System for Canal Excavation

1)

2)

3)

4)

Prior to commencing excavation of the Canal,
open ditches will be excavated along the top of
each slope. Any flow along these ditches will
be led outside the construction area.

Open ditches for dewatering will also be provid-
ed along every 20m small step on the slope, then
excavation of the Canal will start. At the
deepest part of excavation, pumps for dewatering
will be provided, pumping up water into the open
ditches.

The open ditches on the lowest step on slopes
shall be dug down to the water level of the
Canal.

To divert water from streams and marshes that
cross the canal or that flow into the excavation
area, bypass ditches will be excavated. Refer
to Fig. II. 2.3.3 - 2.

Ground level

Ditch ” 20 m

2.3.3

20 m

- 2 Section of Canal and location of Ditches

I1.2.3 - 9
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(3) Specification of Pumps

Case High Rise Lock Canal Sea Level Canal

Type Fixed Loca- Portable Fixed Loca- Portable

tion Pump Pump tion Pump Pump
Specification

Bore 300 mm 200 mm 300 mm 200 mm
Discharge Vol. 12 m3/min 4 m3/min 12 m3/min 4 m3/min
Head 30 - 40m 20m 40 - 150m 20m
Output 95 kW 22 kW 95 kW - 350 kW 22 kW

The volume of water to be pumped includes leakage
and spring water.

Number of portable pumps will be 3 sets per one set
of fixed location pump.
Generators are used as power sources.

\/

Discharge Ditch
pipe : 300 mm dia.

Submersible type
portable pump

Fig. II. 2.3.3 - 3 Installation of Dewatering Pump

I1.2.3 - 10
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3.4 Placing Areas
(1) construction and Type of Works

1) Dry Excavation

Placing Area > Surface Drainage

Clearing and Grubbing ——[:: Banking

of Area Dewatering

——> Revegetation > ultimately used
of slope as a stock famm

2) Dredging

Dumping in Gatun Lake
Placing Area (Dumping to be to level - 4m
" below water level)

(2) Placing Areas for Dry Excavation

Materials from the dry excavation will be used for
banking at designated placing areas. After comple-
tion of the banking, vegetation and drainage of
surface water will be made.

»-

1) Clearing and Grubbing

Prior to banking at the placing area, clearing
and grubbing will be executed.

2) Along small rivers and streams which flow into

the placing area, drainage pipes will be in-
stalled. Refer to Fig. II. 2.3.4 - 1.

I1.2.3 - 11
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Fig. II. 2.3.4

1

Ml Inlet

[ Outlet

General Layout for Drainage

IT.2.3 - 12
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3) Banking and Drainage

a. Banking will be carried out in such way that
compaction is done by bulldozer layer by
layer.

b. As for drainage during construction, tempo-
rary sedimentation ponds will be provided.
Rainfall on the surface of the banking will
be collected and led to the sedimentation
pond. Clean water at the surface of sedimen-
tation pond will be discharged to existing
rivers. Refer to Fig. II. 2.3.4 - 2.

Sedimenation pond

B Inlet

3 Outlet

Fig. II. 2.3.4 - 2 General Layout for Sedimentation Pond

11.2.3 - 13
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c. The surface of placing areas will be covered
with top soil, and surface drainage using
open ditches will be provided.

Open ditch

Section A - A Concrete ditch

Concrete

Open gitch

Fig. II. 2.3.4 - 3 General Plan and Section of Ditch

IT.2.3 - 14
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4) Vegetation

A mix incorporating seeds of vegetation will be
sprayed on the surface of banking slope.

5) Utilization after Completion of Placing Area

Placing areas will be utilized mainly as cattle
farms.

(3) Placing Area for Dredging
Excavated materials from the Atlantic and Gatun Lake
will be disposed into water of about 5m or more

depth so as not to interfere with the navigation of
vessels.

Ir.2.3 - 15
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Drilling and Blasting Guidelines

In order to find the most efficient/highly productive
rock excavation method, these guidelines were prepared
based on the experience and the data available. The most
feasible method, of those methods available at present,
is the Bench Cut using large scale drilling equipment.
The guidelines describe the selection of the egquipment,
explosives, standard drilling and blasting calculations,
estimated daily production and consumption of explosives.

(1) Drilling Equipment

Generally speaking, since drilling work is one of
the major factors in achieving productivity in hard
rock excavation, the selection of drilling equipment
is considered the most important matter.

The performances of several types of drilling ma-
chine were studied to achieve the best possible
productivity, and the most suitable equipment were
selected as follows;

Preparation work: (Bench forming, Road work,
, Secondary blasting)
- Crawler drill of the 15 ton class equipped
with a hydraulic rock drill for 75-100mm
holes.

Bench cut: (Standard excavation, Quarrying work)
- Blast hole drill of the 32 ton class
equipped with a down-the-hole drill for
225 mm holes.

