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INTRODUCTION

In 1997, the Panama Canal Authority (ACP) initiated the expansion project of the waterway in order to
increase its capacity. The Expansion Project included the construction of additional locks and navigation
channels to allow the transit of Post-Panamax vessels. This project required a new navigation channel to
connect the Gaillard Cut with the new Pacific Locks. This channel was designated as the Pacific Access
Channel (PAC). The new channel is approximately 7.8 km long and 218 m wide, with a water elevation at
26.82 m PLD (Precise Level Datum for the Panama Canal) and is separated from the Miraflores Lake
(elevation 16.45 m PLD) by a new dam.
ACP divided the Pacific Access Channel works into four separate construction packages. The first three
contracts, denominated PAC-1, PAC-2 and PAC-3, were executed from 2007 until 2009, and the design
contemplated to excavate from the natural ground elevation down to elevation 30.00 PLD. The last
excavation contract, named PAC-4, was designed to remove all the remaining material down to elevation
9.14 m PLD (bottom of navigation channel); this contract also included the construction of one of the two
embankment dams required to separate the new access channel from the Miraflores Lake, that have a
difference elevation of almost ten meters. These dams were designated as Borinquen 1E and 2E; the last
one was included in the Locks Contract while the Borinquen 1E dam was built during the PAC-4 contract.
The design of the PAC-4 required that the contractor excavate to ground elevations below the Miraflores
Lake level; therefore, it was required the construction of a cellular cofferdam and an embankment
cofferdam in order to provide the adequate conditions for the required excavation works. This cofferdam
was designed by the ACP Design Team and the review process was performed by URS Corp., who was
the consultant in charge of the design of the embankment 1E.
Most cofferdams can be built either on rock or on sand and gravel; and the design varies depending on the
soil condition. For the structure required in this project, given the geology of the area, the cofferdam was
designed for the case where is resting on rock. It is important to note that the cofferdam was built as a
separate structure from dam 1E, which will not depend on the cofferdam for its own stability.
The paper describes the design criteria assumed for the cofferdam, including its alignment, geological
conditions under the structure and a summary of the design procedure used. In addition, the paper will
address the construction process from the owner’s point of view, including some changes proposed by the
Design Team and also by the contractor due to problems at foundation levels.
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PROJECT DESCRIPTION

The new Borinquen Dam 1E was part of the works for the Pacific Access Channel (phase 4), and begins at
the Pedro Miguel Locks in the north and extends south across Miraflores Lake to Fabiana Hill, a rocky hill
outcropping north of the Miraflores Locks (see Figure 1). This dam and the other three included in the Locks
Contract, separates the Miraflores Lake (at elevation 16.75 m PLD approximately) from the new navigation
channel (at elevation 25.90 m PLD approximately). Since the construction of this dam involved excavation
of the foundation down to elevation 0.00m PLD, it was necessary that the contractor built a cofferdam in order
to allow excavation in the dry.
The cofferdam was required where Dam 1E construction would extend into or near Miraflores Lake,
between approximately Stations 1+000 and 2+700 (see Figure 1). The north end of the cofferdam was tied
into the west approach wall of the Pedro Miguel locks. The south end of the cofferdam was tied into existing
ground. The 1.8-km long cofferdam has a maximum height of about 17.00 m.

Figure 1: Dam 1E and cofferdam location
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DESIGN CRITERIA

Most cofferdams can be built either on rock, where little or no overburden exists, or on sand and gravel; and
the design varies depending on the soil condition. For the structure required in this project, given the
geology of the site, the cofferdam was designed for the case where is resting on rock. It is important to note
that the cofferdam was built as a separate structure from Dam 1E, which does not depend on the cofferdam
for its own stability.
In general, the design of a cofferdam must satisfy the following criteria:
a. The structure must be able to withstand all the various loads applied to it
b. The quantity of water entering the cofferdam must be controllable by pumping
c. At every stage of construction, the formation level must be stable and not subject to uncontrolled heave,
boiling or piping
d. Deflection of the cofferdam walls and bracing must not affect the permanent structure or any existing
structure adjacent to the cofferdam
e. Overall stability must be shown to exist against out of balance earth pressures due to sloping ground
or potential slip failure planes

3.1

ALIGNMENT

In order to accomplish the performance described above, the design of the cofferdam needs to consider
several design criteria. One of them is the final alignment. This alignment was first outlined based on the
design of Dam 1E (URS, 2008) and the final surface of the outcropping rock (weathered and sound).
The cofferdam was originally located approximately 30.00 m east of the outboard toe of Dam 1E and west
of the shipping channel. The cofferdam was located in such a way not to interfere with the construction of
Dam 1E and the shipping channel in Miraflores Lake. Due to the preliminary design of Dam 1E, the original
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cofferdam alignment required a PI between stations 3P+494.08 and 3P+778.71. This was done in order to
maintain the cofferdam structure close to the toe of the dam and to reduce construction costs.
The final alignment of the cofferdam was defined based on various aspects as describe below:
a. The cofferdam must be located to avoid interference with construction of Dam 1E and the shipping
channel in Miraflores Lake
b. Minimum clearance between the cofferdam and the outboard toe of Dam 1E shall be 10 m
c. The cofferdam must satisfy the operation requirements. In the middle section of the cofferdam, the
structure will be used as a tie-up station (see fig. 2). The Cofferdam shall be straight in the area of the
tie-up station. (approx. 500 m)
d. The northern closure will be the south end of Pedro Miguel Locks
e. In the southern closure the cofferdam will extend until top of weathered rock reach elevation 18.00 m
PLD
The final alignment in Figure 2 shows the north and south ends and also where the structure changes it size
and type. It changes size because the structure may be used as a tie-up station only in its middle portion.
The rest of the structure will not be treated as such and therefore a more economical design has been
implemented. On the other hand, as shown in Figure 2, the cellular cofferdam extends from the north end
up to a point south of station 4P+249 where the geology allows a change in the type of cofferdam to be
used. At this point, the rock is above elevation 18.00 m PLD (see Section 4) and therefore, a cellular
cofferdam in uneconomical and an embankment cofferdam with sheet piles cutoff may be used as describe
in Section 3.2.
In addition, since the cofferdam structure is required to keep the excavation area for the dam foundation
completely dry, it was decided that in the north (Pedro Miguel Locks) the cofferdam would be extended and
tied into an existing slope to reduce the risk of flooding. In order to ensure the water-tightness of the system,
it was also decided to design a grout curtain or a similar structure extending from the cofferdam to the locks
wall as shown in Figure 3. In the south end, the cofferdam will tie into the existing ground at Point #5 (see
Figure 2).

Figure 2: Cofferdam final alignment

Figure 3: North tie-in of cofferdam (at Pedro Miguel Locks)
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3.2

COFFERDAM ALTERNATIVES

The original cofferdam concept required for the construction of Dam 1E consisted of a single-diameter
cellular cofferdam to be built throughout the entire 1.8-km long alignment. However, analysis of the possible
future uses of the structure and the geology of the area, lead the Design Team to consider two different
alternatives along the alignment in order to allow tying up operations and also to reduce the cost of the
structure:

3.2.1

Embankment Cofferdam with Sheet Pile Cut-Off

This first alternative was considered for those areas where the rock elevation was above 18.00 m PLD and
the driving of the flat sheet piles (required for cellular cofferdams) was determined to be unnecessary (as
well as impractical). Evaluation of the geology of the area (see Section 4) suggested that south of Station
4P+429 the rock elevation was above the required 18.00 m PLD; therefore, and to avoid any seepage
through the rock, it was decided that an embankment cofferdam with a sheet pile cut-off (see Figure 4) was
enough to guarantee impervious condition during the excavation works required.

Figure 4: Typical section of the embankment cofferdam with sheet pile cut-off

This type of cofferdam was constructed in the south part of the cofferdam alignment, specifically from
Station 4P+429 up to the south end where the structure must tie into the existing ground at Fabiana Hill.

3.2.2

Cellular Sheet Pile Cofferdam

Those areas where the weathered rock elevation is below 18.00 m PLD, the cellular sheet pile cofferdam
alternative was used. This alternative was chosen over the Float-in-place concrete caisson cofferdam
because is more economical and also because ACP has already design this type of structures in the past.
The Panama Canal operates another tie-up station in the Gaillard Cut which was design under the same
concept. ACP having the experience of designing a similar structure and considering that this existing
cofferdam is presently being used as a tie-up station, the Design Team proposed that the remaining
cofferdam was design as a cellular cofferdam instead of float-in- place concrete caisson. In addition, the
team proposed that a portion of such a cofferdam might be used as a tie-up station.
The new cofferdam structure is located in the Miraflores Lake, a few hundred metres west of the existing
navigation channel and north of the existing Miraflores Tie-up station. The existing tie-up station is
composed of several buoys anchored to the lake floor and therefore there is no land access to this facility.
The idea of having this structure design as a future tie-up station was extensively accepted because it
would provide land facilities to the actual operation crew and an additional anchoring capacity at Miraflores,
which may increase the vessel transit through these locks.
Therefore, it was decided that the middle portion of the structure, between station 3P+494 and 4P+000
(approximately 500 m), were designed for the appropriate tie-up station loads and additional earth fill to be
placed on top of the cells to reach the required freeboard.
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3.3

GENERAL DESIGN CRITERIA

In addition to the alignment the cellular sheet pile cofferdam design needed to consider several other
general design criteria as shown in Table 1.
Feature/Issue

Criteria

1. Cofferdam Crest Elevation
2. Miraflores Lake
Operating Levels

•
•

Maximum: elevation 16.75 m
Minimum: elevation 16.45 m

•

For tie-up station, foundation level must allow
for Panamax vessel draft.
o Dredge line on Miraflores Lake side of
cofferdam will be elevation 2.90 m
Construction of the cofferdam shall minimise
impact on shipping operation

•

4. Foundation

The area between Dam 1E and the
cofferdam will be backfilled to the
cofferdam crest level.

18.00 m

3. Operations

•

Residual soils or rock:
•
o Sheet pile refusal on weathered rock, or
o At least 2 m below SPT N-value of 50

•

Seepage cut-off must be adequate to prevent
•
piping
o Foundation to be non-erodible, or
hydraulic gradient to be less than 0.3 in
erodible materials

•

Between Dam 1E and Cofferdam: Zone 3
rockfill
Within sheet pile cells: Free-draining rockfill
(minus 150 mm)

5. Backfill
•
•

•

Must have adequate static and seismic
stability
Check overall cofferdam stability at tie- up
station (draft to allow for Panamax
vessel)

7. Dead Loads (Static)

•
•

Loads from rockfill on west side of cofferdam
Hydrostatic loads

8. Live Loads

•
•
•

Ship berthing forces from a Panamax ship
Operational deck loads
Construction loads

9. Seismic Loads

•
•
•

Backfill loading
Inertial loads of the cofferdam itself
Hydrodynamic loads from Miraflores Lake

6. Stability

•

Remarks

A deck will be constructed on top of the
cofferdam to allow for ship tie-up station

Materials must have sufficient strength
for static and seismic stability, eliminate
liquefaction potential, and minimise
settlement
All fill, alluvium, Pacific Muck and
unsuitable soils will be removed from the
cofferdam foundation in place under wet
conditions
Sheet pile Cell fill is ACP specification

Ref: Design of Sheet Pile Cellular
structures, EM 1110-2- 2503. U.S. Army
Corps of Engineers, September 1989.

Loads to be determined during preliminary
design of the cofferdam

10. Drainage of Seepage

Provide for drainage of seepage from Dam 1E
through cofferdam to Miraflores Lake

Consider Miraflores Lake operating levels
to set drainage invert elevation through
cofferdam

11. Corrosion Resistance

Must resist corrosion in brackish water
conditions

Consider wave splash and fluctuating
Miraflores Lake levels

Table 1: Design criteria for the cofferdam
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FOUNDATION CONDITIONS

The proposed cofferdam footprint is underlain by varying depths of fill. Beneath the fill, the cofferdam is
primarily underlain by the La Boca formation, and Pedro Miguel agglomerate. The designers of the Dam 1E
concluded that the fill and residual soil materials are not suitable for dam foundation, so they will be stripped
before construction of the embankment. However, for the case of the cofferdam this material is soft enough
so the sheet piles will be driven through them until reaching hard rock (top of weathered rock), or the
predefined elevation.
Once the cells are constructed and ready to be backfilled, this material will be removed. Only in the portion
where the Tie-Up station will be constructed, this soft material will be dredged prior to the construction to
avoid future interference of the dredge operations with the final structure.

4.1 GEOLOGICAL CROSS SECTIONS
Along the alignment of the cofferdam ACP drilled several boreholes to better characterise the geology
right underneath the cofferdam structure. These new boreholes complemented many others already drilled
in the area. As a result, ACP geologist developed a longitudinal cross section showing the location of the
fill, overburden, top of weathered rock and top of sound rock. In addition, several cross sections were
developed along the cofferdam alignment in order to provide the designer with more precise details on
how the cofferdam would be founded on the soil. In this paper only two cross section are shown.
Using this longitudinal cross section, the Design Team was able to determine the location where the
cofferdam would be switched from a cellular structure into an embankment cofferdam. It was decided that
from station 4P+249.26 extending south across low lands to Fabiana Hill the rock elevation was high
enough so a cellular cofferdam is no longer required. Therefore, in this section an embankment cofferdam
would be used instead.
All the cross section developed by ACP were evaluated and analysed by the Design Team. It was
concluded that section 3P+330.26 (Figure 5) was the most critical one within the non-tie-up portion of the
cofferdam, while section 3P+778.71 (Figure 6) was the most critical within the portion assigned to the tieup station.

Figure 5: Cross section at station 3P+330.26 (non-tie-up station)
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Figure 6: Cross section at station 3P+778.71 (tie-up station)
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COFFERDAM DESIGN

The design of the cofferdam was done following the standard procedure developed by the Tennessee
Valley Authority (TVA), also known as the Terzaghi’s Method. Although there are other methods available,
the TVA procedure is simple and one of the most commonly used around the world.
Basically, a cellular cofferdam is a gravity retaining structure formed from the series of interconnected
straight web steel sheet pile cells filled with soil, usually sand, or sand and gravel. The interconnection
provides water-tightness and self-stability against the lateral pressures of water and earth. The circular one
(as the one being design), consists of individual large diameter circles connected together by arcs of
smaller diameter. These arcs generally intercept the circles at a point making an angle of 30, 45 or even
90 degrees with the longitudinal axis of the cofferdam. The prime feature of the circular type cofferdam is
that each cell is self-supporting and independent of the next.
The design of a cellular cofferdam proceeds much the same as that of an anchored wall. Before the design
can be initiated, the necessary controlling dimensions must be set. In this case, the height of the structure
is a known value so the next step was to choose an approximate diameter, D, and the equivalent width,
B.
One additional parameter that needed to be defined was the location of the water table inside the cell, or
the so-called saturation line. This basically refers to the degree of saturation within the cell fill and its
location is influenced by a number of factors including the condition of the pile interlocks, the permeability
of the cell fill, whether a berm is used, and the number and position of weep holes on the inside row of
piling. In the present design, a horizontal line, at an elevation so chosen as to represent the average
expected condition of saturation, was assumed in order to simplify computations.
Once all these parameters were defined, the next step was to verify the stability of the cells. Since the
cells will be founded on rock, several types of failures were needed to be checked: a) Sliding on the base;
b) Overturning; c) Shear failure on centre line of cell; d) Horizontal shear; e) Excessive interlock tension;
and f) Loss of internal stability

5.1

DESIGN OF THE NON-TIE-UP AND TIE-UP SECTIONS

The non-tie-up section of the cofferdam applies to those areas that will not be used for berthing vessels.
These areas have been identified as those close to the Pedro Miguel Locks (between point 1 and 2 in
Figure 2), and to the southern portion of the alignment inside the Miraflores Lake (between point 3 and 4
in Figure 2). A review of the geological cross-section in these areas revealed that the most critical is the
one identified as 3P+114.08; therefore, this section has been adopted as typical and the design will be
performed based on its features.
On the other hand, the tie-up section of the cofferdam applies to that area that will be used for berthing
vessels. This area has been identified in the middle section of the cofferdam alignment, between point 2
and 3 in Figure 2. A review of the geological cross-section in this area revealed that the most critical is the
one identified as 3P+778.71; therefore, this section has been adopted as typical and the design will be
performed based on its features.
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The design of the cofferdam has considered two different loading conditions that control the cell geometry
and stability of the structure:
a. Construction condition: condition that applies during the time the cofferdam is being constructed
b. Long-term condition: condition that applies once the construction of the cofferdam has finished and all
the permanent loads are applied
For the evaluation in either condition, the material properties were maintained exactly the same. Table 2
shows a summary of these properties, while Table 3 summarises all the assumptions made for the
cofferdam design.
Condition

Friction Angle
()

Cohesion
(kN/m2)

Ka

Ko

sat
(kN/m3)

'
(kN/m3)

All
All
All
All
Non-Tie-up constr.
Non-Tie-up long-term
Tie-up constr.
Tie-up long-term

17o
34o
42o
32o
27o
29o
26o
27o

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.548
0.254
0.183
---------------------

--------0.331
---------------------

16.60
20.60
22.00
---------------------

6.79
10.80
12.19
---------------------

Material
Fill/Muck
Cell fill
Backfill
La Boca Found. (seismic)
La Boca Found. (static)
La Boca Found. (static)
La Boca Found. (static)
La Boca Found. (static)

Table 2: Material properties
Section Analysed
Parameter

Non-Tie-Up

Tie-Up

Construction

Long-Term

Construction

Long-Term

Berm outboard

Not included

Not included

Not included

Not included

Passive resistance included

Not included

Not included

Not included

Not included

Pulling force from vessel

---

---

---

563.8 kN

Loading from compaction surcharge

---

Not included

---

Not included

Additional Surcharge

---

Not included

---

Not included

14.70 m

14.70 m

16.70 m

16.70 m

Height of cell
Additional height (for loading evaluation)

---

---

---

3.65 m

Miraflores Lake Level (outboard side)

16.75 m PLD

16.45 m PLD

16.75 m PLD

Saturation level (inside cell - midpoint)

10.05 m PLD

16.45 m PLD

9.05 m PLD

sat

sat

sat

16.45 m
PLD
16.45 m
PLD
sat

---

0o

---

22o

22o
At Rest

Unit Weight wet assumed
Friction coefficient  (outboard side)

0

Friction coefficient  (inside cell)

22o

22o

Backfill condition

o

---

At Rest

---

Water inside fill/muck (seismic design)

Restrained

---

Restrained

---

Water inside backfill (seismic design)

---

Free

---

Free

Table 3: Assumptions made for the design of the cofferdam

5.1.1

Construction Stage Condition

During this stage, the cofferdam is analysed assuming that the inboard side of the cofferdam has been
fully excavated and the water on the Miraflores Lake exerts the maximum pressure on the structure. In
addition, the overburden or fill material in the lake contributes to increase the active pressure. Figure 9
shows the typical cross section assumed for this portion of the structure.
It is important to note from Table 3, that there is a difference in the height of the cell between the non-tieup and tie-up section. This difference results from the geological exploration, which indicated that at station
3P+778.71 (tie-up section), the top of the weathered rock was located at elevation 1.30 m PLD and not at
elevation 3.30 m PLD.
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As for the saturation line inside cell, it was assumed with a slope 1:1 from lake level to TWR; therefore,
the water elevation at the mid-point inside the cell are different for both cases. This slope is based on the
filling material, as shown in the USACE EM-1110-2-2503 manual [USACE, 1989].
Figure 7 shows the typical cross section used for design. Since the structure is located in a seismically
active area, the stability of the cofferdam was verified for the static condition and also the seismic condition.
Figures 8 and 9 show the load distribution on the cell for both conditions.

Figure 7: Typical cross section for the non-tie-up section during the construction stage

Figure 8: Horizontal pressure components acting on the cofferdam during the construction stage (static loading)

Figure 9: Horizontal pressure components acting on the cofferdam during the construction stage (seismic loading)
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5.1.2

Long-Term Condition

During this stage, the cofferdam is analysed with all permanent loads applied to the structure. The area
between Dam 1E and the cofferdam has been backfilled to the cofferdam crest level. It is also assumed that
on the inboard side of the cofferdam all the material (fill/muck) has been removed. This is assumed since
this condition might happen in the future as part of normal operating procedures. Figure 10 shows the
typical cross section assumed for this portion of the structure.
One significant difference at this stage between the non-tie-up section and the tie-up section is the pulling
force from vessels. For the non-tie-up section, no pulling forces exerted from vessels is considered. For
the tie-up section, the pulling force exerted on the future dock has been calculated assuming a Panamax
ship with a DWT = 100,000 tonnes. The formulation of the load components has been derived from the
literature [Tsinker, 1997]. The resulting value is 563.8 kN (total load normal to the dock), which has been
estimated assuming a horizontal angle () = 30o, a vertical angle () = 20o, a pulling force (QB) = 1,000 kN
and a 20 % increase due to non-uniformities.

)8.QQM PL O

PLO

v

--

)645M

--

--

- --------------

-

)645M
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-

Mri o.f l ores Lake
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15.!Sn

/' :-1/ /' c1// 'Rock Fil l
Fill/Muck
CNot used

,n design)

3.30M

i

/,;,/ >1// > I

Bedrock (Top of Weo.thered Rock) ,/

PLO

1/ /,1// >

Figure 10: Typical cross section for the non-tie-up section for the long-term condition

Figure 11: Horizontal pressure components acting on the cofferdam for the long-term condition (static loading)
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Figure 12: Horizontal pressure components acting on the cofferdam for the long-term condition (seismic loading)

RESULTS

5.2

Once the loading conditions have been established and the material properties chosen, the Design Team
proceeded to evaluate and design the structure according to the criteria and procedures given above. It
should be noted that following recommendations of USACE (1989), the stability of the structure has been
evaluated for three different factors of safety, depending on the loading condition:
•

F.S. = 1.50 for the long-term stage (permanent condition)

•

F.S. = 1.25 for construction stage (temporary condition)

•

F.S. = 1.10 @ 1.30 for seismic evaluation (see Tables 4 and 5)

All the stability analysis performed to the different cross-section and loading conditions were implemented
in an Excel worksheet. In order to verify the accuracy of such worksheets, the stability analyses were also
performed by hand and the results cross-checked with the computer results. It is important to note that
such calculations were performed assuming an equivalent B=0.875D, where D=1.25H. The only fixed
dimension was the height of the cell, which was a known value before the analysis was performed.
A summary table with all the final stability analysis results is shown in Tables 4 and 5. In addition to the
resulting factor of safety, it is also presented the minimum strength required by the sheet piles and junction
elements to comply with stresses imposed on the structure.
Min. F.S.
Required (1)

Construction Stage

Min. F.S.
Required 1

Long-Term

1.25

1.72

1.50

1.77

Middle 1/3

Middle 1/3

Middle 1/3

Middle 1/3

Vertical shear

1.25

2.17

1.50

3.61

Horizontal shear

1.25

1.83

1.50

Failure Mode
Sliding stability
Overturning

Bursting (piles of cell)

< tu/r

Bursting (tees of cell)

< tu/r

Seismic sliding stability
Seismic overturning stability
Seismic vertical shear
Seismic horizontal shear

1.30
Middle 1/2
1.10
1.10

Req. Min. 3,000
kN/m
Req. Min. 3,000
kN/m
1.42
Middle 1/2
1.20
1.01 (2)

< tu/r
< tu/r
1.30
Middle 1/2
1.10
1.10

2.41
Req. Min. 3,000
kN/m
Req. Min. 5,000
kN/m
1.09 (3)
Middle 1/2
0.77 (3)
1.25

Notes:
1

According to TVA, USS Steel Sheet Piling Design Manual & Others
Analysis does not include effect of berm located in the inboard face, which will increase the FS above 1.1
3
Values below the minimum required factor of safety
2
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Table 4: Summary of results for the non-tie-up section
Min. F.S.
Required (1)

Failure Mode
Static sliding stability

Construction Stage

Min. F.S.
Required 1

Long-Term

1.25

1.82

Middle 1/3

Middle 1/3

Vertical shear

1.25

2.37

1.50

2.89

Slipping between piling & fill

1.25

1.62

1.50

1.77

Horizontal shear

1.25

1.50

2.16

Bursting (piles of cell)

< tu/r

Bursting (tees of cell)

< tu/r

2.07
Req. Min. 3,000
kN/m
Req. Min. 3,000
kN/m
1.52
Middle 1/2
1.28
1.12

Overturning

Seismic sliding stability
Seismic overturning stability
Seismic vertical shear
Seismic horizontal shear

1.30
Middle 1/2
1.10
1.10

1.50

1.77

Middle 1/3

Middle 1/3

< tu/r

Req. Min. 3,500 kN/m

< tu/r

Req. Min. 5,500 kN/m
0.98 (2)
Within Base
0.63 (2)
0.85 (2)

1.30
Within Base
1.10
1.10

Notes:
1
2

According to TVA, USS Steel Sheet Piling Design Manual & Others
Values below the minimum required factor of safety

Table 5: Summary of results for the tie-up section

It is important to note that in Table 4 and 5 the footnotes 2 and 3 indicates that these values are below the
minimum factor of safety required. This is due that the seismic analysis was done assuming that the
response of the cell fill is governed by its drained strength. However, during an earthquake, its short-term
strength is greater than the drained strength, suggesting that the real dynamic factor of safety is likely to
be greater than the static one.
Once the equivalent width (B or we) was determined, the geometry of the cells was then defined. This was
done with the help of tables or with computer programs. Several solutions are possible for the circular
cells with a given equivalent width. In order to determine the final layout of the cells, the Design Team
based the actual geometry of the cell on the ARCELOR’s geometrical parameter tables found in the
literature [Arcelor, 2005]. The final equivalent width was chosen to be the closest to the one determined
by empirical relationships; therefore, assuming a fixed B matching the ones presented in the table, the
rest of the parameters were easily defined. The final values can be found in Table 6 and 7, and the
corresponding definition in Figure 13.
Parameter

Height (H)

Value

14.70 m

Diameter (D)

17.93 (≈ 1.22H)

Equivalent width (B)

16.34 (≈ 0.911D)

Radius of main cell (rm)

8.97 m

Radius of connecting arcs (r a)
System length (x)

5.98 m
20.86 m
90o

Junction type
Angle 

48.21o

No of sheet piles in cell (include 4 junction piles)

112 pcs

No

19 pcs

of sheet piles in arc

Min. Interlock strength requirement cell piles

3,000 kN/m

Min. Interlock strength requirement T piles

5,000 kN/m

Table 6: Final layout for the non-tie-up section

14

Parameter
Height (H)
Diameter (D)
Equivalent width (B)
Radius of main cell (rm)
Radius of connecting arcs (ra)
System length (x)
Junction type
Angle 
No of sheet piles in cell (include 4 junction piles)
No of sheet piles in arc
Min. Interlock strength requirement cell piles
Min. Interlock strength requirement T piles

Value
16.70 m
21.77 (≈ 1.30H)
19.84 (≈ 0.911D)
10.89 m
7.86 m
26.29 m
90o
47.65o
136 pcs
25 pcs
3,500 kN/m
5,500 kN/m

Table 7: Final layout for the tie-up section

Figure 13: Geometrical values for circular cells
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CONSTRUCTION OF THE COFFERDAM

The final layout of the cofferdam resulted in a structure consisting of 58 cells, 57 pairs of connecting arcs
and 462 linear metres of cut-off wall (Figures 14 and 15). The cellular cofferdam was designed for two
different uses. Therefore, the size of the cells varies according to the use. In the portion to be used as a
tie-up station (Section ‘C’ in Figure 14) the final cell diameter is 21.64 m and the length is 499.51 m, which
result in 20 cells. On the other hand, in the portion of the cofferdam not used as a tie-up station (Section ‘B’
and ‘D’), the final cell diameter is 17.83 m and the total length is 667.52 m, which results in 33 cells. The
remaining 4 cells, are located in the north end of the cofferdam, specifically built in an existing slope to
reduce the risk of flooding (Section ‘A’). These 4 cells were also constructed with a cell diameter of 21.64
m.

Figure 14: Final layout of the cofferdam (north end)
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Figure 15: Final layout of the cofferdam (south end)

The south end of the cofferdam, was built using an embankment cofferdam with Z piles driven to refusal
through the middle portion of the embankment (Section ‘E’). This portion of the structure has a length of
462.73 m and the average length of the piles is approximately 15.00 m.

6.1

CONSTRUCTION METHODOLOGY

The PAC-4 contract was awarded to the consortium ICA-FCC-MECO, and they subcontracted the
consortium GOETTLE-ICONSA for the construction of the cellular cofferdam and the embankment
cofferdam. Before this contract was awarded to the fore mentioned contractor, ACP had already
purchased all the sheet piles required for the project, including the straight web piles for the cellular
cofferdam and the Z piles for the embankment cut-off wall.
Works began in 2010 and the construction methodology proposed by the consortium was in accordance
with international practice. First, all unsuitable material within the cell footprint was removed by the
dredging work. Then, a bathymetric in-survey of the cofferdam installation area was performed to compare
to the post-dredge bathymetric survey of the dredging subcontractor. This work was performed to
anticipate the expected volume of cell fill.

6.2

TEMPLATES

In order to construct the cofferdam cell, it was necessary first to design and fabricate the templates which
are used to drive the piles around. The templates consisted of two steel rings spaced vertically 3.0 m,
which can be anchored into the correct position by means of ten spuds (tubular piles).
For this project, four different type of templates were required: a) for the 21.77 m cells, b) for the 17.93 m
cells, c) for the connecting arcs between the same size cells, and d) for a special condition connecting arcs
between two cells of different diameters. The templates were fabricated in New Orleans, USA, and then
transported on barges to the project site in Panama; Figure 16 shows the templates.

Figure 16: Templates being transported
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6.2.1

Marine Cellular Cofferdam

There were four cofferdam construction fronts: three fronts working from barges for cells in the dredged
area, and one front working on land for cells outside the dredged area (cells 1-4 and 54-58). Each of the
three marine teams were equipped with two floating templates. These templates were designed in such a
way that the top ring of the template floated some 0.46 m above the water surface. The use by each
marine crew of two templates with associated spud piles enabled the crews to work on a new cell while the
previous cells were backfilled.
Once the template was floated to the cell footprint the spud piles were installed through spud wells to fix
template on location; then, four sheet keys (H-piles welded to a sheet pile) were driven into weathered rock
to completely fix the template (see Figure 17).
For the installation of the sheets between key sheets, the contractor first attached some of them to the
template using spot welding directly to the template, then, in a sequential order, the sheet piles were
vibrated into top of weathered rock (‘near’ refusal or to design tip elevation, whichever occurred first). This
procedure was done in multiple passes, each pass was approximately 1.50 m in vertical length, and in a
circular pattern. At the end, to reach the refusal criteria or to reach the design tip elevation, an impact
hammer was used, centring the hammer over the sheet interlocks at the hammer's high impact energy and
in conformance with the approved pile refusal criteria (see Figure 18).
After reaching the refusal criteria or design tip elevation, the sheet piles were cut as required to install the
cell fill using a conveyor. Initially, the cut off sheet were handled by the piling crane and later, after some
cells were completely filled, a track excavator or other suitable equipment handled the cut-off sheets.

