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11  SSUUMMMMAARRYY  

The purpose of this technical memorandum is to present to Autoridad del Canal de Panama 
(ACP) our interim findings regarding the stability of Gatun Spillway.  This work has been carried 
out as part of a feasibility study of increasing the maximum normal operating level of Gatun 
Lake. 

The stability analysis shows that it is feasible to increase the maximum normal operating level of 
Gatun Lake in the range of El. 26.67m (87.5 ft) to El 27.73 m (91.0 ft) and still satisfy sliding and 
overturning stability criteria for the overall spillway control structure. 

Previous studies by ACP have identified a potential structural strength deficiency in the spillway 
piers due to transverse seismic loading and lack of steel reinforcement.   Further detailed 
structural analyses of the spillway piers are required to quantify any deficiency and develop a 
remediation plan.  This work is needed regardless of whether or not the operating level of Gatun 
Lake is modified. 

Because of the high importance of Gatun Dam and Spillway to the integrity and operation of the 
Panama Canal, and the age of the structure, it is recommended that a complete Potential 
Failure Modes Analysis (PFMA) be carried out and a Performance Monitoring Plan (PMP) be 
developed as part of ACP’s ongoing dam safety program. 

22  IINNTTRROODDUUCCTTIIOONN  

The purpose of this technical memorandum is to present to Autoridad del Canal de Panama 
(ACP) our interim findings regarding the stability of Gatun Spillway.   

The primary function of Gatun spillway is to control the water level of Gatun Lake and protect 
Gatun Dam from overtopping during floods.  The feasibility of increasing spillway capacity is 
being investigated as part of a feasibility study of raising the maximum operating level of Gatun 
Lake.    

The stability analysis has been performed to verify that the existing structure will meet stability 
criteria under a higher normal operating water surface elevation and the 1000 and 5000 year 
(Level I and Level II) return period earthquakes.  

33  DDEESSCCRRIIPPTTIIOONN  OOFF  GGAATTUUNN  DDAAMM  AANNDD  SSPPIILLLLWWAAYY  

Gatun Spillway is part of Gatun Dam which impounds the waters of the Rio Chagres and its 
tributaries to form Gatun Lake.  The dam and spillway are located about 12.2 km upstream of 
the mouth of the Rio Chagres which discharges into the Caribbean Sea.   
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Figure 3-1 - Gatun Dam and Spillway 

 

The dam and spillway are part of the Panama Canal and were completed in 1913.  Gatun Dam 
is primarily an embankment constructed from hydraulic fill.  It has a total length of 2,500 meters 
(8,200 ft) and a crest elevation of approximately 32.00 m (105 ft.) PLD.  The spillway is located 
near the middle of the dam on a small rock outcrop named “Spillway Hill”.    

The spillway facility is comprised of a short approach channel that is lined with concrete 
retaining walls to protect the upstream face of the dam; a curved concrete spillway structure 
which has 14 crest gates; and a concrete lined channel upon which discharges spill downstream 
of the dam. 

The spillway structure is comprised of a concrete gravity ogee section with a series of concrete 
piers which support vertical lift (“Stoney”) crest gates and a footbridge that provides access 
across the structure.   The operating equipment for the gates is located in a gallery inside the 
ogee section.  

The crest elevation of the ogee is El. 21.0 m (68.9 ft) PLD and the elevation of the top of the 
gates when closed is El. 26.79 m (87.9 ft).  The elevation of the footbridge is El. 35.2 m (115.5 
ft).  Each gate is approximately 13.7 m (45 ft) wide and 5.79 m (19 ft) high. 

There is a road bridge across the discharge channel and a hydroelectric power station on the 
east side that has its intake adjacent to the eastern end of the spillway and uses the discharge 
channel as a tailrace channel. 
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44  PPRREEVVIIOOUUSS  SSTTUUDDIIEESS  

The Panama Canal Authority (ACP) staff has recently performed seismic adequacy studies of 
the canal’s major structures.   A technical paper by Abrego Maloff and De Puy (Ref. 1) 
describes stability analyses performed using a simplified procedure for the monolith section, and 
a finite element procedure for the analysis of the piers.  

Some of the parameters regarding foundation uplift pressures and material properties used in 
the ACP study were adopted in our present study as described herein. 

The primary difference between the two studies is the ACP study is based on the existing 
maximum operating lake level whereas the current study is based on a potential higher 
operating level. 

55  MMEETTHHOODDOOLLOOGGYY  

The analysis was performed by the two-dimensional unit equilibrium method.  Earthquake 
loading for the analysis was determined using Chopra’s “Simplified Method” (Ref. 2). 

Principal parameters used in the study are presented on Table 5.1. 

Table 5-1 - Principal Study Parameters 

PARAMETER VALUE SOURCE 

Unit weight of concrete 2430 kg/m3 (150 pcf) Assumption 

Level I Earthquake PGA (horiz) 0.22g Golder Assoc. Ref 3 

Level II Earthquake PGA (horiz) 0.41g Golder Assoc. Ref 3. 

Vertical Earthquake PGA 2/3 of Horizontal Assumption 

Foundation Properties1 Plane 1 Plane 2  

Friction Angle (Rock) 30 degrees 

 

35 degrees Golder Assoc. Ref 4 

Cohesion (Rock) 0 KPa  
(0 psi) 

200 KPa 
(29 psi) 

Golder Assoc. Ref 4 

Friction Angle (Concrete) 45 degrees 

 

N/A  

Cohesion (Concrete) 550 KPa  
(80psi) 

N/A  

 

Data for foundation properties in the ACP paper (Ref 1) were considered for use in this study.  
As stated in the ACP study, these assumed data are based on: 
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“various publications from the Electric Power Research Institute (1992), and the 

recommendations from the Geosciences and Structures Division of WES (Hall 2001). The 
actual values of these parameters typically depend on the characteristics and conditions of the 
contact interface and the direction and magnitude of the relative motion.  Their values are likely 
to change during sliding, and therefore the assumed values represent constant approximations.”   

The project team conducted a site-specific review of available geotechnical data and an 
evaluation of current field investigations (Ref. 4) and concluded that the sliding stability 
parameters used in the ACP paper could not be supported by the team’s findings.  The 
foundation properties shown in Table 5.1 were recommended for use in this analysis. 

66  GGEEOOMMEETTRRYY  

A mathematical model of the spillway was developed for analysis using geometry obtained from 
the following ACP as-built drawings: 

1. G-9 – “Ogee Section with Dimensions”  (See Figure 6.2) 

2. G-27 –“Crest Piers on Spillway Dam”. (See Figure 6.3) 

Thirteen piers and two abutment blocks separate the fourteen spillway bays.  Three 4.67 m (15-
ft.) wide piers are located at the center of the structure and are flanked by five thinner piers on 
each side.  The thinner piers are 2.10 m (6.9 ft.) wide upstream of the gates and increase to a 
width of 2.59 m (8.5 ft.) downstream of the gates.   The thinner piers are 6.9 ft. wide upstream of 
the gates and increase to a width of 8.5 ft. downstream of the gates.   The thinner pier was used 
for the stability analysis model since it has less weight and would contribute less stabilizing 
force.   

The model consists of a single spillway pier attached to the ogee section, which extends out to 
the centerline of the adjacent spillway bays The model has a gross width of 16.30 m (53.5 ft.) 
(13.71m (45.0 ft.) gate opening and 2.59 m (8.5 ft.) wide pier.)  The top of the pier is at El. 
35.05m (115.0  ft.)  and the ogee crest (gate sill) is at El. 21.00 m (68.9 ft).  A cross section of 
the analysis model is shown on Figure 6.4.   

The figure shows two potential sliding failure planes that were identified for evaluation.  Plane 1 
is located at the concrete/foundation rock interface at the base of the concrete structure and 
passes through the concrete shear keys and the massive concrete toe block at the toe of the 
dam upstream of the apron.  Plane 2 is located along a horizontal line at the 
concrete/foundation rock interface at the base of the toe block and projecting upstream through 
the foundation rock.  

It should be noted that the analysis results using this model will be conservative because the 
beneficial three dimensional effects of the curvature in plan of the entire structure is excluded 
from the analysis.  The weights of the spillway gates and operating equipment (which also help 
resist overturning) are also excluded from the analysis. 
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The stabilizing effect (passive resistance to sliding) of the massive downstream concrete apron 
is neglected in the Plane 2 analysis.   
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Figure 6-1 - Plan of Gatun Spillway (Taken from 1915 Proceedings) 

 



 

TM - Stability Analysis for Ex. Spillway Page 7 September 17, 2004 

Figure 6-2 - Gatun Spillway Ogee (Taken from 1915 Proceedings) 
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Figure 6-3 - Gatun Spillway Piers (Taken from 1915 Proceedings) 
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Figure 6-4 – Existing Gatun Spillway Analysis Model Cross-Section (Taken from 1915 

Proceedings)  
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77  LLOOAADDIINNGG  CCOONNDDIITTIIOONNSS  

Reservoir levels for the various loading conditions investigated are shown in the following table: 

Table 7-1 – Reservoir Water Levels 

Load 
Case 
No. Description 

Reservoir 
Water 

Surface 
Elevation 

PLD 

m (ft) 

Tailwater 
Elevation 

PLD 

m (ft) 

1 Assumed Raised Normal Full Reservoir 
Storage 

27.43 (90.0) 2.13 (7.0) 

2 Assumed Probable Maximum Flood Level 28.05 (92.0)  15.23 (50.0) 

3-I Normal Reservoir Storage Plus Level I 
Earthquake (PGA=0.22g) 

27.43 (90.0) 2.13 (7.0) 

3-II Normal Reservoir Storage Plus Level I 
Earthquake (PGA=0.41g) 

27.43 (90.0) 2.13 (7.0) 

  

The effects of uplift were considered for all loading conditions.  The ACP paper indicates that 
“six piezometric holes are located in the machinery tunnel of the spillway and a regular 
monitoring program of the gages provides information on uplift pressures generated at the 
bottom of the structure.”   

The ACP study assumed uplift pressure to vary linearly across the base of the analysis section 
from full reservoir pressure at the upstream to tailwater pressure at the downstream apron and 
the paper states “this assumption is consistent with the observed data at the dam.”  The current 
analysis uses the same uplift assumptions. 

88  AANNAALLYYSSIISS  CCRRIITTEERRIIAA  

Our analysis is based on the criteria that no tension can be transmitted between the concrete 
section and the foundation rock.  If the resultant vertical force falls outside the kern of the base, 
a base separation is assumed in the tensile area and the vertical compression is assumed to 
have a triangular distribution over the unseparated area with the maximum compressive stress 
occurring at the downstream edge.  In this case the shear friction factor is computed using only 
the unseparated area of the base.  
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99  RREESSUULLTTSS  

No base separations were indicated for the normal full storage and the PMF conditions.  Base 
separations of 11% and 65% of the base area were indicated for the Level I and Level II 
earthquake conditions respectively. 