Underwater excavation:
- Ooverburden drill installed on a self-

elevated platform for 100 mm holes.

II.2.3 - 16
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Left above: 15 ton Crawler Drill

Left below: 32 ton Blast Hole Drill

Above: Self-elevated Platform
equipped with Overburden Drill

Fig. II. 2.3.5 -1
Illustration of Drilling Equipment

Table II. 2.3.5 - 1 Drilling Equipment

: . Drill Hole Drill
Equipment Weight Hammer dia. Steel
ton mm
Hydraulic 15 Hydraulic 76 - 127 3.7m X 6
Crawler Drill Drill
Blast Hole 32 Down Hole 200 - 250 9.1m x 5
Drill Drill
SEP with 1,200 Overburden 75 - 100 9.1lm x 5
0.D. Machine Drill

Ir.2.3 - 17
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(2) Drilling for Standard Bench Cut

(= VR S I o
o e+ e

5.
6.

7.

8.

10.
11.

Bench Height: 20 m

Drill: 32 ton class Blast Hole Drill
Drill Hole Diameter: 225 mm

Drilling Cycle Time per Hole: 183 min.

brilling: 22.5/0.131 = 172 "
Rod Extension: 1 min x 3 = 3
Extraction: 1l min x 3 = 3 "
Machine Shift: 5 min x 1 = 5

Average Drill Speed: 22.5m/183 min = 0.123 m/min
Average Work Cycle Time per day
(2 shift x 10 hr): 1,200 min

Preparation: 30 min
Drilling: 840 min (7 hr x 2 shift)
Charging: 180 min
Rest: 120 min
Miscell: 30 min

Drilling Length per Day: 840 x 0.123 = 103.3 m
No. of Holes drilled per Day:
103.3/22.5 = 4.6 Holes
Max. Burden: 9.0 m, Spacing: 11.3 m,
Height: 20.0 m
Blasting Vol. per Hole: 2,034 m3
Blasting Vol. per 1 day: 9,356 m3

Blast hole
— drill 32 t

He20.0m

Fig. II. 2.3.5 - 2
Typical Section of
Standard Bench Cut
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(3) Blasting Design
1) Explosives

The selection of explosives is one of the most
important factors for estimating unit cost of
the rock excavation. The table below shows
several types of the explosives commonly used
for the rock excavation work. AN/FO should be
used for column charges and slurry explosives
for bottom charges for dry excavation. Where
AN/FO cannot be used, owing to wet conditions,
slurry explosives and/or gelatine dynamite
should be mainly used, as used for underwater
excavation.

Table II. 2.3.5 - 2 Characteristics of Explosives

Type of specific Sstrength Detonating wWater
Explosives Gravity per Unit Speed Resistance
of Weight

Kg/1 mm/sec
Gelatine 1.40 1.00 6,000 Very good
slurry 1.35 0.85 5,000 Good
AN/FO 0.85 0.90 2,500 No good

Table IT. 2.3.5 - 3 Application of Explosives

Type of Work Column Charge Bottom Charge
Dry Excavation AN/FO Slurry
Dredging Slurry/Gelatine Gelatine

I1.2.3 - 19
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Calculation of the Charge for Bench Cut

Calculation of the charge is aimed to give the
minimum charge required for loosening the rock.
In practical application we must take into
account the influence of faulty drilling, throw
and swell, fragmentation and the effect on sur-
rounding rock. The calculations given here are
based on the formula as proposed by Dr. Lange-
fors. (cf. "The modern technique of rock blast-
ing", U. Langefors and "Swedish blasting tech-
nique" by R. Gustafsson.)

The blasting formula is:

v = d/33 // p.;/%.f (E/V)

where; V: Max. burden : m

E: Hole spacing: m

d: Drill hole diameter: mm

p: Loading density of explosives: Kg/l
(Gelatine: 1.40, Slurry: 1.35,
AN/FO: 0.85)

s: Coeff of strength per unit of weight
of explosives
(Gelatine: 1.00, Slurry: 0.85,
AN/FO: 0.90)

c: Rock factor: Kg/m3 (usually c=0.40)

S =c¢c+ 0.05 = 0.45 (cf. Langefors)
f:Degree of fixation: 0.9 at drilling
angle of 75°

Inclination Fixation factor
Vertical 1.0
3 :1 0.9
2 1 0.85
Free 0.75
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3) Blasting for Standard Bench Cut

a. Burden and Spacing

Theoretical burden for bottom charge (slurry):
vl = 225/33/1.35x0.85/0.45%0.9x1.25 = 10.3 m
E=12.9 m V.E = 132.9 m?
Theoretical burden for column charge (AN/FO):
V2 = 225/33/0.85x0.90/0.45%x0.9x1.25 = 8.4 m

E=10.5m V.E = 88.2 m?
Ratio of bottom charge to column charge: 3:7
Average burden x spacing:
(132.9 x 0.3) + (88.2 x 0.7) = 101.6 m?