Figure 17: Template in position

Figure 18: Driving piles in a cell by vibration

For the placement of the backfill, three temporary earthen access ramps were constructed prior to start of
the works: one at cell 5, one at cell 14, and one at cell 46. At the end of each ramp there was a temporary
access trestle that served as bridge between the fill and the cofferdam. These trestles were designed such
that trucks and equipment could access the cell without damaging the sheet piles at that juncture.
The filling procedure of a given cell was only possible when such cell was closed and driven to refusal.
Only the first cell of each working front was filled directly from the trestle using a 30.00-m long conveyor.
The rest of the cells were filled using the same conveyor placed on top of the adjacent finished cells, with
the discharge end over the centre of the cell. The conveyor was fed by either a front-end loader or an
excavator. Figure 19 shows this operation. Important to note that material from the conveyor was
deposited in the cell at the centre at all times, so the backfill was distributed evenly to avoid differential
stresses or excessive development of interlock tensions.
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Figure 19: Filling operation of the cells

At each cell, a drainage system was install according to the drawing plans and specifications. The drainage
system consists of two 0.30-m diameter PVC pipes with filter fabric wrap placed in the inboard and
outboard face of the cofferdam with the pipe discharge invert located at 17.00 m, PLD.

6.2.2

Connecting Arcs

These structures are required to tie in independent cells all together, and are joined to the main cells by
special T-piles. The placement of sheet piles in these arcs required the use of special templates also
fabricated in New Orleans and transported in barges to the project site.
Prior to beginning the fill of the main cell, it is required to install two starter sheets at each of four SWC
Weldon locations. The SWC is the point at which the arcs connect to the circular cell. The template was not
used to set these starter sheets, which are not driven to refusal prior to initiating adjacent cell fill placement.
The connecting arc template was only placed after completion of cell fill placement for both adjacent cells
and was used to set the remaining sheets within the connecting arcs.
Only after the two adjacent cells were completely backfilled and the connecting arcs were driven to refusal,
the connecting arcs were backfilled either directly from a front-end loader or excavator, or using chute, in
both cases discharging at the centre of the segment, so that the material was distribute evenly within the
segment.

6.2.3

Landside Cofferdams

For the construction of the landside cofferdam, the land crew utilised the same template as the marine
crews. They began the construction in the north side of the alignment, in other words, the 4-land side
21.64 m diameter cells and then the same land crew built the remaining five 17.83-metre diameter landside cofferdams located in the south end.
First, a trench was excavated the approximate width of the cofferdams to a depth sufficient to verify that no
unsuitable material was encountered within the cells. This depth was approximately 4 m. The cofferdam
template was then built in place, as shown in Figure 20.
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Figure 20: Landside cofferdam in the south end

Figure 21: Landside cofferdam in the north end after
cutting off sheet piles

Unlike the cell built in water, no backfill was required for these cells and only driving the sheet piles to the
refusal criteria or the design tip elevation was required. Once the crew finished using the template, it was
removed in pieces and then re-used on the next and adjacent land-side cell, and so on (see Figure 21).

6.2.4

Embankment Cut-Off Wall

The work consisted in the construction of 464.45 metres (6.975 m2) of a sheet pile ‘Z-wall’ using 15.00-m long
PZC-26 sheets, and the construction of embankment along sheet pile Z-wall.
The sheet piling was installed in a sequential manner from north (junction with the southernmost cellular
cofferdam cell) to south. A template was installed at the starting location, and the surveyors were given the
correct alignment and centre line of the wall.
The template consisted of a 24”-steel I-beam whaler that lied down on the ground along the alignment of
the face of the wall. This whaler was supported off the ground by 14” beams, 1.80-m long, which lay on
the ground, perpendicular to the whaler and all welded together as a unit. This frame, in turn, was fixed to
the ground by driving steel H-piles, approximately 6.00 m long, vibrated into the ground adjacent to
intersections of the whaler and support beams.

Figure 22: Driving sheet piles for the embankment cut-off wall
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The sheets piles were driven in pairs. After 10 pairs are set on the template, the crane and hammer
vibrated the sheets in a staggered pattern, so that the tip of every sheet was not more than 1.20 to 1.50
m below that of any adjacent pile. After all the piles were driven to near refusal with the vibratory hammer,
they were later impacted with the impact hammer to the required design elevation or to refusal, whichever
occurred first.

6.2.5

Berm

After the construction of the cofferdam was finalized during the first quarter of 2011, the contractor was
instructed to build a berm in the inboard side of the cofferdam before dewatering. This berm was originally
included in the drawings and specifications of the contract, but not was a requirement for the design of the
structure. Figure 23 shows the finalised structure and the excavation works as they progressed later that
same year. Note that the berm is already in place in the inboard side of the cofferdam. This is the condition
known as the ‘construction stage’, where all the loads are acting from the Miraflores lake side.
Figure 24 shows the same cofferdam but working in the so-called ‘long-term’ condition, where all the load
is acting from the Borinquen dam side. The Panama Canal Authority has been monitoring the behaviour
of the cofferdam since it was built. For this, several prisms are located in both sides of the cells and they
are being monitored monthly using robotic instruments that read the real position of the prisms, triggering
an alert if a displacement threshold previously set, is exceeded.

Figure 23: View of cofferdam from the south side
(construction stage)
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Figure 24: View of cofferdam from the south side
(long-term condition)
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SUMMARY
As part of the Panama Canal Long Range Master Plan, the Panama Canal Authority (ACP) initiated in
1997 the expansion of the capacity of the waterway. The Expansion Project included the construction of
additional locks and navigation channels to allow the transit of Post-Panamax vessels. This project
required a new navigation channel to connect the Gaillard Cut with the new Pacific Locks. This channel
was designated as the Pacific Approach Channel (PAC). The channel is approximately 7.8 km long, 218
m wide, with a water elevation at 26.82 m PLD (Precise Level Datum for the Panama Canal) and is
separated from the Miraflores Lake (elevation 16.45 m PLD) by a new dam. ACP divided the Pacific
Approach Channel works into four separate construction packages.
One of those packages, named PAC-4 included the construction of one of the two embankment dams
required to separate the new access channel from the Miraflores Lake, that have a difference elevation of
almost ten meters. These dams were designated as Borinquen 1E and 2E; the last one was included in
the Locks Contract while the Borinquen 1E dam was built during the PAC-4 contract. The design of the
PAC-4 required that the contractor excavate to ground elevations below the Miraflores Lake level.
Therefore, it was required the construction of a cellular cofferdam and an embankment cofferdam in order
to provide the adequate conditions for the required excavation works. This cofferdam was designed by
the ACP design team and the review process was performed by URS Corp., who was the consultant in
charge of the design of the embankment 1E. The paper describes the design criteria assumed; the
possible additional uses of this structures once the new canal is in operation; and the construction process
itself.

RESUME
En 1997, l’Autorité du canal de Panama (ACP) a initié l’augmentation de capacité du canal, comme partie
du plan d’ensemble du canal de Panama. Le projet a inclus la construction d’écluses supplémentaires et
de chenaux de navigation pour permettre le passage des navires Post-Panamax. Ce projet nécessitait un
nouveau chenal pour connecter la coupe Gaillard avec les nouvelles écluses du Pacifique. Il a été
dénommé Chenal d’Approche Pacifique (PAC en anglais). Le chenal fait environ 7,8 km de long et 218 m
de large, avec un niveau d’eau à 26,82 m PLD (Precise Level Datum, niveau de référence précis pour le
canal de Panama) et est séparé du lac de Miraflores (niveau de 16,45 PLD) par un nouveau barrage. ACP
a découpé ce projet en 4 lots séparés.
Un de ces lots, PAC 4, inclus la construction de l’un des 2 barrages en terre séparant le nouveau canal
du lac de Miraflores. La différence de niveau entre ces 2 lacs atteint presque 10 m. Ces 2 barrages sont
dénommés Boringuen 1E et 2E. Ce dernier est inclus dans le contrat de conception-réalisation de l’écluse
de Cocoli, alors que le Boringuen 1E a été inclus au contrat PAC 4. La conception de PAC 4 exigeait des
terrassements au niveau du sol sous le niveau du lac de Miraflores, ce qui nécessita la construction d’un
batardeau cellulaire et d’un batardeau en terre. Ce batardeau fut conçu par l’équipe de ACP et le contrôle
réalisé par URS.Copr, consultant en charge de la conception du barrage 1E. Ce document décrit les
critères de conception, les possibles usages supplémentaires de ces structures quand le canal sera
opérationnel, et le processus de construction lui-même.

ZUSAMMENFASSUNG
Im Jahr 1997 hat die Panama Canal Authority (ACP) als Teil des Langzeit-Masterplans für den
Panamakanal den Ausbau der Kapazität der Wasserstraße initiiert. Dieses Ausbauprojekt beinhaltete den
Bau zusätzlicher Schleusen und Schifffahrtskanäle, um den Transit von Postpanamax-Schiffen zu
ermöglichen. Für dieses Projekt war ein neuer Schifffahrtskanal erforderlich, um den Gaillard-Kanal mit
den neuen Pazifik-Schleusen zu verbinden. Dieser Kanal wird als Pacific Approach Channel (PAC)
bezeichnet. Er ist ca. 7,8 km lang, 218 m breit, hat einen Wasserspiegel auf 26,82 m über PLD (Precise
Level Datum des Panamakanals) und wird vom Miraflores See (Höhe 16,45 m über PLD) durch einen
neuen Damm abgetrennt. ACP unterteilte die Arbeiten am Pacific Approach Channel in vier getrennte
Leistungspakete.
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Eines dieser Pakete, genannt PAC-4, beinhaltete den Bau eines der beiden Staudämme, die erforderlich
wurden, um den neuen Zufahrtskanal vom Miraflores See abzutrennen; der Höhenunterschied beträgt
fast zehn Meter. Diese Dämme wurden mit Borinquen 1E und 2E bezeichnet; der letztere war im
Schleusenvertrag enthalten, wohingegen der Borinquen 1E Damm als Teil des PAC-4 Vertrages gebaut
wurde. Die Planung des PAC-4 machte es erforderlich, dass der Auftragnehmer den Baugrund auf eine
Geländehöhe unterhalb des Niveaus des Miraflores Sees ausheben musste. Daher wurde der Bau eines
Zellenfangedamms und eines Staudamms notwendig, um die Voraussetzungen für die erforderlichen
Aushubarbeiten zu schaffen. Dieser Kofferdamm wurde von den ACP-Planern entworfen und durch URS
Corp., dem verantwortlichen Berater für die Gestaltung des Damms 1E, überprüft. Der Artikel beschreibt
die angenommenen Entwurfskriterien, den möglichen Zusatznutzen dieser Bauwerke nach der
Inbetriebnahme des neuen Kanals und den Bauprozess selbst.

RESUMEN
Como parte del Plan Maestro del Canal de Panamá, la Autoridad del Canal de Panamá (ACP) inició en
1997 la expansión de la capacidad de la vía. El Proyecto de Expansión incluyó la construcción de esclusas
adicionales y canales de navegación para permitir el tránsito de embarcaciones Post-Panamax. Este
proyecto requirió un nuevo canal de navegación para conectar el corte Gaillard con las nuevas esclusas
del Pacífico. Este canal fue designado como Canal de Aproximación del Pacífico (PAC por sus siglas en
inglés). El nuevo canal tiene aproximadamente 7.8 km de largo, 218 m de ancho, con una elevación de
agua de 26.82 m PLD (Nivel de referencia precisa para el Canal de Panamá) y está separado del lago
Miraflores (elevación 16.45 m PLD) por una nueva presa. La ACP dividió este proyecto en cuatro paquetes
de construcción separados.
Uno de esos paquetes, llamado PAC-4, incluyó la construcción de una de las dos presas de terraplén
requeridas para separar el nuevo canal de acceso, del lago Miraflores. La diferencia de elevación entre
estos dos lagos es casi de diez metros. Estas presas fueron designadas como Borinquen 1E y 2E; la
última fue incluida en el contrato de diseño y construcción de las esclusas de Cocolí, mientras que la
presa Borinquen 1E fue construida durante el contrato de PAC-4. El diseño del PAC-4 requirió que el
contratista excavara a elevaciones del terreno por debajo del nivel del lago Miraflores. Por lo tanto, se
requirió la construcción de una ataguía celular y una ataguía de terraplén con el fin de proporcionar las
condiciones adecuadas para los trabajos de excavación requeridos. Esta ataguía fue diseñada por el
equipo de diseño de ACP y el proceso de revisión fue realizado por URS Corp., quien fue el consultor a
cargo del diseño de la presa 1E. Este documento describe los criterios de diseño asumidos; los posibles
usos adicionales de estas estructuras una vez que el nuevo canal esté en operación; y el proceso de
construcción en sí.
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1

INTRODUCTION

The construction of the Panama Canal required the excavation of large amounts of soil and rock from a
vast extension of land named Gaillard Cut. This excavation, along with the construction of the Gatun Lake
and the access channels for the locks, resulted in the creation of hundreds of miles of coastlines exposed
to a heavy rainfall and subjected to surge waves produced by the vessels transiting the canal every day.
In addition, the excavation of new slopes along the banks of the waterway poses new concerns to the
Panama Canal Authority, since the lack of vegetation after the excavation leaves the soil vulnerable to
erosion. The Panama Canal has an average rain precipitation of approximately 2,700 mm per year,
making it necessary to develop a remedial plan against severe erosion before it occurred.
For many years, the Panama Canal Authority has been implementing remedial measurements not only to
reduce the erosion of the banks along the waterway, but also to reduce erosion of newly excavated slopes
along the Gaillard Cut due to the rainwater run-off. The Erosion Control Programme was developed
specifically to deal with these issues and also has been modified through the years to include other works
such as protection of waterfront structures and marine facilities located along the waterway.
This paper summarises the design criteria and execution of three of those projects. The methodologies
used for the design of these projects varies depending on several factors such as severity and extension of
the damage, previous works performed in the area, soil conditions, infrastructure distribution in the area,
operational conditions, etc.
The first project corresponds to a rockfill constructed in the Mamei Curve to protect the Panama Railroad
Company tracks from surge waves produced by tugs and transiting vessels. The second project
summarises the construction procedure used 100 years ago to build the Cristobal breakwater, and
describes the maintenance program implemented to keep the structure operational. The third project also
describes the repairing works carried out to protect several slopes from surge waves in an area where the
main offices of the ACP’s Dredging Division are located.
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2

EROSION CONTROL PROGRAMME

The Panama Canal Erosion Control Programme has been established to accomplish the following
objectives:
•
•
•
•

To monitor canal banks and adjacent areas to identify sites representing a potential hazard to
navigation and/or waterfront structures due to slides and erosion problems
To determine the main causes of the erosion and slide problems
To restore these sites to their original condition and ensure that the works performs efficiently for long
periods
To use available and reasonably priced technology for the repairs

The programme includes not only bank erosion or other landslide problems outside the Gaillard Cut, but it
also deals with the maintenance of all Canal breakwaters, the most important being the Cristobal
Breakwater, which has an extension of more than 4.0 km and protects the City of Colon and the Atlantic
entrance of the Canal.
The Erosion Control Programme has been in place in Canal operations since 1914. However, it was only
in FY 2006 that an independent cost structure was created and the program was separated from the
Landslide Control Programme.
The elements used to protect waterfront structures, marine facilities, and shoreline protection include
anchored sheet piling walls, reinforced earth retaining walls, gabions, riprap and rock anchors and slope
excavation. Another type of slope protection implemented in the last decade along the cut slopes of the
Gaillard Cut is the so-called surface erosion control, which is intended to protect newly constructed or
excavated stable slopes from surface erosion using vegetation; in other words, ACP is ‘greening’ its
slopes.
The decision of the final design required for a specific erosion control work depends on several factors
such as:
•
•
•
•
•
•
•
•
•
•

Severity and extension of the damage
Previous works performed in the area
Soil conditions
Infrastructure distribution in the area
Operational conditions
Construction costs
Availability of construction materials
Loading condition (including tidal waves)
Future use of the area
Past experiences

All the designs performed by the Engineering Division are based on common design practice of retaining
structures applied to local conditions and based on past experiences. There are several references used
in the design of such specific solutions, being most of them obtained from PIANC, USACE manuals,
textbooks, etc. Factors being considered are: environmental conditions, loading conditions, geotechnical
considerations, type of structures and operational conditions.

3

MAMEI CURVE PROJECT

The erosion in the shoreline due the wave action induced by the passage of vessels and tugboats has
become a problem on the Panama Canal banks. Mamei Curve is located on the east bank of Mamei
Reach, Juan Grande Reach, and Gamboa Reach (see Figure 1). Along Mamei curve, there is an
embankment built for the existing railroad track of the Panama Railroad Company and the electrical span
towers that carry the electricity supply to the Colon area; through that embankment also run the
transatlantic fibre optic ducts. This area has presented erosion problem since 1955, caused by the wave
action of ships as they pass through Mamei Curve. Erosion at the site is severe and is impacting the
existing railroad track next to the bank of the Canal, the electrical span towers and a service road used by
ACP.
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The Mamei curve erosion control project aims to prevent the erosion and hazards to the railroad tracks.
This project consists in the construction of a 2.4-km riprap slope protection system, through Mamei Curve.
It also includes the development of a double seal asphalt road.

Figure 1: Location of Mamei Curve

3.1

BACKGROUND

The construction of the Panama Canal finished in 1914, the railroad tracks were completed in 1912 and the
drawings of the electrical span towers date back to 1937. The early erosion problems at Mamei Curve
started approximately in 1955. From 1955 to 1970 many control works along the bank were performed,
without proper design. Since 1971 there are formal drawings and designs of the revetments installed in the
area. The erosion control works consisted mostly of the placement of rockfill, two layers of quarry rock
above a layer of crusher run and the use of filter fabric. The maximum depth of the riprap was 7-9 feet.
Since 1993 many repairs were attempted including placement of rockfill and grouted rockfill.
In 2011 the erosion problem at Mamei Curve was reported again. A new design for all the area was
developed soon after that by the Engineering Division, and the repairing works began in 2014. The first
phase of the project ended in 2015 and it is expected that the final stage of the repairing works will be
executed in 2019.

Figure 2: Timeline showing Mamei Curve works
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3.2

GEOLOGY

At the site, the geotechnical investigation shows that there are three layers of fill with a total thickness of
about 30 m, underlined by natural ground that consists of the Bohio formation. Figure 3 shows the
geological section of the area. The Bohio formation is found in the central part of the Canal area, its
thickness is about 1000 feet and consists of a series of sandstones and conglomerates, which are medium
to hard, massively jointed, and massively but crudely bedded. The conglomerates consist of angular to
rounded pebbles, cobbles and occasional boulders up to six feet in diameter, embedded in a dark gray,
coarse-grained, angular sandstone matrix. There are some Tuff beds at scattered localities. Basalt
intrusions ranging from a few feet to over 200 feet in width are frequent in the Bohio formation [Woodring,
1957].

Figure 3: Geological section

3.3

DESIGN

The selection of the required grading width and average mass requirements for the rockfill and the filter
was designed using references of Hudson [Hudson, 1953 and 1969], Pilarczyk [Pilarzcyk, 1989 and 1995],
the Rock Manual [CIRIA/CUR, 2007] and the US Department of Transportation (1989).
The rock size was designed for a generated wave height (Hs) of 1.80 metres and considering a rock
armour unit weight (r) of 2.65 t/m3. The bank slope inclination was 34 degrees. The final median nominal
rock diameter o equivalent cube size (D50) was 0.95 m. Figure 4 shows the riprap grading used for the
Mamei Control Erosion Project.

Figure 4: Riprap grading
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Repair measures consist of placement of two rockfills, one underwater at the base of the slope (placed
directly on top of the Bohio formation), and one at the top (sitting on the fill of the embankment). A filter is
placed behind the top rockfill to prevent erosion of the existing ground. The underwater rockfill is necessary
to increase the factor of safety of the slope to a value of 1.3-1.4, while the top rockfill is required to resist
the wave action. Figures 5 and 6 show the typical sections of the revetment protection.

Figure 5: Typical revetment section

Figure 6: Typical revetment section

3.4

CONSTRUCTION

In the year 2015 part of the works were carried out. The contractor proceeded with the placement of the
underwater rockfill and the top rockfill in some of the most critical sections of Mamei Curve.
Due to the remote location of the project, all the material required for the project had to be transported
using barges. From the stockpile area at the north of the Pacific access channel, all the armour stone was
transported through the Gaillard Cut on flat-top barges to the Mamei Curve. At the site, hydraulic
excavators delivered the rock material with bucket and grapple. Table 1 shows the quantity of material
used in the project.
Type of Material
Underwater rockfill
Top rockfill
Filter rock
Length of double seal asphaltic road

Quantity
41,000 m3
82,000 m3
51,250 m3
2,450 m

Table 1: Rock quantities
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Figure 7: Transportation of the armour stone

Figure 8: Placement of armour stone in site

Figure 9: North view of the project

Figure 10: Plan view showing the project finished

4

CRISTOBAL BREAKWATER

4.1

PROJECT DESCRIPTION

The Cristobal breakwater was built almost 100 years ago to protect the north entrance of the Panama
Canal against the swell of the Atlantic Ocean. It consists of two sections called East and West breakwater.
The West section begins in the west, at a place known as Toro Point in Fort Sherman, and travels
approximately 3.5 km until it reaches the Canal navigation channel, as shown in Figure 11. The East
section was not considered originally because the builder was not worried about the action of the trade
winds that came from the North-East. However, the General Assembly of the Navy of the United States
realises that these winds were indeed a problem for the ships anchored in the bay so it decided to
authorise the construction of the East section with a length of 2.0 km, which would not reach the land side
on the east.
Finally, in the 1940’s, the last section of the breakwater, connecting the easternmost section of the East
breakwater and Isla Margarita on the east, was constructed [Department of the Navy, 1949]. The length of
this section is approximately 1.0 km and was originally built to provide shelter to hydroplanes taking off
from a US military base located in this area.
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Figure 11: Plan view of the Cristobal breakwater

4.2

CONSTRUCTION SEQUENCE

In 1909, the authorities in charge of the construction of the Canal established a plan for the construction of
the Cristobal breakwater. At the beginning of 1910 the construction of the breakwater began.

4.2.1

West Section

For the construction of Cristobal's breakwater, a system similar to that used in the levees built in Lake
Gatún and in the breakwater at the Pacific entrance was developed. The system consisted of driving piles
on which a wooden structure (trestle) would be built. The trestle served as support for the rails used by
the train carrying lateral unloading wagons in which the filling material for the breakwater slopes was
transported (see Figure 12). The core of the breakwater was constructed using this system, and later a
protective shell was placed on top (see Figures 13 and 14).
Originally, it was estimated that the total volume for the construction of the West side would be about
3,290,000 cubic yards of material. For the core of the rockfill, limestone was used, which was found near
the area of Toro Point. However, given the fragility and low resistance to degradation by friction of the rock,
it was not considered appropriate for the shell.

Figure 12: Pile driving and trestle assembling

Figure 13: Material for the core being dumped
from the train
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For the shell, it was planned to use a much harder and more resistant rock. Originally, it was considered
that the basalt was coming mostly from Culebra Cut. However, this rock had many joints and fault planes
so it would not be possible to break into blocks large enough to resist the abrasion produced by the waves.
Instead, it was proposed to use an andesite, which came from a deposit located near the town of
Portobelo. This rock had characteristics of greater resistance to degradation by friction than basalt; this
also allowed to extract the blocks with enough size so that they had an approximate weight of 15 tonnes.
Unlike the material for the core, which was loaded directly to the trains at Toro Point from the quarry
located there, the Portobelo rock was transported to the site on barges. Originally, the barges unloaded
the blocks on railroad wagons, which were transported through the rails and threw at the specified points.
Subsequently, this system was modified to allow the placement of the rock blocks directly from the barge
to its final position in the breakwater using cranes mounted on the barge (see Figure 14).

Figure 14: Rock blocks for the shell placed by a crane

4.2.2

East Section

As for the East breakwater, its construction was authorised in 1913 and started in October of that same
year with the specific objective of protecting the channel of sedimentation produced by the action of the
trade winds on the east coast of the bay. Unlike the West section, the material for the core and armour of
the East section was brought by rail from Sosa Hill in the Balboa area. For this, the breakwater builders
developed a system of rails that connected the Coco Solo area with the existing railroad used initially to
haul material to the Atlantic sector from and to Panama.
The construction of this section of the breakwater used the same system as the West section, which
consisted of a wooden trestle built on stilts, and on top of it were placed two rail lines to transport the
material. However, unlike its western counterpart, due to topographical and economic considerations, the
eastern breakwater was originally designed as a structure separated from the coast by almost 1.8 km, and
with a length of approximately 2.2 km. Later this length was reduced to 1.65 km; but in 1916, despite all
the damages suffered in the support trestle and railway lines, it was decided to increase the length of the
breakwater to 2.0 km since the cost of it still was within the originally budget.
In addition to the rock extracted from Sosa Hill that would be used as east breakwater reinforcement, the
decision was made to add concrete blocks as protection for the structure. For this reason, in 1915, a
contract was awarded to a private company for the construction of 10,000 concrete blocks with an
approximate weight of 15 to 25 tons each (Figure 15).
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Figure 15: Concrete blocks dumped for the shell of the East breakwater

4.3

MAINTENANCE PROGRAMME

As mentioned before, the main objective of the Cristobal breakwater is to protect the northern entrance of
the Canal from the strong waves produced by the north winds. However, this same condition has greatly
impacted the integrity of the structure throughout the years. Due to the strong waves in the area, part of the
rocks initially placed in the breakwater have gradually disintegrated or have been displaced; for this reason,
the structure has been losing its original form and decreasing its protection capacity.
Since its construction, the breakwater has suffered the ravages of the weather and storms in the area.
Detailed reports from the construction period indicate that strong waves, produced by major storms in the
Caribbean, damaged the structure several times, so the breakwater had to be repaired before it was even
finished. During the last 40 decades, efforts have been undertaken to restore the breakwater to its height
and original section. For this purpose, concrete blocks of different geometric shapes and sizes were
initially used, but in the last 30 years, a different protection system was tested, consisting mainly of
reinforced concrete lining units called dolosse (see Figure 16).
The methodology for the design of this structures can be found in the literature [USACE, 2002], but
basically this elements work by dissipating the energy of the waves instead of blocking it. In its design it
is considered to divert aside most of the energy of the wave, which makes it more difficult to displace them,
unlike objects of equal weight but with flat surfaces. As the waves hit them, the elements tend to interlock
and form a more compact and porous wall at the same time.

Figure 16: 8 tonnes dolosse used repair the Cristobal breakwater
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For the maintenance of the breakwater, ACP has developed a repairing schedule consisting in the
construction of 500 reinforced concrete dolosse during one fiscal year and installing them the next fiscal
year. This means that the breakwater is restored every two years.
For the construction of the dolosse, the contractors use an area next to Toro Point (west side of the
breakwater) specifically designated for this task. From this area, the elements are then lifted by cranes and
placed on barges, which transport them to the previously identified areas to be repaired. Figures 17 and
18 show these process as carried out by a contractor.

4.4

BREAKWATER ZONING

Originally, the works of construction and installation of dolosse in the breakwater were programmed based
on specific damages in the structure; however, this practice has been modified in recent years to allow
the maintenance process to be carried out continuously. In order to determine where the damages to the
structure have occurred is through a periodic inspection of the breakwater.
This visual inspection is done mainly by boat, although sometimes helicopter flights are also used; with this
method it is possible to determine the exact points where the waves have moved or damaged the rocks,
concrete blocks or dolosse. Once these points are identified, their exact location is determined through
specialised equipment (GPS), and then plotted in a contract drawing.
ACP keeps record of all the areas repaired in the breakwater since 1982, when the dolosse were used for
the first time. At that time, however, the current GPS technology was not available, so the actual location
of the repairs is only approximate. Based on the plans drawn up at that time, which only indicated the
approximate stationing of the damaged area, it was possible to establish, using a correlation of stationing
vs. coordinates, the location where the dolosse were installed back in 1982.

Figure 17: Placement of dolosse on the barge

Figure 18: Installation of dolosse in the West
breakwater

From 2001 onwards, there is a precise record of the location of the repairs done, so it is possible to
establish a repair statistic for zones on the breakwater [Abrego, 2012].
The zoning that has been established in both sections of the breakwater begins from the premise that
each section (East and West) have independent stationing. Therefore, station 0K+000 has been
established on land for both sections: on the east side, this point is located at the beginning of extension of
the 1940 breakwater, located on Isla Margarita; while for the west side, the point is located near the Toro
Point lighthouse.
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Given the extension of the two breakwaters, they have been divided into segments of 250 linear metres, so
on the East side there are 13 zones, while on the west side there are 14 zones.
By plotting the distribution of the dolosse installed in the breakwater, it is easy to identify that most of the
damage occurs in the areas near the main entrance of the Canal. In this point the structure is much more
exposed to the action of the waves and the north winds. It is true that in other areas ACP have also
installed dolosse for protection and repairing, however, the most critical area showing constant damage
is that mentioned before (see Figures 19 and 20).