9.1 Comparison With Results of ACP Study 

To compare the results of both studies, shear friction factors (SFF) of safety were computed for 
the same normal storage and PMF reservoir water levels using the foundation parameters used 
in the ACP study.  The comparison presented on Table 9-1shows close agreement. 

Table 9-1 - Comparison of Shear Friction Factors for Existing Operating Level 

Loading 
Condition 

Reservoir Level 

m/(ft) 

ACP  
Analysis 

Current 
Analysis 

Model 

Usual Storage 26.70 (87.6) 7.34 7.23 

PMF 28.05 (92.0) 6.46 6.40 

9.2 Raised Operating Water Surface Level 

No base separations were indicated for the normal full storage and the PMF conditions.  Base 
separations of 11% and 65% of the base area were indicated for the Level I and Level II 
earthquake conditions respectively. 

Table 9-2 summarizes the results of the stability analysis model for the increased normal 
operating condition, the PMF condition and Levels I and II earthquake loading conditions at the 
higher normal operating reservoir level.  Vertical base stresses at the upstream and 
downstream toes at the potential failure planes are summarized along with the computed shear-
friction factors of safety against sliding. 
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Table 9-2 - Analysis Results 

Bearing Stresses and Shear Friction Factors at the  

Interface of the Ogee Section with the Foundation Rock – Plane 1 

Bearing Stresses –  kPa 
(psi) 

Load 
Case 
No. Description Upstream Downstream  

Shear 
Friction 
Factor 

Min. 
Required

Shear 
Friction 
Factor2 

1 Normal Full  
Reservoir 
Storage  

158 (23)  103 (15) 

 3.16 3.00 

2 Probable 
Maximum 
flood level  

159 (23)  -27 (-4)  3.38 
2.00 

3 -I Normal 
Reservoir 

Storage Plus 
Level I  

Earthquake 
(PGA=0.22g)  

48 (7)  186 (27)  2.24 
1.33 

3 -II Normal 
Reservoir 

Storage Plus 
Level II  

Earthquake 
(PGA=0.41g) 

Base 
separation 
indicated – 

(28% of 
base area)

  

255 (37)  1.76 
1.10 

    

                                                

 

2
 USBR sliding stability criteria 
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Table 9-3 - Analysis Results 

Bearing Stresses and Shear Friction Factors at the  

Interface of the Ogee Section with the Foundation Rock – Plane 2 

Bearing Stresses –  kPa 
(psi) 

Load 
Case 
No. Description

 

Upstream Downstream  

Shear 
Friction 
Factor 

Min. 
Required. 

Shear 
Friction 
Factor3 

1 Normal Full 
Reservoir 
Storage 

179 (26) 235 (34) 3.09 3.00 

2 Probable 
Maximum 
flood level 

193 (28) 62 (9) 3.52 2.00 

3 -I Normal 
Reservoir 
Storage 

Plus Level I 
Earthquake 
(PGA=0.22g

) 

35 (5) 331 (48) 2.17 1.33 

3 -II Normal 
Reservoir 
Storage 

Plus Level II 
Earthquake 
(PGA=0.41g

) 

Base 
separation 
indicated – 

(30% of 
base area) 

462 (67) 1.37 1.10 

 

It should be noted that the shear friction factors along both potential failure planes are actually 
higher for the PMF flood level condition than for the normal full reservoir storage condition.  This 
is due to the high tailwater conditions under the PMF. 

                                                

 

3
 USBR sliding stability criteria 
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9.3 Lateral Stability of Spillway Piers 

The ACP paper describes a preliminary finite element analysis performed to investigate pier 
lateral stability.  The paper states:  “Examining old construction drawings, it seems that no 
reinforcement between the spillway section and the piers was used; only massive concrete 
dumped from cars into chutes was used.” Further discussions with ACP on the reinforcement 
issue have determined that the piers have no steel reinforcement.  (De Puy 2004) 

Earthquake forces in the lateral direction would induce high bending stresses in the piers with 
maximums at the ogee crest level.  The bending stresses would probably be higher than could 
be resisted by the tensile strength of the concrete alone.  Except in the design of very massive 
structures, tensile strength of concrete is usually neglected (assumed to be zero) and 
reinforcement must be provided. 

This issue is under investigation and will be addressed in conceptual design of spillway 
modifications required to raise the maximum lake operating level.  Conceptually, the 
remediation plan would probably involve retrofitting steel reinforcement in the form of drilled 
tendons in the piers to alleviate tensile stresses in the concrete and a heavy strut or truss work 
to restrain the top of the piers against lateral movement. 

1100  FFIINNDDIINNGGSS  

Our findings are summarized as follows: 

1. The results of the current stability analysis compare well with those of the recent ACP 
analysis, indicating that the current stability analysis model and loading cases for the two 
analyses are substantially the same.  

2. The Gatun spillway can satisfy overall sliding and overturning stability criteria under the 
normal operating reservoir storage condition if the maximum operating level is increased 
up to El. 27.44 m (90.0 ft). 

3. The Gatun spillway can also meet these stability criteria for a PMF reservoir level of El. 
28.05 m (92.0 ft.). 

4. Under the Level I and Level II earthquake conditions the total horizontal driving force is 
substantially increased but since the minimum required shear friction factor of safety 
against sliding is much lower for the transient earthquake condition, the sliding stability 
criterion can still be met. 

5. Under the Level II earthquake conditions a base separation with an accompanying 
modest increase in foundation bearing stresses is indicated.  Even considering the 
separation, the shear friction factors of safety remain within acceptable limits. 

6. Within the spillway structure, there appears to be an existing lateral stability issue in the 
existing piers due to seismic loading and lack of vertical reinforcement.   
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1111  RREECCOOMMMMEENNDDAATTIIOONNSS  

Our recommendations are as follows: 

1. Since stability analyses of Gatun Spillway indicate that it is feasible to increase the 
maximum normal operating level of Gatun Lake and still satisfy overall sliding and 
overturning stability criteria for the spillway control structure, we recommend that ACP 
consider a modest increase in operating level of Gatun Lake in the range of El. 26.44m 
(87.5 ft) to El 27.73 m (90.0) ft. 

2. The design of the existing gates and operating systems are obsolete and these facilities 
have exceeded their expected physical design lives.  ACP should plan for modernization 
of this equipment. The issue of the proposed increase in normal maximum operating 
level can be addressed within the design of the replacement equipment. 

3. Due to the importance of Gatun Dam and Spillway to the continued safe operation of the 
Panama Canal, a complete Potential Failure Modes Analysis (PFMA) is recommended.   
A PFMA involves identification and examination of "potential" failure modes for an 
existing dam/spillway system.   It is based on a review of all existing data and 
information, first hand input from field and operational personnel, site inspection, 
completed engineering analyses, identification of potential failure modes, failure causes 
and failure development and an understanding of the consequences of failure. The 
PFMA is intended to provide enhanced understanding and insight on the risk exposure 
associated with the dam/spillway system.   The issue of the proposed increase in normal 
maximum operating level can be addressed within the context of the PFMA. 

4. Based upon the results of the PFMA, a Performance Monitoring Program (PMP) should 
be developed to augment ACP’s existing dam safety and inspection program.  The PMP 
defines the appropriate monitoring for the water retaining structures based upon the 
PFMA.  An integral part of the PMP is the integration of ACP’s operation, maintenance 
and inspection programs.  The integration of a PFMA with a PMP, results in a very 
efficient and effective dam safety program. With the knowledge, vision, and 
understanding gained from a PFMA, the PMP is highly effective. The added value to 
dam safety includes:  

 

Uncovering data and information that corrects, clarifies, or supplements the 
understanding of potential failure modes and scenarios  

 

Identifying the most significant potential failure modes;  

 

Identifying risk reduction opportunities;  

 

Focusing instrumentation, monitoring and inspection programs so they provide 
information about the potential failure modes that present the greatest risk to the 
safety of the dam and spillway;  

 

Developing operating procedures to assure that there are no weak links that 
could lead to mis-operation failures.  

 

Enables ACP’s financial resources to be applied to dam safety in an 
appropriately-targeted, cost-effective manner.  
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5. It is our understanding that ACP intends to address the existing lateral stability issue in 
the piers through additional finite element modeling of the existing structure.   
Conceptually, we also intend to address this issue in developing preliminary designs of 
spillway modifications required for raising the maximum operating lake level, so that this 
can be incorporated into rehabilitation plans for the structure.  
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Review of Seismic Hazard and Seismic Design Recommendations 



              
May 19, 2004  

Autoridad del Canal de Panama 
Canal Capacity Projects Division 
Building 601 
Corozal Oeste, Republic of Panama  

Attn.: Mr. José Pascal, Technical Lead and Point of Contact:  

RE:  Contract SAA-126161   Flood Mitigation Program for Gatun Lake   
Revised Draft Memorandum – Review of Seismic Hazard 
Information and Recommendations  

Dear Mr. Pascal: 

This revised draft memorandum summarizes the project team’s review of the seismic hazard 
information and recommendations for seismic motion criteria that should be used in design.  
Please see the attached memorandum from Golder Associates outlining this information. 

In the event that you have any questions or comments concerning this draft memorandum, 
please do not hesitate to call me at 410-563-7300.  

Yours sincerely, 
MOFFATT & NICHOL ENGINEERS  

for 
Michael G Horton, P.E., Vice President 
Project Manager
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DRAFT TECHNICAL MEMORANDUM  

TO: Johnny D. Martin, PE. MOFFATT & NICHOL DATE:  18 May 2004

 

FR: Alan Hull, Ph.D., R.G., Senior Earthquake 
Consultant, Golder Associates, Irvine, CA, USA 

OUR REF: 043-3718.001

 

RE: REVIEW OF SEISMIC HAZARD AND PRELIMINARY SEISMIC DESIGN 
RECOMMENDATIONS FOR GATUN LAKE, PANAMA CANAL ZONE, PANAMA  

1 BACKGROUND 

This technical memorandum reviews and summarizes information available to develop design 
earthquake ground motions at Gatun Dam, Panama Canal Zone, Panama.  The review is part of 
Task 3—Geology, Geotechnical and Seismological Studies developed in response to Autoridad 
del Canal de Panama (ACP) Solicitation No. SAA-183011 by Moffatt & Nichol, Golder 
Associates (Golder) and Christensen Associates in November 2003.  The purpose of this review 
is to determine the suitability of existing seismic hazard information for the analysis and design 
of a proposed new spillway at Gatun Dam. 

Golder’s review is an office-based evaluation of existing information.  No field investigations of 
earthquake fault sources, reanalysis of earthquake catalogs or analysis of strong motion records 
were undertaken.  Unpublished maps, reports and PowerPoint presentations made available by 
ACP were the principal sources of seismic hazard information.  Some maps and reports were 
obtained from the open literature. 