Maximum burden: 9.0 M (40 x hole dia.)
Hole spacing: 11.3 m

b. Charge Length

Stemming length: 24 X Hole dia. = 5.4 m
Subdrill length: 1/3 x Stem L. = 1.8 m

Hole depth: 22.5 m
Length of charge: Hole depth - stem L = 17.1 m

olumn charge

H=20.0m

ottom charge

Fig. II. 2.3.5 - 3 Typical Section of
Bench Cut Charge
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4)

c. Specific Charge

Quantity of explosives charged per meter:
Bottom(slurry): l.35x10x2.252x0.785 = 53.6 Kg/m
Column(AN/FO): 0.85x10%2.252x0.785 = 33.8 Kg/r

Quantity of explosives per hole:
Bottom(slurry): 17.1x0.3x53.6 = 275.0 Kg

Column (AN/FO): 17.1x0.7x33.8 = 404.6 Kg
specific charge:
(275.0 + 404.6) + 2,034 = 0.334 Kg/m3

Secondary Blasting

Secondary blasting has to be carried out from
time to time to break up boulders which are too
large for mucking or crushing, and this makes up
a considerable part of the blasting costs. The
definition of a boulder varies from one case to
another and depends on the mucking/ loading
equipment used and bucket volume as well as the
dimension of the crushing plant input opening if
the rock is to be crushed. The cost of second-
ary blasting will add 20-40% to that of primary
blasting based on practical experience and data
available. There are two different methods of
secondary blasting, i.e. Plaster shots and
Charge in a drilled hole. The application of
the method depends mainly on the condition of
the boulders produced by primary blasting. (cf.
Table II. 2.3.5 - 4

Table II. 2.3.5 - 4 Method of Secondary Blasting

Description . Plaster shots charge in drilled hole
Application Thin boulders - Thick, round,
highly cracked less cracked
specific charge 1.0 Kg/m3 0.06 - 0.1 Kg/m3
Explosives High detonating Any type of explosives

speed explosives
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Underwater Blasting

The specific charges for underwater blasting are
generally increased from double to guadruple
compared with normal bench cut blasting. Ac-
cording to "Swedish Blasting Technique" page:
261, the basic calculation is described as
follows:

1.

Normal bench blasting needs a specific charge
of about O.45kg/m3 to ensure good fragmenta-
tion. Since misfire can be expected in one
or two drill holes, the charge is double 1in
the case of underwater blasting to 0.90kg/m3.
This implies that if a drill hole does not
detonate but the surrounding holes do, the
specific charge is still 0.45kg/m3. Vertical
holes imply a poorer break-out possibility in
the bottom section. The blasting bottom
shows a tendency to rise, particularly in the
case of long rounds. In the case of vertical
drill holes, the specific charge should be
increased by about 10% to 1.0kg/m3.

The water pressure above is compensated for
by increasing the specific charge by 0.01 x
water depth.

If the rock is covered with clay, the specif-
ic charge can be increased by 0.02 x thick-
ness of clay. For rock sections, the normal
ratio is 0.03 x bench height.

Because of the specific charge needed, hole
spacing is calculated with respect to possi-
ble charge concentrations per meter drill
hole. When a mechanical charger is being
used, charge concentrations can be calculated
as in the case of dry land blasting.
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6)

Fragmentation

Fragmentation concerns the size of the stones
obtained after the rock has been blasted. The
following factors influence fragmentation.

- Number of boulders per unit of volume
- Crushing capacity
- Loading/mucking capacity

The composition of the rock exerts a great
effect on fragmentation since its strength
characteristics vary.

The blasting technique factor with the greatest
influence on fragmentation are:

- The specific charge
- The specific drilling

If the specific charge is increased and the same
hole spacing maintained, the rock is broken up
more, and it is often decided to increase the
specific charge when the intention is to improve
fragmentation.

Specific drilling is of great importance for
fragmentation. The same specific charge in-
creases fragmentation with burden. 1In the case
of small burden, the charge is better distribut-
ed in the rock and possibility of boulder forma-
tion is limited by the hole spacing.

Generally, large diameter drill holes with
concentrated charges provide a larger proportion
of crushed material but also fractions with
larger sizes. Fragmentation is smaller when
small diameter holes are used for blasting.

In order to obtain better fragmentation and/or
large size fragmentation, special methods are
employed.
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Basically, the charge in the relationship be-
tween spacing and burden from the normal E/V =
1.25 to considerably larger values will improve
the fragmentation. With constant specific
drilling and specific charge, the fragmentation
increase when the ratio E/V 1is increased. The
improvement will continue all the way up to
values of E/V = 8.0.