Figure 19: Aerial view of the West Section of the breakwater where most damages are reported

Figure 20: Plan view of the breakwater showing most affected areas

5

EROSION CONTROL FOR BUILDING 33 AND 37 IN GAMBOA

5.1

PROJECT DESCRIPTION

The objective of this project was to restore the slopes around several facilities of the Dredging Division in
Gamboa. In this area the buildings are located very close to the shoreline and the navigation prism line is
only 20.00 m away from it. The town of Gamboa is located at the north side of the Gaillard Cut and is the
base for all the dredging operations along the Panama Canal (see Figure 21).
For the protection of the slope, it was decided to built-in a riprap with an extension of 300.00 linear metres,
and for that it was necessary to install 8,000 m 3 of rock blocks to control the erosion. The erosion in this
area is produced mainly to the surge wave acting against the shoreline. In this point, all the vessel
transiting northbound are exiting the narrowest section of the Panama Canal, the Gaillard Cut, therefore,
once they reach Gamboa, there is an increase in their velocity which contributes to enhance the surge
waves acting on the slopes.
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Figure 21: Location of the affected area in Gamboa

5.2

DESIGN CRITERIA

Once the problem was reported, several meetings took place with the owner of the facilities at risk in order
to develop the scope of the repairs and verify their needs in terms of operational requirements.
In general, the design was to develop to meet the following criteria:
•
•
•
•
•
•
•

5.3

The structure must be permeable
Crest Elevation at 28.20m (considering the maximum elevation of Gatun Lake)
The slope must be stable at each construction phase
The armour rock size must be big enough to control wave heights of 1.0 m above the maximum
elevation of Gatun Lake (27.13 m PLD)
The navigation prism line is located 20.00 m away from the shoreline (not the base of the slope)
Distribution of ships: Neopanamax and tugboats
The rock protection only covers the portion of the slope above the lake level and extends 1.00 m below
the minimum level of the lake (23.9 m PLD)

DESIGN

The typical developed section consists of a two-layer armour stone, with a geocomposite at the base, a
splash apron of 3.0 m and a minimum subaquatic bench of 3.0 m, as shown in Figure 22.

Figure 22: Typical design section
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The grading of the rockfill used in the protection of the slopes was calculated according to the Hydraulic
Engineering Circular (1989) and PIANC (1997). Table 2 shows the values for the rock fill:
µ

Top Layer (Material Type 1)
Rock size (m)
1 a 0.9
0.80 a 0.70
0.60 a 0.50
0.30 a 0.20
Underlayer (Material Type 2)
Rock size (m)
0.30
0.20
0.10

% passing
100
85
50
15
% passing
100
50
15

Table 2: Rock fill grading

5.4

CONSTRUCTION

An important aspect of this project was the variety and quantity of restrictions imposed by the owner for
the construction stage. Some of those restrictions were:
•
•

•

•
•

The riprap would only be located on the upper part of the lake bank slope, where the toe of such slope
is the navigation prism. Therefore, the rocks had to be placed with a small backhoe to avoid falling
rocks to go beyond the prism line of navigation.
The project is located in an area adjacent to Gatun Lake and near several facilities (offices, dock and
green areas); the contractor had to restrict its construction area to small sections that were defined
between 5 to 10 m, with two work fronts (north and south). This was done to guarantee that the
contractor completed each section before moving to the next one, thus ensuring the stability of the
slopes.
The contractor proposed to build the rockfill from the landside (avoiding the use of barges). For this,
it was necessary to build a bench at the minimum level Gatun Lake would allow; thus, ensuring the
excavation of the underwater bench (base of the rock fill). In addition, the contractor had to use
equipment with a minimum arm range of 8.00 m.
The existing soil in the slopes is a fill composed of residual material, which required the use of a
geocomposite (geotextile and geogrid) to separate it from the rock fill. The geogrid was intended to
protect the geotextile and distribute the load of the rockfill on the surface.
The drains had to be extended and built through the rock.

Figure 23: Panoramic view showing the condition of
the slope in 2012

Figure 24: Anchor trench for the geocomposite
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Figure 25: View of the rock fill from the north

6

Figure 26: Aerial view of the finished project in 2017
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SUMMARY
The Panama Canal is one of the most important engineering works in the world, located in an area with a
unique diversity within the Republic of Panama. It stands as a magnificent excavation project, which exposes
its greater complexity: a huge variety of geological formations, with different weathering and drainage patterns,
areas of heavy rainfall, and large extensions of coastlines, which are subjected to surge waves produced by
dozens of vessels transiting the Canal every day.
From the very beginning, when the Canal initiated its operations, many studies and projects have been carried
out to reduce the erosion of the banks along the waterway. With the Canal Expansion project, this issue
became more relevant, mainly due to the fact that huge retaining structures and new slopes were to be built
to safely accommodate the transit of much bigger vessels. Because of this, the control of the bank erosion
and sedimentation in the channel are key points of the geotechnical and environmental monitoring of the area.
The Erosion Control Programme was developed to meet this need and is managed by the Geotechnical
Engineering Section of the Panama Canal Authority. The main goal of this program is to reduce the erosion
action on the bank slopes produced by the surge waves and also on the cut slopes due to rainwater run-off.
Special efforts have been committed to develop designs for erosion control, based on two premises:
experience from previous methods used; and new technology which helps to find a balance between
investment, performance and bio-engineering.
This paper describes the methods used for the erosion control in some areas along the shoreline of the
waterway, which were required not only to protect the slopes but also to protect very important structures
located near the banks. The projects hereby presented demonstrate the impact that a proper and effective
design can have on such a particular area as the Panama Canal.

RESUME
Le canal de Panama est une des œuvres d’ingénierie les plus importantes du monde, enclavé dans une aire
à la diversité unique à l’intérieur de la république de Panama. Il s’agit de travaux majeurs de terrassements,
d’une grande complexité : une immense variété de formations géologiques, avec des types météorologiques
différents, des hydrographies particulières et des zones de grande pluviosité, et de plus, des grandes
longueurs de berge, soumises constamment aux effets de la navigation.
Depuis le début du canal, ont été réalisés des études et projets pour diminuer l’érosion des berges du canal.
Avec l’élargissement du canal, ce sujet est devenu d’une importance majeure, principalement parce que
d’importants ouvrages de retenue, de nouvelles berges et des approfondissements ont dû être réalisés pour
s’adapter au passage en toute sécurité de bateaux de plus grandes dimensions. C’est pourquoi, le contrôle
de l’érosion des rives et de la sédimentation constitue le point clé des contrôles géotechniques et
environnementaux du secteur. Le programme de contrôle de l’érosion a été mis en place pour répondre à ce
besoin et est géré par la section d’ingénierie géotechnique de ACP. Les principaux objectifs sont de réduire
l’érosion des berges par les vagues, et des talus en déblais par l’écoulement pluvial. Des efforts particuliers
ont été faits pour développer des conceptions pour le contrôle de l’érosion, basés sur 2 principes : l’expérience
tirée de méthodes précédentes et les nouvelles technologies qui permettent un équilibre entre
l’investissement, la performance et l’ingénierie écologique.
Cet article décrit les méthodes utilisées pour le contrôle de l’érosion dans certains secteurs de la voie
navigable, nécessaires pour la protection des berges et aussi des structures importantes situées à proximité.
Le projet présenté montre l’effet que peut avoir une conception efficace sur un secteur aussi particulier que le
canal de Panama.
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ZUSAMMENFASSUNG
Der Panamakanal ist eines der bedeutendsten Ingenieurbauwerke der Welt, das in einem Gebiet mit einer
einzigartigen Vielfalt in der Republik Panama angesiedelt ist. Er ist ein gewaltiges Bauvorhaben mit großer
Komplexität: eine enorme Vielfalt an geologischen Formationen, unterschiedliche Wetterverhältnisse und
Entwässerungsmuster, Gebiete mit Starkregen und weit ausgedehnte Küstenlinien, die starken Wellen
ausgesetzt sind, erzeugt von dutzenden Schiffen, die den Kanal jeden Tag durchfahren.
Von Anfang an, nachdem der Kanal den Betrieb aufgenommen hatte, wurden viele Studien und Projekte
durchgeführt, um die Erosion der Ufer entlang der Wasserstraße zu reduzieren. Im Zusammenhang mit dem
Kanalausbauprojekt wurde dieser Punkt noch wichtiger, hauptsächlich aufgrund der Tatsache, dass riesige
Stützkonstruktionen und neue Böschungen gebaut werden mussten, um die sichere Durchfahrt viel größerer
Schiffe zu gewährleisten. Deswegen sind die Kontrolle der Ufererosion und der Sedimentation im Kanal
wichtige Punkte eines geotechnischen und umwelttechnischen Monitorings des Gebiets. Das
Erosionsschutzprogramm wurde entwickelt, um diesem Bedarf gerecht zu werden, und es wird von der
geotechnischen Abteilung der Panamakanalbehörde geleitet. Das Hauptziel dieses Programms ist es, die
Erosion an den Uferböschungen, die durch die Brandungswellen hervorgerufen wird, und an den
Böschungsflanken, ausgelöst durch Regenwasserablauf, zu reduzieren. Es wurden besondere
Anstrengungen unternommen, um Entwürfe für den Erosionsschutz zu entwickeln, die auf zwei Prämissen
beruhen: Erfahrungen aus vorhergehenden Projekten und neue Technologien, die helfen, ein Gleichgewicht
zwischen Investitionen, Leistung und Biotechnologie zu finden.
Dieser Artikel beschreibt die in einigen Gebieten entlang der Uferlinie der Wasserstraße angewendeten
Methoden, die nicht nur die Böschungen schützen sollen, sondern auch jedes bedeutende Bauwerk, das sich
in Ufernähe befindet. Die hier präsentierten Projekte zeigen den Einfluss, den eine gute und effektive
Gestaltung auf ein bestimmtes Gebiet wie den Panamakanal haben kann.

RESUMEN
El Canal de Panamá es una de las obras de ingeniería más importantes en el mundo, enclavado en un área
con una diversidad propia dentro de la República de Panamá, básicamente se yergue como una obra magna
de excavación, lo que pone al descubierto su mayor complejidad: una gran variedad de formaciones
geológicas, con patrones de meteorización diferentes, patrones de drenaje propios y zonas de gran
pluviosidad, además de grandes extensiones de costa, sometidas constantemente a los efectos de la
operación de la vía.
Desde sus inicios, el Canal de Panamá ha estado realizando estudios y proyectos para disminuir la erosión
de los bancos y riberas del cauce. Con el proyecto de Ampliación del Canal, el tema tomó mayor relevancia,
debido principalmente a que era una obra en donde fueron construidas grandes estructuras de retén, se
generaron nuevas áreas de taludes y se profundizó el cauce para acomodar de manera segura, el incremento
en los tamaños de los buques. Es por ello que el control de la erosión en las riberas y el control de la
sedimentación constituyen los puntos claves de los controles geotécnicos y ambientales del área. El
Programa de Control de Erosión surge para satisfacer esta necesidad y es manejado por la Sección de
Ingeniería Geotécnica de la ACP. Se trata de un programa encaminado a desarrollar proyectos de
mantenimiento y mejoras a las riberas, en el que se ha dedicado un especial esfuerzo para desarrollar
diseños para el control de erosión, basándose principalmente en dos premisas: la experiencia lograda en los
proyectos ejecutados; y en la utilización y búsqueda de nuevos productos que contribuyan a mejorar la
efectividad de los diseños frente a los retos operativos que se imponen, encontrando un balance entre
inversión, bioingeniería y rendimiento.
Este documento describe los métodos utilizados para el control de la erosión en algunas áreas a lo largo del
cauce, los cuales fueron requeridos no solo para proteger las laderas sino también para proteger estructuras
muy importantes ubicadas cerca de los bancos. Los proyectos aquí presentados demuestran el impacto que
un diseño adecuado y efectivo puede tener en un área tan particular como el Canal de Panamá.
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1 BACKGROUND
The Cocolí River Diversion Channel (DCP) Project is proposed to be developed in an area that currently has
no permanent human settlements. During the period of permanence of the United States in Panama, it was a
military reserve and towards the Nuevo Emperador there was an area of military maneuvers where shooting
practices were carried out. After the Canal was transferred to the Panamanian Administration, part of the
Cocolí area became the Canal's operating area and was established as Type I Operating Area and Type II
Operating Area. The diversion channel will cross these areas, but it will also cross other areas that are not for
the exclusive use of the ACP.
The area that will cross the diversion channel, the only economic activity that takes place is associated with
the operation of the Panama Canal, mainly the disposal of dredging materials in two deposits that are crossed
by the Velázquez River.

2

LOCALISATION AND GENERAL DESCRIPTION OF THE COCOLÍ RIVER
DIVERSION CHANNEL PROJECT

The project of the diversion channel of the Cocolí River, is located in the Corregimiento de Arraiján, District of
Arraiján, province of Panama, at the entrance of the Pacific Ocean of the Panama Canal, on the west side,
between coordinates 991 800 and 993 050 of North latitude and 652 750 and 655 900 of western longitude.
The population centres closest to the project are the District of Arraiján, located to the west and the city of
Panama to the southeast. The centre of the city of Panama is approximately 7 km in a straight line northeast
of the project. In front of the confluence of the Cocolí Canal with the Velázquez River, a high-value residential
complex is currently being developed, which includes its own Golf Club, known as El Tucán Country Club.
The project is located within basin 142, between the Caimito and Juan Diaz rivers and has a drainage area of
29.5 km2, up to the diversion site.
Figure No. 1 shows the general location of the diversion channel of the Cocolí River.

3

SCHEME OF THE PROJECT

In Figure 2, the project outline of the Cocolí River diversion channel is presented and its main components
are described below.
The scheme of the Diversion Channel Project (DCP) of the Cocolí River, consists since its inception in Lake
Cocolí of the following components.

39

•
•
•

•

•

•

A diversion levee dam at least 17.00 metres high with the base located on the fluvial channel of the Cocolí
River. Figure 3 shows a picture of Lake Cocolí with the beginning of the diversion channel.
Diversion channel starting at Lake Cocolí at an elevation of 10.87 m PLD with a length of approximately
3.5 km, trapezoidal section with slopes of 1: 2 and variable hearth width, starting at 15 metres and ending
at 30.00 m in the Pacific Ocean.
The trajectory of the channel will have to cross the existing road that leads to the K9 polygon and the
Brujas roadway, where due to the construction of the channel, a concrete drainage system of 3.00 mx
3.00 m should be demolished, to be replaced by a bridge. Figure 4 shows a photo of the drainage system
that will be replaced by a new bridge.
From station 1 K + 080.00 to 1 K + 440.00, it is necessary to build approximately 360 metres of levees
with an average height of 1.80 m on both sides, in order to contain the waters inside the channel, from the
station 2 K +60.00 to 2 K + 100.00 (40.00 m in length) and from 2 K + 460.00 to 2 K + 580.00 (120.00 m
in length).
From station 2 K + 040.00, because the channel crosses and affects the flow of three existing streams
that are the Victoria Sur, Victoria Norte and the Velázquez River, the DCP must be supplemented with
accessory works that includes channelling and coating from the entrances of the tributaries to the diversion
channel. Figure 5, 6 and 7 show the photos of the Victoria Norte, Victoria Sur and Velázquez rivers.
At the confluence of the Velázquez River with the diversion channel, a buffer pond is contemplated to
reduce turbulence.

Two critical zones have been identified, which are the area of the levees and the confluence of the Cocolí
DCP and the Velázquez River. In this zone, depending on the use given to adjacent lands, dykes can be built
or not.
In the recommendations and solutions, a detailed description of the work that must be done along the Cocolí
river diversion channel is presented.

Figure 1: General location of the diversion channel of the Cocolí River
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Figure 2: Scheme of the diversion channel of the Cocolí River

Figure 3. Confluence of the Cocolí river with the
Miraflores lake and outline of the future entrance
to the diversion channel. LPalma / June 2007

Figure 4. Culvert concrete drainage system 3.00 x 3.00 on the
road to Brujas, which will have to be removed to run the
diversion channel of the Cocolí river. JACM / June 2007

Figure 5. Horseshoe culvert in the Victoria Norte
creek the Brujas road. View from upstream in the
channel of the gulch. Dimensions 3.00 x 3.00 m.
JACM/June 2007

Figure 6. Horseshoe culvert in the Victoria Sur gorge, on the
Brujas road. View from downstream in the channel of the gulch.
Dimensions 1.80 x 1.80 m. JACM.
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Figure 7: View of the bridge over the Velázquez River, on the Brujas road looking towards Cocolí. JACM.

4

GENERAL DESCRIPTION OF THE WATERSHED 142 THAT COCOLÍ RIVER
SUBBASIN IS PART

According to the Watershed distributions of the Republic of Panama, the sub-basin of the Cocolí River is
located within Watershed 142, rivers between the basins of the Caimito River and Juan Díaz River, on the
Pacific side of the country, on the west bank of the Panama Canal and its waters pour into Lake Miraflores.
The sub-basin has a circular shape and its topography is quite homogeneous because there are no significant
elevation changes from the headwaters of the Cocolí River to its mouth.
The landscape of the sub-basin is dominated in its upper part to the northwest by the highest point which is
an unnamed hill with an elevation of 257 metres above sea level. The Cocolí River from its source has an
approximate elevation of 220 metres above sea level.
The Cocolí River Diversion Channel Project starts at the end of the Cocolí sub-basin, in the lower part with
elevations between 15.00 and 0.00 m PLD.

5

BASIC INFORMATION

The basic information for the development of the hydrological and hydraulic study was obtained from three
main sources:




6

Meteorological and hydrological information
Existing cartographic information
Topographic surveys

RAINFALL REGIME OF THE SUBCUENCA DEL RÍO COCOLÍ

Thee rainfall regime of the Cocolí sub-basin is influenced by the rainy regime of the Pacific side, which is
characterised by two well-defined seasons. The dry season that usually goes from mid-December to April and
the rainy season from mid-April to December.
Within the rainy season there is a decrease in rainfall between the month of July and August, which is caused
by the annual movement of the Inter Tropical Convergence Zone (ITCZ), when it is farthest from the Isthmus
of Panama, a phenomenon known as the Veranillo de San Juan or Canícula. The ITCZ is the confluence zone
of the trade winds of both hemispheres, North and South. It is an area of light and variable winds, unstable air
and strong convective developments, with intense rains. When the Intertropical Convergence Zone moves
from North to South, rainfall increases again, with October being the rainiest.
The seasonal distribution of rainfall in the Cocolí sub-basin is controlled by the ITCZ, however, the totals that
occur in any point of the country depend on factors such as elevation, relief, distance to the mountain range,
exposure to prevailing winds, etc.
In Figures 8 and 9, the rainfall distribution is presented for the rain stations closest to the project, which are
Balboa and Pedro Miguel.
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Figure 8: Temporal distribution of rainfall in the Altos de
Balboa rainfall station, period 1977-2006

7

Figure 9: Temporal distribution of rainfall in Pedro Miguel
rainfall station, period 1977-2006

HYDROLOGICAL ANALYSIS

The purpose of the hydrological study was to examine all the components of the surface hydrology of the
hydrographic basin that feeds the Cocolí River, with the purpose of estimating primarily their design flows, in
addition to analysing other aspects, such as the distribution of monthly average flows.
To complement the analysis, an inspection and field survey was carried out to sites of the Cocolí river basin
previously selected, which were selected as preliminary reconnaissance of the topographic mosaics available
at a scale of 1: 50000 and 1: 25000. The objective of this inspection and survey was to compare the results
obtained through hydrological modelling, with the calculations made as a result of the field surveys.

7.1

DESIGN FLOWS

As there are no references of measurements or systematic readings in the Cocolí River, we proceeded to
estimate the design flows by indirect methods.
For the initial design of the Cocolí DCP, the Geotechnical Section preliminarily used the maximum
instantaneous flows that appear in the report ‘Estimation of the Maximum Flows of the Cocolí River’, analysis
carried out in July 2003 by the Hydrologist Tamara Muñoz, but due to the extent and scope of the Cocolí river
diversion channel project, the study was updated and expanded. The tool used for the extension of the study
was the HEC-HMS hydrological programme developed by the Engineering Corps of the Hydrological
Engineering Center of the United States, which is free of charge.
The flows were estimated for return periods of 5, 20, and 50 and 100 years, for the Cocolí River and the
Victoria Sur, Victoria Norte, Victoria 3, Victoria 4 and the Velázquez rivers, which will be affected by the
deviation channel project when it has been built.

7.2

DESCRIPTION OF THE HEC-HMS MODEL

The HEC-HMS system was designed to simulate the precipitation runoff processes of a basin and was
developed by the Corps of Engineers in the early 60's and its predecessor is known as HEC-1. The HEC-1 or
HEC-HMS, is one of the most popular events simulation programs, which can be used for free. The version
used for the analysis of the design flows is 3.1.0.
The acronym HEC stands for Hydrologic Engineering Center, which is the research centre of the United States
military engineering corps, located in Davis, California.

7.3

REQUIREMENTS OF THE HEC-HMS MODEL

The requirements of the model depend on what is required to model and on the hydrometeorological
information available to feed the model.
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For this particular case, what is required to be developed is the design hydrograph of the project, which is why
the application of the HEC-HMS model was considered appropriate, since it is an event simulation model. An
event model has the capacity to reproduce a single storm, given certain physical parameters of the basin
under analysis.
As there are no hydrometric records in the Cocolí basin, we proceeded to estimate the flows using the
‘Alternate Block Method’ and the flood transit for each sub-basin using kinematic wave.
The model requirements for this method are basically physical characteristics such as, drainage surface and
time of concentration of the basin and its sub-basins, length and slope of the channel and slope of the
landscape and estimation of number of curve.
All this information is determined by means of topographic mosaics, aerial photographs and field inspections.
Once these data were obtained, we proceeded to estimate the time of concentration and the design rain for
the basin for different return periods.
One of the limitations of this method is that you do not have a station or control point at the exit of the basin
to calibrate the model. For this reason, an estimate was made of a flow of the Cocolí River using the traces
left by a recent flood (May 2007) and an arm of the Cocolí River, proceeding in both cases to estimate its flow
using the area-slope method.

7.4

METHODOLOGY

The HEC-HMS model is designed to simulate the surface runoff that results from a rain, through the
representation of a basin as a system of interconnected components. Each component can individually
simulate an aspect of the rainwater runoff process within an area or sub-basin; the components include the
surface runoff of the subarea, the channels and the reservoirs; each component is represented by a set of
parameters that specifies the particular characteristics of the component and the mathematical relationships
that describe its physical processes. The final results of the modelling process are the output hydrographs or
direct surface run-off for each previously specified subarea. Figure 10 shows the HEC-HMS scheme for the
Cocolí river basin. The basin was subdivided into 9 small sub-basins.

Figure 10. HEC-HMS scheme for the Cocolí river basin

The surface run-off component for a sub-area is used to present the movement of water over the surface of
the land to the riverbeds and streams. The input of this component is a precipitation histogram, which was
designed by the alternate block method. The excess of rain is calculated by subtracting the infiltration and
losses by arrest, and in our case the Soil Conservation Services (SCS) curve number method was selected
and alternatively the kinematic wave model was used to calculate the runoff hydrographs in the sub-basins.
The flood routing component represents the movement of flood waves in the channels. The input of this
component is the hydrograph obtained upstream that resulted from the individual or combined combinations
of the run-off of the subareas, the transit of flows or the derivations. For the flood routing of the Cocolí, the
kinematic wave method was used.
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Alternate Block Method
The alternate block method is a simple way to develop the design histogram using the Intensity-DurationFrequency (IDF) curves of the station closest to the project under study. The design histogram generated by
this method determines the depth of precipitation that occurs in n intervals of successive times of duration t
over a duration of Td = nt. After selecting the design return period and the time interval t, the intensity is
read from the IDF curve or otherwise the equation generated for the curve is applied, for each of the durations
for each t, 2 t, 3t ..., and the corresponding depth of precipitation is found by multiplying intensity and
duration. Determining the difference between the successive values of depth of rain, is the total amount of
precipitation that must be added for each unit of time t. These increments or blocks are rearranged in a
temporal sequence so that the maximum intensity occurs in the centre of the required duration Td and the
blocks are in descending order alternately to the right and to the left of the central block in order to form the
histogram of project design.
We analysed the IDF curves of the closest rainy seasons, which are considered the most influential in the
Cocolí river basin, which are Balboa Heights and Pedro Miguel. The Balboa curves developed for the Ministry
of Public Works (MOP) by Federico Guardia and Consultores in 1972 were used as a reference, for a period
of 57 years and those of the study ‘Analysis of Intensity Duration and Frequencies, Maximum Rain Events
Annual (1972-1999), Panama Canal Basin – Eastern Region’, developed by Maritza Chandeck Monteza in
2001. Both IDF curves were compared, and it was observed that the ACP curves compared to those of the
MOP, they present differences. The main difference is that for the same time interval, the rain intensity is lower
in the curves developed by the ACP for the intervals between 1 to 60 minutes. For the 60- to 120-minute
intervals, the rainfall intensity of the ACP curves is slightly higher.
One of the theses that is handled is that from rainfall records until 1972, rainfall intensities could be obtained
at 5-minute intervals and from 1972 onwards, the minimum registration interval is 15 minutes. At a shorter
time interval, rainfall intensities are greater and decreasing with respect to time.
For the analysis of the Cocolí DCP, the IDF curves recommended by the MOP were used, considering that
the values of these curves are more critical for the channel design.
In Table 1, the values of the IDF curves of the Balboa station are presented and in Figure No. 11 the Curve
Intensity-Duration-Frequency (IDF) is presented.
Table 2 shows the maximum rainfall data obtained through the alternate blocks to develop the design storm's
histogram, which was used to estimate the design flood for a return period of 100 years and Figure No 13, the
graph of the design histogram for a 100-year storm is presented.

Tc (minutes)
5
10
15
30
45
60
120

2
6.68
5.82
5.16
3.85
3.07
2.55
1.52

5
7.17
6.39
5.76
4.45
3.63
3.06
1.88

Return Periods T (years)
10
20
25
30
7.88 8.50 8.81 9.02
7.02 7.60 7.87 8.04
6.33 6.87 7.12 7.25
4.89 5.33 5.52 5.61
3.99 4.35 4.51 4.57
3.36 3.68 3.81 3.85
2.07 2.27 2.36 2.37

50
9.74
8.60
7.71
5.87
4.74
3.98
2.42

100*
11.21
9.74
8.60
6.38
5.07
4.20
2.50

* For the return period of 100 years a formula has been estimated depending on the curves of the other
periods of return and their behaviour

Table 1: Summary of intensities to determine the IDF curves for the rainfall station of altos de
balboa, period 1921-1986 (57 years)
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Figure 11: Intensity Duration Frequency (IDF) curve for Altos de Balboa station

Tc ( min )

T (hr)

Intensity
Tr = 100 años

Inten.
(mm/h)

Acum. rain
(mm)

Rain
(mm)

Histogram
(mm)

10
20
30
40
50
60
70
80
90
100
110
120

0.17
0.33
0.50
0.67
0.83
1.00
1.17
1.33
1.50
1.67
1.83
2.00

9.74
7.71
6.38
5.44
4.74
4.20
3.78
3.43
3.14
2.89
2.68
2.50

247.32
195.79
162.03
138.21
120.49
106.80
95.90
87.02
79.64
73.42
68.10
63.50

41.22
65.26
81.02
92.14
100.41
106.80
111.88
116.02
119.47
122.37
124.85
127.00

41.22
24.04
15.75
11.12
8.27
6.39
5.09
4.14
3.44
2.90
2.48
2.15

2.48
3.44
5.09
8.27
15.75
41.22
24.04
11.12
6.39
4.14
2.90
2.15

Table 2: Design rain histogram developed in 10-minute increments for a 100-year storm and 120-minute duration for the
Cocolí river basin using the alternate block method, Altos de Balboa station

Figure 12: Histogram of maximum precipitation for a return period of 100 years
determined using the alternative blocks method
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7.5

RUN OF HEC-HMS MODEL

Once all the physical parameters and rainfall histograms required by the HEC-HMS model were obtained, the
model was assembled. The Cocolí river basin was subdivided into 9 sub-basins (Figure 10) and 4 stretches
of the river were defined to make the routing of the floods. The layout and measurement of all sub-basins of
the project was obtained by measuring the mosaics 1:50000 of the National Geographical Institute Tommy
Guardia. From the mosaics, the physical characteristics of the basin were also obtained as the drainage area,
the length of the channels, the average slope of the channels and the slopes perpendicular to the river bed
for each sub-basin.
With these parameters we proceeded to determine the time of concentration (Tc) for the entire basin and for
each sub-basin, adopting the Kirpich method.
The model was assembled as follows:
•
•
•
•
•
•

The sub-basins were declared and the model was fed with the required parameters
It was assumed that the design rain is homogeneous throughout the basin
The histogram was introduced for design storms of 20, 50 and 100 years of return period
The SCS method was selected to calculate infiltration losses and the kinematic wave method to determine
flood hydrographs
For the traffic of avenues, the kinematic wave method was also selected
Runs were made for the different return periods

Obtained the results of the runs, it was compared with the preliminary analysis of the study carried out in the
meteorology and hydrology section.