2 ACTIVE TECTONICS OF PANAMA 

Panama lies at the junction of the Caribbean, Nazca, South American and Cocos tectonic 
plates—four of about 15 tectonic plates that comprise the Earth’s lithosphere.  Panama is 
located on the South American plate and consists of a relatively rigid geological block of 
continental crust (Panama Block).  The Panama Block was rotated and reorganized between 
about 25 and 7 million years ago (Kellogg and Vega, 1995).  At present, the Nazca plate to the 
south and Caribbean plate to the north are actively underthrusting at an oblique angle the South 
American plate beneath Panama.  Relative to Panama, the Nazca plate is moving at about 50 
mm/year northeastward, while the Caribbean plate is moving about 15 mm/year southeast 
(Cowan et al. 1998).  These relative movements result in ongoing deformation of the Panama 
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block, particularly at its edges in offshore regions to the north and south of Panama.  Movement 
along faults, growth of folds, and ongoing volcanism generate moderate to large earthquakes 
that are regularly felt in many parts of Panama. 

2.1 Historical Seismicity 
Panama has an historical record of earthquakes and their associated damage to structures and 
loss of life caused by strong ground shaking and tsunami inundation.  The historical record of 
earthquakes extends back to the 16th Century, but reliable accounts are sparse until about the 
19th Century (Cowan, 2001).  Cowan (2001) provides summary descriptions of 18 significant 
earthquakes reported from Panama since the late 19th Century.  The largest known historic 
earthquake occurred on September 7, 1882. The earthquake epicenter was located offshore of 
the Caribbean coast of Panama near Colon and San Blas Islands.  Mendoza and Nishenko 
(1989) and Camacho and Viquez (1993) provide detailed descriptions of the seismology and 
effects of this M 7.7-8.0 earthquake. 

The Preliminary Determination of Epicenters (PDE) earthquake catalog maintained by the U.S. 
Geological Survey contains records of 66 earthquake epicenters recorded within 100 km of 
Gatun Dam since 1973.  Cataloged earthquakes are only available for the Panama region since 
about 1987.  Two M 5 earthquakes in August and October 2003 at epicentral distances of about 
10 km and 50 km, respectively, are the largest events in the PDE catalog.  Both these 
earthquakes were at a moderate depth of about 50 km. 

2.2 Active Faulting 
Quaternary-age (last 1.6 million years) faults and their general past activity were summarized 
for Panama in the 1:750,000-scale map of Cowan et al. (1998).  In an inset to this map (Figure 
1), Cowan et al. (1998) show the location of known and inferred faults in the Panama Canal 
basin.  Fault location and activity information is very limited for the Panama Canal basin. 

Schweig et al. (1999) provide further details on the location and activity of faults important to the 
seismic hazard of the Panama Canal Zone.  They reported results of reconnaissance-level field 
investigations on several faults, including the Rio Gatun fault that is inferred to be located about 
13 km from Gatun Dam.  Schweig et al. (1999) also investigated the potential for surface rupture 
on small faults close to and beneath the dam.  These faults were identified by Franceschi (1992) 
in a comprehensive assessment of the geology of the Gatun Dam site. 

. 
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Figure 1:  Cowan et al. (1998) map of faults within the Panama Canal Zone, Panama.  PA-13a 
= Unnamed fault south of Palmas Bellas PA-13b = Rio Gatun fault; PA-14 = 
Unnamed Fault System.  Solid line indicates faults are continuous, dashed lines 
indicate the fault is inferred.  Important seismic hazard parameters for some of these 
faults are shown in Table 1.  

Pratt et al. (1999) reported the results of high-resolution seismic reflection in Limon Bay and 
beneath Gatun Dam and Gatun Locks.  They investigated the potential for moderate 
earthquakes and associated surface displacement on the faults close to and beneath Gatun 
Dam reported by Franceschi (1992) and Schweig et al. (1999).  While Pratt et al. (1999) 
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confirmed the location and offset on numerous faults in Tertiary-age rocks beneath Limon Bay, 
all but one fault showed no disturbance of Holocene-age marine deposits.  One fault did show 
disturbance of lower marine mud, but not upper mud layers.  Pratt et al. (1999) found no direct 
evidence for surface faulting near Gatun Dam in the last 6,000 years. 

Schweig et al. (1999) and Cowan (2001) presented detailed descriptions of fault locations, 
available evidence for past activity and inferred earthquake recurrence intervals for faults in the 
Panama Canal Zone.  Their work is an up-to-date summary the current state of knowledge for 
faults and earthquake sources significant to the seismic hazard of Gatun Dam.  Table 1 
summarizes available information for faults within about 50 km of Gatun Dam.  

Table 1:  Parameters for Faults Near Gatun Dam, Panama Canal Basin 

Fault or 
Fault 
Zone 

Name1 

Fault 
Type2 

Length 
(km) 

Estimated 
Average 
Slip Rate 
(m/1000 
years)3 

Estimated 
Recurrence 

Interval 
(1000 

years)3 

Estimated 
Maximum 

Earthquake 
Magnitude3 

Distance 
From Gatun 
Dam (km)4 

Unnamed 
Fault 

? 8 ? ? ? 6 

Rio 
Gatun 

N/SS 40 < 1 10-20 6.8 13 

Palmas 
Bellas 

N 9 ? ? ? 14 

Limon  N/SS 23 < 1 10-20 6.5 34 

North 
Panama 
Deformed 
Belt 

T/N > 900 ~ 10 0.33-1 7.7 35 

 

Notes: 
(1) Fault names after Cowan et al. (1998) and Cowan (2001). 
(2) N = Normal; SS = Strike slip; T = Thrust. 
(3) After Schweig et al. (1999) and Cowan (2001). 
(4) As measured from Figure 1. 
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Available studies of faults indicate that while some faults are known within the Panama Canal 
basin, there are few data to constrain accurately their locations and late Quaternary activity 
rates.  Petersen et al. (2003) recognized that lack of quantitative data on past activity on faults is 
a major limitation to the assessment of earthquake ground motions in the Panama Canal Zone.  
This view is supported by the Seismic Advisory Board (2003).  The Board recommended that 
further investigations of faults should start immediately.  Golder agrees with the Seismic 
Advisory Board (2003) and others, that more detailed evaluation of fault activity is required to 
improve the estimate of seismic hazard at Gatun Dam.  Indeed, without these data, seismic 
hazard estimates for Gatun Dam cannot be significantly improved. 

3 ESTIMATED EARTHQUAKE GROUND MOTIONS 

3.1 Deterministic Seismic Hazard Assessment 
Deterministic seismic hazard assessment (DSHA) seeks to identify the maximum credible 
earthquakes (MCE) that will affect a site.  The MCE is the largest earthquake that appears 
possible along a recognized fault under the presently known or presumed tectonic framework.  
A controlling MCE is the MCE that will cause the most severe consequences at the site.  Many 
small and moderate magnitude earthquakes occur without clear association with known 
geological faults.  In DSHA these are also background or random earthquakes.  DSHA gives 
little consideration to the probability of earthquake occurrence (ICOLD, 1989). 

Schweig et al. (1999), Cowan (2001) provide information on seismic sources based on regional 
tectonic setting, historic and instrumental earthquake record, and major known and potential 
seismogenic faults within about 200 km of the Panama Canal Zone.  These parameters were 
used by ACP to develop a DSHA for components of the Panama Canal Zone, including Gatun 
Dam.  Summary DSHA results are provided in Maloff and de Puys (2004).  The DSHA identified 
three major MCE sources significant to Gatun Dam: 

 

Ms 7.7 thrust earthquake on the North Panama Deformed Belt 35 km from the dam; 

 

M 6.8 earthquake on the Rio Gatun fault 13 km from the dam; and 

 

M 5-6 earthquakes occurring on small, local faults 2 km from the dam. 

Several earthquake ground motion attenuation models were used to estimate peak horizontal 
ground motions in rock (PGA) at Gatun Dam for each earthquake source.  Attenuation 
relationships were selected based on the type of earthquake source.  The Ms 7.7 thrust 
earthquake North Panama Deformed Belt at 35 km distance was determined as the controlling 
MCE for Gatun Dam.  A PGA of 0.55 g calculated from the attenuation relationship of Joyner 
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(1999) is shown by ACP (2004) and Maloff and de Puys (2004) as the design ground motion for 
analysis of seismic stability of the Gatun Dam and spillway.  The Geotechnical Advisory Board 
(2001) agreed with the results of the DSHA and an analysis of its performance under a PGA of 
0.55g.  They concluded that tolerable deformation to the dam would result from a PGA of 0.55g, 
and that dam deformations would not result in a release of the reservoir. 

Golder believes that the selection of a mean plus one standard deviation (84th-percentile) PGA 
is appropriately conservative, particularly given the limited data on seismic sources such as 
active crustal faults and the North Panama Deformed Belt.  The choice of the 84th-percentile 
PGA is consistent with international guidelines (e.g. ICOLD, 1989) for the analysis of large dams 
such as Gatun Dam. 

The PGA of 0.55g reported by ACP (2004) and Maloff and de Puys (2004) was selected based 
on the ground motion attenuation relation of Joyner (1999).  The Seismic Advisory Board (2003) 
(Appendix B) considers that the Joyner (1999) relationship may not be broadly enough based 
for application in a probabilistic model for the Panama Canal Zone.  In the light of the Seismic 
Advisory Board view, ACP may wish to reconsider the use of just the Joyner (1999) attenuation 
relationship in their DSHA.  ACP could choose the controlling MCE PGA based on an average 
84th-percentile value calculated from several attenuation relationships.  Published attenuation 
relationships developed from global records of subduction earthquakes are recommended by 
the Seismic Advisory Board (2003). 

3.2 Probabilistic Seismic Hazard Assessment 
Probabilistic seismic hazard assessment (PSHA) provides estimates for the likelihood that 
ground motions will occur at a given site or region during a specified time period.  PSHA 
considers the probability or frequency of occurrence of the all possible earthquakes from all the 
possible seismic sources that have been identified.  Uncertainties associated with the 
recurrence intervals of earthquake sources and attenuation of earthquake ground motions are 
also incorporated into PSHA.  PSHA can be used to select the site ground motions based on 
the probability of exceedance of a given level of earthquake shaking during the service life of 
the structure or for a given return period. 

Petersen et al. (2003) have completed a PSHA for six sites within the Panama Canal Zone.  
Their work provides a comprehensive and credible study of available earthquake hazard 
information. 

Key components of this study that make it comprehensive include: 

 

Use of a proven and peer-reviewed methodology.  They have used the same 
methodology developed for the 2002 update of the United States National Seismic 
Hazard Maps. 
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Development of a study-specific historical earthquake catalog.  The weaknesses of 
individual local earthquake catalogs were reduced by removal of aftershocks and 
repeated events. 

 
Incorporation and weighting of different earthquake source models and estimates of 
recurrence interval. 

 

Application and equal weighting of six regional and global ground motion attenuation 
relations. 

 

Deaggregation of hazard to determine the principal earthquakes that contribute to 
seismic hazard at each site. 