In order to obtain good fragmentation, such as
for quarrying concrete aggregates, the values of
E/V should be increased gradually to the value
mentioned above, and employment of millisecond
firing would be recommended. (Fig.II. 2.3.5 - 4)

Sometimes large size fragmentation is desired,
such as for armor stones for breakwater con-
struction. In this case the values of E/V
should be given less than 1, and instantaneous
as well as simultaneous firing of one row would
be recommended.

Free Face

Fig. II. 2.3.5 - 4 Wide Space Hole Blasting Patterns
(Figures show detonating delays in millisecond)

Free Face

Fig. II. 2.3.5 - 5 Large Size Fragmentation Patterns
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Table II. 2.3.5 - 5 Burden and Spacing Ratio

Fig. II. 2.3.5 - 6
Typical Section of

Bench Cut Burden and Spacing

Burden and Spacing v E E/V
m m

Sstandard Bench Cut for

(Canal Excavation 9.0 11.3 1.25

Quarrying for Rockfill)
Wide Space Hole Blasting

(Concrete Aggregate) 3.6 18.8 8.00
Large Size Fragmentation

(Armor stone) 15.0 6.8 0.45

Underwater Blasting

II.203 - 26
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Ground Vibration from Blasting

In order to plot vibrations from blasts which
consist of widely varying quantities of explo-
sives at many distances, it is useful to normal-
ize or "scale" the data. This is done by divid-
ing the distance by some function of the weight
of explosives detonating at any instant of time.
For deep underground point charges, and for the
calculation of water or air pressures, the best
choice has been to normalize distance by the
cube root of the charge weight per delay.
However, because of the greater spatial distri-
bution of most land-based down-hole blasting
operations, it has proved more useful to use
square root scaling. The true distance divided
by the square (or cube) root of the charge
weight per delay is known as the normalized
distances or scaled distance. For ground vibra-
tions, it is customary to prepare a plot of the
vibration data on a log-log graph of- peak parti-
cle velocity versus square-root scaled distange-,

It is a simple matter to express an equation for
a straight line on a log-log graph, regardless
of the source of the data or what it represents.
Any value on the vertical axis can be expressed
as a function of the value of the horizontal
axis raised to a power which represents the
slope of the line, and that product multiplied
by the y-axis intercept at unity (see formula
below). It should be recognized that the re-
sulting formula is a data-processing formula
from analytical geometry. It is not a seismic
wave egquation.
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where

O

~

=
=
~
N]
I

K factors

PPV

PPV

For blasting operations, it is useful to modify
this data-processing formula to include certain
additional factors related to bast design, such
as confinement, spatial and timing distributions
of the detonation process, and the like. These
factors are used to modify the trend line equa-
tions. If blasting is done repeatedly with the
same design at the same site, it suffices to
consider all of these parameters to fall under
the single factor "H", as a general "site re-
sponse factor".

The general equation including "K factors",
takes the form:

H (D/Wl/z)“B (k1, k2, k3 « . . )

the peak particle velocity of the vibration,
expressed in inches per second (ips)

D = the distance seismic path), in feet

W = the maximum charge weight per delay,
in pounds

the scaled distance

H = the intercept of the attenuation slope at
unity scaled distance

B = the slope of the line

as described above and on the graph of the
prediction curves by *Oriard (see graph).

* Lewis L. Oriard, Inc., Huntington Beach Cal. U.S.A.
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Table II1.2.3.5 - 6
TYPICAL RANGE OF BLASTING VIBRATIONS

FOR VARIOUS CHARGE WEIGHTS AND DISTANCES

TYPICAL
AVERAGE UPPER RANGE
LBS/DELAY DISTANCE RESPONSE RESPONSE
(1bs) (£t) (ips) (ips)

100 500 0.306 0.463
100 1000 0.101 0.153
100 2000 0.033 0.050
100 3000 0.017 0.026
100 4000 0.011 0.017
100 5000 0.008 0.012
200 500 0.533 0.806
200 1000 ' 0.176 0.266
200 2000 0.058 0.088
200 3000 0.030 0.046
200 4000 0.019 0.029
200 5000 0.013 0.020
500 500 1.109 1.677
500 1000 0.366 0.553
500 2000 0.121 0.183
500 3000 0.063 0.095
500 . 4000 0.040 0.060
500 5000 0.028 0.042
1000 500 1.931 2.921
1000 1000 0.637 0.963
1000 2000 0.210 0.318
1000 3000 0.110 0.166
1000 4000 0.069 0.105
1000 5000 0.049 0.073
5000 500 6.998 10.584
5000 1000 2.308 3.491
5000 2000 0.761 1.152
5000 3000 0.398 0.602
5000 4000 0.251 0.380
5000 5000 0.176 0.266

LEWIS L. ORIARD, INC.
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Aggregate Production

Generally, the best sources of concrete aggregate are
considered to be from river sand, river gravel, sea sand,
sea gravel or quarry. For this construction plan, the
selection of the concrete aggregate was studied from
geological data available as well as the report of site
investigation, and concluded that all the aggregates are
to be taken from prospective quarries located near the
construction site.