7.6

RESULTS OF THE RUNS OF THE HEC-HMS MODEL OF THE COCOLÍ RIVER
BASIN

In Table 3, the results of the runs carried out for the Cocolí river basin and sub-basins up to the diversion site
are presented for return periods of 20, 50 and 100 years of return period.
Design flows to the Cocolí river diversion site were estimated for return periods of 20, 50 and 100 years at
250, 270 and 300 m 3/s respectively. It was observed that the flows estimated by the HEC-HMS, exceeds by
11 % those obtained by the preliminary analysis, so the estimate is considered acceptable.
Table 4 shows the values of the hydrograph to the site of the diversion of the Cocolí River and in Figure 13 its
respective output hydrograph.
Additionally, in order to verify the estimates of the design flows, an inspection and survey of the Cocolí river
basin, in the lower part, was carried out in order to try to estimate some flood by means of the slope area. On
12 June 2007, the sections in the main channel of the Cocolí River and another in one of the main tributaries
were surveyed in order to estimate a capacity.
The flows of the sub-basins of the small streams that will discharge to the channel of diversion of the Cocolí
River, were determined by means of the rational approach method.
Table 3 shows the results of the run with the HEC-HMS for a return period of 100 years. It can be seen that
the maximum value is 291 m 3/s, but for the run with the HEC-RAS, it was rounded and 300 m 3/s was used.
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Hydrologic
Component
Cocolí 3
Cocolí 4
Cocolí 5
Cocolí 7
Cocolí 8
Output
Subcuenca 1
Subcuenca 2
Subcuenca 3
Subcuenca 4
Subcuenca 5
Subcuenca 6
Subcuenca 7
Subcuenca 8
Subcuenca 9

Drainage
surface
(km2)
9.82
16.32
20.34
22.69
27.86
29.51
6.64
3.18
1.85
4.02
2.35
3.11
4.65
2.05
1.65

Maximum
Discharge
(m3/s)
67.90
136.70
183.90
211.00
271.40
291.40
39.70
28.40
16.00
62.80
38.90
36.60
62.10
37.80
30.8

Time to1
Peak
(hour)
12 July 2003, 12:20
12 July 2003, 11:55
12 July 2003, 11:50
12 July 2003, 11:45
12 July 2003, 11:50
12 July 2003, 11:45
12 July 2003, 12:35
12 July 2003, 12:10
12 July 2003, 12:10
12 July 2003, 11:35
12 July 2003, 11:30
12 July 2003, 11:50
12 July 2003, 11:45
12 July 2003, 11:25
12 July 2003, 11:25

Volume
(mm)
65.63
65.96
65.00
64.60
64.30
64.58
65.49
67.13
61.10
62.24
62.33
61.81
69.15
69.36
69.40

Table 3: Results by sub-basin of the HEC-HMS Model Runs for the Cocolí River for a Period of Return of 100 Years

Subbasin
River/creek
Cocolí
Cocolí
Cocolí
Cocolí
Cocolí
Cocolí
Cocolí
Cocolí
Cocolí
Cocolí
Victoria 4
Derivation
Victoria 3
Victoria 2
Victoria 1
Velásquez

#
1
2
3
4
5
6
7
8
9

Área (km2)
Partial

Return Period in years (Tr)

Total

6.64
3.18
1.85
4.02
2.35
3.11
4.65
2.05
1.65

6.64
9.82
11.67
15.69
18.04
21.15
25.80
27.85
29.50

0.65
0.14
1.87
0.49
12.90

29.50
30.2
30.3
32.2
32.7
45.6

20

50

100

Q. Parcial

Q. Acum

Q. Parcial

Q. Acum

Q. Parcial

Q. Acum

250
10.0
2.5
24
6
90

250.0
260.0
262.5
286.5
292.5
382.5

270
12
3
26
7.5
100

270.0
282.0
285.0
311.0
318.5
418.5

300.0
14.0
3.5
32.0
9.0
110.0

300.0
314.0
317.5
349.5
358.5
468.5

Table 4: Maximum estimated flows for the Cocolí River to the derivation site and for the affluent that intercept according
to the period of return in years

1

The date was taken arbitrarily, considering as a reference an event of the year 2003
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Figure 13: Output hydrograph of the Cocolí River to the derivation site for a return period of 100 years

8

HYDRAULIC MODELLING TO DETERMINE THE WATER PROFILES OF THE
DIVERSION CHANNEL

To determine the water profiles along the route of the diversion channel of the Cocolí river, for the different
selected return periods, the hydraulic modelling program HEC-RAS was used, which has been developed by
the Hydrological Engineering Center of the United States Army Corps of Engineers, which has as its
predecessor the well-known HEC-2 and has been considerably improved since its appearance in the early
60's.
The current version of the program allows calculations of water profiles for permanent and non-permanent
flow in one dimension, sediment transport analysis of the bed and analysis of water temperature.
The HEC-RAS was selected as it is a public domain program, it is widely tested and has literature available
for consultation.
The model has among its main features the modelling of water profiles along a channel or channel, modelling
and hydraulic calculation of hydraulic structures such as bridges, culverts, etc., in addition to having a module
that allows the design Hydraulic channels and calculation of cut and fill.
In the updated version of the HEC-RAS, the HEC-BETA, its applications are only limited by the imagination of
the modeler.

9

MODEL REQUIREMENTS

After selecting the model, we proceeded to study its minimum requirements. The information needed for the
modelling included the topographic maps of the area, the surveying of the cross sections of the channel
alignment and on-site inspections to evaluate all the existing structures. All in order to have a comprehensive
representation at the time of the final design of the area that will cross the diversion channel of the Cocolí
River.
The cross sections were supplied by the Topography and Topography Section of the Engineering Division, at
the request of the Geotechnical Section, which made the preliminary layout of the Cocolí DCP. The sections
of the channel were raised following the preliminary stations layout of 20.00 m and width of 50.00 m on each
side of the centre of the channel proposed.
Once the survey was carried out, the cross sections were sent to the Geotechnical Section for review and
conversion of X, Y and Z coordinates, distance in metres. In Figure 19, the initial scheme mounted on HECRAS of the diversion channel of the Cocolí River is presented.
A total of 186 cross sections were provided for the DCP of the Cocolí River, for the Victoria Sur creek, nineteen
cross sections for a length of 473.50 m and the Victoria Norte, five cross sections for a length of 175.00 m.
The Velázquez River was used a total of 41 cross sections for a length of 820.00 m.
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10 HEC-RAS MODEL RUNS
Once we obtained the design flows of the Cocolí river in the diversion site for periods of return of 5, 20, and
50 and 100 years, we proceeded to assemble the hydraulic model HEC-RAS.
The cross sections for the main channel and tributary streams were loaded, and the design flows for the
selected return period were introduced, which in our case is 100 years. To connect the tributaries to the DCP
of the Cocolí River, the junction function of the HEC-RAS was used.
Once we assembled the model, we proceeded to the design of the 3,500 metres of the channel and the inflow
entrances that will be affected by the future construction of the diversion channel.
In the preliminary runs, only the main channel was designed, which was an iterative process. Subsequently,
the tributaries were included and the respective runs were made, the outputs were analysed and if problems
such as channel capacity or high speeds arose, they were corrected immediately, and so on until the modelling
of the channel was completed.

Figure 14: Initial outline of the diversion channel of the Cocolí River mounted on HEC-RAS

After analysing the capacity of the channel, the water profiles, the speeds and the slopes, we proceeded to
declare the structures, in this case the preliminary design of the new bridge over the diversion channel, the
culverts of the Victoria Sur and Norte creeks, Velázquez river bridge, with the purpose of studying its behaviour
and mainly determining the Extraordinary Maximum Waters Level in the bridge, which is a requirement of the
Ministry of Public Works when a plan is going to be submitted for approval.

10.1 PROBLEMS FOUND
The problems that arise from the successive runs of the model and the integration of the components during
the design phase, the verification of the hydraulic design of the channel and the different restrictions and
objections presented by the different units of the ACP that can be affected in some way or another. Some
restrictions included the final alignment of the channel so that it does not affect protected areas, does not
affect the slopes of the disposal areas, the channel floor and elevation of the bridge in the designed bridge
area, excessive speeds, etc. A brief description of the problems encountered is presented below.

10.1.1 High Speeds
In the section between the start of the diversion channel and the projected bridge (station 0K + 00 to 1K + 00)
high speeds are presented. This problem is caused because in a stretch of approximately one kilometre where
you have to descend 4.75 m which creates high speeds due to the high slope and cause supercritical flow.
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10.1.2 Channel Capacity
The outflows of water profiles of the preliminary runs, when the design flow was applied for a return period of
100 years, showed that in the section comprised between 1 k + 060 metres (taking as reference the beginning
of the detour), water under the proposed bridge, water spills down the plains lateral to the channel. This is a
product of the channel crossing a topographic zone of low elevation (flat plains).

10.1.3 Quebrada Victoria Norte Channel Not Defined
The exits indicate that the water spreads through the floodplain adjacent to the channel in that section, which
may cause damage to the diversion channel.

10.1.4 Quebrada Victoria Sur Presents Backwater Effects
In this union, the channel of the stream is lower than the channel. This situation causes water from the channel
to escape into the creek, flooding the natural floodplains of the creek.

10.1.5 Río Velázquez Effects of Backwater at the Confluence with the Diversion Channel
Due to the introduction of the diversion channel in the natural channel of the Velázquez river, which alter the
natural conditions of the area, which is why this is considered one of the most critical points of the design due
to three situations that arise: abrupt of the horizontal alignment (curve), the low slope of the natural course of
the river and that the reach of the cross sections was short, because it only covered 20 m from the centre of
the river to each bank.
These situations cause turbulence and backwater effects at the confluence, which is why the particular
situation of this point required a deep analysis.
The initial outputs indicate that only by applying the design flow to the diversion channel (not the river), the
water travelled upstream of the Velázquez River. The situation became more critical when the design flow
was applied to the Velázquez River, since the water by the backwater effect flooded the plains upstream of
the bridge.
This situation can cause problems due to the fact that upstream is the bridge over the Velázquez River and
the development of the highly valued residential complex, ‘Tucán Country Club’ which includes its own golf
club.

11 RESULTS AND NECESSARY SOLUTIONS AND WORKS
Due to the topographic configuration of the area where the diversion channel of the Cocolí River is projected,
the following works will have to be carried out.
• At the confluence of the Cocolí River with the lake, it is necessary to contemplate the dredging and
formation of a channel to channel the waters of the Cocolí River to the diversion channel.
• The curves should be smoothed, the unusable materials removed from the channel and the obstacles
present in the area eliminated.
- At the mouth of the bypass, the unusable material should be removed and replaced or replaced by a
more cohesive material and contemplate the treatment of the bypass mouth by means of rock, riprap,
etc., since the turbulence associated with the change of slope and address can cause scouring
problems later.
• Dam levee construction at least 17.00 m high in the lake to divert the waters of the Cocolí River to the
diversion channel.
• First section of the channel includes from station 0K + 00 to 2K + 030.61. The first section starts at an
elevation of 10.87 m PLD and ends before the confluence with the Victoria 2 ravine at 4,343 m PLD. The
proposed channel is of trapezoidal section with slopes from 2 to 1 beginning with a width of 15.00 m and
ending with 30.00 m.
• The structures of this section are the bypass entrance, four steps of 0.75 m in height to dissipate the
energy, a reinforced concrete bridge of 11.00 wide by 36.00 m long and lower beam level of 10.52 m PLD.
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•
•
•

•

•

Before the construction of the bridge, it is necessary to demolish the reinforced concrete drainage system
of dimensions 3.00 x 3.00 m in station 1 k + 013.89.
At station 1 K + 017.00, replacement by a bridge with an elevation of the lower beam of the bridge of 1.80
m according to MOP requirements on the Maximum Extra Waters Level (NAME) of 8.72 m PLD.
From station 1K + 080.00 to 1 K + 440.00, due to the topographic configuration of the land, it is required
to build approximately 360 metres of containment dikes on both sides with an average height of 1.80 m,
in order to contain the waters inside the channel.
The second section of the diversion channel includes station 2 K + 060.00 to 2 K + 520.00. Within this
stretch are the Victoria Norte and Victoria Sur gulches.
- At the beginning of this section it is necessary to extend the section of the channel from 25.00 m to
30.00 m, along a segment of 20 m to reduce the backwater effect and allow access to the Victoria
Norte creek.
- At the end of the section at station 2 K + 520.00, channelling and construction of dams is required to
channel the Victoria Norte ravine to the channel. A trapezoidal section with slopes 1: 2 and a length
of 86.00 m is required.
- In the Quebrada Victoria Sur it is required to cover the confluence with the diversion channel.
Trapezoidal channel 2: 1 and width of the channel of 4.00 m. It should be improved with channelling
from 214 m upstream of the junction with the diversion channel. Also in this section the profile with a
slope of 0.0036 m/m must be improved.
- In both cases, it is recommended to cover with rock, riprap or another type of coating to avoid the
scouring of the entrances of the streams at the confluence with the channel.
The third section, channelling and expansion of the Velázquez River channel 310.00 m upstream of the
confluence with the new channel. Conformation of the entrance to avoid flooding the floodplains of the
Velázquez River due to the introduction of the diversion channel of the Cocolí River.

The work of channelling and construction of the Velázquez river dikes will depend on the use given to the
adjacent lands. If no significant use is intended, the construction of dams is not necessary.

12 CONCLUSIONS
•
•
•
•
•
•
•
•
•
•
•
•

Due to the lack of recent measurements in the Cocolí river basin, indirect methods were used to estimate
the design flows up to the diversion site and in the tributaries that will be affected when the diversion
channel is built.
To carry out the estimates of the design flows, the method of rational approximation, the Regional Analysis
of Maximum Floods and finally the HEC-HMS were used in a preliminary manner.
Design flows using the HEC-HMS were estimated using the ‘Alternate Block Method’ and the flood routing
for each sub-basin using kinematic wave method.
The design flows up to the diversion site of the Cocolí River, have been estimated for return periods of
20, 50 and 100 years in, 250, 270 and 300 m 3/ s respectively.
The design flows of the Victoria Sur creek to the confluence with the proposed diversion channel have
been estimated for return periods of 20, 50 and 100 years in, 6.00, 7.50 and 9.00 m 3/s, respectively
The design flows up to the Victoria Norte creek to the confluence with the proposed diversion canal have
been estimated for return periods of 20, 50 and 100 years in, 24, 26 and 32 m 3/s, respectively.
The design flows of the Victoria 3 creek to the confluence with the proposed diversion channel have been
estimated for return periods of 20, 50 and 100 years in, 2.50, 3.00 and 3.50 m 3/s, respectively.
The design flows of the Victoria 4 creek to the confluence with the proposed diversion canal have been
estimated for return periods of 20, 50 and 100 years in, 10, 12 and 14.00 m 3/s, respectively.
The design flows of the Velázquez River to the confluence with the proposed diversion canal have been
estimated for return periods of 20, 50 and 100 years at 90, 100 and 110 m3/s, respectively.
The design flows of the diversion channel of the Cocolí River until its discharge at the entrance of the
Pacific channel, have been estimated for return periods of 20, 50 and 100 years in, 382.5, 418.5 and 468.5
m3/s, respectively.
For the hydraulic modelling of the water surface of the diversion channel, the HEC-RAS was used, a
programme developed by the Hydrological Engineering Center of the Engineers Corps of the United
States that is free of charge.
The model was fed with 176 cross sections for the diversion channel of the Cocolí River for a length of
3480.782 m.

52

•
•
•
•

•
•
•
•
•

•
•

For the Quebrada Victoria Sur, it was fed with 19 cross sections for a length of 473.50 m and the Victoria
Norte, 5 cross sections for a length of 175.00 m. The Velázquez River was used a total of 41 cross sections
for a length of 820.00 m.
The level of extraordinary maximum waters at the site of the new bridge for a return period of 20, 50 and
100 years respectively is 8.39, 8.53 and 8.72 m PLD, respectively.
From station 1 K + 80 to station 1 K + 440.00, due to the existing topographic conformation, dykes are
required to contain the water inside the diversion channel.
At the confluence of the Velázquez River with the new diversion channel of the Cocolí River, accessory
works are required (60.00 m wide pond) with the purpose of reducing the turbulence and the backwater
effect that occurs when the river joins the river Velázquez with the channel. The Velázquez River must be
channelled at the confluence with the new diversion channel.
It is required to enable the entrances of the Victoria Sur and Victoria Norte creeks.
Depending on the outputs of the HEC-RAS, it is required to excavate approximately 442,192 m3 of
material.
For the new bridge the Extraordinary Maximum Water Level (EMWL) for a return period of 100 years is
8.72 m PLD, so the lower beam level should be 10.52 m to have a clear distance of 1.80 m to meet the
MOP specifications.
For a return period of 50 years the Extraordinary Maximum Water Level is 8.53 m PLD, so the lower beam
level must be 10.33 m to have a clear distance of 1.80 m to comply with the MOP specifications.
In the section of the new bridge over the diversion channel from station 1K + 006.00 to 1K + 040.00 the
slopes will be 1: 1, with a floor of 20.00 m wide and will be covered both in the bottom and in the slopes.
This is the product of the 24-inch IDAAN pipeline which is recommended not to move it. From station 1K
+ 040.00 to station 1K + 050.00 the canal slopes are returned to 2:1 with a floor of 25.00 wide and must
also be coated.
The average water level expected in the bypass channel for a 5-year return period design is 2.00 m above
the channel bottom.
For a return period of 100 years, the edge condition used at the end of the channel was for a tide of 3.04
m PLD.

13 RECOMMENDATIONS
•
•

It is recommended to validate the estimated data up to the diversion site of the Cocolí river diversion
channel project through the installation of a temporary measurement system upstream to confirm the
goodness of the estimates.
Due to the low slopes, once the construction of the Cocolí River diversion channel has been completed,
from the new bridge to the mouth in the sea, it is necessary to give it periodic maintenance to avoid the
growth of vegetation in the channel.
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Figure 21
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Figure 25: Scheme of the diversion Channel of Cocolí River
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Figure 26: Prismatic section proposed for the diversion channel

Figure 27: Extraordinary maximum water level for the new bridge

Figure 28: Extraordinary maximum water level for the Brujas Bridge in Velázquez River
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SUMMARY
Excavation and construction of the new locks on the Pacific side for the canal expansion requires a
series of ancillary works in order not to affect the development of the works when they start to run. One
of the immediate problems that has been detected and that may negatively impact the development of
the work is the current course of the Cocolí River which discharges its waters into Lake Miraflores and
will be intercepted in its course by the projected alignment of the new locks of the Pacific side. The
solution to this problem is to change the trajectory of the waters of the Cocolí River through the design
and construction of a diversion channel, which is part of the Canal Expansion Project (PAC-2). This will
prevent future excavation work from conflicting with the schedule of activities to be developed in the
area. The design of the channel of diversion of the Cocolí River contemplated two stages: the
development of the hydrological study and the integral hydraulic analysis of the projected channel and
its impact along its trajectory. In the hydrological study, the design flow rates of the Cocolí River were
estimated up to the diversion site and three tributaries that run naturally through the area and that will
be affected in their natural course by the projected alignment of the diversion channel. In order to
estimate the design flows, preliminary studies were used, but due to the magnitude of the project, they
were expanded using hydrological modelling techniques, which were complemented with field
inspections. The hydraulic analysis of the diversion channel contemplated, the integral study of all the
existing components and structures and those that are designed to design, the alignment of the new
channel and the problems that can be introduced in the area due to the new channel, flood plains and
determination of the long water profiles of the diversion channel. In order to model the whole system to
determine all problems and recommend their solutions in the most economical way. Within the hydraulic
design of the canals, it was contemplated to take advantage of part of the existing channels in order to
reduce excavation work. In addition, it is contemplated the construction of a vehicular bridge to give
access to the west side of the channel and to the contractors who are going to be developing the works
of excavation and construction of the new locks.

RESUME
Les terrassements et la construction des nouvelles écluses sur le versant Pacifique de l’élargissement
du canal nécessitent des travaux annexes, afin de ne pas gêner leur développement au démarrage. Un
des problèmes immédiats pouvant affecter les travaux est le cours de la rivière Cocoli qui se jette dans
le lac de Miraflorès, et sera intercepté par le projet des nouvelles écluses sur le versant Pacifique. La
solution est une dérivation de la rivière Cocoli, partie du projet d’élargissement du canal (PAC-2). Cela
évitera que les terrassements entrent en conflit avec les activités à développer dans ce secteur. La
conception du chenal de dérivation a eu 2 étapes : l’étude hydrologique et l’analyse hydraulique
complète du chenal projeté et de son impact. Dans l’étude hydrologique, les débits de projet ont été
estimés sur le site de dérivation et pour 3 affluents dont le cours naturel sera affecté par le tracé de la
dérivation. Pour cela des études préliminaires ont été faites, mais l’importance du projet a conduit à les
compléter par des modèles hydrologiques et des investigations de terrain. L’analyse hydraulique de la
dérivation comprend l’étude complète de l’existant, ainsi que l’étude du nouveau chenal, des problèmes
qu’il crée, de la zone inondable et de la ligne d’eau, afin de modéliser tout le système, identifier les
problèmes et les solutions les plus économiques. Pour la conception hydraulique des canaux, il a été
envisagé l’utilisation d’une partie des chenaux existants pour réduire les terrassements. De plus, il est
envisagé la construction d’un pont routier pour donner accès à la rive ouest aux entreprises en charge
de la construction des nouvelles écluses.

ZUSAMMENFASSUNG
Die Aushub- und Bauarbeiten für die neuen Schleusen zum Kanalausbau auf der Pazifikseite verlangen
eine Reihe zusätzlicher Tätigkeiten, um den späteren Bauablauf nicht zu beeinträchtigen. Eines der
unmittelbaren Probleme, welches erkannt wurde und welches eine negative Auswirkung auf den
Arbeitsablauf haben kann, ist der gegenwärtige Verlauf des Cocoli Flusses, der in den Miraflores See
mündet. Durch die vorgesehene Ausrichtung der neuen Schleusen auf der Pazifikseite wird sein Lauf
unterbrochen. Die Lösung dieses Problems besteht darin, den Verlauf des Cocoli Flusses zu ändern,
indem ein Umleitungskanals geplant und gebaut wird, der Teil des Canal Expansion Projects (PAC 2)
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ist. Dadurch wird verhindert, dass zukünftige Aushubarbeiten mit den geplanten Aktivitäten in Konflikt
stehen könnten. Die Planung des Umleitungskanals für den Cocoli Fluss erfolgt in zwei Schritten:
Entwicklung einer hydrologischen Studie und eine ganzheitliche hydraulische Analyse des geplanten
Kanals und seiner Auswirkungen entlang seines Verlaufs. In der hydrologischen Studie wurden die
Bemessungsabflüsse des Cocoli Flusses bis zur Umleitungsstelle geschätzt sowie die der drei
Nebenflüsse, die durch das Gebiet fließen und die in ihrem natürlichen Verlauf durch den Bau des
geplanten Umleitungskanal beeinflusst werden. Zur Abschätzung der Bemessungsabflüsse wurden
Vorstudien verwendet, die jedoch wegen der Größe des Projekts um hydrologische Modellverfahren
erweitert und durch Feldmessungen ergänzt wurden. Die ganzheitliche hydraulische Analyse für den
Umleitungskanal betrachtete alle bestehenden sowie zu planenden Komponenten und Bauwerke, die
Ausrichtung des neuen Kanals und die Probleme, die durch den neuen Kanal in dem Gebiet entstehen
können, die Überschwemmungsgebiete sowie die Bestimmung der Wasserspiegellängsprofile des
Umleitungskanals. Ziel war es, das gesamte System zu modellieren, um alle Probleme erkennen und
die wirtschaftlichsten Lösungen empfehlen zu können. Im Rahmen der hydraulischen Auslegung der
Kanäle wurde in Betracht gezogen, einen Teil der bestehenden Kanäle zu nutzen, um die
Aushubarbeiten zu reduzieren. Zusätzlich wurde der Bau einer Fahrzeugbrücke in Erwägung gezogen,
um Zugang zur Westseite des Kanals zu bekommen sowie um den Zugang für die Bauunternehmer zu
schaffen, die für den Aushub und den Bau der neuen Schleusen zuständig sind.

RESUMEN
La excavación y construcción de las nuevas esclusas en el lado del Pacífico para la expansión del
Canal requiere una serie de obras auxiliares para no afectar el desarrollo de las obras cuando
comienzan a funcionar. Uno de los problemas inmediatos que se ha detectado y que puede impactar
negativamente el desarrollo de la obra, es el curso actual del río Cocolí el cual descarga sus aguas en
el lago Miraflores y será interceptado en su recorrido, por el alineamiento proyectado de las nuevas
esclusas del Pacífico. La solución a este problema es cambiar la trayectoria de las aguas del río Cocolí
mediante el diseño y la construcción de un canal de desviación, que forma parte del Proyecto de
Ampliación del Canal (PAC-2). Esto evitará que futuros trabajos de excavación entren en conflicto con
el cronograma de actividades que se desarrollará en el área. El diseño del canal de desvío del río Cocolí
contempló dos etapas: el desarrollo del estudio hidrológico y el análisis hidráulico integral del canal
proyectado y su impacto a lo largo de su trayectoria. En el estudio hidrológico se estimaron los caudales
de diseño del río Cocolí hasta el sitio de desvío y de tres afluentes que corren naturalmente por el área
y que serán afectadas en su recorrido natural por la alineación proyectada del canal de desvío. Para
estimar los caudales de diseño, de manera preliminar se utilizaron los estudios disponibles, pero debido
a la magnitud del proyecto, se ampliaron usando técnicas de modelación hidrológica, la cual fue
complementada con inspecciones de campo. El análisis hidráulico del canal de desvío contempló, el
estudio integral de todos los componentes o estructuras existentes y las que se proyectan diseñar, la
alineación del nuevo canal y los problemas que se pueden introducir en el área a causa del nuevo
canal, modelación de las planicies de inundación y determinación de los perfiles de agua a largo del
canal de desvío. En fin la modelación de todo el sistema para determinar todos los problemas y
recomendar sus soluciones de la forma más económica posible. Además, se tiene contemplado la
construcción de un puente vehicular para dar acceso al lado oeste del canal y a los contratistas que
van a estar desarrollando los trabajos de excavación y construcción de las nuevas esclusas.
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1

INTRODUCTION

The gates for the original locks of the Panama Canal constructed at the beginning of the past century
were of the mitre gate type, which consists of a combination of two sleeves of steel that weighs 700
tonnes each. The gates for the new locks are of the rolling type which consists in one steel structure
sliding on roller wagons that can weigh approximately 4,000 tonnes.
This presentation consists of a brief description of the forces involved during the movement for closing
and opening of the Rolling Gates of the New Locks for the Panama Canal. It also puts forward a
description of the several components designed and constructed to operate these gates.

2

GENERAL

Each gate has been provided with a drive system for opening and closing of the gate. The gate
resistance during movements is determined, which provides the input needed to specify the drive system
components. The drive system is identical for each gate and is based on the loading for the gate with
the highest resistance. The drive system pulls the upper wagon towards the canal or towards the recess
and the upper wagon moves the gate accordingly.
Several resistances during movement are caused by loads which act perpendicular to the gate. These
cause friction of the guiding system which must be overcome by the drive system. The materials used
for the guiding system are not subject to the stick-slip effect. The friction coefficient of the guiding system
is 0.12, UHMWPE on stainless steel.
The horizontal loads on the gate, both longitudinal and perpendicular, influence the vertical gate loads,
which are analysed ahead.
Structural design of the rolling gates and their drive systems was based on proven systems for lock
gates of similar dimensions and operating conditions. In addition, the design will be based on
internationally recognised and accepted design approaches and standards.

3

ROLLING EQUIPMENT

The rolling gate is of the wheel barrow type, meaning it is suspended on one high end and supported
on the other low end. On the high end, at the recess side, the gate is suspended on the upper wagon.
On the low end, at the chamber side, the gate is supported on the lower wagon.
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4

DESIGN LOADS INCLUDE BUT ARE NOT LIMITED TO:

Permanent loads such as dry weight and buoyancy leading to a service weight of the gate. Usual live
loads such as differential head, water height differences, wave load, swell load, vessel propeller jet load,
wind, traffic, piston hull effect, etc. Unusual loads such as dry outage, loss of buoyancy, loads during
transport and erection, etc. Extreme loads such as ship impact, extreme water height differences during
flooding, earthquake, mechanical failure, etc.

HEIGHT/SALINITY LOADS

4.1

Gate
ρfresh

ρsalt

Canal bottom

Figure 1: Height/salinity variation

Only during opening
•
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Figure 2: Friction caused by height/salinity variation at opening the gate

4.2

ROLLING WAGONS FRICTION LOADS
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Figure 3: Piston effect
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Figure 4: Inertia forces for closing/opening the gate

4.6

SEDIMENT LOAD

Plough force calculated
Acts only the last few metres
Clean up the recess
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Sediment resistance at closing the gate
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Figure 5: Sediment resistance at closing the gate

4.7

SLOPE LOAD

Assume 1 mm/m
Consider negligible

4.8

JET LOAD
Guiding friction by jet force at closing the gate
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Figure 6: Guiding friction by jet force at closing the gate

4.9

WAVE LOAD

1 m wave
Period = 3 s
Load decreases with more gate area in the recess

Guiding friction by wave load on a moving gate
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Figure 7: Guiding friction by wave load on a moving gate
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4.10 SWELL LOAD
0.2 m swell
Period = 18 s
Load decreases with more gate area in the recess

Figure 8: Guiding friction by swell load on a moving gate

4.11 WIND LOAD
In order with ‘above water’ gate area
Load decreases with more gate area in the recess
Wind speed = 39 m/s

Figure 9: Guiding friction by wind load on a moving gate
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Total Resistances

Figure 9: Drive resistance by closing the gate
Maximum Resistance Closing the Gate is 1250 kN 900 kN
Maximum Resistance Opening the Gate is 900 kN

5

MECHANICAL COMPONENTS DESCRIPTION

Lower Wagon Rolling structure (bogie and wheels) that supports part of the operating weight of the
rolling gate from the lower end. The lower wagon is located under water.
Upper Wagon Rolling structure from which the rolling gate is suspended at the recess-side. The upper
wagon is located above water level and is the intermediate element between the rolling gates and
winches. The upper wagon transfers the traction load from the winches to the rolling gate and also
supports part of the operating weight of the gate.
Trailer Wagon Rolling structure connected behind the upper wagon that provides more space for the
traffic to make the turn over the rolling gate structure.
Track way Intermediate element between the concrete lock head and rolling structures (i.e. wagons)
that provides smooth movement and load bearing.
Rail beam Removable steel element to provide support to the track way for the lower wagon.
Drive system Operating machinery for opening and closing of the rolling gate.
Elastomeric support block is an elastomeric bearing that forms the connection between the gate
structure and the frames of the upper and lower wagon.
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Earthquake loading may also occur when moving the gates. In the case of an earthquake, the upper
wagon may not fall down from the rails into the recess causing the gate to be inoperable. To prevent
this, the upper wagon will be equipped with a system to keep it on the rails and operable during an
earthquake. Other mechanical components may suffer some damage during an earthquake but can be
replaced.
The rolling wagons will not be designed to carry the loads when the water level is lower than the lowest
operational level. When a recess or lock chamber is dewatered, the weight of the gate will be supported
by other means like the maintenance devices. Without the buoyant capacity, the gate should hang in
the maintenance supports or should stand on the floor on the bearing blocks.
The rolling gates will be able to operate with a differential head of 0.1 metre when opening the gate.
This pressure difference will be equalised when the gate opens. The head may exist because of height
difference in water level or due to difference in density between salt and fresh water or to a combination
of both. In case of a differential head of 0.1 m, it is assumed that the highest level is the saltier water.
For loads due to salinity differences, calculations will be made with a density difference over a gate of
1.5 % caused by water salinity difference.
A load due to the thrust of a vessel, the propeller load, will normally only strike a closed or closing gate.
This vessel propeller load on a closing gate is assumed to be, conservatively, 50 % of the maximum
thrust.