Petersen et al. (2003) provide hazard curves for a weak rock site at Gatun Dam.  Figure 2 
shows the mean hazard curves for Gatun Dam for PGA, and spectral accelerations at 0.2 
seconds (5hz), 0.5 seconds (2hz), and 1 second (1hz), as determined by Petersen et al. (2003).  
These data indicate that a PGA of 0.15g has a return period of about 500 years, and a PGA of 
0.55g has a return period of about 13,100 years.  These results indicate a moderate level of 
seismic hazard at Gatun Dam.  

The Seismic Advisory Board (2003) regarded this work as competent.  They recommended the 
report’s preliminary design criteria be used by ACP and its contractors. 

3.3 Recommended Design Earthquake Ground Motions 
The level of acceptable risk, including the level of hazard and the seismic performance criteria, 
must ultimately be decided by the owner of a major facility such as Gatun Dam.  The level of 
seismic risk acceptable for Gatun Dam should be considered as part of the ACP’s overall risk 
management strategy. 

The Seismic Advisory Board (2003) recommended two levels of preliminary design ground 
motion for Panama Canal facilities—Level I with a 1000-year return period, and Level II with a 
5,000 year return period.  Level I is the serviceability/operational state.  Level II is the ultimate 
limit state.  
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Figure 2:  PGA and spectral acceleration hazard curves for Gatun Dam, Panama Canal Zone.  
Data from Petersen et al. (2003).  

Table 2 shows mean PGA and spectral accelerations at Gatun Dam for the two design levels 
recommended by Petersen et al. (2003) and the Seismic Advisory Board (2003).  These 
motions are estimated for weak rock sites.  They do not include any effects for soil amplification 
or damping. 

The Geotechnical Advisory Board (2004) agreed with many of the results and recommendations 
of the Petersen et al. (2003) PSHA and the Seismic Advisory Board (2003).  However, they 
noted that it is common practice to use MCE ground motions for design of embankment dams.  
They noted that MCE ground motions consistent with 10,000-year return periods are 
appropriate for the design of embankment dams.  International guidelines such as ICOLD 
(1989) recommend that the controlling MCE ground motions be used as the maximum design 
earthquake (MDE).  The MDE is used for the dam and other critical structures, where failure 
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could result in the uncontrolled release of a reservoir.  An appropriate MDE for Gatun Dam 
would be about 0.55g based on the existing DSHA for Gatun Dam.  

Table 2:  PGA and Spectral Accelerations (SA) Recommended for Gatun Dam 

Design 
Level 

Return 
period 
(years) 

PGA SA 0.1 
sec 

SA 0.2 
sec 

SA 0.5 
sec 

SA 1 
sec 

SA 2 
sec 

I 1000 0.22g 0.42g 0.51g 0.36g 0.19g 0.09g 

II 5000 0.41g 0.78g 0.98g 0.73g 0.39g 0.19g 

 

4 CONCLUSIONS 

(1) Regional and local studies of earthquakes and faults within and surrounding the 
Panama Canal basin have greatly improved knowledge of earthquake hazards at 
Gatun Dam over the last decade.  Most studies are at a reconnaissance level only, 
and have produced few robust data on fault slip rates, recurrence intervals and 
expected earthquake magnitudes. 

(2) The DSHA of Gatun Dam reported by Maloff and de Puys (2004) indicates that an Ms 

7.7 at 35 km from the dam is the controlling MCE.  The PGA (84th-percentile) from 
this earthquake is estimated at 0.55g based on the attenuation relation of Joyner 
(1999).  We recommend that the PGA for the controlling MCE be recalculated using 
the mean value of the 84th-percentile ground motion calculated from attenuation 
relations developed form subduction zone earthquakes.  Based on the guidelines of 
ICOLD (1989), a revised controlling MCE PGA can provide an MDE suitable for 
analysis and design of the Gatun Dam Spillway. 

(3) The PSHA by Petersen et al. (2003) is the most comprehensive seismic hazard 
analysis completed to date for Gatun Dam.  The study is a state-of-the-art analysis of 
available information.  Preliminary design ground motions developed for Gatun Dam 
by Petersen et al. (2003) are suitable for the analysis and design of the Gatun Dam 
Spillway. 

(4) Both the two-level design criteria recommended by Petersen et al. (2003) and the 
existing DSHA of Maloff and de Puys (2004)—with minor modifications—provide a 
basis to select design criteria for Gatun Dam.  The final seismic design criteria for the 
analysis of the Gatun Dam spillway should be selected by ACP based on their level 
of acceptable risk. 
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(5) Deterministic and probabilistic seismic hazard analyses are sensitive to changes in 

input parameters, particularly characteristics of major faults within about 50 km of the 
dam and the selection of earthquake ground motion attenuation relations.  Golder 
concurs with the Seismic Advisory Board (2003) recommendations for the priority of 
further investigations needed to improve seismic hazard assessment for Gatun Dam. 
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RE: REVIEW OF GEOTECHNICAL DATA AND ANALYSIS 
METHODOLOGY AND 
FEASIBILITY ASSESSMENT OF THE PROPOSED RAISING OF 
GATUN LAKE DAMS   

 

1.0 SUMMARY 

This technical memorandum is intended to present our findings and recommendations 
based on our review of data, methodology and analyses performed by ACP and their 
contractors to assess the static and seismic stability of the Gatun Dams, Spillway and 
saddle dams.  The purpose of this review is to assess the applicability of methods used 
for geotechnical engineering assessment of the earth structures and their foundations in 
support of a feasibility study to raise the maximum operating lake level (MOLL) of Gatun 
Lake from 26.7 m to 27.7 m.  Relevant sections of our July 15 and September 17, 2004 
Draft Technical Memoranda have been revised based on on-site discussions held 
between Golder and ACP geotechnical engineering staff, and additional information 
provided during our site visit of August 17th and 18th, 2004, and in September 2004. 

For Gatun Dam, a large number of reports have been prepared by ACP and their 
contractors that present data collected, methodologies used and analyses performed 
relative to evaluating stability of the Gatun Dam under static and seismic conditions.  Our 
review indicates that adequate data have been collected and results of the field 
investigations have been interpreted using acceptable methods and procedures for 
stability analysis of these structures.  We also consider this information to be adequate  
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for a feasibility level assessment of the impact of the proposed raising of Gatun Lake. 
Recommendations have been presented in this memorandum for refinement of analyses 
or to perform additional analyses during the next phase of design.  

ACP concludes in its May 2003 draft report that “the predicted behavior of the Gatun 
dam embankments will not result in a release of the reservoir, and is therefore not a risk 
to the safe operation of the Panama Canal or a hazard to life or property downstream.”  
Golder estimates that raising the maximum operating water level by 1 meter reduces the 
post-earthquake factor of safety of the dam by less than ten percent.  Therefore, for this 
feasibility-level assessment, Golder believes that the incremental risk of releasing the 
reservoir contents as a result of an approximately 1 m increase in the maximum 
operating water level is low.  In this context, Golder believes that ACP’s conclusion 
remains valid for a maximum operating water level 1 meter higher than the current level.  

The existing saddle dams except Cano No. 4 and possibly Cano No. 2 have been 
constructed with relatively flat u/s and d/s slopes.  For this feasibility-level assessment, 
Golder believes that the incremental risk of releasing the reservoir contents through 
saddle dams (except Cano No. 4 and possibly No. 2) as a result of an approximately 1 m 
increase in the maximum operating water level is low.  The stability of Cano No. 4 and 
possibly of Cano No. 2 saddle dams under static and seismic loading conditions should 
be further investigated and confirmed.  Additional field, laboratory, and analytical effort 
will be required to complete these evaluations. 

Based on available data, and visual examinations of rock outcrop at the west abutment 
downstream of the spillway, the bedding orientations, and the plausible failure planes 
considered by Christensen Associates through bedrock, Golder recommends the use of 
a friction angle of F = 350 and a cohesion C = 200 kPa in the analysis of sliding stability 
of the existing spillway structure.  For sliding stability at the rock-foundation interface, 
Golder recommends a friction angle of F = 300 and zero cohesion, for small relative 
deformations.  If required, additional shear strength capacity can be mobilized by 
considering the sliding resistance provided by the concrete slab downstream of the 
spillway and/or the three-dimensional effects of the curved spillway in distributing loads 
to the abutments. 

2.0 BACKGROUND 

This technical memorandum summarizes the findings of our review of available 
geotechnical data, geotechnical design parameters derived from the available data, and 
methodologies used in the assessment of static and seismic stability of the Gatun Dam 
embankments and their foundations.  The review is part of Task 1 – Inventory of 
Structures & Facilities developed in response to Autoridad del Canal de Panama (ACP) 
Solicitation No. SSA-183011 by Moffatt & Nichol, Golder Associates, and Christensen 
Associates in November 2003.   



October 8, 2004 3 043-3718C 

 
The purpose of this review is to identify data gaps and to assess the applicability of the 
methods used by ACP and/or their contractors for geotechnical engineering assessment 
of the earth structures and their foundations in support of a feasibility study to raise the 
maximum normal operating level of Gatun Lake from 26.7 m to 27.7 m.  The stability of 
these structures under seismic loading is expected to be critical and was a primary focus 
of our review.   

A large number of reports were provided by ACP that summarize in detail the factual 
data collected for the site.  The engineering properties of the geologic and manmade 
materials comprising the Gatun Dams together with descriptions of the methodologies 
followed in the seismic assessment of the performance of the embankments comprising 
the dam are summarized in ACP’s report dated May 2003 report.   The engineering 
properties of soils that were used in these analyses are summarized in several of the 
presentations prepared by the ACP staff (ref. Barrelier presentations on site 
characterization and slope stability). 

It should be noted that an independent detailed analysis of the available data, 
calculations to derive and confirm geotechnical engineering design parameters for use in 
stability, deformation, and seismic ground response analyses was outside the scope of 
this specific task. 

It is understood that Level I structures are designed to withstand design earthquake 
ground motions that correspond to a return period of 1,000 years with a firm-ground 
PGA of 0.22 g. Level II structures are designed to withstand design earthquake ground 
motions that correspond to a return period of 5,000 years with a firm-ground PGA of 0.41 
g.  The Gatun Dams are to be designed to withstand MCE ground motions that 
correspond to a firm-ground PGA of about 0.5 g. 

The following sections provide our findings and recommendations based on our review 
of the methodology and results of stability analyses performed by ACP and/or their 
contractors for the west and east Gatun Dams, the Saddle Dams, and the existing 
spillway under static and seismic loading conditions.  An assessment is also provided 
regarding the impact of raising the MOLL 1 m will have on the stability of these 
structures.   

2.0 GATUN DAM 

Gatun Dam impounds the Charges River to form the Gatun Lake.  Gatun Dam is divided 
into the west and east dams by a centrally located spillway.  The dam is approximately 
2,500 m long and the current dam top elevation is about 32 m, which is 3.3 to 4.3 m 
above the raised normal maximum operating level of the lake.  
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The east and west dams are constructed out of sluiced hydraulic fills placed on top of a 
formation known as Atlantic Muck consisting of sandy clay, clayey sand, and sand with 
some clay extending down to depths of some 60 to 90 m (measured from the original 
ground surface) in the old stream channels.  The as-built configurations of the east and 
west dams show upstream and down stream slopes varying from 8H:1V to 11H:1V or 
flatter.   