(1) Reqguired Quantity of Concrete Aggregate

Quantity of aggregate for lm3 of concrete planned
will be as follows:

Coarse Aggregate 1.094 ton/m3
Fine Aggregate 0.730 ton/m3
Total 1.824 ton/m>

(2) Sources of Aggregates

Prospective quarries for each construction site are
considered as follows:

Table II. 2.3.6 - 1 Sources of aggregates

case Atlantic Side Pacific side
Lock, tidal Gate Lock Tidal Gate
High Rise Quarry H-1 Excavated Material
from Canal
. (Granite) (Basalt)
Sea Level Quarry H-1 Quarry S-2
Canal (Granite) (Basalt)
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Caribbean Sea

Atlantic Ocean

(3)

Pacific Ocean

Fig. II. 2.3.6 - 1 Location of Quarries
Crushing Plant

A crushing plant will be installed adjacent to the
Quarry. The produced aggregates are to be stored
and transported to each concrete mixing plant as
scheduled.

The flow chart for the crushing plant is as shown in
Fig. II. 2.3.6 - 2.

The crushing plant capacity required will be approx-
imately 20% more than that of aggregate demands.
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Primary ‘Secondary
crushing plant crushing plant

440 t/h

“500 /b ~
© 500, t/h ) N
. en l

Primary scree
‘ ' Secondary

600 t/h

Hopper bin &f

1,000 t/h
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= B, Zem
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Fig. 11.2.3.6 - 2 Flow Chart of 600 t/h Crushing Plant
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3.7 Concrete Production
(1) 1Installation of Concrete Production Plants
Concretes produced by concrete production plants
installed near the structure are delivered to the
sites.

(2) Concrete Materials

Proportion of materials used for concrete (per/m3)

Cement 0.295 ton/m3
Coarse Aggregate 1.094 ton/m3
Fine Aggregate 0.730 ton/m3
AE ‘Agent 0.800 1/m3

(3) sSupply of Aggregate and Cement

Aggregate: Stock yard at aggre- S
gate production plant Concrete
. Prod i
Cement : Cement Silo located roduction
>! Plant
at Temporary wharf

(4) Requirements of Concrete Production Plant

1) Capacity of each concrete production plant
follows the scheduled concrete placing plan.

2) Each Concrete Production Plant has facility for
cement and aggregate storages.

3) A -water supply facility is required at each
concrete production plant.

I1.2.3 - 34



Part II. Sect.2 — ch.3 Yachiyo Engineering

Ssand stock yard

Operator's room

f :
1
g
Aggregate stock yard " - o
Horizontal Shaft Cement weigher
Counter-flow _ Cement silo
forced Mixer B 1/.
1@ .
i ‘
! -
==
Jg- + g
1 |
Aggregate - oy = o
Weighing Device - R0

Fig. II. 2.3.7-1 Layout of Concrete Production Plant

Ir.2.3 - 35






Part II. Sect.2 - Ch.4 Yachiyo Engineering
1I.2 CHAPTER 4 - FABRICATION OF GATE LEAVES
4.1 Introduction

This chapter covers gate leaves and reldfgq;fgpigities
not only for both the high rise and the tidal locks but
also for the tidal regulating structures. Also it par-
tially refers to small gates and valves for the new and
the barrier dams. Major components included in the
related facilities are as follows.

Table II.2.4-1 Major Facilities Related with Gate Leaves

High Rise Tidal Lock Tidal Regulating

Name
Lock Structure

Gate Frames yes yes yes
Gate Hoists yes yes yes
Locomotives yes yes
Electric Power and yes yes yes

Control Equipments
Emergency Power yes yes yes

Plant

Material Source and Place of Fabrication

It is anticipated that there is a possibility of economi-
cally procuring the gate leaves and related facilities or
their materials from developing areas such as China,
India, Brazil etc. where industry has been developed to a
certain level, yet labor cost is still comparatively low.
This point shall be much considered in realizing economi-
cal design of gate leaves. Table II.2.4-2 defines classi-
fication zones into which materials and fabrication
methods of gate leaves are classified according to
technical capability and cost competitiveness of the de
veloping countries. A fabrication method or material
which belongs the zone I in the table shall be employed

IT1.2.4-1
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in the gate leaf design as much as possible whereas those
which belong to the zone II or III shall be employed only
when they are economically advantageous or a canal alter-
native to be studied can not be feasible without them.