5.1

LOWER WAGON

The lower wagon travels on the two parallel rails on the bottom of the lock. The lower wagon is comprised
of the following items: steel structure, wheels, and bearings, bearing blocks, wheel crash supports,
scrapers in front of wheels serving as a track cleaning system (i.e. sediment plough), jacking points,
lifting lugs, and wheel guards in front of the wheels. The lower wagon is situated under water and
supports the rolling gate. The normal service weight of the gate will be tuned and checked during
operation. This will prevent unnoticed long-term overloading of the wagons and rails due to sediment,
marine growth or other. The service weight will be carried by the underwater wagon and by the upper
wagon. It must be ensured that the wheel load will not be too low so that the wheels will always keep a
positive pressure onto the rails. In that way it will be ensured that wheels will always rotate and not slide
when the gate is moving. The load on the upper and lower wagons will also be influenced by the negative
and positive load caused by the phenomenon that the water within the gate cannot instantly equalise
with the water level in the adjacent chamber during the filling or emptying. Furthermore, the load on the
upper and lower wagon will be influenced by extreme cases like loss of buoyancy and earthquake
situation. These two loads are so high that dimensioning according to these loads will lead to extreme
large dimensions of these items. The wheel diameter for instance will be so large that this will not
reasonably be feasible. For this reason, extreme load case will be limited by the load limiting device
situated in the upper and lower wagon load path.
This system will be located in the horizontal beam of the upper wagon system and in the vicinity of the
upper part of the vertical column of the lower wagon.
The lower wagon will be of a rigid but relatively flexible construction to ensure to have all four wheels
transferring the load of the gate.
In case of loss in buoyancy, the gate can only be retracted into the recess. In such case some additional
measures may be required to (partly) restore the buoyancy. Possible additional measures may be
required for the drive system to be able to pull in the damaged gate.
When a chamber is dewatered, the weight of the gate will be supported by the Maintenance Supports,
the bearing blocks. Jacking points to relieve the wheel loads will be required for the lower wagon. The
upper wagon will also have jacking points.
The lower wagon wheels will have bearings immersed in water. Bearings will be of the roller type with
sufficient sealing. The rolling wagons will be serviceable when the gate is in the dewatered recess and
removable when the gate is in the floating condition.
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The design life of the lower wagon is related to the design life of the lock and the rolling gate. During
maintenance, inspection and replacement of the bearings, wheels, shafts, etc. can be conducted along
with any minor painting and repairs.

5.2

UPPER WAGON

The upper wagon is comprised of the following items: steel structure, wheels, bearings, bearing blocks,
wheel crash supports, scrapers in front of wheels serving as a track cleaning system, jacking points,
lifting lugs, wheel guards in front of the wheels.
The rolling gate is suspended from the upper wagon on the side of the recess. The upper wagon travels
on two parallel rails. Each rail is situated next to the gate.
The upper wagon will have to be able to be removed in four hours. The gate drive system is connected
through steel wire ropes to the upper wagon. The wheels of the upper wagon will have bearings. These
bearings will not be immersed in water under normal operating circumstance, but only when a flooding
of the complex occurs. The bearings will be of the same type as of the lower wagon. It must be ensured
that the wheel load will not be too low so that the wheels will always keep a positive pressure onto the
rails. That way it will be ensured that wheel will always rotate and not slide when the gate is moving.
The design life of the upper wagon is related to the design life of the lock and the rolling gate. During
maintenance, inspection and replacement of the bearings, wheels, shafts, etc. can be conducted along
with any minor painting and repairs. During maintenance, inspection and replacement of the bearings,
wheels, shafts, etc. can be conducted along with any minor painting and repairs.

5.3

TRAILER WAGON

The trailer wagon is a ‘traffic wagon’, a rolling structure connected to the upper wagon of the outer (i.e.
Ocean and Lakeside) rolling gates. It provides more space for the vehicular traffic to make the turn-over
to the rolling gate structure. The trailer wagon has to be able to be replaced in (less than) four hours. In
such case the trailer may be relocated to a gate next to it. During maintenance, inspection and
replacement of the bearings, wheels, shafts, etc. can be conducted along with any minor painting and
repairs.

5.4

VERTICAL BEARING BLOCKS

Vertical bearing blocks at bottom to support gate in dry condition. The upper and lower wagons are not
designed for the vertical reaction loads occurring at water levels lower than the minimum values for the
opening or closing of the gates. This situation may occur when dewatering the gate recess or the entire
lock chamber. In such cases, the lower wagons are unloaded and the rolling gates are subsequently
placed on the load bearing blocks. Furthermore, the bearing blocks will serve during overload conditions,
like in case of loss of buoyancy and due to earthquake. The load bearing blocks must withstand the
imposed loads and will support the rolling gate during dry-dock conditions and overload situations.

5.5

WHEEL CRASH SUPPORTS

The wagons will be equipped with wheel crash supports. They will ensure that in case of failure of a
wheel or a bearing, the wagon will have only a limited downward displacement (approximately 5 mm)
and afterward will rest on the wheel crash support in combination with the remaining wheels. The vertical
load from the wagon will then be transferred through the rail and rail beam to the lock civil structure.

5.6
5.6.1

TRACK CLEANING SYSTEM
Scrapers In Front Of Wheels

The wagons will be equipped with scrapers on the rails in front of the wheels to deal with debris and
sediment during operation.
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5.6.2

Sediment Plough

The lower wagon will include a sediment plough, which is a V-shaped plough plate near the bottom of
the gate on both sides of the lower wagon. Its function is to prevent the lower wagon from being damaged
by large debris lying on or near the tracks.

5.7

JACKING POINTS WAGONS

The wagons will be equipped with jacking points. This will allow the wagons to be jacked up to check for
wheel repair or change.

5.8

ELASTOMERIC BLOCK

The connection of the lower and upper wagon to the gate will be through an elastomeric block. This
block will permit a sideways movement and a small rotational movement of the gate. Movement in the
longitudinal direction of the wagon is blocked by structural measures. The elastomeric block will permit
sideways movement due to space, including wear between gate and guide on the sill. The space
between the gate and the recess will be 25 mm when guiding is in new condition. The closing guiding
material, UHMWPE or alike and the opposite against material, being steel, will wear off during its life
time. This increase, approximately 30 mm, in sideways movement will also be incorporated into the
rubber block.

5.9

SEALING SYSTEMS

The maximum allowable leakage rate per meter of rolling gate seals and sealing surfaces at any point
will not exceed 10 litres/minute when the gate is subjected to normal and maintenance operating
conditions. The overall average leakage rate per meter of gate seals and sealing surfaces will not exceed
5 litres/minute, in accordance with the requirement of the ER. The leakage criteria are very severe and,
therefore, a functional split separating bearing and sealing functions is required. The requirements with
respect to leakage will also apply to the gate recess closures. Sealing between the rolling gate and the
structure of the lock will be reached by means of continuous elements, fixed to the gate that make
contact along surfaces on the structure of the lock. The seals will be located at the bottom (sill seal) and
at the sides.
The seals and their associated installation hardware will be designed to facilitate removal and installation
in the event that their replacement is required due to wear or accidental damage. Gate seals will be
made of heavy-duty materials and of a type that allows possible misalignments of the sealing surface,
while still providing adequate water tightness within the allowable leakage limits as specified.
Any elastomeric seals, splices, direction changes, or other connections will be made by hot vulcanisation
using a joint mould or other means that produces a continuous length of seal, unless not required by
design to comply with the allowable leakage limit.
The seal material will have the appropriate hardness required in order to properly seal under the
conditions of minimum and maximum load combinations. Seal-fastening strips and spacers will have
rounded corners on the seal side large enough to prevent crimping and tearing. The necessary
measures will be taken to prevent water leakage through bolt seal washers, without obstructing future
disassembly. Seals that may be in contact with sill and sides while the gate is moving will be designed
with proper tribological material combinations to reduce friction and wear. The above requirements for
rolling gate seals will also be applicable for seals used for gate-recess closures.

5.10 HORIZONTAL BEARING BLOCKS AND GUIDANCE SURFACES
Rolling gate bearing surfaces was designed to withstand the possible imposed loads and for a service
life as indicated. Horizontal and lateral bearing blocks will be adequate for the loads imposed by the
gate. These bearings will be of durable and commercially available material and will be designed to
facilitate removal and installation. The bearings will be removable for maintenance and transport
purposes when the gate is in the dry recess condition. Sliding bearing surfaces that may be in contact
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with sill and sides while the gate is moving will be designed with proper tribological material combinations
to reduce friction and wear.
A guidance system will facilitate the stable opening/closing operation of the gates under operating
conditions. The system will comprise guidance blocks on all the corners of the gate that slide along the
sill and recess. In this way the gate will be stable under imposed loadings during movement. The above
requirements for gate bearings are also applicable for bearing blocks used for the gate recess closure.

5.11 OPERATING MACHINERY
The gate equipment and components of equal size and type will be interchangeable to allow relocation
within or between the Pacific and Atlantic lock complexes. Each gate will be operated through operating
machinery that consists an electrically variable frequency drive powered motors, brake, gearbox and
rope drum. The winch will be used for the movement of the rolling gate through a wire rope system
comprising sheaves. The ropes are guided through the upper wagon, thus driving the gate. Each gate
is operated through two winches, which can be driven by one of the two main drives or a smaller auxiliary
emergency drive. The two winches are coupled by a long shaft. Through this layout a system
redundancy is possible, depending on the exact layout and operation configuration as explained
hereafter. The gate must operate on a 24/7 basis, 365 days per year. The gates and machinery and
equipment must operate in a tropical marine environment, parts must function underwater, and both in
fresh and sea water, and further an earthquake hazard is present. The smaller auxiliary drive can be
mounted to the gearboxes of the main drives and will not be assembled to the winches. Each machinery
room building will contain 2 auxiliary emergency drives (one for each rolling gate), which are required
when an emergency situation such as loss of buoyancy due to vessel impact occurs. The auxiliary drive
is not permanently connected to the drive system.
During normal operation will be to have only one of the main drives open and close each gate so as to
share wear between these main drives. The shaft will also permit operation of the gate when one of the
drives is not operational, like in maintenance or repair circumstances. In such case for instance, one
motor and gearbox can be dismounted while the other motor and gearbox are driving the lock gate. The
drive system can operate the gate to open or close the gate between 4 minutes (minimum) and 5 minutes
(maximum). Calculations will consider an opening and closing time of 4.5 minutes during reasonable
maximum load conditions.
In case of failure of both main motors the emergency auxiliary motor can be activated. This motor will
not be permanently connected to the system. Opening or closing of the gate in such case will take
approximately 30 minutes. The auxiliary motor can be used during emergency conditions, maintenance
and repair.

5.12 DRUMS
The drum will be of the grooved steel type. Each gate will have two systems containing a drum. Each
system consists of a motor driving one steel rope drum on which one pulling and one counter pulling
rope is mounted. Ropes will be right and left hand laid type. The two rope drums of a gate are coupled
with a shaft. Area of the drive mechanisms will be properly protected to ensure a safe working
environment.

5.13 GEARBOX
The rope drum is connected to the drive motor through a gear box. The location of the gearbox will be
on the outside relative to the coupling shaft.

5.14 BRAKE
The gear box will have a brake located directly between the electrical motor and the gear box. The brake
will be of the drum or disc type, spring operated and with an electro hydraulic device to lift the brake.
The brake will function mainly as a holding brake, since the frequency invertors will reduce the winch
speed to zero.
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5.15 ELECTRIC MOTOR
Winches will be driven by an electrical motor. The main and emergency drive motors will be controlled
and fed from dedicated variable frequency drives. Motor 1 (North) will run 2 complete sequences to
every motor 2 (South).

5.16 WIRE ROPES
Ropes will be greased by the fabricator and during maintenance according to the manufacturer
specifications. The different ropes pulling the gate will be equalized ensuring an equal force distribution.
Each rope system will have the possibility of pre-tensioning. Furthermore, it will be possible to
compensate possible unequal lengthening of the ropes. Each side of the gate will be operated using a
double rope system. In case of failure of one rope, the other will permit further operation of the gate,
under reduced circumstances. Rope rupture is detected as is excessive slack and excessive load.
Ropes will have a safety factor against breaking according to relevant standards and as a minimum a
safety factor equal to 5 as required by the Employer’s Requirements. In case of failure of one rope,
operation can continue, however, the rope safety factor will decrease.

5.17 SHEAVES
The ropes will be guided on specific areas over grooved sheaves. Sheaves will have the appropriate
diameter. Some of the sheaves are located in an area where under flood circumstances, water may
arise thus flooding also the sheaves.
The two winches of a gate will be coupled through a long shaft. This shaft will permit the transfer of
power, like in the case that one motor will drive two gearboxes and two rope drums and thereby ensuring
an equal force distribution when operating the gate. The shaft will be coupled to the winches through
flexible couplings allowing for displacement in the required directions. The shaft will be constructed as
a large diameter pipe.

5.18 WIRE ROPE TENSION
The steel wire ropes operating the gate will have a pretension system, ensured by tensioning weights,
to prevent the wire rope to become slack. The tension of the steel wire ropes will be monitored with load
cells. These load cells will be located in the shaft of a sheave.
Further it must be taken into account that ropes may elongate differently even when of the same type.
Old and new ropes will also behave differently regarding to tension and elongation. Since rope lengths
are considerable, this is taken into account. The rope system layout will be able to handle and adjust
wire rope elongations.

5.19 GATE RECESS CLOSURES
Was designed to seal the different gate recesses of a complex. Both complexes will have their own
recess closure structure. The gate recesses will be capable of being closed and used as dry docks for
gate maintenance and repair purposes. Recess closures will be provided to prevent chamber water from
entering the recess while the gate recess is being dewatered for use as a dry dock.
Lock operations will be maintained during the dewatered recess maintenance periods.
The gate-recess closures will be designed for the possible loading conditions acting on them during the
dewatered recess maintenance periods with a duration of not less than one month. The installation or
removal of gate recess closures will happen under balanced head conditions. Dewatering of the recess
will begin only after the closures have been set in place. The design will be such that the installation or
removal time for the gate-recess closures will not exceed 8 hours if lifting is performed from the shore
side.
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5.20 MAINTENANCE SUPPORTS
The gates will need maintenance. For such cases the recess will have maintenance devices. The
maintenance devices will be able to have the rolling gate hanging from the recess walls, and support a
rolling gate while it is at least 2.1 metres above the recess floor. This will allow access to the bottom of
the gates for maintenance or repair purposes. Each gate will have its own maintenance devices
independent of the adjacent gate. The devices will be capable of withstanding the design earthquake
load without loss of load carrying capacity while carrying the weight of the dry-docked gate. The location
and layout of the maintenance devices are based on the A-frame support system. The A frames are
permanently located in the concrete recess structure and sealed off from the recess water through a
watertight hatch. Inspection is possible. A four-point support system for each gate is foreseen.

SUMMARY
This presentation includes a brief description of the parameters (forces, speed, flows, drags, friction,
water densities, etc.) considered to define the relevant characteristics of the drive mechanism to open
and close a 4,000 tonnes Rolling Gate in five minutes. Also, we will comment designs discussions and
decisions to define relevant topics such as the sealing systems of the gate, flotation considerations, etc.
We will make a general description of the rolling gates components and their functions to have a
comprehensive understanding of the system to operate the gates.
A brief description of the Guidance, Bearing and Sealing system (GBS) to maintain the gate on the rails
during its displacements, support the hydrostatic loads, and minimise the leakage of water through the
borders of the gates.
We will comment topics such as the wire rope engineering selection factors that were changed during
the design process.
Innovative electro-mechanical concepts have been implemented to modernize the tensioning system
using load cell, sensors, and hydraulic cylinders to reduce any slacks of the wire rope. Other innovative
concept is the Load Limiting Device (LLD) design to minimise the effect of high vertical forces, carried
by the lower and upper wagons, than can be induced during seismic movement or loss of buoyancy of
the gate due to a ship impact. A plough system has been implemented to remove any debris ahead of
the lower wagons, which could be deposited over the rails.
Design considerations for easy maintenances or repair of lower wagons will be addressed.
In this presentation will be mentioned a test that was developed at University of Udine to evaluate the
gate seal performance. To displace the rolling gates many forces has been identified to be overcome.
These forces which some are relevant others has minimal effect during the displacement of the structure
but not all them interact simultaneal. The most critical force to analyses correspond to the friction caused
by the head differences and the effect of the difference on water salinity. There was a considerable
friction on the wagons wheel and the rail contact surface basically due to the installations constrains.
Innovative wire rope tensioning system will be described. The tensioning mechanism required to
eliminate any possible slack of the wire rope
During the design process particular decisions were made. The designer decided to select the
‘wheelbarrow’ concept to the distribution of the positions of the wagons to carry the weight of the gate.
Which consists in one lower wagon in the bottom at the front side of the gate. The supported wheel of
the lower wagon is separated 1.6 metres and the wagon is located at the centre of the gate. On the back
side of the gate there is an upper wagon located on the top of the gate with wheels separated more than
10 metres. These wagons wheels carry approximately 15 % of the total weight of the steel structure.
The other 85 % is supported with the flotation compartments.
Other of the concerns during the design process was the wear of the rail surface in the area of contact
whit the wheels of the upper wagon at the recess entrance during the close position of the gate due to
a small displacement of the centre wall of the recces. To deal with this problem, several alternatives
were analysed.
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RESUME
Cette présentation inclut une brève présentation des paramètres (forces, vitesse, écoulement,
glissement, frottement, densité de l’eau) caractérisant un mécanisme d’actionneur ouvrant et fermant
une porte roulante de 4000 tonnes en 5 minutes. Nous commenterons également la conception et des
thèmes pertinents comme l’étanchéité de la porte, la flottaison, etc.
Nous ferons une description des composants des portes roulantes pour avoir une compréhension
complète du système de manœuvre.
Une brève description du système de guidage, appui et étanchéité (GBS) pour maintenir la porte sur
ses rails durant ses déplacements, supporter les charges hydrostatiques et minimiser les fuites
latérales.
Nous commenterons des sujets comme les critères de sélection des câbles d’acier, qui ont été changés
durant la conception.
Des conceptions innovantes d’électro-mécanique ont été installées pour moderniser le système de
tension utilisant des cellules de charge, des capteurs, des vérins hydrauliques pour réduire tout
relâchement du câble. Le limiteur de charge (LLD) est une autre innovation, pour minimiser l’effet des
forces verticales élevées, supportées par les chariots inférieurs et supérieurs, qui pourraient être
provoquées par des mouvements sismiques ou la perte de flottabilité de la porte lors d’un choc de
bateau. Il a été également installé un système d’extraction des embâcles devant le chariot inférieur, qui
pourraient se déposer sur les rails.
Des considérations pour faciliter la maintenance et les réparations des chariots inférieurs seront faites.
Il sera mentionné un essai développé à l’université d’Udine pour évaluer les performances d’étanchéité
de la porte. Pour déplacer la porte roulante, beaucoup de forces sont à surmonter. Certaines sont
significatives, d’autres ont de faibles effets durant le déplacement de la structure, mais elles
n’interviennent pas toutes simultanément. La force la plus critique est le frottement dû à la différence de
charge et à la différence de salinité de l’eau. Il y avait un frottement considérable sur les roues du chariot
et la surface de contact du rail, principalement due aux contraintes d’installation. Les systèmes
innovants de mise en tension du câble seront décrits. Ce mécanisme est nécessaire pour éliminer les
relâchements du câble.
Durant la conception des décisions particulières ont été prises. Le concepteur a décidé de sélectionner
le concept de « brouette » pour la répartition des chariots portant le poids de la porte. Ceci a consisté à
prévoir un chariot inférieur en bas du côté avant de la porte. Les roues du chariot inférieur sont séparées
de 1,6 m et le chariot est positionné au centre de la porte. A l’arrière de la porte se trouve un chariot
supérieur positionné en haut de la porte avec des roues écartées de plus de 10 m. Ces roues de chariot
portent environ 15 % du poids total de la structure en acier. Les 85 % restant sont repris par les
compartiments de flottaison.
Un autre des problèmes durant la conception était l’usure de la surface du rail au contact des roues du
wagon supérieur à l’entrée de leur logement, lors de la position fermée à cause d’un petit déplacement
du mur central du logement. Plusieurs solutions ont été analysées pour répondre à ce problème.

ZUSAMMENFASSUNG
Dieser Beitrag gibt eine kurze Beschreibung der Parameter (Kräfte, Geschwindigkeit, Strömung,
Widerstand, Reibung, Wasserdichte etc.) die berücksichtigt werden müssen, um die Eigenschaften für
eine Antriebsmechanik zu definieren, die ein 4.000 Tonnen schweres Rolltor in fünf Minuten öffnet oder
schließt. Zu diesem Thema diskutierte Entwürfe und Entscheidungen, wie z. B. das Dichtungssystem
des Tores, Überlegungen zum Auftrieb etc., werden ebenfalls kommentiert.
Es wird eine allgemeine Beschreibung der Komponenten des Rolltores und ihrer Funktionen gegeben,
um ein umfassendes Verständnis des Systems zum Betrieb des Tores zu bekommen.
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Es folgt eine kurze Beschreibung des Führungs-, Lagerungs- und Verschlusssystems (Guidance,
Bearing, Sealing (GBS)), das das Tor bei Verschiebung in den Schienen hält, die hydrostatische
Belastung trägt und den Wasserverlust an den Rändern des Tores minimiert.
Es werden Themen wie die Auswahlkriterien für die Drahtseiltechnik, die während des
Konstruktionsprozesses verändert wurden, besprochen.
Innovative elektro-mechanische Konzepte wurden umgesetzt, um das Spannsystem zu modernisieren,
indem Kraftmessdosen, Sensoren und hydraulische Zylinder verwendet wurden, um das Durchhängen
des Drahtseils zu reduzieren. Ein weiteres innovatives Konzept ist das Load Limiting Device (LLD), um
den Effekt hoher vertikaler Kräfte, die von den oberen und unteren Wagen getragen werden, im Fall
eines Erdbebens oder bei Auftriebsverlust des Tores aufgrund einer Schiffskollision zu minimieren. Ein
Pflugsystem wurde installiert, um Schmutz auf den Schienen vor den unteren Wagen zu entfernen.
Konstruktive Überlegungen für eine einfache Wartung oder Reparatur der unteren Wagen werden
angesprochen.
In diesem Beitrag wird ein Test genannt, der von der Universität von Udine entwickelt wurde, um die
Leistung der Torabdichtung zu bewerten. Es wurde herausgefunden, dass viele Kräfte überwunden
werden müssen, um die Rolltore zu verschieben. Diese Kräfte, von denen einige relevant sind und
einige nur einen geringen Einfluss während der Verschiebung des Tores haben, wirken nicht alle zur
gleichen Zeit. Die kritischsten Kräfte, die zu analysieren waren, sind die Druckunterschiede, die durch
die Wasserspiegeldifferenz und den unterschiedlichen Salzgehalt des Wassers verursacht werden. Es
gab eine beträchtliche Reibung an den Rollen und an der Schienenkontaktfläche, die im Wesentlichen
auf die Einbausituation zurückzuführen ist. Es wird ein innovatives Drahtseilspannsystem beschrieben.
Der erforderliche Spannmechanismus eliminiert ein mögliches Durchhängen des Drahtseils.
Während des Entwurfsprozesses wurden spezielle Entscheidungen getroffen. Der Konstrukteur
entschied sich dafür, für die Verteilung der Positionen der Wagen das „Wheel Barrow“ Konzept zu
wählen, um das Gewicht des Tores zu tragen. Es besteht aus einem unteren Wagen am unteren Ende
der Vorderseite des Tores. Die Rollen des unteren Wagens haben einen Abstand von 1,6 Meter und
der Wagen befindet sich in der Mitte des Tores. Auf der Rückseite des Tores gibt es einen oberen
Wagen, der sich oben auf dem Tor befindet und dessen Rollen mehr als 10 Meter auseinander stehen.
Diese Rollen tragen ca. 15 % des Gesamtgewichts der Stahlkonstruktion. Die anderen 85 % werden
von den Auftriebskammern getragen.
Weitere Bedenken während des Entwurfsprozesses betrafen den Verschleiß der Schienenoberfläche
im Kontaktbereich mit den Rädern des oberen Wagens am Nischeneingang während der
Schließposition des Tores aufgrund einer kleinen Verschiebung der Mittelwand der Zugänge. Um dieses
Problem zu lösen, wurden verschiedene Alternativen analysiert.

RESUMEN
El diseño y la construcción del mecanismo de accionamiento para operar la compuerta rodante de las
nuevas compuertas rodantes requieren un análisis profundo de los parámetros más relevantes
involucrados durante el movimiento de esta estructura.
Se requiere un mecanismo de accionamiento capaz de abrir o cerrar la compuerta rodante, la cual es
una estructura de acero que pesa 4.000 toneladas métricas y tiene una longitud de 57 metros, 32 metros
de alto y 10 metros de ancho, en un rango de tiempo de cuatro a cinco minutos.
El diseño seleccionado de la puerta rodante fue el tipo de "carretilla" que consta de dos vagones que
llevan el peso de la estructura de acero. El vagón en la parte inferior de la compuerta en el lado frontal
utiliza un sistema de rieles y un mecanismo de guía para mantener la posición del vagón y la compuerta
alineada a con los rieles en el piso de la cámara.
El vagón superior en la parte posterior de la puerta se conecta, a través de un sistema de poleas, a los
cables que extienden o retraen la compuerta en su respectivo nicho. Este carro superior también tiene
un sistema de rieles a lo largo del recorrido de la puerta, en la parte superior del nicho.
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Los cables están conectados a un tambor que recibe la potencia del motor eléctrico y gira una caja de
engranajes. Debido a que los cables se enrollan de manera tal que, cuando el tambor gira, un cable se
enrolla, mientras que el otro cable del mismo tambor se desenrolla, ocurre que uno de los cables se
afloja y ocasiona un pandeo que requiere un sistema tensor para mantener el cable de acero
debidamente estirado.
Otro sistema importante para la operación de las compuertas es el sistema de Guiado, Rodamiento y
Sellado (GBS) cuya función consiste en mantener la compuerta rodante sobre los raíles durante sus
desplazamientos, soportar las cargas hidrostáticas y minimizar la fuga de agua a través de los bordes
de las compuertas.
Para lograr el tiempo requerido para abrir o cerrar las compuertas rodantes se definió una rampa y
velocidad constante y con estos requisitos otros parámetros relevantes tales como la fuerza de inercia,
la fuerza de fricción inicial en los platos de soporte (bearing plates), fricciones de las ruedas de los
vagones y riel, desalineación de los rieles, efecto de salinidad en las diferencias de densidad del agua,
arrastre hidráulico y efecto de pistón, entre otros han sido considerados.
La carga del peso de la puerta en los vagones se reduce aproximadamente 85% con los
compartimentos de flotación de la puerta. Cada compuerta ha sido diseñada con 12 compartimentos
estancos. Cuatro de estos compartimentos están completamente llenos de aire, los otros ocho
compartimentos están parcialmente llenos de agua según los requisitos de estabilidad de la estructura.
Se han implementado conceptos electromecánicos innovadores para modernizar el sistema de tensado
utilizando sensores de células de carga, presión, desplazamiento y cilindros hidráulicos para reducir
cualquier pandeo del cable. Otro concepto innovador es el diseño del dispositivo limitador de carga
(LLD) para minimizar el efecto de las altas fuerzas verticales, transportadas por los vagones inferior y
superior, que puede inducirse durante el movimiento sísmico o la pérdida de flotabilidad de la compuerta
debido al impacto de un barco. Se ha implementado un sistema de arado para eliminar cualquier residuo
por delante de los vagones inferiores, que podrían depositarse sobre los raíles.
Consideraciones de diseño para facilitar el mantenimiento o reparación de vagones inferiores se
consideraron para reemplazar los vagones eliminando las afectaciones en el tránsito de los buques por
las esclusas mientras se realizan estos trabajos.
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1

INTRODUCTION

Landslides were a prevailing aspect since the construction of the Panama Canal. They resulted in 40
million cubic metres of additional excavation. Indeed, the most difficult problem related to the building of
the Panama Canal was the control of landslides in Gaillard Cut, the narrowest segment of the waterway,
12.6 km in length, where the Canal crosses the Continental Divide (see Figure 1). The slopes in Gaillard
Cut were shaped from the deep excavation required to build the Canal and the occurrence of landslides
during this construction period was mainly due to the unstable geometry of the over-steepened slopes.
The slopes of Gaillard Cut have evolved continuously throughout the history of the Canal, as a result of
the excavation of the original construction, the Canal widening, the straightening and deepening, the
removal of landslides debris, and more recently, of the Canal Expansion. All these events have imposed
new challenges in the surveillance process and demanded the use of new techniques for data
acquisition and detection of landslides, improving the process through the years, to become a more
efficient tool for detecting and evaluating landslide-prone terrains.
In 1968, Dr. Arthur Casagrande, acting as a consultant for the Panama Canal Company (PCC),
recommended an empirical observational method to detect incipient landslides in Gaillard Cut. The
complex geological environment in Gaillard Cut precludes the use of analytical methods as a tool for
reliable predictions of slope movements. This observational method has undergone several
improvements in the subsequent years, becoming progressively more reliable. It evolved to what is
known today as the Landslide Control Program that has helped to detect and stabilise numerous
potential landslides.
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Figure 1: Gaillard Cut in the Panama Canal

Presently, the Landslide Control Program involves the surveillance of surface control points distributed
along the banks, not only of the Gaillard Cut but also at the Pacific Access Channel (PAC). The
observational method has demonstrated to be effective, particularly in areas with difficult geological
conditions, as those present in Gaillard Cut. Also, the Landslide Control Program includes subsurface
monitoring instrumentation installed in the excavated slopes and containment dams. It makes use of
Casagrande and Multipoint Piezometers; traveller pipes for locating slip surfaces; open wells for ground
water readings; among other instruments.
The Pacific Access Channel is a 6.2 km waterway, 218 m wide, derived from the south end of Gaillard
Cut toward the new Cocoli Locks in the Pacific side (see Figure 1), that allows the transit of PostPanamax vessels, at Gatun lake level of 25.91 m PLD (Precise Level Datum for the Panama Canal) and
is separated from the Miraflores Lake (elevation 16.45 m PLD) by the East Borinquen Dams. This new
access channel has cut slopes that have the potential to block the navigation channel in the event of a
massive landslide.
In order to be more efficient and effective in detecting the potential risks of channel encroachment due
to landslides in Gaillard Cut and the Pacific Access Channel, the Panama Canal Authority (ACP)
allocates significant resources in state-of-the-art monitoring and data acquisition equipment to monitor
different types of instruments installed along the banks of Gaillard Cut and the banks and containment
dams along the Pacific Access Channel.