Available Subsurface Information – In-situ Testing 

Geotechnical boreholes have been drilled, and cone penetration tests and shear wave 
velocity measurements have been carried out to characterize the soils comprising the 
Gatun Dam embankments and their foundations.  Detailed information is available along 
three sections covering portions of the upstream slopes (above reservoir level), the crest 
areas, and the downstream slopes; i.e. along Section B for the east dam and Sections C 
and E for the west dam.  The results of the field investigations have been interpreted 
using acceptable methods and procedures.  

Based on our verbal discussions with ACP staff in August 2004, we understand that it 
has been difficult to identify distinct soil stratigraphic units within the hydraulic fill 
materials.   Although the soil samples recovered from the 1999 field investigation 
program have been examined in detail by the members of the Geotechnical Advisory 
Board and specific laboratory testing have been carried out, for critical projects such as 
this, Golder considers it prudent to obtain continuous vibra-core samples using a Sonic 
drill rig in future field investigation programs to confirm soil stratification.  Such 
techniques have been utilized in the assessment of embankment dams elsewhere. 

In-situ shear wave velocity measurements have been carried out in boreholes located 
along the above-noted cross sections at a total of 7 locations.  The profiles of shear 
wave velocity extend through hydraulic fill zones and Atlantic Muck to the underlying 
bedrock formation.  Shear wave velocities play an important role in ground response 
analyses and form the primary input data that is necessary to characterize site soil 
profile types and fundamental periods of vibration.  The available shear wave velocity 
data is considered to be adequate for the assessment of the Gatun Dam embankments 
and foundations. 

Available Information – Laboratory Strength Testing of Hydraulic Fill and Atlantic Muck 

The Panama Canal Authority (ACP) report dated October 2001 summarizes the results 
of laboratory tests carried out on Atlantic Muck, Hydraulic Fill, and Gatun (Bedrock) 
Formation from the most recent field investigation programs.   The test program included 
soil classification testing, triaxial compression strength testing (UU and CU), direct shear 
strength testing, ring shear strength testing, and 1-D consolidation testing.  Summaries 
of interpreted soil shear strength parameters are given in several presentation reports 
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prepared by ACP staff (ref. Barrelier presentations on site characterization and slope 
stability).      

We concur that the shear strength parameters used in the drained and undrained 
stability analyses reported by Barrelier and Barrelier and Du Puy (2004, 2002) are 
appropriate for the materials comprising the embankments. 

Based on our discussions with the ACP staff, we understand that cyclic triaxial testing 
was attempted on samples recovered from the Atlantic Muck.  We further understand 
that the results of these cyclic triaxial tests have not been considered in the seismic 
stability analysis of the embankments since the results were questionable.   We 
recommend that either cyclic simple shear (preferable) or cyclic triaxial tests be carried 
out to confirm the liquefaction susceptibility of the fine grained silts.  The present 
assessment of liquefaction susceptibility of silts (by ACP) is based on modified Chinese 
criteria that can at times produce questionable results (Atukorala et al, 2000)1. 

Available Information – Laboratory Strength Testing of Gatun (Bedrock) Formation 

There is very limited laboratory strength testing conducted on bedrock samples 
recovered from the different drilling programs.  The available strength data for bedrock is 
described separately in Section 4.0 of this memorandum. 

Methodologies Followed – Static Stability Analysis 

The static stability of the embankment slopes has been evaluated using limit equilibrium 
methods.  The parameters used and the results of the analyses appear reasonable. 

Methodology Followed – Seismic Stability and Deformation Analyses 

The Panama Canal Authority (ACP) report dated May 2003 presents a summary of the 
seismic stability analyses completed for Gatun Earth Dams.  These include limit 
equilibrium analyses with reduced shear strengths for liquefiable soils as well as large 
deformation analyses using 2D finite element and finite difference models.  In both 
cases, the effects of inertia forces have not been considered in the analyses. 

The results of ground response analyses using 1-D programs such as WESHAKE 
especially for PGA’s in excess of about 0.3 g, need to be evaluated to confirm that the 
computed shear strains are within the range of validity of modulus reduction and 
damping curves and that the shear stresses induced are not in excess of the shear 
strength of the soft fine-grained soils. 

                                                

 

1 Upul Atukorala, Dharma Wijewickreme, and Norman Mccammon, 12th World Earthquake  Engineering 

Conference, New Zealand, 2000 entitled “Some Observations Related to Liquefaction Susceptibility of 

Silty Soils”. 
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ACP may wish to update its work with a dynamic analysis of the hydraulic fill 
embankment and the foundations using suitable time history input applied at bedrock 
level and allowing for sequential liquefaction of various soil zones (rather than pre-
assigned zones) to compute the full impact of the design earthquake ground motions.  It 
would also be prudent to conduct coupled stress and fluid flow analyses of the earth 
structure to assess the effects of re-distribution of excess pore water pressures and 
migration of water and the resulting softening and reductions in strength.  Stress-strain 
modules that can simulate these behaviors have already been developed and are in use, 
and these models have been used to back analyze the failure of San Fernando dam. 

Findings 

Our review indicates that adequate subsurface data exists for a feasibility level 
assessment of the impact of the proposed raising of Gatun Dam on static and seismic 
performance of the hydraulic fill and the underlying foundation soils.  

There is limited strength data available for the bedrock formation.  The strength of 
bedrock is not expected to control the stability of the dam.   

The methodologies used in the analysis of the performance of the embankments and 
foundation soils can be better documented.  The methods utilized are inferred to be 
reasonable.  Golder believes that more rigorous numerical simulations are warranted in 
the next phase of design to fully assess the impact of seismic loading on the 
performance of the embankments comprising hydraulic fill materials.     

ACP concludes in its May 2003 draft report that “the predicted behavior of the Gatun 
dam embankments will not result in a release of the reservoir, and is therefore not a risk 
to the safe operation of the Panama Canal or a hazard to life or property downstream.”  
Golder estimates that raising the maximum operating water level by 1 meter reduces the 
post-earthquake factor of safety of the dam by less than ten percent.  Therefore, for this 
feasibility-level assessment, Golder believes that the incremental risk of releasing the 
reservoir contents as a result of an approximately 1 m increase in the maximum 
operating water level is low.  In this context, Golder believes that ACP’s conclusion 
remains valid for a maximum operating water level 1 meter higher than the current level.  

Recommendations for Future Evaluations 

Cyclic laboratory strength testing should be undertaken to confirm the screening level 
assessments completed for the fine grained soils using modified Chinese criteria.  Such 
test results would also provide additional information on the post-cyclic stress-strain-
strength response of the embankment and foundation soils. 
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Consideration should be given to carrying out 2D dynamic coupled stress-flow analyses 
to assess the effects of sequential liquefaction of soils and re-distribution of excess pore 
water pressures. 

3.0 SADDLE DAMS 

There are 22 natural and 3 man-made saddle dams whose current crest elevations vary 
from 28.4 m to 43.3 m that retains the water in Gatun Lake.  Based on available 
information, it is inferred that a majority of the saddle dams are supported on bedrock 
and their heights vary from about 1.3 m to slightly in excess of 14 m above rock level 
(Ref. Moffat& Nichol, Golder, Christensen letter dated April 29, 2004). 

During our August 2004 site visit, ACP staff provided Golder with copies of borehole logs 
drilled at each of the saddle dams and information on embankment slopes.  Boreholes 
have been drilled in the 1970s, and recently in 1999.  The latter drilling program was 
completed to obtain additional information on Cano No. 4 saddle dam. 

The available data on upstream and downstream slopes of each of the saddle dams and 
top of sound rock at each location are summarized in Table 3-1 below: 

Table 3-1: Summary of Saddle Dam Information 

Name Average 

U/S Slope 

Average D/S 

Slope 

Top of Sound Rock 

Elevation (m) 

Remarks 

Lagarto No. 1 1V:10H 1V:20H 27.4  

Lagarto No. 2 1V:12H 1V:15.5H 27.4  

Lagarto No. 3 1V:15H 1V:10H 25.9  

Cano No. 1 1V:6H 1V:6H 24.7  

Cano No. 2 1V:1.1H 1V:1.5H 23.5 Steeper Slopes. Man-made. 

Cano No. 3 1V:4H 1V:4.7H 23.5 Steeper Slopes.  Man-made. 

Cano No. 4 1V:2.5H to 

1V:3H 

1V:1.5H to 

1V:4.5H 

14.9 Previous d/s slope failure (1933).  

Recent studies by ACP indicate 

top of sound rock at 0 to 7 m 

elevation.  Man-Made. 

Cano No. 5 1V:14H 1V:13H 22.9  

Cano No. 6 1V:22H 1V:14H 15.2  

Arroyo No. 1 1V:11H 1V:35H 27.4  

Arroyo No. 2 1V:12H 1V:10H 22.6  

Arroyo No. 3 1V:45H 1V:16H 24.4  

Arroyo No. 4 1V:12H 1V:8H 24.4  

Arroyo No. 5 1V:11H 1V:17H 19.2  

Arroyo No. 6 1V:7.5H 1V:9H 22.3  



October 8, 2004 8 043-3718C 

 
Escobal No. 1 1V:4H 1V:12H 27.4  

Escobal No. 2 1V:9H 1V:60H 25.6  

Escobal No. 3 1V:38H 1V:6H 25.3  

Baro No. 1 1V:7H 1V:10H 37.5  

Baro No. 2 ? ? ? Information unavailable. 

Baro No. 3 ? ? ? Information unavailable. 

Canoa No. 1 1V:4H 1V:5H 35.1  

Canoa No. 2    

Canoa No. 3 ? ? ? 

Information on slopes and top of 

sound rock unavailable. 

Egranol No. 1 ? ? 36.6 Information on slopes unavailable 

 

We understand that a downstream slope failure occurred in Cano No. 4 in 1933 under 
static loading conditions at high lake water level.  Since then, this saddle dam has been 
monitored and additional field investigations have been completed to assess the static 
and seismic stability.  Four boreholes have been drilled along the crest of the dam to 
investigate subsurface soil conditions.    The cause of failure has not been identified. 

Minutes of the Geotechnical Advisory Board Meeting No. 9 (Section 4.3) refer to static 
and seismic stability issues related to this specific saddle dam.  The minutes state that 
upon detailed review of the boring logs, the Board is of the view that the El Cano Saddle 
Dam No. 4 does not contain potentially liquefiable soils and that post-earthquake 
movements will not result in a loss of containment. 

Findings 

It is envisaged that only minor raising of a few of the saddle dams (Cano No. 5, possibly 
Cano No. 6) may be required to provide the required free-board resulting from a 
maximum normal operating lake level of 27.7 m elevation.  