The gates for dams (=the new dams or the barrier dams in
the high rise lock canal or the sea level canal alterna-
tive) are all classified into the Zone I with respect to
either material or fabrication method whereas lock gates
and tidal gates can not be classified quantitatively into
any zone at this stage of study. Table I1I.2.4-3 shows
classifications of cost components in cost estimates.
No.l on the table was a classification applied to estima-
tion of the lock gates and the tidal gates (=gate leaves
for the locks of the both canal alternatives and for the
tidal gate structures) and includes three cost compo-
nents. The No.2 is a minimum requirement for cost classi-
fication which shall be applied for full study of econom-
ical gate leaf design including material source and place
of fabrication. The Zone I thru Zone III in this calssi-
fication correspond to those defined on previous table
and the supervision means cost for supervising fabrica-
tion or installation carried out by the firms in the
under developed area. Break down of the costs in the
Calssification No.l into the No.2 will be possible only
after detail design on the gate leaves is made.

11.2.4-2
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Table II.2.4-2 Classification Zone for Cost Conipetitiveness
and Technical Capability

Technically Capable ?
Yes No
Costly Yes Zone |
Conpetitive Zone [I
? No Zone [

Table II.2.4-3 Classification of Cost Component

Classification
t4 1 2
Number

To be Applied | Lock and Tidal | Study on Design Optimization
for Gates Including Supply Origins

Shop Design

Zone |
Material &
Zone [
Fabrication Parts
Cost Zone [I
Compoments Direct Cost
Fabrication
Supervision
Transportation Transportation

Direct Cost

Installation
Supervision

1I1.2.4-3
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Constructability

Constructability of all major facilities included in the
preliminary designs made has been reviewed and it has
been concluded that possibility of all their shop fabri-
cations is positive at least from the feasibility study
point of view. Nevertheless the same effort has to be
made for the more detail portions of designs at detail
design stage.

Fabrication Procedure
(1) Gate leaves

In general, usual procedures and technics adopted in
ship building industry or bridge fabrication indus-
try will be applicable to the fabrication of all
gate leaves. Specific points having considered in
their preliminary designs are as follows.

1) The gate leaf blocks listed on Table II.2.4-4
are fabricated to a block including majority of
accessories either at open yards or dry docks of
shop and shipped to the site as a whole.

Table II.2.4-4 Approx. Maximum Block Weight in Ton of
Gate Leaves When Launched at Shop

Gate Name High Rise Tidal Lock rjgal Reg. Barrier Dam

Lock Structur

Operating Gate 2100 800 7300

Emergency Gate 3000 1800 7300

Maintenance Gate 6700

Culvert Maint. G. 30 25

Spillway Slide G. 17

2) The gate leaf blocks for the Tidal Regulating
Structures in Table 1I1.2.4.3-4 can, as an op-
tion, be fabricated into a several vertically

I1.2.4-4
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3)

4)

sliced blocks, then bolted together to a block
having weight shown on the table.

An Operating Gates and An Emergency Gates for
Tidal Lock and Tidal Regulating Structure are
consist of a pair of blocks which are supposed
to be joined each other at the site. Their good
matings should be confirmed at their shop fabri-
cation stages.

The gates listed on Table I1I.2.4-5 are fabricat-
ed to blocks and preliminarily assembled to a
body including majority of accessories, then
dis-assembled for their shipments.

Table II.2.4-5 Gate Leaves to be Shipped
after Dis-assembling at Shop

Gate Name

High Rise rj3al Lock New Dam Barrier Dam

Lock
Culvert Gate yes yes
Outlet Pipes ves
Spillway Rad. G. yes

S)

6)

Intensive welding tests will be necessary to
establish welding procedures and to provide
enough number of qualified welders in order to
meet needs for fabrication of steel structures
which will be made from massive thichnessed high
tensile strength steel up to 100 Kg/mm2 in
ultimate strength.

Special attention shall be paid to keep the
major structures being welded at the acceptable
position which will be specified in the welding
procedures being established. This requirement
will have a more important meaning at the later
stages of shop fabrications because the weight
of a block to be welded may become more than a
thousand tons.

I1.2.4-5
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(2)

(3)

Gate Frames and Gate Hoists

All gate frames and hoists are fabricated to blocks
and preliminarily assembled to a body including
majority of accessories, then dis-assembled for
their shipments.

Locomotives, Electric Power Equipments, Emergency
Power Plant

Locomotives, Electric Power and Control Equipments
and Emergency Power Plant shall be fabricated at
shop to as big block as acceptable for their site
handling.

Transportation Procedures

Followings are classifications for ocean transportation
procedures. ( ) shows abbreviation of each procedure.

(1)

(2)

(3)

(4)

Being towed by tugs:;(Towed)
Being towed on a sink barge; (On barge)

On board as a whole with small protection work; (On
board)

On board after packed; (Packed)

Application of the procedures classified above
mainly depends upon dimension, shape, nature of
material used for the product to be transported.
Table I11.2.4-6 shows assumptions made for cost
estimation of this study.