2

BRIEF HISTORY OF THE LANDSLIDE CONTROL PROGRAM

In May 1968, at the beginning of the rainy season, the Canal was threatened by a major incipient
landslide. Hodges Hill, a Canal slope in Gaillard Cut, developed cracks about 2 metres across, just north
of the Continental Divide and was in imminent danger of completely blocking Canal traffic for a month
or more. A board of prominent consultants, among which was Arthur Casagrande, was convened to
recommend a solution to the crisis. They recommended a stabilisation plan consisting of nineteen
horizontal drains drilled into the hill from the bank of the Canal, together with extensive drainage
systems installed on the upper slopes to divert runoff from the ground cracks. This action was
implemented at a cost of $ 400,000, much lower than the $ 10 million considered necessary initially for
a massive remedial excavation.
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Under the leadership of Dr. Arthur Casagrande (see Figure 2), the board also recommended that the
Canal initiated a ‘systematic surveillance of the banks of Gaillard Cut… to cover all critical slopes on
both sides’, an empirical observational method to detect incipient landslides. This recommendation was
given due to the complex geological conditions in Gaillard Cut, which invalidate the use of analytical
methods as a tool for early detection and improved control of landslide activity. The Landslide Control
Program was created in response to this recommendation the following year. The program was referred
to as the ‘Bank Stability Surveillance Program’ or BSSP, which is now referred to as the Landslide
Control Program.

Figure 2: Inspection at Hodges Hill Landslide –
Beginning of Modern Landslide Control Program (1968)

3

GEOLOGY

The Geology of Gaillard Cut and the Pacific Access Channel is complex. It is composed of a series of
weathered tuffs and sedimentary deposits interspersed with strong igneous hills. This geological
environment in combination with the average rainfall regime of the area, of about 2,000 mm per year,
pose a high and continuous risk of landslides along the banks of these navigation channels. In fact, the
evidence shows that rainfall is the single most important cause of landslides in Gaillard Cut.
Don C. Banks et al, from the U.S. Corps of Engineers (1975), observed that “Rock formations exposed
at shallow depth in the banks of the Panama Canal through Gaillard Cut are believed to range in age
from Eocene to Miocene. All the rocks have been derived through volcanic and/or sedimentary
processes from volcanic sources. These processes, alone or together, can result in a multitude of rock
types. Accordingly, the banks revealed coarse, thick breccia formed with the involvement of sedimentary
processes; thick massive volcanic conglomerates formed by rapid accumulation in water- filled basins;
air-fallen tuff and tuff breccia; tuffaceous varieties of sandstone, siltstone and shale; and a few intrusive
igneous rocks” (see Figure 3).
The sedimentary rocks, derived from marine and terrestrial deposits of both alluvial and volcanic origin,
are highly variable, and many of the recurring beds are extremely weak, sometimes slickensided, and
often expansive. These rocks are the vehicle for most landslide activity in the Cut, and the Cucaracha
formation was a prime factor in the development of the massive slides of the later construction years.
The much stronger volcanic rocks, mainly agglomerates and basalts, also play an important part in
Gaillard Cut landslide activity. The unusual sequence of geologic events, caused these igneous rock, to
form the peaks of many hills bordering the Canal, while the weaker sedimentary rocks support them, also
forming the flatter lower slopes and the valleys between. The Canal was excavated through such valleys,
resulting in basically unstable slopes. The intensive faulting in the Cut aggravates the problem by
providing weakness planes to form the sides and ''backscarps” of potential slides.
In addition, the bedding of the sedimentary formations generally dips downward from the east bank to
the west in the Gaillard Cut, which has a mixed effect on landslide activity. Under this condition, east
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bank slopes tend to fail by traslatory motion along the inclined beds dipping toward the Canal, whereas
on the west bank, where the bedding dips into the slope, slides are more likely to develop along circular
failure surfaces.

Figure 3: Geological Map of the Gaillard Cut

4

RAINFALL REGIME

Panama has a tropical rainy climate, hot all year round, with a dry season that usually commences at
January and lasts until April, and a rainy season from May to December. The average annual rainfall in
the Panama Canal is approximately 2000 mm and 2030 mm in Gaillard Cut. There are eleven
meteorological stations located along Gaillard Cut and the Pacific Access Channel (see Figure 4):
Gamboa, Cascadas, Sardinilla, Empire, Culebra, Gold Hill, Pedro Miguel, Miraflores, Cerro Cocolí,
Victor Valdez and Cocolí 326. The data obtained from the meteorological stations is correlated with the
pore pressure and surface deformations of the slopes, to analyse the soil behaviour for managing and
controlling landslides.
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Figure 4: Location of meteorological stations along the Gaillard Cut and the Pacific Access Channel

When the sloped areas become entirely saturated, and the infiltration recharges the water table on the
slopes, most of the time, landslides can occur. Heavy prolonged rainstorms, in the absence of some
other external factor, trigger the majority of landslides in Gaillard Cut.

5

NATURE AND HISTORY OF LANDSLIDE ACTIVITY IN GAILLARD CUT

Since the construction of the Panama Canal until the Canal Expansion, about 545 million cubic metres
of soil and rock were excavated. During the initial construction period, several major landslides occurred
as the excavation of the waterway across the Continental Divide progressed to form what today is known
as the Gaillard Cut. The constructors selected an arbitrary slope of 3V:2H for the excavated slopes along
the whole length of the cut, either side, despite the type of materials found or required depth of the cut.
The materials being excavated were too weak to sustain the excavated slopes. In addition to the weak
strength of the rock, the rainfall water infiltration, the heavy blasting used to fracture the material to be
removed, and the surcharge of the slopes with spoil were contributing factors to the development of such
landslides.
Furthermore, the mechanics of landslides were not completely understood at the time and it was
considered more economical and faster to allow for the landslides to develop and just remove from the
toe of the slopes the mass that had moved until a stable slope was attained. The fact that such slopes
had to be much flatter than required for stability before initial failure, due to the progressive weakening
of the constituting materials, was not realised until much later.
Once the canal started operations in 1914, many slides reactivated, moving gradually or intermittently,
and new slides developed in over-steepened slopes that had not yet failed, closing the waterway in
several occasions. Most of the slide reactivations, or extension landslides, in Gaillard Cut are generated
by the strain softening effects in weak rocks, and by prolonged periods of high precipitation that causes
pore water pressure build-up. Other important factors in the development of landslides is the swelling of
the underlying sedimentary material due to the unloading caused by excavations and the presence of
sedimentary strata dipping towards the canal and discontinuities.
Most of these slides have been active more than once. Also, some failures occurred as a consequence
of the improvement and maintenance of the navigation channel. Since year 1915 until 2017, there have
been a total of 175 landslides in Gaillard Cut. Figure 5 presents a chart indicating the number of
landslides that have occurred per year.
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Figure 5: History of Landslide Activity (1915-2017)

6

CHANNEL IMPROVEMENTS

In addition to the internal factors already mentioned, the Gaillard Cut, being the narrowest section of the
Canal, has undergone several improvement programs for its widening, deepening, and straightening:
•
•
•
•

The Gaillard Cut Widening from 91.4 m to 152.4 m (300 feet to 500 feet), which was carried out
completely on the west bank of the canal
The Second Gaillard Cut Widening from 152.4 m to 192 m (500 feet to 630 feet) at the straight
segments and to 222 m (730 feet) at the curves, which affected both sides of the canal avoiding the
most sensitive areas, such as the Cucaracha sector
The Third Widening & Straightening Program, from 192 m to 218 m (630 feet to 715 feet) at the
straight segments
And the Canal Expansion Program, that included:
-

-

Further widening and straightening of the Gaillard Cut
The construction of a new third set of locks, both at the Atlantic and Pacific sides of the Canal
The excavation of a new access channel, with a length of 6 km, constructed to connect the
Gaillard Cut with the Pacific Third Set of Locks, which required about 50 million cubic metres of
unclassified excavation and the construction of four new earth fill dams, normally referred to as
Borinquen Dams
The widening and deepening of the canal entrances at the Pacific Ocean and the Caribbean
Sea
The deepening and widening of the navigational channel through Gatun Lake

A consequence of these improvement projects is the removal of all existing instrumentation in the areas
affected by excavations. This is also true for any earthwork project that is performed for the remedial of
instabilities. New instruments are installed following project completion. The amount, type, and location
of the instruments is defined depending on final cut slope geometry, properties of constituent materials,
known geologic structures, past landslide activity, and remaining failure planes: the greater the landslide
hazard is, the more instruments are installed.
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7

IMPLEMENTATION OF THE LANDSLIDE CONTROL PROGRAM

The objective of the Landslide Control Program is to identify and remediate potential instabilities along
the banks of the Panama Canal. The main benefit of the program is to reduce the risk of blockage or
serious encroachment in the navigation channel.

7.1

MANAGEMENT

The Geotechnical Branch of ACP’s Engineering Division is in charge of the management of this program;
carries out all engineering work under this program, interprets and analyses all data, performs all
instrument installations, and develops any stabilization plans needed.
Also, the Geotechnical Branch issues an annual report which comprises: the history of landslide
activities in Gaillard Cut from 1915 to the present; a description of the stabilisation projects and other
remedial works executed on the reporting year; projects to be executed the following year; the new
surface and subsurface instrumentation to be installed; the location of all existing instrumentation, per
type and sector; and the rainfall data and location of meteorological stations.
Other ACP branches support the program, such as Surveys Branch, which is responsible of the
instrumentation readings; Maintenance Division, which performs the construction and maintenance of
all access roads and drainage works, and the Dredging Division, in charge of removing any material that
falls into the navigational channel.

7.2

ZONATION SCHEME OF GAILLARD CUT

A zonation scheme was developed for Gaillard Cut, resulting in 22 sectors that contain segments of the
Cut characterised by similar topographic and geologic conditions Likewise, the Pacific Access Channel
was divided into 4 sectors for monitoring purposes (see Figure 6). All sectors with existing or potential
landslide activity in Gaillard Cut and the Pacific Access Channel are periodically monitored.

Figure 6: Surveyed Sectors in Gaillard Cut and Pacific Access Channel

7.3

DRAINAGE NETWORKS

Due to the significant effect rainfall has on the stability of the slopes, a series of drainage networks have
been constructed along the banks to intercept the rainwater run-off and conduct it before it infiltrates the
soil. The program also contemplates the regular maintenance of these networks.

7.4

LANDSLIDE REMEDIAL COSTS

The mitigation of landslides in the Canal represents savings in that the earthworks performed are far
more economical than the losses resulting from the blockage of the navigation channel caused by a
landslide and the subsequent removal of debris by dredging operations.
Figure 7 shows the number of landslides that have occurred in Gaillard Cut and the costs of the
corresponding maintenance or remedial works, per year, from 1968 to 2014. It is a collection of historical
failures due to rainfall.
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The information was taken from the Panama Canal Company annual reports (1952-1980), the Panama
Canal Commission annual reports (1980-2000), the LCP annual reports, the Risk of Landslides in
Gaillard Cut Report (1988), and from the estimation of landslide shapes shown on published maps.
Costs were not available for all of the events. Therefore, costs were estimated multiplying the excavation
and dredging volumes by the corresponding unit costs in US dollars for the year 2014. For those
remedial projects having cost information, costs were brought to their value in year 2014 by applying an
annual increment of 2.5 %.
In Figure 7, the year 1986 stands out from the rest with a total cost of 41.7 million dollars due mostly to
the historical reactivation of East Cucaracha Slide on 13 October. The total volume of the stabilisation
works was about 3.5 million cubic metres. Of this volume, approximately 400,000 cubic metres fell into
the navigation channel and were dredged (see Figure 8).

Figure 7: Landslides & costs of remedial works (1968-2014)

Figure 8: East Cucaracha Slide Reactivation of 13 October 1986

81

8

INSTRUMENTATION

Due to the existence of many slide-prone areas along the Gaillard Cut and the threat they represent to
the continued traffic of vessels along the canal, continued surveillance of slopes is performed by means
of superficial and subsurface instruments. The instrumentation installed along Gaillard Cut is the main
component of the monitoring program to obtain a picture of the slope behaviour. The primary purposes
of the instruments are to locate the slide surfaces, and to monitor the rate of movement and the variation
of water pore pressures which could affect slopes stability. These measurements are used for detecting
and forecasting landslide events and for issuing alerts. The different types and quantities of instruments
installed in Gaillard Cut and the Pacific Access Channel are listed in Table 1.
Instrument

Description

Quantity

Casagrande piezometers

Measurement of pore pressure at specific depth

40

Multipoint piezometers

Measurement of pore pressure at different elevations in the same
borehole

33

Observation Wells

Measurement of the water table

41

Traveller pipes

Measurement of depth of slide surfaces

35

Real-time vibration wire piezometers

Real-time measurement of pore pressure at different elevations in
the same borehole

37

Real-time settlement cells

Real-time measurement of settlement and heave in soils

2

Inclinometers

Measurement of subsurface movements and deformation

4

Post-processing
Superficial Monuments

Measurement of surface movements

725

Real-time superficial monuments

Real-time measurement of surface movements

165

Table 1: Landslide control program instruments

8.1

SUPERFICIAL INSTRUMENTATION

Superficial monitoring of movement is carried out on a continued basis for the early detection of slide
activity and the timely execution of the corresponding remedial works. For this purpose, a series of
control points or monuments comprised of a steel pipe 955 mm tall, embedded in concrete and extending
down 600 mm into the ground, with a pedestal at the top end to fix a reflecting device, are placed within
the limits of each area to be monitored. In the Gaillard Cut, there are currently more than 700 active
monuments being monitored. The position of each monument is periodically surveyed, normally on a
monthly basis.
Although the monthly collection of data has been proven sufficient for the confident detection of incipient
movement, the frequency of surveys is increased for sectors where movement patterns are detected,
especially when field works are conducted at such areas, to secure the safety of the personnel.
Surveying of monument positions is performed using Total Stations. A Total Station integrates an
Electronic Distance Measurement (EDM) device with an electronic theodolite, and is capable of
determining the distance and angles from the instrument to a particular point. The measurement is
accomplished by the emission of a modulated infrared carrier signal which is redirected to its origin by
a prism reflector at the target location. The signal is modulated at multiple frequencies, and the distance
is obtained from the count of the integer number of wavelengths for each frequency.
The Total Station is placed on a fixed location with known coordinates at the bank of the Canal opposite
to that where the monument to be surveyed is found. The monument position is recorded, along with
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the date of the reading, as displacements in the northing, easting, and elevation axes. With these data,
the position coordinates of each surveyed monument are obtained and recorded.
Such data is transferred using ASCII text files to a software extension for ESRI ArcGIS developed by
ACP personnel. The software extension reads the input files and thoroughly validates each position
reading against a set of rules:
•
•
•
•
•
•
•
•
•
•
•
•

Monument ID not found – new Monument ID
More recent reading than current one found in database
Displacement distance larger than threshold
Displacement distance of zero
Monument location outside defined sectors
Duplicate monument ID & date combination found in input
Reading date more recent than system date
Reading with coordinate values that are null, zero, or outside valid ranges
Duplicate coordinates & different monument IDs found in input
Existing monument ID having no previous readings
Duplicate monument ID & date combination found in database
Duplicate coordinates & different monument IDs found in database

The software extension then computes increments along the three-dimension axes, velocity, and
acceleration; also, effective distance, direction, and inclination with reference to the original position.
The calculated values are compared to certain established criteria to issue Movement Warnings when
required. The criteria relate to displacement increment length and acceleration, and also to effective
displacement length and consistency. For each monument, a warning is issued when any of the
following is true:
•

•
•
•

Successive position readings show displacement consistency with the total effective displacement.
This is quantified as the result of dividing Effective Displacement by the sum of Displacement
Increments. If the value obtained is equal or greater than 80 %, the monument is considered to be
moving in a given direction and sense.
The monthly displacement increment is larger than 30 mm.
The total effective displacement is larger than 100 mm.
More than three successive movement acceleration increments are observed.

After this process, the software extension generates three geometric object datasets that represent the
location of monuments, their displacement paths, and the effective displacement vectors. It also creates
one raster image dataset, which is the outcome of an Inverse Distance Weighted Interpolation of the
effective displacement distance of the superficial monuments considering only the positions surveyed
during the time period of analysis which, by default, is the year (365 days period) ending the day the
extension is executed. The resulting raster grid can be displayed using a colour classification of the
displacement magnitude, obtaining an image that provides clear indications of potential landslides
occurrence and extent of affected areas (see Figure 9), mostly when compared to grids generated for
previous time periods.
New monitoring systems are available in the market that make use of the new technologies developed
in recent years and the advancements in their application to surveying and data processing. The ACP
has acquired such a monitoring solution comprised of robotic total stations that automatically scan for
and locate the specified monument targets, communication equipment required for data transmission,
and software for data processing and storage in a database, issuing warnings when displacements
exceed threshold values established. This system is used to monitor more than 160 control points
located on the new earth fill dams. Data is collected three times per day by fully automated equipment
and processed in real-time automatically be specialised software.
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Figure 9: Superficial monuments location, displacement vectors, and colour-classified
representation of horizontal displacement

8.2

SUBSURFACE INSTRUMENTATION

The instruments installed in the Gaillard Cut and the Pacific Access Channel include piezometers,
observation wells, and traveller pipes, used to monitor pore water pressure and lateral deformations.
The measurements are collected manually every month, and extraordinary readings are made when the
daily accumulated rainfall is 90 mm or more.
In recent years, the amount of monitored monuments has increased significantly because of the
increase in the extent of the areas disturbed as a result of the execution of the different improvement
projects, especially those related to the Canal Expansion Program. The new earth fill dams are critical
to the operation of the canal and the preservation of water in the Gatun Lake, so constant monitoring is
required to secure and preserve their safety
Because the Borinquen Dams are critical elements of the Panama Canal, a new Automated Data
Acquisition System (ADAS) has been implemented to automatically read, store, and transmit the
measurements from piezometers and settlement cells installed on the earth fill dams. The system uses
a combination of dataloggers and vibrating wire interfaces integrated with multiplexers and radio
communication devices which send the data via radio waves from the dam to Cerro Luisa, and then to
the office in West Corozal. Additionally, there are some inclinometers installed at the dams, but they are
read manually every 15 days, and additional readings are made when the daily accumulated rainfall is 90
mm or more.
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9

ACTIVATION OF LANDSLIDE RESPONSE PROTOCOL

The Landslide Response Protocol implements procedures for identifying probable, imminent or current
landslide emergencies which can affect the operation and safety of the Panama Canal Authority facilities
and personnel. The early identification of existing or potential landslide is essential to opportunely initiate
remedial measures with the objective of maintaining the waterway operational.
The protocol establishes three different risk conditions: Code blue, Code Yellow and Code Red (see
Figure 10). Code Blue, or probable landslide threat warning, is activated when any signs of incipient
movement are detected. Code Yellow, or imminent landslide threat warning, is applied when there is
clear evidence of the occurrence of a landslide, such as cracks, but not foreseen as critical. Code Red,
or existing landslide warning, corresponds to an Emergency condition, and is started when an existing
landslide jeopardises lives, the transit of vessels, or property.
Depending on the Code, different notifications are issued, and the support of different ACP Departments
is requested immediately. The works comprise clearing tall grass and brush, surveying and mapping of
the movements registered on-site and underwater, the use of construction equipment and personnel to
initiate preventive or remediation measures, and dredging equipment to remove encroachment material
if necessary.

Figure 10: Landslide Response Protocol

9.1

DATA ANALYSES

All collected data from the surveillance instruments are processed and analysed to identify any sign of
instability in the different areas. All instability features encountered are then evaluated in order to
determine if there is a consistent displacement trend that might represent any threat to the general
stability of the area. Also, rainfall data from the corresponding meteorological station is correlated with
the instrument readings. The end result is the identification of the landslide risk condition. The analysis
covers the following criteria:





Control Points: the data of each monument issuing a warning is reviewed, first independently of the
rest, and then, in the context of the surrounding area, as the degree of correspondence between
the movements of all monuments within such area is evaluated. When a movement trend is
identified in a given sector, further actions are performed as explained below.
Rainfall: given a potential instability is identified, rainfall records are reviewed. Also, rainfall intensity
is constantly monitored by the Water Division, which is responsible for issuing notifications when
the 24-hour rainfall average exceeds the 89-mm threshold for any of the meteorological stations.
Field inspections: if either the rainfall intensity or the movement trend of a sector is above
established criteria, a field inspection is conducted to the areas of concern, searching for other signs
of movement, such as cracks, and tilting of trees and electric poles, and additional special data
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collection is performed for all existing instruments.
Subsurface Instrumentation: the accumulated rainfall average is compared with the subsurface
instrumentation data to detect if there is a direct correlation between rainfall intensity and variations
of the phreatic level. Figure 11 shows the behaviour of the pore pressure in a section of Dam 1E,
the water elevation of Gatun Lake and the accumulated rainfall from the meteorological station of
Cocolí. Data from groundwater measurements help to understand the flow regime present in the
majority of potential slide areas in Gaillard Cut, many of the cut slopes are affected by water,
because the shear resistance reduces as the pore pressure increases, causing instability.

The real-time data from the Automated Data Acquisition System is used to evaluate the performance of
the dam relative to the expected performance or dam safety performance standards. The historical
piezometric levels are used in the design of remedial excavation solutions.
Upon this evaluation, further actions may be necessary. Additional instruments may be installed to
define the extent of the moving mass. Remedial measures are devised and implemented as required to
stabilise the affected areas. In general, if the condition is critical, the stabilisation works are executed
either partially or entirely by internal forces, depending on the scope and magnitude of the works.
Otherwise, the works are performed by contract.
This methodology has provided the means to recognise many instabilities in the early stages with
sufficient anticipation to correct them before they would fail producing blockage or encroachment in the
waterway. However, the behaviour of slopes with similar initial patterns of movement may differ from
one another depending on a variety of factors, such as geology, geomorphology, water table conditions,
stress state of soil/rock materials, and failure mechanism of the area being monitored, among others.
Therefore, the corrective measures to be adopted for instability remediation shall depend upon
engineering judgment supported on site reconnaissance, supplementary geological investigations,
history of slide activity and previous remedial works, and additional instrumentation when required.

Figure 11: Vibrating wire piezometer Pacific Access Channel, Dam 1E

9.2

GEOLOGICAL AND GEOTECHNICAL INVESTIGATION

After collection and review of all existing data on the slope, and a field reconnaissance of geologic and
terrain conditions, further investigations are performed in areas of existing or potential landslide. The
area is geologically explored by core drilling, using some of the drilled holes to install subsurface
instrumentation. Along with the drilling, access roads are built, additional surface instrumentation is
installed, drainage networks at the area are rehabilitated, improved, or built as required; and complete
monitoring of the slopes is carried out.
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9.3

CASE STUDY: MONITORING AND REMEDIATION OF OLD LIRIO SLIDE
(2015)

The Old Lirio Slide area is located in Lirio Sector, at the central portion of the Gaillard Cut, on the west
bank of Culebra Reach, from Canal station 58K+100 to station 58K+620. Elevation ranges between
27.5 metres and 60 metres PLD (Precise Level Datum used at the Panama Canal area).
In the past, several instabilities have occurred in this area, during and after the Canal construction. The
most recent event before year 2015 occurred on 17 June 2013. Such event was located in the same
area, between Canal stations 58K+250 and 58K+550.
The slide being studied occurred on 7 December 2015. Several cracks were reported in the area (see
Figure 12). Two days later, on 9 December, the Manager of the Geotechnical Branch activated the
Landslide Response Protocol issuing an ‘imminent landslide’ (Code Yellow) alert for this area.
The unstable mass was estimated to be 500-metre long and 200-metre wide, comprising approximately
2 million cubic metres. The potential encroachment was estimated to reach 50 metres into the west lane
of the navigational channel.
In both, the June 2013 and the December 2015 events, the failure mechanisms were considered to be
rotational, with a slip surface extending through layers of fill, clay shale, sandstone, conglomerate, and
carbonaceous sandstone (see Figure 13).

Figure 12: Tension Cracks at Old Lirio Slide Area

Figure 13: Geological Cross Section at Station 58K+479 m (1918+60 feet)
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According to the Landslide Response Protocol guidelines, the instrument data was further analysed. No
additional geological or geotechnical investigations were required in this case. The remedial works were
designed and implemented to stabilise the area. The works initiated on 4 January 2016. They were
performed by ACP internal forces under the direction of the Geotechnical Branch and were completed
by February 2017, after a 5-months interruption due to rainfall between July 2016 and January 2017.
The works comprised the excavation of 204,000 cubic metres of unclassified material, the construction
of a set of drainages with a total length of 170 metres, an inverted filter covering approximately 1,825
square metres, and a French drain of about 168 metres long. No dredging works were required. Figure
14 shows the final excavation layout of the stabilised area in yellow, the excavation perimeter is shown
in cyan, and the mapped cracks are shown in white.
Figure 15 presents a set of plan views showing
colour-classified raster images representing
superficial displacements at the Old Lirio Slide
area,
and
the
corresponding
vectors
representing effective displacement in magenta.
The first plan view shows data for the period
beginning on 1 January 2010 and ending on 30
June 2013; some days after the June 2013
instability. The second plan view covers the
period between 1 July 2013 and 30 December
2015, less than a month after the December
2015 landslide. The third raster shows the data
indicating recorded displacements since 1
January 2016 up to 15 March 2018.

Figure 14: Excavation Layout at Old Lirio Slide

Figure 15: Displacement Vectors and Raster Images at Old Lirio Slide
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Displacement vectors for the different monuments shown in the first plan view of Figure 15 indicate an
average movement of about 1 meter that had accumulated for over three years before the June 2013
landslide occurred. Remedial works were performed for the next six months to stabilise the moving
mass, including the removal of the material at the top of the moving mass and the construction and
rehabilitation of drainages in the area. Even after the stabilisation works were completed, movement
towards the canal continued, and the new tension cracks developed by December 2015, shown on the
second plan view in white, time at which the Landslide Response Protocol was reactivated and Code
Yellow notifications were issued. New remedial works were executed as described previously,
preventing any channel encroachment. The third plan view shows displacements smaller than 50
millimetres for most of the area, corroborating the landslide hazard has been mitigated.

30 days accumulated rainfall, Empire Station
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Figure 16: Effective and incremental displacement vs. 30-day accumulated rainfall

Figure 16 shows a comparison between data for the effective and incremental displacements of
Monument LIR09-58 and the 30-day accumulated rainfall, as recorded at the nearest meteorological
station (Empire). The chart shows that the landslides mentioned above occurred during periods of heavy
rainfall. Worth noting, the larger movements developed during the sustained periods of rain, which
favour water infiltration and the consequent increase in water table and pore pressure, and not
necessarily during the peaks of rain intensity, as shown.

9.4

CONCLUSIONS AND REMARKS

The occurrence of landslides in the Gaillard Cut is mostly due to the complex geological
conditions combined with a high precipitation regime:






Soft rock strata characterised by long-term loss of strength due to natural geological processes.
Presence of discontinuities and weak planes, resulting from geological processes, that drive the
geometry of failures.
A direct relationship between the rainfall regime and the increase of hydrostatic forces and pore water
pressure which largely affect the behaviour of the soft rocks, such that rains are the main factor
triggering Landslides in the Gaillard Cut.
The progressive swelling/rebound of soft rocks due to the unloading caused by earthworks in the
bank slopes.
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The Landslide Control Program constitutes a risk reduction activity that supports the main business
activity of the Panama Canal: the safe, efficient and reliable transit of vessels through the Isthmus of
Panama.
The Landslide Control Program does provide savings because:



Any encroachment or blockage of the navigational channel that interrupts normal traffic through the
canal represents a millionaire reduction of income.
The removal of material from the navigational channel by dredging is far more costly than earthworks
performed in the dry for the stabilisation of a moving mass.

The Landslide Control Program has proceeded mostly as planned. To the present, the slopes of Gaillard
Cut and the Pacific Access Channel are geologically explored and adequately instrumented, and are
being effectively monitored for detection of incipient landslide activity.
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SUMMARY
Since the beginning of its construction, the safety and reliability of the canal excavations and dam
structures have been a challenge due to the adverse geological and climate conditions of the region.
The Canal has a heterogeneous and complex geological set up, added to a highly variable rainfall
regime comprising average daily precipitation of 14 mm. The Panama Canal Authority has a carefully
developed, periodically updated program that enables the detection of landslide activity in its early
stages, to mitigate the consequences and maintain the Canal operation. This program has been named
as the Landslide Control Program and was implemented since 1968. The execution of improvement
projects to the navigation channel, including containment dams, widening, straightening, deepening and
the recent expansion, represented new challenges in the surveillance process and the use of techniques
for detection of landslides and data acquisition. To overcome the new challenges, the Panama Canal
Authority has undertaken an improvement process using state-of-the-art monitoring tools such as robotic
technology and real-time monitoring system. This paper presents in detail the importance and objectives
of the Landslide Control Program, the Landslide Protocol Response and different types of instruments
installed along the waterway, including the new instrumentation and data analyses.
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RESUME
Depuis le début de sa construction, la sécurité et la fiabilité des terrassements et des barrages ont été
un défi en raison des conditions géologiques et climatiques difficiles dans cette région. Le canal connaît
une situation géologique hétérogène et complexe, ainsi qu’un régime pluvieux très variable avec des
précipitations moyennes de 14 mm/jour. L’autorité du canal de Panama (ACP) a un programme
régulièrement actualisé de détection précoce des glissements de terrain, pour en atténuer les
conséquences et maintenir l’activité du canal. Le programme de contrôle des glissements de terrain a
été mise ne place en 1968. Les projets d’amélioration du chenal de navigation dont des barrages de
retenue, l’élargissement, le renforcement, l’approfondissement et l’extension récente, sont de nouveaux
défis dans la surveillance et l’utilisation de techniques de détection et d’acquisition de données. Pour y
répondre, ACP a entrepris un processus d’amélioration utilisant des outils de surveillance comme la
robotique et des systèmes temps réel. Cette publication présente en détails les objectifs du programme
de contrôle des glissements de terrain, différents types d’instrumentation installés le long de la voie
navigable, les nouvelles instrumentations et l’analyse des données.

ZUSAMMENFASSUNG
Seit Baubeginn waren die Sicherheit und Zuverlässigkeit der Kanalaushubarbeiten und der
Dammbauwerke eine Herausforderung, aufgrund der ungünstigen geologischen und klimatischen
Bedingungen der Region. Der Kanal hat eine heterogene und komplexe geologische Struktur, ergänzt
durch ein stark variierendes Niederschlagsregime mit einem durchschnittlichen Tagesniederschlag von
14 mm. Die Panamakanalbehörde hat ein sorgfältig entwickeltes, periodisch aktualisiertes Programm,
das die Erkennung von Erdrutschaktivitäten im frühen Stadium ermöglicht, um die Konsequenzen
abzumildern und den Kanalbetrieb aufrechtzuerhalten. Dieses Programm mit dem Namen Landslide
Control Program wurde im Jahr 1968 eingeführt. Die Durchführung von Verbesserungsprojekten für den
Schifffahrtskanal, einschließlich Staudämmen, Verbreiterung, Begradigung, Vertiefung und der kürzlich
durchgeführte Ausbau, stellten neue Herausforderungen an den Überwachungsprozess und den
Einsatz von Techniken zur Erkennung von Erdrutschen und zur Datenerfassung dar. Um die neuen
Herausforderungen zu bewältigen, hat die Panamakanalbehörde einen Verbesserungsprozess
eingeleitet, bei dem modernste Überwachungswerkzeuge wie Robotertechnologie und EchtzeitÜberwachungssystem zum Einsatz kommen. Dieser Artikel stellt die Bedeutung und die Ziele des
Landslide Control Programms, des Landslide Protocol Response und der verschiedenen Arten von
Instrumenten, die entlang des Kanals installiert wurden, im Detail dar, einschließlich der neuen
Instrumentierung und Datenanalysen.