Based on Golder’s review of the information contained in the PowerPoint presentation 
and our understanding of the historical performance of this specific saddle dam, we have 
the following comments: 

1. The static failure that occurred in 1933 should be back-analyzed to confirm that the 
strength parameters used by ACP staff in stability analyses are appropriate.  The 
shear strength of soils along previously failed surfaces may be smaller than the 
available shear strength in other zones.  

2. The index test results of disturbed samples of soil collected from the 1999 field 
program indicate that the soils between depths of about 5 and 13 m below the crest 
of the dam exhibit lower plasticity, moderately high liquidity indices, and low SPT 
blow counts, all of which are indicative of problematic soil behaviour with regards to 
shear instability. 
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3. The soil stratigraphy (i.e. horizontal layering) considered in the stability analyses may 

not be representative of the actual site conditions. 
4. Potential exists for soil liquefaction and/or softening, and large shear deformations to 

occur encompassing a significant portion of the saddle dam that could impact its 
functionality.  

In summary, the seismic stability of the Cano No. 4 saddle dam remains a concern at 
this point in time and needs to be confirmed.  Similar instability concerns may exist at 
Cano No. 2 which has been constructed with relatively steep u/s and d/s slopes using 
similar construction materials and practices.  

The remaining saddle dams have considerably flatter u/s and d/s slopes and sound rock 
has been encountered either above the maximum operating pool elevation or a few 
meters below it (at most locations).  We therefore confirm that major instability problems 
do not exist in the remaining saddle dams that can lead to loss of freeboard and release 
of reservoir contents.  Localized failure of slopes involving several meters of ground 
movement is, however, likely under the design seismic loading conditions.  

It is noted that if the existing saddle dams (except Cano No. 2 and Cano No. 4) are 
seismically stable, for this feasibility-level assessment, Golder believes that the 
incremental risk of releasing the reservoir contents as a result of an approximately 1 m 
increase in the maximum operating water level, is low. 

Recommendations for Future Evaluation 

Both static and seismic loading induced failure/deformations of Cano No. 4 and possibly 
of Cano No. 2 need to be further evaluated with supplementary field programs and 
specialized laboratory test programs to confirm that there is no risk of loss of freeboard 
and release of reservoir contents. 

Additional field investigations (preferably using CPT equipment) should be undertaken to 
confirm the soil stratigraphy perpendicular to the dam alignment and to confirm the static 
and seismic stability of the slopes comprising the above-noted saddle dams.   Cyclic 
laboratory testing should be undertaken to confirm the liquefaction potential and strain 
development potential of soils between 5 and 13 m below crest level encountered at 
Cano No. 4 Saddle Dam.   

Geotechnical remedial measures may need to be implemented for Cano No. 4 and 
possibly for Cano No. 2 to improve the stability and performance of these two saddle 
dams.  
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4.0 EXISTING SPILLWAY 

The existing spillway is supported on a bedrock high located between the east and west 
Gatun Dams.  In order to provide the necessary foundation resistance to prevent lateral 
sliding of the spillway, the foundations are provided with shear keys that extend into 
bedrock several meters.   

The existing Gatun spillway is approximately 20 m in height towards the middle and is 
keyed into bedrock via a series of shear keys.  A single shear key is provided at the 
abutments, whereas several shear keys are provided for the sections between the 
abutments.  The foundation-spillway structure contact is in the form of a series of steps 
(Ref. Figure 5, Preliminary Report on The Seismic Adequacy of the Gatun Spillway by 
WES, July 2001).  It has also been reported that based on drilling carried out through the 
concrete spillway, the contact between the structure concrete and the rock formation is 
tight.  

Since the foundations are keyed into bedrock, the predominant mode of sliding will 
potentially involve shear failure through bedrock.  Consequently, the shear strength 
parameters of bedrock play an important role in the assessment of both static and 
seismic stability of the existing spillway.   

According to the available reports that describe the site geology, bedrock consists of 
fine-grained argillaceous and calcareous sandstone, with interbedded dense tuffs and 
conglomerates.  These geologic materials belong to what is known as the Gatun 
Formation.   Typical unconfined compression strength of bedrock is reported to vary 
from 1 to 2 MPa. 

The results of borehole/geophysical investigations completed by WES in December 
1996 and in 2001 indicate that the upper 0.3 m to 6 m of bedrock is weathered, 
fractured, and contains fault zones depending on location.  Sound bedrock exists below 
the weathered/fractured/faulted zones.  

Golder has reviewed the available data on shear strength characteristics of bedrock.   In 
addition, we have examined regional bedding features in bedrock and carried out limited 
bedrock mapping of exposed bedrock on the west abutment downstream of the spillway.  
This outcrop was characterized by medium light to medium gray, fresh to slightly 
weathered, medium strong,  fine-grained to medium-grained, sub angular, feldspathic, 
moderately well cemented sandstone with irregularly shaped (3" to 8" max. dimension), 
rounded, medium-grained nodules of very light gray sandstone.  Bedding in the 
sandstone is oriented N75°E, 6°NW.  Two through-going joint sets were also observed: 
E-W, 84°N (strike joint); and N20°E, 82°NW. 
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The above information indicate that sandstone dips downstream along the centerline of 
the spillway chute and any plausible failure surface will involving shearing across 
bedding planes.  

Laboratory Strength Testing of Bedrock 

Laboratory strength testing of bedrock has been carried out as part of the previous 
geotechnical investigations completed for the site.  These primarily include direct shear 
(DST) and ring shear (RST) testing of both “remolded” and “undisturbed” samples of 
sedimentary bedrock.  Remolded samples of bedrock have been tested since the ACP 
direct shear device cannot accommodate testing of undisturbed samples of bedrock.   

The following provides a summary of the laboratory testing that is in Golder’s 
possession.  

Boring 

Number 

Depth Sample 

No. 

Type of Test 

& Stress 

Range 

Type of Sample 

and Rate of 

Testing 

Reference 

GDS-7 ~ 41 

m 

#17 DST, 100 to 

790 kPa 

Siltstone, 2.2 

mm/min.  May 

have been 

“undisturbed”. 

Geology of the Gatun Dam 

Site, October 1992 

GSIA-3 ~ 5 m n.a. DST, 100 to 

790 kPa 

Sandstone, 0.003 

mm/min, 

“undisturbed” 

sample 

Summary of Results on 

Atlantic Muck, Hydraulic 

Fill, and Gatun Formation, 

October 2001. 

TA2-4 ~ 27 

m 

n.a. DST, 50 to 

500 kPa 

Sandstone, 0.003 

mm/min, 

“remolded” 

sample.  

- ditto- 

GSIA-3 ~ 5 m n.a. RST, 50 to 

790 kPa 

Sandstone, 0.036 

mm/min, 

“remolded” 

sample.  

- ditto - 

TA2-4 ~ 27 

m 

n.a. RST, 50 to 

790 kPa 

Sandstone, 0.036 

mm/min, 

“remolded” 

sample.  

- ditto - 

 

The reported Mohr-Coulomb shear strength parameters, obtained via “best fit” curves, 
are as follows:  
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Peak Strengths Residual Strengths Boring 

Number 

Depth Sampl

e No. 

Type of Test 

& Stress 

Range F 

(Deg) 

C (kPa)

 
F (Deg)

 
C (kPa) 

GDS-7 ~ 41 m #17 DST, 100 to 

790 kPa 

7* 175* 40* 0* 

GSIA-3 ~ 5 m n.a. DST, 100 to 

790 kPa 

47 205 - - 

TA2-4 ~ 27 m n.a. DST, 50 to 

500 kPa 

31 21 - - 

GSIA-3 ~ 5 m n.a. RST, 50 to 

790 kPa 

31 5 16 16 

TA2-4 ~ 27 m n.a. RST, 50 to 

790 kPa 

29 3 20 9 

 

Note: * these parameters were interpreted by Golder.  

Atterberg test results have been carried out on three samples tested from boreholes 
GSIA-3 and TA2-4.  Two of the data points plot below the A-line and the third data point 
plots above the A-Line in the Plasticity Chart indicating that the materials consist of 
inorganic silts of medium compressibility and inorganic clays with high plasticity.  
Gradation results indicate 10 to 35% fines passing No. 200 sieve.  

Shear Strength Parameters Used in Engineering Analyses (by others)  

Although laboratory strength testing has been carried out on samples of sandstone 
bedrock comprising the Gatun Formation, engineering analyses completed to date (by 
others) make no direct reference to the strength data.  It is reported that there is 
uncertainty as to the nature of the contact surface between the foundation rock and the 
structure as well as the actual strength/cohesion of bedrock forming the foundation.  It is 
further reported that test results of rock core from the rock matrix may not represent the 
rock itself which is weakened by bedding and joints.  

Slope stability analyses have been carried out (by others) for the West and East Dams 
using an angle of internal friction (F ) of 45 degrees and an effective cohesion (C) of 43 
kPa for bedrock.  

Engineering analyses have been carried out (by others) to assess the stability of the 
Gutan Spillway.  These analyses use shear strength parameters that are representative 
of an angle of internal friction (F ) of 30 degrees and an effective cohesion (C) of about 
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700 kPa.  It is reported that these values are based on published literature on shear 
strength data for sandstone bedrock.  

Findings  

The following are our findings from the laboratory test results presented in the various 
reports for the Gatun Formation:  

 

Strength data from Direct Shear tests carried out on a single undisturbed sample of 
sandstone indicates that the peak shear strength can be represented using an angle 
of internal friction (F ) of 47 degrees and an effective cohesion (C) of 200 kPa.  This 
strength will likely be mobilized with lateral relative deformations of less than 5 mm.  

 

Strength data from Direct Shear and Ring Shear tests carried out on three remolded 
samples of sandstone indicate that the shear strength can be represented using an 
angle of internal friction (F ) varying from 27 to 33 degrees.  No cohesion (C) should 
be included for strengths at large deformation levels as the soil structure effects will 
be destroyed.  These strength parameters will likely be applicable for lateral relative 
deformation levels varying from 5 to 15 mm.  

 

Strength data from large strain Ring Shear tests carried out on two remolded 
samples of sandstone indicate that the shear strength can be represented by a much 
reduced angle of internal friction (F ) varying from 15 to 20 degrees with no apparent 
effective cohesion (C).  These residual shear strength parameters will likely be 
applicable for very large lateral relative deformation levels well in excess of 100 mm 
or so.  

In light of visual examinations of outcrop at the west abutment downstream of the 
spillway, the bedding orientations of bedrock, and the plausible failure planes considered 
by Christensen & Associates Ltd., it is our assessment that a friction angle of F = 350 

and a cohesion C = 200 kPa are appropriate for the analysis of sliding stability of the 
existing spillway structure. 

A friction angle of F = 300  with zero cohesion is appropriate for the analysis of interface 
sliding occurring along the contact between the spillway and bedrock, when the relative 
deformations are small (of the order of a 5 to 15 mm). 

If large relative movements (of the order of 100 mm or more) are predicted to occur 
along spillway foundation – bedrock interface, the available shear strength may be less 
than specified above.  