IT.2.4-6
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Table II.2.4-6 Transportation Precedure

Name of Product Trans. Procedure
(1) Ope. Gate Leaf for Tidal Reg. Structure Towed
(2) Eme. Gate Leaf for Tidal Reg. Structure Towed
(3) Ope. Gate Leaf for Locks On barge
(4) Eme, Gate Leaf for Locks On barge
(5) Maintenace Gate Leaf for H. R. Lock Towed
(6) Culvert Maintenance Gate & Spillway Slide Gate On board
(7) Locomotive On board
(8) All other Fabricated Material Packed
Table II.2.4-7 gives typical dimensional examples of
products to be shipped in case of the 200, 000ODWT
high rise lock canal alternative. The product number
in the table corresponds to the numbers in Table
II.2.4-6.
Table II.2.4-7 Dimensions of Products when Shipped
(200, 000DWT H.R.L.C. Option)
Product Name Length Width Height Weight T. Procedure
(m) (m) (m) (m. ton)
(3) Ope. Gate Leaf 37 35 4.8 2,100 On barge
(4) Eme. Gate Leaf 60 25 5.5 3,000 On barge
(5) Maint. Gate Leaf 60 9.2 30 6,700 Towed
(6) Culv. M. G. Leaf 9 2.5 1.0 30 On board
(7) Locomotive 15 3.3 4.5 80 On board

I1.2.4-7
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4.6 Possibility of Fabricating Gate Leaves in Panama and
Immediate Region
Possibility of gate leaf fabrications at shops in Panama
or immediate regions was studied. 1It's result is shown
in Table I1I.2.4-8 in three steps grading system with
respect to technical ability and cost competitiveness.
The immediate region includes Colombia, Ecuador, Peru,
Costa Rica, Nicaragua, E1 Salvador, Guatemala and Hon-
duras.
Table 1I1.2.4-8 Possibility of Local Fabrication
Technical L
Gate Name Ability Competitiveness
Tidal Gate v X
Lock
1) Operating Gate X
2) Culvert Gate X
3) Emergency Gate X
4) Maintenance Gate X
5) Culvert Maintenance Gate i ?
Dam
1) Crest Gate¥* ' o ?
2) Outlet Valve** 1
3) Outlet Pipe* o

Note 1. The local fabrication means shop fabrication of gate

leaves in Panama or immediate regions.
2. o0; positive, s; needs more study, x; negative,

?; needs study on an inquiry base.
3. * shows for the new dam and ** shows for the barrier

dams.
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Work Schedule

Gate leaves which will be fabricated at shop in one
piece may be so heavy that handling to move to storage
areas at shop yards would be almost impossible and also
their long storage times either at the shop side or at
site are not recommendable. Therefore their fabrication
schedules at shop should exactly correlate to the total
work schedule at site. This synchronization between the
work schedules at shop and at site will be really possi-
ble only when detailed schedules for preceding events
such as design, material procurements at shop and water
filling to the canal at installation site are duly estab-
lished.

I1.2.4-9
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1.3

PART II SECTION 3 COST ESTIMATES

II.3 CHAPTER 1 - ESTIMATE BASES AND ASSUMPTIONS

Type of Contract

The selection of contractors and the type of contract
will be based on international competitive tender in
accordance with the FIDIC, 4th Edition, 1987.

Estimate Date and Currency

All estimates are based on the 1990 index and in US
dollars. Cost increases during the construction period,
and in the case of delays in commencement, are not in-
cluded.

Payment

It is assumed that progressive payments will be made
during the construction work, such that no payment/re-
ceipt of interest is due to the contractors, and no
allowance is made for retention.

Taxes and Custom Duties

Taxes and duties are not included in the cost estimate
for Phase 2.

Social Benefit and Overtime Premium

Overtime premiums and allowances for social benefits,
amounting to 67%, are added to the man-day/hour cost in

Panama as of 1990, according to the Panamanian Labor
Regulations.

II.3.1-1
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Gate Leaves and Related Items

Way of cost estimation for gate leaves and related items
is either one of or combination of following methods.

(1) Aggregation of major cost components.

(2) Estimation based upon established unit prices.

(3) Quotation from commercial suppliers.

(4) Adjustment of the cost in the Deep Draft Lock Plan
based on another cost components.

Cost estimation of gates for dams is based on unit prices
($/ton) which have been established according to records
of resent international biddings for similar kinds of
gates. Other gate leaves and related facilities as ex-
plained at II.2-Chapter 4.1 are estimated based on the
assumption that they are fabricated in Japan. Detail
discussion is given for back ground of these assumptions
at II.2-Chapter 4.2.

General Conditions

The general conditions for the Alternative Panama Canal
Project is based on the assumption that the work will be
divided into 10-20 work sections (contracts). The amount
of one section will be more or 1less USS$S500 million.
Considering the scale of the project, items in the gener-
al conditions for the project are calculated by adding
the costs of required items.