RESUMEN
Desde el inicio de su construcción, la seguridad y confiabilidad de las excavaciones del Canal y las
represas de tierra han sido un desafío, debido a las condiciones geológicas y climáticas adversas de la
región. El Canal posee un sistema geológico heterogéneo y complejo, al que se suma un régimen de
lluvia altamente variable, con una precipitación diaria promedio de 14 mm. La Autoridad del Canal de
Panamá cuenta con un programa cuidadosamente desarrollado que se actualiza periódicamente y que
permite la detección de deslizamientos en sus etapas iniciales, para mitigar sus consecuencias y
mantener la operación del Canal. Este programa ha sido denominado como Programa de Control de
Derrumbes y fue implementado desde 1968. La ejecución de proyectos de mejoras del canal de
navegación, que incluye las represas de contención, la ampliación, enderezamiento, profundización y
la reciente expansión, representaron nuevos desafíos en el proceso de vigilancia y el uso de técnicas
para la detección de deslizamientos de tierra y adquisición de datos. Para superar estos nuevos
desafíos, la Autoridad del Canal de Panamá ha llevado a cabo un proceso de mejoras utilizando
herramientas de monitoreo de vanguardia, como la tecnología robótica y el sistema de monitoreo en
tiempo real. Este documento presenta en detalle la importancia y objetivos del Programa de Control de
Derrumbes, la Respuesta del Protocolo de Derrumbes y los diferentes tipos de instrumentos de
vigilancia instalados a lo largo de la vía navegable, que incluyen instrumentación de última generación
y análisis de datos.
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1 INTRODUCTION
Since its opening in 1914, the Panama Canal has reduced time and distances. More than a million ships
have used the Panama Canal route, shortening distances, reducing costs and changing patterns of
world trade. With the Panama Canal expansion, increase the capacity to transport cargo passing
through this route, defining new patterns in trade and maritime industry.
The Panama Canal expansion since its proposal in the 2005-2025 Master Plan, was established as a
project that would bring positive effects against global warming. The expansion allows the passage of
ships neopanamax with the possibility of transporting larger cargo volumes per unit of fuel consumed
compared to alternate routes. Additionally, the Panama Canal will increase ships efficiency, will reduce
fuel consumption and greenhouse gases emissions (GHG).

2

THE GREEN ROUTE

In 2008 the Panama Canal has developed an environmental Strategy to establish the all water route as
the Green Route of maritime trade, which includes the following objectives to achieve:
1. Contribute to world initiatives to reduce the gas emissions with greenhouse effect from the maritime
industry through the acknowledgment and incentive of good practices executed by their clients.
2. Reduce and mitigate the greenhouse gas (GHG) emissions through the development of more
efficient projects of generation and the execution of energy efficiency measures to reduce the
emissions (low carbon).
3. Establish socio-environmental measures for the sustainable management of the Canal Watershed
through the integral management of the natural resources that allows to preserve and protect the
water resources.
In 2015 the Panama Canal Green Route update its strategy
(https://www.pancanal.com/eng/cuenca/LaRutaVerde-English.pdf) taking into account the following
objectives that determines why the Panama Canal is the Green Route of the maritime trade:
1. Allows the transit of ships that otherwise would use longer routes, reducing time, distance and fuel
consumption
2. The Panama Canal all-water route reduces the carbon footprint of goods transiting through it,
contributing to the global effort against climate change
3. High standards in the management of the Panama Canal Watershed and the promotion of
sustainable development
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3

EMISSIONS REDUCTION

The Panama Canal has design an emissions module for the maritime industry, which allows to calculate
and indicate CO2 emissions reductions for world trade routes. These emissions calculations will help in
selecting the routes, not only on the basis of variable costs, but also taking into account environmental
factors, which will place the Panama Canal as a predominant route. The emission module uses the
following inputs for calculations: type of vessel, cargo capacity, origin and destination of the cargo and
different modes of transport.
To provide a value added to users and customers, the Panama Canal design an Environmental
Recognition Program reflecting CO2 emissions reductions by using the Panama Canal route compared
to the use of alternate routes.
During the last 101 years, the Panama Canal Green Route has provided a reduction of approximately
650 million tonnes of CO2. It is estimated that the Panama Canal Green Route with its expansion will
reduce more than 160 million tons of carbon dioxide (CO2) in its first 10 years of operation.
Figure 1 presents estimations of CO2 emissions reductions under the scenarios of an expanded Canal
by major trade route and market segment, for the years 2016, 2021 and 2026.

Estimate of Emission Reduction due to the Panama Canal
Expansion
CO2 Emissions in Million Tons
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Figure 1: Overall, the Panama Canal Expansion will contribute to reduce more than 160 million tonnes of CO2
during its first 10 years of operation (2016-2026)

3.1

‘GREEN CONNECTION’ AWARD

The Panama Canal has launched the ‘Green Connection Award’, an environmental recognition program
to ships and customers with high environmental performance, establish by International Maritime
Organization (IMO) and/or ships and customers that comply with recognized international environmental
standards. The Panama Canal will take in consideration 5 environmental facts:

1.
2.
3.
4.

Energy Efficiency Design Index (EEDI)
Environmental Ship Index (ESI)
NOx Emissions TIER2
LNG use as fuel propulsion (LNG)
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5. CO2 emissions reductions by using the Panama Canal route compared to the use of alternate routes
The Green Connection Award uses as a reference the Environmental Ship Index (ESI), efficiency and
design of motors, fuel efficiency and the reduced emissions by using the Panama Canal route. These
emissions calculations will help in selecting the routes, not only on the basis of variable costs, but also
taking into account environmental factors.
The Panama Canal has made a strategic alliance with the Environmental Ship Index (ESI) an initiative
of the WPCI (World Ports Climate Initiative). This alliance with allow the Panama Canal to be part of this
program.

4

PANAMA CANAL EXPANSION AND THE THIRD SET OF LOCKS

On 26 June, the Panama Canal opened the third set of locks (Panama Canal Expansion), offering a
safe and efficient route that allows less time of navigation. The conclusion of this project opening reaffirm the Panama Canal commitment with the international shipping industry about safety, security an
environmental protection.
With the expansion, the Panama Canal Route will contribute to the possibility of transporting larger cargo
volumes using fewer ships. Additionally, there is a reduction of CO2 emissions by incurring in less cargo
movements compared to other cargo transportation systems such as planes, trucks or rail.
The Panama Canal expansion will reduce distances and emissions, promoting a clean environment for
people around the world.
The expansion of the Panama Canal through the third set of locks would promote the construction of
modern type neo-panamax ships, and therefore, the transport of load will be more efficient, resulting in
economies of scale and in a reduction of fuel consumption per unit of moved load. It also generated an
increase in port efficiency and logistics development, the use of new technologies will contribute to a
low carbon maritime sector.
As a model of climate change adaptation and sustainable development, each set of locks have 3 water
savings basins. This water saving basins will allow to save 61% of water in Panama Canal Transits.

5

CONCLUSION

In this sense the expansion of the Panama Canal Green Route, will reaffirm and contribute to the efforts
of countries, the industry, the United Nations Framework Convention on Climate Change and the
International Maritime Organization to help in the reduction of greenhouse gas emissions of shipping
industry.
The Republic of Panama through the Panama Canal, not only will bring benefits to our country, but also
will bring direct incidence to global efforts against climate change.
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SUMMARY
Since its opening in 1914 the Panama Canal has reduced time and distances. More than a million
vessels have used the route through Panama, cutting distances, reducing costs and changing the
pattern of world trade. The expansion of the Canal has enlarged the capacity for cargo transportation
by this route, thereby setting new standards for maritime trade and industry.
The Green Route (https://www.pancanal.com/eng/cuenca/LaRutaVerde-English.pdf)
The Panama Canal Green Route stepped up its strategy, placing emphasis on the following as factors
which determine why the Panama Canal is the Green Route of maritime trade:
1. Lower distances, fuel consumption and sailing times than other maritime routes.
2. As the Panama Canal route is entirely on water, the carbon footprint of the goods passing through
it is reduced, thus contributing to the global efforts to tackle climate change.
3. Promotion of the Canal basin and implementation of new conservation programmes based on
sustainable development.
Emissions Reduction
The Panama Canal has developed a software tool which automatically calculates the CO 2 emissions
associated with maritime transport, incorporating different routes and cargo transport modes. Among
the criteria used in developing this tool, two stand out: it should be easy to use and the calculation
method should be consistent. The inputs used in calculating CO 2 emissions are: type of ship, amount of
cargo, mode of transport, origin and destination of cargo.
Green Connection Award
The Panama Canal has introduced a program to reward environmentally-friendly performance by clients
and ships which achieve the environmental limits set by the International Maritime Organization and/or
show outstanding compliance with globally recognized parameters. Five environmental parameters
have been selected, as listed below:
1.
2.
3.
4.
5.

Energy Efficiency Design Index (EEDI)
Environmental Ship Index (ESI)
nitrogen oxide (NOX) emissions deriving from Tier-2 engine performance
ships with liquid natural gas (LNG) propulsion
tonnes of CO2 reductions achieved by using the Panama route as compared with alternatives

Good Practices to be Applied by Organisations
The Panama Canal is focus in for objectives that involves the major climate change topics mitigation,
adaptation, conservation and emissions reduction not only for the international shipping, also by its
operations. The Panama Canal has identified lines of action and positive actions that focus on
environmental management and reduction of emissions, these actions are:





To reduce and mitigate the greenhouse gas (GHG) emissions through the development of more
efficient projects of generation and the execution of energy efficiency measures to reduce the
emissions per unit of production.
To optimise the environmental management of the operations of the Panama Canal through the
follow-up, evaluation and identification of better practices to avoid and reduce the environmental
impacts.
To comply with the socio-environmental agreement for a sustainable management in the Canal
Watershed through the integral management of the natural resources that allows to preserve and
protect the water resources.
To contribute to world initiatives to reduce the gas emissions with greenhouse effect from the
maritime industry through the acknowledgment and incentive of good practices executed by their
clients.

Conclusion
The Panama Canal Green Route with the expanded Canal is assisting the efforts by nations and the
maritime industry and the work done by the United Nations Framework Convention on Climate Change

95

and the International Maritime Organization aimed at reducing greenhouse gases. It also constitutes a
model of early action taken to reduce GHG emissions from the maritime industry.
The efforts of the Republic of Panama, through the actions undertaken by the Panama Canal, not only
bring benefits and prosperity for the country but also have a direct effect on worldwide efforts to combat
climate change.

RESUME
Depuis son ouverture en 1914, le canal de Panama a réduit le temps et les distances. Plus d’un million
de bateaux ont emprunté cet itinéraire à travers Panama, réduisant les distances et les coûts, modifiant
le commerce international. L’expansion du canal a augmenté la capacité de transport de marchandise
par cette voie, conduisant ainsi de nouveaux standards pour le commerce et l’industrie maritimes.
La voie verte (https://www.pancanal.com/eng/cuenca/LaRutaVerde-English.pdf)
La voie verte du canal de Panama Canal Green Route a axé sa stratégie sur les facteurs suivants qui
détermine pourquoi le canal de Panama est la voie verte du commerce maritime :
1. Réduction des distances, de la consommation de carburant et du temps de transit par rapport aux
autres itinéraires
2. La voie étant entièrement en eau, l’empreinte écologique des marchandises qui l’empruntent est
réduite, contribuant ainsi à la lutte contre le changement climatique
3. Promotion du bassin du canal et mise en œuvre de nouveaux programmes de conservation basés
sur le développement durable.
Réduction des émissions
Le canal de Panama a développé un logiciel qui calcule automatiquement les émissions de CO 2 du
transport maritime, en incorporant plusieurs itinéraires et modes de transport. Pour le développement
de cet outil, deux critères ressortent : il doit être facile à utiliser et les méthodes de calcul doivent être
cohérentes. Les données utilisées pour le calcul des émissions de CO 2 le type de bateaux, l’importance
de la cargaison, le mode de transport, l’origine et la destination.
Prix de la Connexion Verte
Le canal de Panama a mis en place un programme pour récompenser les actions favorables à
l’environnement des clients et bateaux qui respectent les limites environnementales fixées par
l’organisation maritime internationale et/ou font preuve d’une remarquable conformité aux paramètres
reconnus internationalement. Cinq paramètres environnementaux ont été sélectionnés comme suit :
1
2
3
4
5

Indicateur de conception basée sur l’efficacité environnementale (EEDI)
Indicateur de bateau environnemental (ESI)
Émissions d’oxyde d’hydrogène (HOx) résultant de moteurs de performance de niveau 2
Bateaux à propulsion par Gaz naturel liquide (LNG) propulsion
Réduction de tonnes de CO2 due à l’utilisation du canal de Panama comparé à d’autres itinéraires

Bonnes pratiques à utiliser par les organisations
Le canal de Panama est concerné par les objectifs majeurs liés au changement climatique, atténuation,
adaptation, conservation et réduction des émissions non seulement pour la navigation mais aussi par
sa gestion. Le canal de Panama a identifié des actions mettant l’accent sur le management
environnemental et la réduction des émissions, qui sont :





Réduire et atténuer les émissions de gaz à effet de serre (GHG) par des mesures d’efficacité
énergétique pour réduire les émissions par unité de production.
Optimiser le management environnemental de l’exploitation du canal en suivant, évaluation et
identifiant de meilleures pratiques pour réduire les impacts environnementaux
Se conformer aux accords sociaux-environnementaux pour un management durable dans le basin
versant du canal, par le management des ressources naturelles qui permettent de préserver et
protéger les ressources en eau.
Contribuer aux initiatives mondiales pour réduire les émissions de gaz à effet de serre de la part de
l’industrie maritime par la reconnaissance et l’incitation aux bonnes pratiques de leurs clients
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Conclusion
La voie verte du canal de Panama avec l’extension du canal appuie les efforts des nations et de
l’industrie maritime et le travail fait par la convention cadre des nations unies sur le changement
climatique, et l’organisation internationale maritime pour réduire les gaz à effet de serre.
Les efforts de la république de Panama, par les actions entreprises par le canal de Panama non
seulement bénéficient et apporte de la prospérité au pays mais aussi a un effet direct sur les efforts
mondiaux pour combattre le changement climatique.

ZUSAMMENFASSUNG
Seit seiner Eröffnung im Jahr 1914 hat der Panamakanal Zeit und Wege verkürzt. Mehr als eine
Millionen Schiffe haben die Route durch Panama genommen, um Entfernungen zu verkürzen, Kosten
zu reduzieren und das Muster des Welthandels zu verändern. Der Ausbau des Panamakanals hat die
Kapazität für den Frachttransport über diese Route vergrößert und dadurch neue Standards für den
maritimen Handel und die Industrie gesetzt.
Die Grüne Route
The Green Route (https://www.pancanal.com/eng/cuenca/LaRutaVerde-English.pdf)
Die „Grüne Route Panamakanal“ Strategie wurde intensiviert und legt Schwerpunkt auf die folgenden
Faktoren, die ausschlaggebend dafür sind, warum der Panamakanal die Grüne Route des maritimen
Handels ist:
1. Geringere
Entfernungen,
Treibstoffverbrauch
und
Fahrzeiten
als
über
andere
Seeschifffahrtsstraßen.
2. Da die Panamakanalroute eine reine Wasserstraßenroute ist, verringert sich der CO 2-Fußabdruck
der transportierten Güter und trägt so zu den weltweiten Anstrengungen zur Bekämpfung des
Klimawandels bei.
3. Förderung des Flussgebiets und Umsetzung neuer Schutzprogramme auf der Grundlage einer
nachhaltigen Entwicklung.
Emissionsreduzierung
Für den Panamakanal wurde ein Softwaretool entwickelt, das automatisch die CO 2-Emissionen des
Seetransports berechnet und dabei verschiedene Routen und Arten des Frachttransports
berücksichtigt. Von den Kriterien, die für die Entwicklung dieses Tools verwendet wurden, stechen zwei
hervor: Es sollte leicht anzuwenden sein und die Berechnungsmethode sollte konsistent sein. Die für
die Berechnung der CO2-Emissionen verwendeten Daten sind: Schiffstyp, Frachtmenge,
Verkehrsträger, Ursprung und Ziel der Fracht.
Green Connection Award
Der Panamakanal hat ein Programm zur Belohnung umweltfreundlicher Leistungen von Kunden und
Schiffen eingeführt, die die von der Internationalen Seeschifffahrts-Organisation vorgegebenen
Umweltstandards erreichen und/oder eine herausragende Einhaltung der weltweit anerkannten
Parameter aufweisen. Fünf Umweltparameter wurden ausgewählt, die nachfolgend aufgelistet sind:
1.
2.
3.
4.
5.

Energie Effizienz Design Index (EEDI);
Ökologischer Schiffsindex (Environmental Ship Index, ESI);
Stickoxidemissionen (NOX), die von Tier-2 Motoren stammen;
Schiffe mit Flüssig-Erdgase-Antrieb (Liquid Natural Gas (LNG));
Reduzierung des CO2–Ausstoßes in Tonnen, erzielt durch die Nutzung der Panamaroute im
Vergleich zu Alternativrouten.

Von Organisationen anzuwendende Gute Praxis
Der Panamakanal fokussiert sich auf vier große Themen des Klimawandels: Abschwächung,
Anpassung, Bewahrung und Emissionsreduzierung, nicht nur in Bezug auf die internationale Schifffahrt,
sondern auch auf seinen Betrieb. Der Panamakanal hat Aktionen und positive Maßnahmen festgelegt,
die sich auf das Umweltmanagement und die Emissionsreduzierung konzentrieren:
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Reduzierung und Abschwächung der Treibhausgasemissionen durch Entwicklung effizienterer
Energieerzeugungsprojekte und Energieeffizienzmaßnahmen zur Verringerung der Emissionen pro
Produktionseinheit.
Optimierung des Umweltmanagements für den Betrieb des Panamakanals durch
Folgemaßnahmen, Bewertung und Identifikation besserer Praktiken, um Einflüsse auf die Umwelt
zu vermeiden bzw. zu vermindern.
Übereinstimmung mit der Vereinbarung über sozial-ökologische Aspekte für ein nachhaltiges
Management des Kanal-Einzugsgebiets durch das ganzheitliche Management der natürlichen
Ressourcen zur Erhaltung und zum Schutz der Wasserressourcen.
Beitrag zu der weltweiten Initiative zur Verringerung der Treibhausgasemissionen durch die
maritime Industrie durch die Anerkennung und Förderung von Guter Praxis, die von den Kunden
angewendet wird.

Zusammenfassung
Die Grüne Route Panamakanal unterstützt die Anstrengungen der Nationen und der maritimen Industrie
sowie die Arbeit, die von der UN-Rahmenkonvention zur Klimaveränderung und der internationalen
Seeschifffahrts-Organisationen durchgeführt wird, um die Emission von Treibhausgas zu reduzieren.
Sie stellt auch ein Modell für eine frühzeitige Aktion zur Reduzierung der Treibhausgasemissionen
seitens der maritimen Industrie dar.
Die Anstrengungen der Republik Panama in Form von Maßnahmen, die am Panamakanal durchgeführt
wurden, bringen dem Land nicht nur Vorteile und Wohlstand, sondern haben eine direkte Auswirkung
auf die weltweiten Anstrengungen, den Klimawandel zu bekämpfen.

RESUMEN
El Canal de Panamá desde su apertura en 1914 ha reducido tiempo y distancias. Más de un millón de
embarcaciones han utilizado la ruta por Panamá, acortando distancias, Disminuyendo costos y
cambiando patrones del comercio mundial. Con la ampliación del Canal, se amplía la capacidad para
el transporte de carga que pasa por esta vía, definiendo así nuevos patrones en el comercio y la
industria marítima.
La Ruta Verde (https://www.pancanal.com/eng/cuenca/LaRutaVerde-English.pdf
La Ruta Verde del Canal de Panamá reforzó su estrategia resaltando los siguientes factores que
determina por qué El Canal de Panamá es la Ruta Verde del comercio marítimo:
1
2
3

La reducción de distancias, consumo de combustible y tiempos de navegación que otras rutas de
transporte marítimo.
El Canal de Panamá al ser una ruta toda agua, reduce la huella de carbono de las mercancías que
por ella transitan, contribuyendo al esfuerzo mundial por combatir el cambio climático.
La promoción de la cuenca hidrográfica y la implementación de nuevos programas de conservación
basados en el desarrollo sostenible.

Reducción de Emisiones
El Canal de Panamá gestiono el desarrollo de una herramienta informática para el cálculo automático
de emisiones de CO2 asociadas con el transporte marítimo, utilizando diferentes rutas y modos de
transporte requeridos para el movimiento de carga. Entre los criterios que se han utilizado para
desarrollar esta herramienta destacan dos elementos: que la misma sea fácil de usar y que la
metodología de cálculo sea consistente. Los insumos para realizar los cálculos de emisiones de CO 2
son: tipo de buque, cantidad de carga, modo de transporte, origen y destino de la carga.
Reconocimiento ‘Conexión Verde’
El Canal de Panamá ha establecido un programa de reconocimiento al desempeño ambiental de
aquellos clientes y embarcaciones que cumplan sobre los límites ambientales establecidos por la
Organización Marítima Internacional (OMI) y/o el cumplimiento sobresaliente de parámetros
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mundialmente reconocidos. Se han seleccionado 5 parámetros ambientales que a continuación
describimos:
1
2
3
4
5

el Índice Eficiencia energética del diseño (EEDI por sus siglas en inglés);
el Índice Ambiental del Buque (ESI por sus siglas en inglés);
las emisiones de NOx (óxidos de nitrógeno) debido al desempeño de su motor TIER2 y;
las embarcaciones que estén propulsadas por Gas natural licuado (LNG);
Reducciones de toneladas de dióxido de carbono (CO 2) reducidas por la utilización de la ruta por
Panamá, en comparación con el uso de rutas alternas.

Buenas prácticas aplicadas por la organización
Reafirmar al Canal de Panamá para el año 2020 como la Ruta Verde en servicios para la industria
marítima y el desarrollo sostenible de la Cuenca del Canal de Panamá, incentivando y estableciendo
mejores prácticas de manejo socio ambiental y calidad de la industria para conservar el recurso hídrico,
aumentar la eficiencia de sus operaciones y apoyar los esfuerzos globales frente al cambio climático.
El Canal de Panamá está enfocado en el desarrollo de cuatro objetivos enfocados en los mayores
ámbitos de aplicación del Cambio Climático; la mitigación, adaptación, conservación y la reducción de
emisiones no sólo en el transporte marítimo internacional sino en sus propias operaciones. El Canal de
Panamá ha identificado diferentes líneas de acción y acciones enfocadas al manejo ambiental y la
reducción de emisiones. Las acciones son las siguientes:





Reducir las emisiones de gases de efecto invernadero a través del desarrollo de proyectos de
generación más eficiente y la ejecución de medidas de eficiencia energética que permitan disminuir
las emisiones por unidad de producción.
Optimizar el manejo ambiental en las operaciones del Canal de Panamá a través de la
identificación, evaluación, implementación y seguimiento de mejores prácticas para evitar y reducir
los impactos ambientales.
Cumplir con el compromiso socio ambiental para el manejo sostenible en la Cuenca del Canal a
través del manejo integrado de los recursos naturales que permita conservar y proteger los recursos
hídricos.
Contribuir con las iniciativas mundiales para reducir las emisiones de gases de efecto invernadero
de la industria marítima a través del reconocimiento e incentivo de buenas prácticas ejecutadas por
sus clientes.

Conclusión
La Ruta Verde del Canal de Panamá y su Canal Ampliado, contribuye a los esfuerzos de las naciones,
del Sector Marítimo, lo establecido en el Convenio Marco de las Naciones
Unidas para el Cambio Climático y la Organización Marítima Internacional para la reducción de gases
de efecto invernadero, siendo además un modelo de acciones tempranas establecidas para reducir los
gases de efecto invernadero provenientes del sector marítimo.
Los esfuerzos de la República de Panamá, a través de las acciones emprendidas por el Canal de
Panamá, no solo traen beneficios y prosperidad al país, sino que tienen una Incidencia directa en los
esfuerzos mundiales para combatir el cambio climático.
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1 INTRODUCTION
1.1.

FINANCING OBJECTIVES

The ACP set key objectives for the financing of the Project were the result of workshops and internal
discussions among all levels of the organisation and external legal and financial advisors over
legal/regulatory/tax/accounting issues as well as the Board of Directors of the ACP. The defined
objectives at this time were:
(i)

Best possible cost:

The least expensive source of financing subject to market conditions.

(ii) Amount of debt:

Minimum amount necessary to cover any Project budgeted expenses net of
any internally generated cash flow through the continuing operation of the
Canal.

(iii) Long-term horizon:

Attain the longest tenor available with a grace period during construction
period.

(iv) Without collateral from ACP
nor guarantee from the
Panamanian government:

The legal and regulatory restrictions, including restrictions on ACP’s Organic
Law, Article No. 3, which establishes that ACP cannot offer any physical
asset as guarantee for financing, and the preservation of payments to the
central government according to Law No. 28.

(v) Untied finance:

Without obligations to purchase goods and services from any particular
source.

(vi) Geographical diversification:

The Canal serves many routes and countries since it is a worldwide asset.

(vii) Without intervention in the
operations of the Canal:

ACP corporate governance is strong integrity and accountability to provide
comfort to lenders and thus ensuring business continuity of existing Canal
operations

(viii) Continued contributions to
the National Treasury:

Strong cash flows throughout construction
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2

GENERAL MARKET OVERVIEW

In the year 2008, the world economy underwent a financial and economic crisis. Everything began in
2007 when overvalued home prices in the United States dropped drastically and impacted the financial
markets worldwide.
All the too big to fail institutions in the U.S: were affected a) investment banks, b) insurance company,
c) government loan agencies, d) commercial banks among others. All companies who used credit were
drawn into the crisis. Share prices plunged throughout the world – the Dow Jones Industrial Average in
the U.S. lost 33.8 % of its value in 2008 – and by the end of the year, a deep recession had enveloped
most of the globe. Libor rates plunged into recession for a period of almost 10 years of low rates interest
rates.

2.1

PREPARATION OF A BANKABLE PROPOSAL

ACP developed and /or procured models specific to the needs of the Expansion Programme. ACP had
to prepare a strong bankable case for any potential lender. These components were included:
Risk Model: focused on the cost estimation of the Canal expansion, projected execution drawdown
schedule and cost and delay contingencies. The risk model took into account that the Expansion
Programme had several components, and ACP would have to execute several international bids for the
different sub-projects with some contracted on a turnkey basis and others on a ‘cost plus’ basis. An
Independent Engineer revised this model throughout the lenders due diligence process.
Demand Model: provides a scientific, reliable, and replicable estimate of future demand and thus
revenues for the services provided by the Canal over an 18-year horizon (20-years at the time of the
original study). The model segregated the Canal’s transit business into seven (7) segments, each of
which is analysed upon the basis of segment-specific drivers pertinent to such segments like containers,
dry and liquid bulk, car carriers, refrigerated cargo, passengers and general cargo.
The Demand Model served the purpose to provide ACP with an effective forecast of future revenues in
order to evaluate the economic feasibility of the Panama Canal Expansion. The model is updated to
accommodate the real performance per segment and route.
Capacity Model: it aids in estimating ACP’s revenues is the Capacity Frontier Curve. As such, the
Capacity Frontier is a technical output based upon assumptions relating to (a) ship types (by beam, draft
and segment) that transit the Canal, (b) transit time by ship types, (c) acceptable waiting time by
segment, etc. that are not impacted by externalities to Canal operations. Hence, the Capacity Frontier
Curve was established as a static constraint to the revenue estimation process.
Financial Model/Operating Cost Model: created to analyse the Panama Canal Expansion
Programme, receives base case construction costs from the Risk Model, unconstrained revenue and
transit forecasts from the Demand Model, Capacity Frontier Curve and operating cost. The model
included cash flow estimates for ACP, debt service under various scenarios and budgeted financial
statements until 2025. The model also allows for some degree of sensitivity analysis on the basis of (a)
tolls, (b) debt financing scenarios, and (c) contemplated payments of surplus.

2.2

FINANCIAL REQUIREMENTS/DEBT SIZING

An initial review of the current financials brings to light the compelling credit strength of ACP in face of
any potential financing alternative – the Canal is an operating entity with strong cash flow, which could
support any potential expansion-related debt issuance. In 2006, revenues from the existing Canal
aggregated revenues of $ 1.5 billion, a 24-% increase from 2005. The resultant EBITDA of $ 1 billion
and net income of $ 676 million provide a strong baseline assumption for ACP’s profitability going
forward. Based on ACP’s current tariff plans and forecasted changes in vessel mix, it was anticipated
that toll revenues are expected to grow to $ 1.9 billion by 2014. This is achieved by toll increases and
an anticipated shift in the vessel mix and steady increase in cargo volumes. This became our crystal
ball.
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As per ACP’s latest updated projections, free cash flow (EBITDA minus Governmental Fees minus
Capital Expenditure) in 2014 (the last constrained year prior to expansion) is $ 1.2 billion, and provides
a good estimate of unconstrained cash available to service debt after payment of all cash expenses and
fees for 2014. After 2014, assuming the same revenue and operating cost levels, and considering the
levels of Capital Expenditure, there is sufficient cash available ($ 1.6 billion per annum). After payment
of the minimum surplus of $ 269 million to the government of Panama as established by Law 28, there
is cash applicable to debt at approximately $ 1.3 billion per annum. This cash availability is on the
conservative side because it is not taking into consideration future price and cargo volume increases.
ACP determined its financing needs in up to $ 2300 million based upon the projected cash flows taking
into consideration revenues and cost including payments to the National Treasury of Panama.
ACP should be able to entertain multiple financing alternatives for the Expansion of the Panama Canal.