It is Golder’s assessment that strength parameters of F = 300 and C = 700 kPa in the 
analysis of sliding stability of the existing spillway, such as used by others in previous 
studies, cannot be justified without confirmatory testing and/or detailed field 
investigations.    
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If additional strength capacity is required, it is may be prudent to combine the sliding 
resistance contribution from other structural elements; i.e. the thick r/c slab immediately 
downstream of the spillway, in the analysis of sliding stability of the existing spillway.  

Recommendations for Future Evaluations  

Additional field investigations and laboratory testing are recommended to confirm the 
shear strength characteristics of bedrock for the assessment of the sliding stability of the 
existing spillway during final design.  

5.0 CLOSURE 

We trust that the contents of this technical memorandum meet with your immediate 
requirements.  If you have questions or need clarification of the contents, please do not 
hesitate to contact the undersigned. 

Yours very truly, 

GOLDER ASSOCIATES LTD. 

Upul D. Atukorala, Ph.D., P. Eng. 
Principal 
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May 3, 2004  

Autoridad del Canal de Panama 
Canal Capacity Projects Division 
Building 601 
Corozal Oeste, Republic of Panama  

Attn.: Mr. José Pascal, Technical Lead and Point of Contact:  

RE:  Contract SAA-126161   Flood Mitigation Program for Gatun Lake   
Final Memorandum – Recommendations for Topographic and 
Geotechnical Field Program for Proposed Spillway Site(s)  

Dear Mr. Pascal: 

This final memorandum summarizes the project team’s recommendation for the topographic 
and geotechnical field investigations to be carried out by ACP for the proposed spillway site(s) 
based on the information collected by the project team to date.  Another memorandum will be 
submitted next week outlining the selection of the proposed spillway sites.  Suffice it to say at 
this point, however, that the selection of the preferred site(s) was based upon the hydraulic 
capacity of the receiving channels and the associated channel distances to the ocean, the 
population density surrounding the receiving channels, and the likely scale of excavation 
required to make each site workable.  After this preliminary analysis was completed, we were 
left with the proposed spillway sites shown in figure attached to Christensen Associates letter.  
The recommended field program for both topographic and geotechnical information is outlined 
below.  

PROPOSED TOPOGRAPHIC SURVEY FIELD PROGRAM 

Please see the attached letter from Christensen Associates for the topographic survey 
requirements for the proposed spillway site(s).  In addition, to the previous requests, John 
Christensen has added a request for soundings upstream and downstream of the current 
spillway (now that the geophysical work will be completed at a later design phase) and any 
topographic information concerning a scour hole at the outlet of the discharge channel. 
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In addition to the survey requirements outlined in the Christensen letter, we also request that a 
series of cross-sectional surveys be completed downstream of the current dam along the 
Chagres River.  The reasoning for these cross-sections is that in order to complete the 
preliminary design of the spillway, the tailwater rating curve of the receiving stream must be 
known.  In order to calculate the tailwater curve, downstream survey cross-sections are 
required.  The IFSAR topography does give some coverage downstream of the dam, but the 
reported accuracy is only 3 meters and the dataset that we currently have does not cover the 
Chagres River all the way to the ocean.  Therefore, in order to develop an accurate tailwater 
curve for use in the design of the proposed spillway, the project team recommends that 
surveyed cross-sections be taken at the locations shown in the figure on the next page.  This 
will also give us an opportunity to ground-truth the IFSAR data against accurate data.   

As for the river cross-sections to be collected, we have run some very quick estimates of the 
flows that the Chagres River may now receive with two spillways and it seems that if we could 
receive topographic information up to an elevation of 40 feet above the current river top of bank 
elevation, this would be sufficient.  We would also propose shifting the long section at Rio 
Mojinga to give us an idea of how wide the mouth of the swamp is (as shown in the attached 
figure).  This section along with a few cross-sections collected across Gatun Road (from bottom 
of swamp to up to and across roadway and down again to bottom of swamp - also shown in 
attached document) would give us a good enough idea of how the swamp elevation changes 
across the swamp (at this feasibility design stage) without having the survey crew hack through 
miles of dense vegetation. 

In addition to the cross-sections, we also request that the top of road elevation and bridge 
elevations be collected for Gatun Road (heading toward Fort Sherman) for the area shown on 
the figure.  This data is needed to estimate impacts of releasing the additional water within the 
Chagres River to determine if this road and/or bridges along it would be impacted. 

Lastly, any mapping that shows the Mindi and Mojinga dikes discussed in the 1945 Randolph 
report is also requested.  The reasoning for asking about these dikes is that if the Rio Chagres 
will be receiving all this additional flow, we will need to be able to quantify how much diking may 
have to be constructed to limit flows to the current shipping channels.  We need to know the 
level of protection currently provided by these current dikes in order to estimate required the 
possible retrofits and/or new construction. 
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Locations of Survey Cross-sections (Red Lines) and Road Profile and Bridge Information 
(Hatched Area)  

PROPOSED GEOTECHNICAL SURVEY FIELD PROGRAM 

Please see the attached letter from Golder Associates for the geotechnical survey requirements 
for the proposed spillway site(s).     
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In the event that you have any questions or comments concerning this draft memorandum, 
please do not hesitate to call me at 410-563-7300.  

Yours sincerely, 
MOFFATT & NICHOL ENGINEERS  

for 
Michael G Horton, P.E., Vice President 
Project Manager



 

The enclosed map shows the area of additional mapping coverage needed for 
investigation of a new spillway in the west abutment of Gatun Dam.   

I regenerated the base map using the Metatdata received from ACP.  It is now projected 
using NAD 27.  One thing we need to decide is what basic measurement system are we 
going to use.  Most of the existing data is in feet but most of the newer mapping is metric.  
I think that new maps and drawings should be Metric but this is a MN/ACP decision.  

1.    EXISTING SPILLWAY 
One issue is the scour hole at the outlet of the discharge channel.  If ACP takes regular 
measurements we would like to see them.  If there is a recent survey we would like to 
have it.  If not it would be good if one could be carried out.  

2.    PROPOSED WEST GATUN SPILLWAY 
TOPOGRAPHIC MAPPING 

1. Basically, we need to extend ACP’s excellent high quality photogrammetric 
mapping shown on the map west to cover the spillway site. 

2. The tree cover and cloud cover are a  problem so some of the mapping can be 
done from existing aerial  photography but most will need to be done by field 
survey. 

3. I recommend that ACP establish a baseline on the crest of the dam and extend it 
up the west abutment.  They should then cut a series of cross sections at 90 
degrees from the baseline  upstream to downstream.  At this point the spacing 
between cross sections should probably be in the order of 50 meters.   

4. The areas between the sections could then be covered by spot elevations since 
visibility in the tree cover is a challenge. 



5. We would also like to get soundings upstream and downstream of the dam to 
locate the toe of the dam and to provide ground elevations for temporary 
cofferdams. 

6. The surveyors also need to establish permanent reference points for geotechnical 
investigations. 

DATUM 

7. Horizontal - UTM Zone 17 Metric Coordinates,  We need to decide the horizontal 
datum.  Previous drawings are NAD 27.  One advantage of shifting to WGS 84 is 
that it is the native datum of GPS systems.  The down side is it is different to 
other existing drawings.  MN/ACP needs to decide.  We can use either as long as 
we have metadata. 

8. Vertical - ACP PLD vertical datum. The vertical datum is important and needs to 
be consistent with other ACP plans and information. 

OUTPUT 

9. The output should be a series of georeferenced layers that can be read by ARC 
GIS (e00 files) and AutoCAD ( DWG files Autocad 2000/2002) .  Metadata 
should be included and the new coverage should be spliced into the existing 
coverage. 

10. Topography layer showing 1 meter contours.  Other layers showing baselines, and 
section lines and  locations of structures, edge of vegetation, any survey 
monuments on the dam, existing monitoring wells, roads, trails, water’s edge etc. 

11. An Orthophoto layer (preferably without the cloud issue) 

12. Horizontal scale – The RFP mentions 1:25000 for detailed maps, however we 
need larger scale for working maps.  The area shown is about 700 m by 550 m. so 
a working scale of about 1:1000 would probably be right for field maps for 
planning purposes. 

3.    LOWER CHAGRES RIVER 
I assume that MN will address these needs.  

Please let me know if you have any questions  
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April 29, 2004 043-3718 
 
Moffatt & Nichol Engineers 
1616 East Millbrook Road 
Suite 160 
Raleigh, North Carolina 27609 
 
Attn: Mr. Johnny D. Martin, P.E., Hydraulic Engineer 
 
RE: RECOMMENDED FIELD EXPLORATION FOR FEASIBILITY- LEVEL 
 EVALUATION OF THE PREFERRED ALTERNATE SPILLWAY SITE ON 
 LAKE GATUN DAM 
 
Dear Mr. Martin: 
 
As part of a study of the feasibility of raising the operating water level in Gatun Lake, the Panama 
Canal Authority (ACP) wishes to evaluate the feasibility of constructing a new spillway for the Gatun 
Lake Reservoir.  ACP has retained the team of Moffatt & Nichol (MN), Christensen Associates Inc. 
(CAI), and Golder Associates Inc. (Golder) to carry out this evaluation.  Golder’s role in this 
evaluation is to develop a field exploration program to investigate the subsurface conditions for the 
preferred alternate spillway location and to provide geotechnical recommendations for feasibility-
level design of the spillway structure once subsurface data is made available. 
 
Several alternative spillway sites have been reviewed and ranked based on environmental, 
socioeconomic and engineering characteristics.  Locations considered for the preferred alternate 
spillway are on the far western end of the Gatun Dam, as shown on Figure 1.  The purpose of this 
letter is to provide Golder’s recommendations for a field exploration program at the preferred 
alternate spillway site. 
 
ANTICIPATED SUBSURFACE CONDITIONS 

Numerous studies have addressed the geologic conditions beneath the Gatun Dam, Spillway and 
Locks and within the vicinity of one of the proposed spillway locations.  These studies have been 
summarized and reported by the Panamá Canal Authority Geotechnical Engineering Branch of the 
Engineering Division (Franceschi and de Puy, 2001; and Franceschi, 1992).  Based on this 
information, it appears that 11 borings were previously advanced within or near the area of the 
preferred alternate spillway location.  These borings were advanced in 1908 in support of exploration 
and construction of the Dam.  More recently advanced borings in support of stability analyses of the  

Golder Associates Inc. 
3730 Chamblee Tucker Road 
Atlanta, GA  USA  30341  
Telephone (770) 496-1893 
Fax (770) 934-9476 
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Dam by the US Army Corps of Engineers (COE), and by ACP in support of seismic stability and 
seepage evaluations for Gatun Dam are located greater than 100 meters east of the proposed spillway 
.  Information collected during these investigations that is relevant to the preferred alternate spillway 
site is summarized below. 
 