Items of the general conditions are considered to be as
follows:

(1) Field Office Expenses

- Salaries/Wages of Managers, Engineers, Techni-
cians, Clerks, Watchmen, Safety Personnel and
others.

- Office Facilities and Engineering Supplies.

- Utilities* (Water, Power, etc.) *consumption

- Communications (Telephone, etc.)

Ir1.3.1-2
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- Traveling Expenses and Labor Transportation

- Welfare Expenses

- Reports and Photographic Records

- Legal Expenses

- Insurance (Construction, Third Party and Marine
and Construction Equipment)

- Premium for bonds (Performance and Advance Pay-
ment)

- Vehicles

(2) Home Office Expenses

- Home Office Overheads
- Risks and Profits
- Subcontract, Procurement Arrangements

1.8 Supporting Construction

In order to carry out the construction work, support
works and facilities will be required during the con-
struction period. The cost of the support work and
facilities is calculated by summing up the required
items. Cost items to be included for supporting con-
struction work are as follows:

(1) Construction Village and Camps

- Housing (family quarters, bachelor quarters)

- Public services (mess, school, police, fire, post
office, etc.)

- Warehouses

- Churches

- Recreation facilities

- Medical office and hospital

- Supermarket

- Utilities (water supply, sewerage system, power
plant, telephone, garbage collection and incinera-
tion, etc.)

(2) Main Haul Road

11.3.1-3
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(3)

(4)

Access Road Connecting Quarry Sites
Logistic Base Facilities

- Temporary wharves

- Cement storage

- Fuel, lubricant storage
- Aggregate stockyards

- General cargo warehouses

Indirect Costs

Indirect costs to be borne by the client are categorized
as follows:

(1)

(2)

(3)

(4)

(3)

Administrative Costs

Client's costs for salaries, travel and expenses for
engineering and construction activities.

Headquarters Costs

Engineering, design and head quarters support,
including salaries, travel and other expenses, of
all home office assigned personnel.

Construction Supervision

Salaries, travel and other expenses for construction
management activities.

Land Acquisition and Land Rights

Costs are to be calculated in collaboration with
local consultants.

Compensation and Relocation of the Local Population
Include the development of new infrastructure to

service the relocated communities as costs for
relocation of the displaced local population.

I1.3.1-4
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(6)

Recommendations of local consultants are to be
applied in cost calculation.

Contingency

A physical contingency allowing for uncertainties in
scope, quantities and prices.

Ir1.3.1-5
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2.2 Manpower

Table II. 3.2.2-1 Manpower (Staff & Labor) Rates - As of 1990

Occupation/Trade Hourly Social Total Daily
Rate Charges Hourly Rate
($/Hr) ($/Hr) ($/Hr) ($/Day)
General Foreman 3.60 2.41 6.01 48.08
Foreman 2.92 1.96 4.88 39.04
Common Worker 1.35 0.90 2.25 18.00
Plasterer, Bar Bender, Plumber 1.70 1.14 2.84 22.72
Carpenter, Electrician
Rigger 1.45 0.97 2.42 19.36
Painter 1.50 1.01 2.51 20.08
Watchman 1.00 0.67 1.67 13.36
Land Surveyor 2.00 1.34 3.34 26.72
Chainman 1.45 0.97 2.42 19.36
Survey Assistant 1.35 0.90 2.25 18.00
Operator (Heavy Duty Equipment) 2.50 1.68 4.18 33.44
Operator 1.80 1.21 3.01 24.08
Driver(Heavy) 1.80 1.21 3.01 24,08
Driver (Vehicle) 1.30 0.87 2.17 17.36
Mechanic 2.10 1.41 3.51 28.08
Steel Assembler 2.40 1.61 4.01 32.08
Steel Welder 3.50 2.35 5.85 46.80
Steel Pipe Worker 3.00 2.01 5.01 40.08
Marine Works Expatriate ' 10,000.00 (Monthly Rate)
Marine Works Senior Crew 5.70 3.82 9.52 95.20
Marine Works Crew 3.50 2.35 5.85 58.50
Marine Works Deck Hand 1.80 1.21 3.01 30.10
Marine Works Drilling Crew 4.00 2.68 6.68 80.16
Marine Works Diver 3,000.00 (Monthly Rate)
Marine Works Diver Assistant 1,500.00 (Monthly Rate)

Note: 1) Hourly rates are mainly based on CAPAC (Camara Panamena de la Con
struccion 15 de Octubre de 1990, No.48)

2) Cost estimate assumes that skilled, qualified Panamanian craftsmen
are available in sufficient quantity to support all comstruction
activities. No cost allowance is included for training or import-
ing craftsmen from outside Panama.

3) Note that labor wage rates in 1990 for manual craftsmen in Panama
decreased following the liberation of Panama (Operation Just
Cause) and the above rates reflect that decline.

I1.3.2 - 4
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