3

FINANCING OPTIONS

In June 2007, ACP engage in a financial market sounding in New York, London, England and Japan.
There was evidence of significant interest from various financing sources, including ECAs, MLAs,
Investment banks and Commercial Banks, to participate in the financing.
ACP screened the options and ruled out equity structure, as this mechanism as it is contrary to the
Political Constitution of the Republic of Panama. ACP consolidated all information from the meetings
with potential lenders and compared it to the organisations legal framework, its boundaries and
objectives to narrow down the financing options available at the time. This was the information at that
time. Market conditions and participants have changed a lot since 2008.
Source

Type

Potential
Amount

Tenor

Covenants

Structured/Finance

Syndicated bank loan with credit
Up to $ 1.5
billion
enhancements based on cash flow from
the expansion and current operations

Between 5 5
to 7 years –
Maybe 15

Expansion
Program

Corporate

Direct bank loan to ACP, based on ACP Up to $ 2.3
corporate credit risk
billion

Up to 7-8
years

ACP governance
related

Bonds to a relatively small number of
investors (i.e. large banks, mutual
funds, insurance companies, pension
funds)

up to $ 1
billion

Up to 30
years

Public/144A

Bonds sold to larger investor pool
(public/qualified investors)

up to $ 1
billion

Up to 30
+years

Light Covenant
Package

Multilaterals

Direct Loan

Direct loan to ACP based on an overall
assessment of ACP and Project’s risks

UP to $ 400
million each

Up to 15
years

Complex
Covenant
Package (project
+ corporate)

ECA's

Export Credit
Agencies/Untied

Export Credit Agency’s direct credit to
ACP

Depends on
the source

Up to 20
years

Complex
Covenant
Package (project
+ corporate)

Local Capital
Market

Loan / Bond

Placement of security or loan within
local (including regional) investors and
financial institutions

Loan Market

Private Placement
Capital Market
Issue

Between $
300 to 400
million

Light Covenant
Package

Between 5 to Complex internal
7 years
regulations

Table 1: Sources of Financing Options for the Expansion Programme 2007
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3.1

LOAN MARKET – CORPORATE LOAN

There was sufficient interest in the bank market to provide this type of financing. Under this structure,
banks would make a loan to ACP on an unsecured basis. ACP could either mandate one or more
financial institutions to arrange a bank financing underwritten or best efforts basis. Corporate Loans are
less complicated. The pros and cons of this option were:
Pros
Certainty of the viability
Ability to voluntarily prepay without cost
No negative carry (commitment fee only)
No rating required
Reasonable timing for closing
Assurance of cost at bid submission
Size/amount was not an issue

Cons
Tenor (Refinancing Risk) 5 to 7 years
Intensive due diligence
Complex covenants
Syndication required/structure
Multiple participants

Table 2: Loan market – Corporate loan – Pros and cons

3.2

PRIVATE PLACEMENT AND INTERNATIONAL PUBLIC ISSUE

There is sufficient interest in the private placement market in providing this type of facility, both in the
144A markets. In the 144A market is institutional investor, there is no facility size concern at all. The
issue could be executed in tranche to minimise negative issues.
Pros
Certainty of the viability
Tenor 10-30 years
Size is not an issue (144A)
Light covenant package
Relatively quick closing
Fixed cost

Cons
Negative carry
Prepayment penalty/make whole premium
Cost depends on market conditions near closing
Rating Agency required (2)

Table 3: Private placement and international public issue – Pros and cons

3.3

EXPORT CREDIT AGENCIES

Export credit programmes of Export Credit Agencies (i.e. US Exim, ECGD, SACE, HERMES, NCM,
COFACE, etc.) are in general very viable financing options for large capital expenditure projects similar
to this. It is in general a favourable source of long term, competitively priced finance.
While ACP Evaluated this option given a difference terms and conditions and costs between tied and
untied ECA financing. In this sense this type of financing was limited by its terms and conditions whereby
in order to guarantee open competition ACP could not tie a contractor/supplier of a specific country
linked to a financing option. Among the characteristics there are:
•
•
•
•
•
•
•

The amount available from ECAs could cover partially the financing required for the project
Eligibility is tied with the exports of goods and services of a country
Construction draw is as per execution, thus negative cost of carry is avoided
Repayments are allowed but with certain repayment premium or penalty
Requires very extensive due diligence and long execution period. Typically, the execution is a 9-12
months process, depending on the complexity
Financing cost is generally competitive and stable. Irrespective of the changes in the market
environment, the terms offered by ECAs are not easily altered as they are bound by OECD
guidelines
No rating requirement
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Pros
Cost competitive
Long tenor
No rating required
No negative carry

Cons
Tied to export of goods and services
Cumbersome/lengthy due diligence
Prepayment penalty
Security required
Inflexibility in terms – Supplier from specific country
Complex social and environmental guidelines
Table 4: Export credit agencies pros and cons

3.4

BILATERAL AGENCIES UNTIED PROGRAMME

Japan Bank for International Cooperation (‘JBIC’) is provides untied programme. ACP could document
the relevance of the Panama Canal to the Japanese economy, consequently justifying the Japanese
interest in the project.




In general, JBIC has strong interest in this financing
JBIC believes its programme is very competitive even in this highly liquid market
Facility size is not an issue

JBIC untied financing has following characteristics:
•
•
•
•
•
•

Size is not an issue, tenor is also within their reach
Construction draw is available (avoid negative cost of carry)
Repayments are allowed but with certain repayment premium or penalty
Requires very extensive due diligence and long execution period. Typically, the execution is 9-12
months process, depending on the complexity
Financing cost is competitive and stable
No rating requirement
Pros
Cost competitiveness
Size (full amount available)
No rating required
No negative carry

Cons
Requirement of certain country’s elements
Cumbersome/lengthy due diligence
Prepayment penalty
Security required
Strict environmental guidelines

Table 5: Bilateral agencies untied Programme pros and cons

3.5

MULTILATERAL AGENCY FINANCE (‘MLA’) (IADB, MIGA, OPIC, EIB, CAF,
IFC, ETC.)

Multilateral Agencies had shown interest in supporting the project. These organisations are conformed
among several nations to work on issues that relate to all of the countries in the organisation.
The characteristics of MLA financing are summarized as follows:
•
•
•
•
•
•

There are some capacity issues. Typically, the financing could be up to $ 1.0 billion.
Construction draw is available (avoid negative cost of carry)
Repayments are allowed but generally with certain repayment premium or penalty
Requires very extensive due diligence and long execution time frame. Typically, the execution is 912 months process, depending on the complexity
MLAs typically price their loan at market. Accordingly, the financing cost is generally not competitive
as compared with certain other options, unless certain ‘special treatment’ is/are provided
No rating requirement
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Pros
No negative carry
No rating required
Appropriate tenor

Cons
Size per agency
Cost competitiveness
Individual Internal regulation
Prepayment penalty
Length of due diligence
Alignment of ACP regulations with multiple agencies internal procedures
for procurement, social and environmental requirements, etc.
Table 6: Multilateral agency finance pros and cons

3.6

LOCAL BANK/CAPITAL MARKET DEBT

ACP also evaluated the local capital market to finance a tranche of the financing needs for the
Expansions Programme. Any alternative could be complemented with local capital market issue.
Pros
Panamanian Pride

Cons
Size limits
Tenor
Local pricing rational
Secondary market valuation
Financing cost above external sources

Table 7: Local bank/capital market debt pros and cons

Any combination of different financing options was considered taking into account the best interests of
the ACP. In this sense, ACP was ready to undergo the same robust and stringent diligence for any of
the financing options.

4

RATING

The Expansion Programme financing was the first time ACP required external financing to execute a
project. A typical pricing for a strong local state entity would be a wider credit spread to the sovereign
issuer when tapping the capital markets.
ACP prepared comprehensive legal, operational, social and environmental, ethical and procurement
workshops to share the information to the three main credit agencies. Key personnel from the ACP
provided and answered every questions and inquiry raised throughout the due diligence workshops with
the rating agencies. Aside from this induction, the rating agencies representatives held private meetings
with reputable members of society in Panama, including executives, political experts, candidates for
presidency, and ministers of cabinet, among others. I am a firm believer that these interviews were
fundamental component in the evaluation and decision making process of the rating agencies.
Because of the due diligence, ACP pierced the sovereign ceiling of the Republic of Panama, with an A2
rating. This rating provided the lenders an independent reference to offer a competitive cost of funding
and provided comfort for the potential spreads of the potential financing. The following chart reflects the
industrial credit trends by Rating Scale, at the time to determine the spread for ACP.
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Industrial Credit Trends by Rating Category
Credit Rating Scale

US Industrial Credit Spread
bps (7 October)

Moody’s

S&P

Aaa
Aa2
A1

10 years

30 years

AAA

90

n.a.

AA

93

98

A+

108

116

A2

A

112

120

A3

A-

128

143

Baa1

BBB+

145

167

Baa2

BBB

155

184

Baa3

BBB -

178

200

Table 8: Industrial credit trends by rating category October 2007

5

SELECTION AND NEGOTIATION

Based on ACP objectives and the analysis of the different financing sources available for the project
guided to the potential option of the Financing of the Expansion Programme.

2.
3.
4.

Objectives
Without collateral from ACP nor
guarantee from the Panamanian
government
Untied finance
Amount
Longest tenor possible

5.

Best possible cost

6.

Without intervention in the
operations of the Canal

7.

Geographic diversification

Development agencies represent multiple countries,
which benefit and use the Panama Canal.

8.

Continued contributions to the
National Treasury

Strong cash flows throughout the construction

1.

Comments
Common terms agreement with five development
agencies with corporate terms and conditions.
Promotes open competition from contractors
The amount determined by the financial model
20/10 years permitted conclusion of the expansion
program and experience in the operation prior beginning
the amortisation of the debt.
Thorough due diligence and third party (Rating Agency)
independent due diligence to provide comfort to lenders
of ACP legal frame work, corporate governance,
autonomy to operate the Canal and financial strength to
obtain a competitive credit spread.
Integral due diligence of ACP procurement regulations,
strong corporate governance, mission, vision and
corporate values, including ethical code and regulations
and transparency and reporting practices.

Table 9: Objectives and achievements of the financing of the Expansion Programme

6

FINAL TERMS AND CONDITIONS

On December 9, 2008, ACP signed a Common Terms Agreement with five development agencies for $
2300 billion equivalent to 44 % of the estimated cost of the Expansion Programme. This agreement is
for 20 years with 10-year grace period and starts amortising on 15 May 2019 in two annual instalments
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of $ 115 million per semester until November 15, 2028. It was the best tenor available, which minimised
negative carry financing costs.
The agreement allowed the flexibility to disburse funds to match the execution of the project; reporting
requirements were the same for all lenders and every year lenders coordinate to visit the Expansion
Programme execution. The diversity of source of funds of the financing is a reflection of the global
importance of the Panama Canal. All lenders concurred on the importance of the expansion of the
Panama Canal for Panama, the region and the countries represented through their participation in this
financing.
The financial terms and conditions reflect the strength and corporate governance of the ACP, were
allocated as follows:

Amount
Interest
(million)

Credit Facilities
European Investment Bank (EIB)

100 Libor 6 m + 0.811 %

European Investment Bank (EIB)

300 Libor 6 m + 0.824 %

European Investment Bank (EIB)

100 5.196%

Banco Latinoamericano de Desarrollo (CAF)

150 Libor 6 m + 1.20 %

Banco Latinoamericano de Desarrollo (CAF)

150 Libor 6 m + 1.40 %

International Finance Corporation (IFC)

300 Libor 6 m + 1.30 %

Interamerican Development Bank (IADB)

400 Libor 6 m + 1.05 %

Japan Bank for International Cooperation (JBIC)

800 Libor 6 m + 0.75 %

Total

2,300
Table 10: Participation per credit facility lenders

The ACP is proud of the financing of the Expansion Programme since it became the baseline for all
future financing of the organisation. In 2009, the Expansion Programme financing won best Corporate
Loan financing of the year by Latin Finance.

7

LESSONS LEARNT

Several lessons learnt arose from this endeavour, and we would like to highlight the most relevant ones
as follows:
1. Understand the individual needs of the potential lenders
2. Hire international financial and legal experts to establish long form term sheet aligned to ACP legal
framework, corporate governance, financial strength
3. Suggest only one law firm to represent all lenders as legal counterpart
4. Mirror common term agreement obligations/covenants to contractors and subcontractors and agree
on reporting templates and content requirements:
• Social and environmental clauses
• Prohibited practices and code of ethics
5. Use/adapt ACP existing reports and lenders requirements to satisfy their internal regulations
reporting requirements
6. Propose one annual meeting for all lenders to uniform
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7. Co-ordinate common legal, technical and financial due diligence meetings and these should take
into account the potential lenders information requirements to aid them in complying with their
internal and external regulations
8. Establish a common sharepoint for due diligence sharing information and use it to comply with
reporting obligations from the financing
9. Share the same information credit rating agency
10. Keep your Board of Directors of the ACP or your institution abreast of the all advances

SUMMARY
The Panama Canal Authority (ACP) is an autonomous legal entity, established pursuant to Title XIV of
the Political Constitution of the Republic of Panama and organised by the Law No. 19 of 1997. The ACP
pursuant to the Political Constitution has the exclusive charge of the operation, administration,
management, preservation, maintenance and modernisation of the Panama Canal, as well as its
activities and related services.
On October 22, 2006, the Expansion Programme of the Panama Canal estimated at $ 5,250 million was
approved through National Referendum with a 78 % affirmative vote. The Expansion Programme
included the design, construction, finance, a third set of locks to the Panama Canal comprising of the
following components: (a) deepening and widening of the Pacific and Atlantic entrances, (b) deepening
and widening of the navigational channels (including those of the Culebra Cut), (c) the construction of
two locks complexes and water-saving basins at the Atlantic and Pacific, (d) the raising of Gatun Lake
to its maximum operational level, and (e) all matters in furtherance thereof or otherwise related thereto.
The financing needs for the execution of the Expansion Programme was determined to be $ 2,950
million through internal funds generated by the operation of the Canal, and $ 2,300 million from external
financing. The key objectives established for the financing of the Expansion Programme were:
1.
2.
3.
4.
5.
6.
7.

Without collateral nor guarantee from the Panamanian government
Long-term horizon with a grace period during construction
Without obligations to purchase goods and services from any particular source
Best possible cost subject to market conditions
Obligations to minimise potential interference with the operation and administration of the Canal
Geographical diversification
Increasing contributions to the National Treasury

On 9 December 2009, ACP subscribed a Common Terms Agreement with five development agencies
for $ 2,300 million with the set objectives. Financing consisted in a 20-year loan agreement, with 10year grace period, which permitted disbursements based on the lenders costs, aligned to the execution
of the Expansion Programme. The obligations of the agreement reflected the financial strength of the
ACP, as no guarantees were set. The recognition of the attributes of ACP’s contracting regulation and
social and environmental system, the ACP’s corporate governance and its autonomy, permitted a
continued and unhindered operations of the Panama Canal and execution the expansion programme.
The exhaustive due diligence highlighted the criteria matched between the agencies requirements and
ACP regulatory framework. The geographical diversification was important due to the connectivity and
reliability the ACP provides to global trade, thus subscribing financings with multilateral and bilateral
agencies reflected worldwide participation by different member countries, which support IADB (47
members), EIB (28 members), IFC (179 members), JBIC - Asia, CAF (17 countries and 15 private
banks).
Accomplishing a common ground among five multicultural policy agencies was the result of
understanding each agency requirement; communicating the invested expertise and studies on
engineering, social and environmental guidelines and adapting to the best-fit compromise on all parties,
to reach a common understanding under one sole agreement.
Multiple lessons learnt can be shared from this experience, for example: survey of all possible financing
sources available in the market now. This activity helped to understand if the criteria from the sources
meets the project’s needs; no sole project is the same; set your organisations objectives ahead of
entering into negotiations at the highest possible level thus scope of the financing is not altered. As
negotiating team, be prepared to share all your institutional regulations in writing as these represent
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your playfield; include a multidisciplinary team to contribute their expertise and as counterparties to the
lenders, experts like environmental, legal, and operational; among others. Be prepared to include in
your team external legal and financial advisors who will aid in establishing the framework by which your
institution would be able to adhere to international standards and practices as well as determine legal
deal limitations.

RESUME
L’Autorité du Canal de Panamá (ACP) est une entité autonome de droit public, établie en vertu du titre
XIV de la constitution Politique de la République de Panama et organisée par la loi N°19 de 1997.
L’ACP, conformément à la Constitution, a la responsabilité exclusive de l’exploitation, de
l’administration, de la préservation, de la maintenance et de la modernisation du canal de Panama, ainsi
que des activités et services liés/connexes
Le 22 octobre 2006, le Programme d’extension du canal de Panama estimé à 5.250 millions de US$ a
été approuvé par référendum national avec 78 % de votes positifs. Le programme d’extension a inclus
la conception, la construction, le financement d’un troisième ensemble d’écluses pour le canal de
Panama qui comprend les composants suivants: (a) l’approfondissement et l’élargissement des entrées
Pacifique et Atlantique, (b) l’approfondissement et l’élargissement des canaux de navigation (y compris
ceux de la tranchée Culebra), (c) la construction de 2 complexes d’écluses et bassins d’épargne sur les
versants Atalntique et Pacifique, (d) l’élévation du lac Gatun à son niveau maximum, et (e) tous les
sujets liés au projet d’une manière ou d’une autre. Les besoins de financement pour l’exécution du
programme ont été couverts par 2.950 millions US$ en fonds internes générés par l’activité du canal et
2.300 millions US$ en financements externes. Les objectifs clés pour le financement étaient :
1. Pas de garantie du gouvernement panaméen
2. Horizon à long terme avec une période de grâce durant la construction
3. Sans obligations d’achats de biens ou services d’une origine particulière
4. Le meilleur coût possible soumis aux obligations du marché
5.Obligation de minimiser les interférences possibles avec l’exploitation et l’administration du canal
6. Diversification géographique
7. Augmentation des contributions au trésor national
Le 9 décembre 2009, ACP a conclu un accord avec 5 agences de développement pour 2.300 millions
US $ conforme aux objectifs définis. Le financement consistait en un prêt sur 20 ans, avec une période
de grâce de 10 ans, qui a permis le déboursement des fonds sur la base des coûts des préteurs, alignés
sur l’exécution du programme d’expansion. Les obligations de l’accord ont reflété la force financière de
ACP puisqu’aucune garantie ne fut établie.
La reconnaissance de la régulation de contrat de l’ACP et du système social et environnemental, la
gouvernance d’entreprise de l’ACP et son autonomie, ont permis de ne pas interrompre l’exploitation
du canal et d’exécuter le programme d’expansion. La diligence raisonnable a mis en lumière la
cohérence des exigences des agences et du cadre de régulation de l’ACP. La diversification
géographique était importante pour la connectivité et la fiabilité que l’ACP procure au commerce
international, souscrivant ainsi des financements avec des agences multilatérales et bilatérales, qui
reflètent une participation mondiale de différents pays-membres, qui soutiennent IADB (47 membres),
EIB (28 membres), IFC (179 membres), JBIC - Asia, CAF (17 pays et 15 banques privées).
Parvenir à un terrain d’entente entre 5 agences de politiques multiculturelles différentes, fut le résultat
de la compréhension des demandes des agences, de la communication de l’expérience et des études
en termes d’ingénierie, d’objectifs sociaux et environnementaux et de l’habilité à identifier des synergies
les parties pour obtenir le compromis le plus approprié pour tous, et une entente commune dans un seul
accord.
Il y a de multiples leçons à partager de cette expérience, comme par exemple : la recherche dans le
marché de toutes les sources de financement disponibles. Cette activité a aidé à comprendre si les
critères des sources de financement satisfaisaient les besoins du projet. Aucun projet n’est le même; Il
faut définir les objectifs de l’organisation au plus haut niveau possible avant de commencer les
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négociations, sans réduire le champ de financement disponible. En tant qu’équipe de négociation, être
prêt à partager toutes les règles institutionnelles par écrit, car elles représentent le terrain de négociation
; inclure une équipe multidisciplinaire pour apporter son expérience en contrepartie aux prêteurs, des
experts entre autres sur l’environnement, l’exploitation et les questions juridiques. Etre prêt à inclure
dans l’équipe des conseillers juridiques et financiers externes qui aideront à dresser le cadre par lequel
votre institution sera en mesure de se conformer aux standards et pratiques internationaux, ainsi que
de déterminer les limites des accords juridiques.

ZUSAMMENFASSUNG
Die Panamakanalbehörde (Panama Canal Authority, ACP) ist eine autonome juristische Person, die
gemäß Artikel XIV der politischen Staatsverfassung der Republik Panama eingerichtet wurde und dem
Gesetz Nr. 19 aus dem Jahr 1997 unterliegt. Gemäß der politischen Staatsverfassung obliegt ACP die
ausschließliche Verantwortung für das operative Geschäft, die Verwaltung, das Management, die
Erhaltung, die Unterhaltung und die Modernisierung des Panamakanals sowie für die
Geschäftsaktivitäten und damit verbundene Dienste.
Am 22. Oktober 2006 wurde das Ausbauprogramm für den Panamakanal mit einem geschätzten Wert
von 5.250 Millionen US Dollar durch ein nationales Referendum mit 78 % Ja-Stimmen gebilligt. Das
Ausbauprogramm beinhaltete die Gestaltung, den Bau und die Finanzierung einer dritten
Schleusenkammeranlage für den Kanal mit den folgenden Bestandteilen: a) Vertiefung und
Verbreiterung der Zufahrten an der Pazifik- und Atlantikseite, b) die Vertiefung und Verbreiterung der
Schifffahrtskanäle (inklusive dem für den Culebra Cut), c) die Errichtung zweier Schleusenkomplexe
sowie Sparbecken an der Atlantik- und Pazifikseite, d) das Anheben des Gatun Sees auf sein maximal
mögliches Betriebsniveau und e) alle Angelegenheiten zur Förderung dieser Sache oder die mit diesem
Projekt verbunden sind.
Der Finanzmittelbedarf für die Durchführung des Ausbauprogramms wurde auf 2.950 Millionen US
Dollar durch interne Mittel aus dem Betrieb und 2.300 Millionen US Dollar aus externen Finanzierungen
festgelegt. Die Hauptziele für die Finanzierung des Ausbauprogramms waren:
1.
2.
3.
4.
5.
6.
7.

Keine Sicherheiten oder Garantien der panamaischen Regierung
Langfristige Planung mit einer tilgungsfreien Zeit während des Baus
Keine Verpflichtung, Waren oder Dienste aus einer bestimmten Quellen zu
beziehen
Bestmögliche Preise unter Berücksichtigung der Marktbedingungen
Verpflichtung zur Minimierung potenzieller Beeinträchtigungen des Betriebs und der Verwaltung
des Kanals
Geografische Diversifikation
Kontinuierliche Erhöhung der Beiträge an die Staatskasse

Am 9. Dezember 2009 unterzeichnete ACP eine gemeinsame Vereinbarung mit fünf
Entwicklungsorganisationen über 2.300 Millionen US Dollar zu den genannten Bedingungen. Die
Finanzierung bestand aus einem Darlehensvertrag über 20 Jahre mit einer 10-jährigen tilgungsfreien
Zeit, welcher die Ausschüttung basierend auf Kreditgeberkosten und ausgerichtet an der Durchführung
des Ausbauprogramms ermöglichte. Die Verpflichtungen der Vereinbarung spiegeln die finanzielle
Stärke von ACP wider, da keine Garantien verlangt wurden. Die Anerkennung der Eigenschaften der
Vertragsregelungen und des Sozial- und Umweltsystems der ACP, der Unternehmensführung von ACP
und deren Autonomie erlaubten einen fortlaufenden und ungehinderten Betrieb des Panamakanals und
die Durchführung des Ausbauprogramms. Bei der umfassenden Due-Dilligence-Prüfung wurden die
Kriterien hervorgehoben, die zwischen den Anforderungen der Geldgeber und den regulatorischen
Rahmenbedingungen von ACP übereinstimmen. Die geografische Diversifikation war wichtig, da die
ACP die Konnektivität und Verlässlichkeit für den Welthandel bereitstellt. Deshalb fand die Finanzierung
mit multilateralen und bilateralen Geldgeber statt, was die Beteiligung und globale Bedeutung
verschiedener Mitgliedsländer widerspiegelt: IADB (47 Mitglieder), EIB (28 Mitglieder), IFC (179
Mitglieder), JBIC - Asien, CAF (17 Länder und 15 Privatbanken).
Das Finden einer gemeinsamen Basis zwischen fünf multikulturellen haushaltspolitischen Institutionen
war das Ergebnis des Verständnis der Anforderungen einer jeden Institution, der Kommunikation der
eingebrachten Expertise und der Studien zu technischen, sozialen und ökologischen Richtlinien, um
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den für alle am besten geeigneten Kompromiss und ein gemeinsamen Verständnis im Rahmen einer
einzigen Vereinbarung zu erzielen.
Aus dieser Erfahrung lassen sich mehrere Lehren ziehen, z. B. erstellen Sie einen Überblick aller
möglichen Finanzierungsquellen, die zurzeit auf dem Markt verfügbar sind. Dies hat geholfen, zu
verstehen, ob die Kriterien der Quellen den Bedürfnissen des Projekts entsprechen. Kein Projekt ist wie
das andere. Setzen Sie die Ziele Ihrer Organisation vor der Aufnahme von Verhandlungen auf dem
höchstmöglichen Niveau fest, sodass der Umfang der Finanzierung nicht verändert wird.
Als Verhandlungsteam sollten Sie bereit sein, alle Ihre institutionellen Regelungen schriftlich mitzuteilen,
da diese Ihr Spielfeld repräsentieren; ziehen Sie ein multidisziplinäres Team mit hinzu, um dessen
Expertise als Gegenpart zu den Geldgebern zu nutzen, z. B. Experten aus dem Umwelt-, Rechts- und
operativen Bereich. Seien Sie vorbereitet, externe Rechts- und Finanzexperten hinzuzuziehen, die
dabei behilflich sein werden, Rahmenregelungen aufzustellen, die es Ihrer Institution ermöglichen,
internationale Standards und Praktiken einzuhalten und gesetzliche Verhandlungseinschränkungen
festzulegen.

RESUMEN
La Autoridad del Canal de Panamá (ACP) es una entidad autónoma de derecho público, establecida
en virtud del Título XIV de la Constitución Política de la República de Panamá y organizada por la Ley
No. 19 de 1997. La ACP de conformidad con la Constitución Política tiene la responsabilidad exclusiva
de la operación, administración, preservación, mantenimiento y modernización del Canal de Panamá,
así como las actividades y servicios relacionados/conexos.
El 22 de octubre de 2006, el Programa de Ampliación del Canal de Panamá, estimado en US $ 5,250
millones, fue aprobado a través del Referéndum Nacional con un 78 % de voto afirmativo. El Programa
de Ampliación incluyó el diseño, construcción, financiamiento de un tercer juego de esclusas para el
Canal de Panamá que comprende los siguientes componentes: (a) profundización y ensanchamiento
de las entradas del Pacífico y Atlántico, (b) profundización y ampliación de los canales de navegación
( incluyendo los del Corte Culebra), (c) la construcción de dos complejos de esclusas y tinas de ahorro
de agua en el Atlántico y el Pacífico, (d) la elevación del Lago Gatún a su nivel operacional máximo, y
(e) todas los temas vinculados con el proyecto o relacionado de un modo u otro con el mismo. Los
recursos para la ejecución del Programa de Ampliación se determinaron en US $ 2,950 millones a
través de fondos internos generados por la operación del Canal y US $ 2,300 millones de financiamiento
externo. Los objetivos clave establecidos para el financiamiento del Programa de Expansión fueron:
1. Sin garantía ni aval del gobierno panameño
2. Horizonte a largo plazo con un período de gracia durante la construcción
3. Sin obligaciones para comprar bienes y servicios de una fuente en particular
4. El mejor costo posible sujeto a las condiciones del mercado
5. Obligaciones para minimizar la posible interferencia con la operación y administración del Canal
6. Diversificación geográfica
7. Continúo aumento de las contribuciones al Tesoro Nacional
El 9 de diciembre de 2009, ACP suscribió un Acuerdo de Términos Comunes con cinco agencias de
desarrollo por US $ 2,300 millones de acuerdo con los objetivos establecidos. El financiamiento
consistió en un contrato de préstamo a 20 años, con un período de gracia de 10 años, que permitió
desembolsar los fondos en base a los costos de los acreedores, alineados con la ejecución del
Programa de Ampliación. Las obligaciones del acuerdo reflejaban la fortaleza financiera de la ACP, ya
que no se establecieron garantías. El reconocimiento de los atributos de la regulación de contrataciones
y el sistema social y ambiental de la ACP, el gobierno corporativo; la autonomía en la administración
que permite operaciones continuas e ininterrumpidas del Canal de Panamá y la ejecución del programa
de Ampliación. La exhaustiva debida diligencia conjugó los criterios combinados de los requisitos de
las agencias y el marco regulatorio de ACP. La diversificación geográfica fue importante debido a la
conectividad y confiabilidad que la ACP proporciona al comercio global, suscribiendo financiamientos
con organismos multilaterales y bilaterales que reflejan la participación e importancia global de
diferentes países miembros, que apoyan al BID (47 miembros), BEI (28 miembros), IFC ( 179
miembros), JBIC - Asia, CAF (17 países y 15 bancos privados).
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Alcanzar un terreno común entre cinco agencias de con políticas multiculturales diferentes fue el
resultado de concebir los requisitos de las agencias; comunicar la experiencia y los estudios en temas
como ingeniería, objetivos sociales y ambientales y habilidad de identificar sinergias entre las partes
obteniendo el compromiso más apropiado para todas, y llegar a un entendimiento en común bajo un
único acuerdo.
Hay múltiples lecciones aprendidas de esta experiencia por compartir, como, por ejemplo: el sondeo
realizado en el mercado de todas las posibles fuentes de financiamiento disponibles. Esta actividad
ayudó a comprender si los criterios de las fuentes satisfacen las necesidades del proyecto; ya que
ningún proyecto único; establecer objetivos de la organización para el proyecto al más alto nivel posible,
previo a entablar negociaciones, por lo tanto, el alcance de la financiación no se ve alterado. Como
equipo de negociación, prepararse para compartir todas sus reglamentaciones institucionales por
escrito, ya que representan el campo de juego; incluir un equipo multidisciplinario para contribuir con
su experiencia y como contrapartes para los prestamistas, expertos ambientales, legales y operativos;
entre otros. Prepárese para incluir en su equipo asesores jurídicos y financieros externos que ayuden
a validar el marco por el cual su institución pueda adherirse a las normas y prácticas internacionales,
así como a determinar las limitaciones de acuerdos legales.
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