The Gatun Dam is generally composed of dry fill and hydraulic fill generated from canal excavations. 
The dam foundation is composed of Atlantic Muck and variably weathered rocks of the Gatun 
Formation.  There is no hydraulic fill or Atlantic Muck reported to be in the area of the preferred 
alternate spillway location; however, subsurface data in this area is very limited. 
 
Fill materials used to construct the dam are generally characterized as medium soft to very hard, weak 
to medium strong, unconsolidated sand, silt, clay, pebbles, cobbles and boulders with variable 
plasticity and dry strength.  The Atlantic Muck is a highly heterogeneous unit owing to its diverse 
depositional environment.  As discussed by Franceschi 1992, the Atlantic Muck generally occurs 
within the old stream channels of the Chagres River incised into bedrock beneath Gatun Lake but 
may have also been deposited more broadly in tidal flats.  The Muck has been characterized as 
poorly-consolidated clay, silt and silty sand-sized sediment, deposited in a swamp environment (both 
marine and alluvial) that is soft and weak with medium to high plasticity and high water content.   
 
The Gatun Formation, as it occurs beneath Gatun Dam, is generally characterized as a fine- to coarse-
grained, massive to locally thinly bedded, weak to medium strong, variably calcareous and 
fossiliferous sandstone that is locally inter-layered with tuffaceous material.  The Gatun Formation is 
also locally inter-layered with discontinuous beds of siltstone and conglomerate.  Geologic maps 
show bedrock dipping at about 10 degrees to the northwest within the vicinity of the western portion 
of Gatun Dam and along the north-northwest bank of Gatun Lake.  The Gatun Formation is generally 
moderately to deeply weathered where exposed at ground surface and is well jointed with closely-
spaced joints.  Description of residual soils derived from weathering of the Gatun Formation was not 
available for review at the time this letter was prepared.  Based on information collected during the 
Gatun Lock Excavation, the Gatun Formation in this area was found to be locally very permeable.   
 
Although the Toro Formation was not encountered in borings advanced along the Gatun Dam, this 
unit is shown to occur west of the west end of the embankment.  The Toro Formation consists of 
limestone, which could potentially present significantly different foundation conditions for a spillway 
than the Gatun Formation if it occurs within the footprint. 
 
Numerous faults have been interpreted to occur beneath the Gatun Dam and within the vicinity of the 
preferred alternate spillway location.  The precise location, date of last movement, and geologic and 
geotechnical nature of the interpreted fault within the vicinity of the proposed spillway in not known.   
 
OBJECTIVES FOR THE FIELD EXPLORATION 

Because limited subsurface information is available within the area of the preferred alternate 
spillway, additional field investigations are recommended to supplement existing data and further 
evaluate subsurface conditions in this area.  The data from these investigations will be used to select a 
location for feasibility-level design of the new spillway.  A field program for these additional 
investigations is included in the Scope of Work, outlined below.   
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Based on the anticipated site conditions and our present understanding of the spillway design, we 
expect the key geotechnical issues to be as follows: 
 

• Depth to and characterization of bedrock and soil in the spillway foundation; 
• Stability of cuts up to 100 feet deep in areas where discontinuities dip toward the cut slope 

face; 
• Foundation permeability, including hydraulic conductivity of the Gatun Formation and along 

the interpreted fault, if present in the foundation; and 
• Characterization of the Atlantic Muck, if present within the proposed footprint. 
 

The objectives of the field exploration are to collect subsurface data needed for the following: 
 

• Evaluate depth to competent rock, groundwater conditions, and characteristics of soil and 
rock within the footprint of the spillway structure needed for foundation design and stability 
analysis and design of temporary and permanent cut slopes; 

• Evaluate foundation permeability and consider any special foundation treatment, such as 
grouting; and 

• Identify special or unusual subsurface conditions that may affect the construction costs or 
long-term performance of the spillway.  

 
To achieve these objectives described above, we propose an exploration program consisting of: 1) 
geologic mapping within the vicinity and west of the proposed spillway; 2) soil drilling and sampling, 
rock coring, and field and laboratory testing; and 3) limited test pits, if necessary, in areas where 
surface exposure is limited and test pits could augment geologic mapping west of the Gatun Dam. 
 
RECOMMENDED FIELD EXPLORATION PLAN 

Geologic Mapping 

Detailed geologic mapping should be conducted of existing soil and rock exposures within the 
vicinity of the proposed spillway.  Information collected should consist of rock lithology and 
mineralogy, relative distribution of rock types near the spillway, major contacts between rock types 
and major structures, the nature and orientation of bedding and structural discontinuities, and depth 
and type of physical and chemical weathering.  Specific geologic features identified during mapping 
that are considered to impact actual spillway location and slope stability should be flagged in the field 
for surveying at the conclusion of the geologic mapping.   
 
This information will be used to supplement geologic interpretations based on soil and rock core 
samples.  The data collected during mapping will also be used into perform stability analyses, if 
necessary, of cut slopes likely to be required west of the proposed spillway.   
 
Drilling and Sampling 

The proposed drilling program will consist of advancing soil and rock core borings within the vicinity 
of the proposed spillway.  We recommend that 14 boreholes be advanced to evaluate subsurface 
conditions of the area proposed for the preferred alternate spillway.  The location of these boreholes is 
schematically shown on Figure 1.  Based on preliminary design elevations provided for the spillway, we 
recommend that borings be advanced to a total depth equal to 0 feet below mean sea level (ft. MSL) to 
allow sufficient data collection for evaluation of strength and permeability within the foundation of the 
spillway.  As shown on Figure 1, the borings are generally spaced about 150 meters or less.  This 
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spacing is sufficient for a feasibility level study; however, additional borings will likely be required 
before the final design of the spillway is completed.  The exact location of these borings may be 
adjusted pending results of surface mapping.  Additionally, we recommend that two of the borings be 
angled borings if presence of the interpreted fault is further indicated during geologic mapping and/or 
geophysical techniques (discussed below).  Detailed recommendations for these angled borings would 
be provided during the field exploration. 
 
The borings will be initiated in soil and should be advanced to refusal using 3 1/4-inch inside diameter 
hollow stem augers or a method compatible with D1586.  Soil samples should be collected with a split 
spoon sampler using ASTM D 1586 procedures on 5-foot center sampling intervals.  Representative 
soil samples should be collected from the split-spoon samplers for field and laboratory identification.  
Classification of samples should follow guidelines developed by the Section of Geotechnical 
Engineering, Engineering Division at ACP. 
 
Sufficient samples should be collected to characterize the strength and moisture-density relationship of 
each major soil unit encountered in the spillway excavation.  For example, two or more relatively 
undisturbed samples should be collected from each soil type encountered during drilling using thin-
walled Shelby tube samplers in accordance with ASTM D 1587 procedures.  Additionally, one or more 
bulk samples should be collected for each soil type from auger cuttings and stored in plastic-lined 5-
gallon buckets.  The quantity of soil collected for the bulk samples should be sufficient to perform one 
Standard Proctor test and one set of remolded triaxial tests.  The split-spoon, bulk and Shelby tube 
samples will be collected to: 
 

• Characterize the physical properties of the soils for potential use as backfill; 
• Evaluate the shear strength characteristics of the in-situ soils for slope stability and excavation 

support design; and 
• Evaluate the compressibility of soils (if any) in the spillway foundation. 

 
Rock core should be collected using a wire-line triple-tube NQ barrel using ASTM 2113 procedures.  
Rock core geotechnical characteristics should be logged consistent with the guidelines developed by 
the Section of Geotechnical Engineering, Engineering Division at ACP.  Rock core samples should be 
placed in appropriately labeled wooden boxes and stored by ACP for future access.  We recommend 
that a geologist/engineer log the soil and rock samples in the field, place the samples in appropriate 
containers, and transport and/or ship them to the geotechnical laboratory for analysis.  We consider it 
essential that an engineering geologist be present at each drill hole during the drilling to log the holes, 
photo-document the core and sample the appropriate strata.   
 
Point load tests should be conducted in the field on selected rock core samples to provide an 
estimation of rock strength for different lithologic units encountered.  The coring and point load tests 
will be conducted to provide in-situ samples for evaluation of geologic and geotechnical characteristics 
of underlying bedrock and for interpretation of the lithologic framework underlying the spillway site.   
 
We recommend conducting both rising and falling head slug tests in the boreholes and/or monitoring 
wells following completion of each of the test borings.  These tests should be performed by the 
instantaneous drop (falling head) and subsequent extraction (rising head) of a solid PVC slug in the 
well.  If boreholes or wells contain less than 5 linear feet (or the length of your slug) of water at the 
time of testing, a bailer can be used to remove water from the hole and conduct a rising head test.  
The recovering water level data should be monitored using pressure transducer/data logger assembly; 
however, the water level can be monitored manually using a water level indicator and a stop-watch.  
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During the early portions of the tests, water levels should be recorded at one or two second intervals.  
As the recovery continues, water levels should be recorded at 10, 20, 30, 60, and 90 second intervals 
depending on the recovery rate and head differential. 
Slug tests and the analysis of slug tests were originally intended for unconsolidated aquifers; 
however, the tests will provide an approximation of how fractured bedrock will behave.  We 
recommend analyzing the slug test data using methods specifically designed for analyzing slug test 
data from bedrock wells.   
 
Depth to groundwater should be measured at the time of boring and at least 24-hours following 
borehole completion.  The time of boring measurement will only be made in the soil borings, as water 
used during rock coring will impact the static water level readings in the open bedrock hole.  
Following the 24-hour water level reading the boreholes should be abandoned in accordance with 
local regulations.  In approximately 25 percent of the borings distributed around the site, observation 
wells are recommended for longer-term measurement of groundwater levels at the spillway site. 
 
Test Pits 

Excavation of test pits should be considered, if necessary, to supplement the boreholes and geologic 
mapping, particularly in areas where geologic exposure is limited. 
 
Laboratory Work 

Laboratory testing should be conducted on soil and rock core samples as detailed in the table below.  
The laboratory tests will be performed to characterize physical properties, in-situ and remolded shear 
strength characteristics and compressibility of the soils encountered in the area of the spillway (if any) 
and evaluate the compressive strength of the rock core.  The laboratory test program is recommended to 
include the following tests performed to the indicated standard: 
 

LABORATORY TEST CURRENT VERSION OF 
STANDARD  

NO. OF TESTS 
PERFORMED 

PHYSICAL PROPERTIES   

Natural Moisture Content ASTM D 2216 Min. 1 per soil unit per 
hole 

Grain Size Analyses 
 
ASTM D 422 

 
Min. 1 per soil unit per 
hole 

Atterberg Limits (Liquid and 
Plastic Limit) 

ASTM D 4318 Min. 1 per cohesive soil 
unit per hole 

Moisture-Density Relationships 
(Standard Proctor) 

ASTM D 698 Min. 1 per soil unit 

Specific Gravity of Solids ASTM D 854 Min. 1 per soil unit  
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LABORATORY TEST CURRENT VERSION OF 
STANDARD  

NO. OF TESTS 
PERFORMED 

SHEAR AND COMPRESSIVE 
STRENGTH 

  

Unconsolidated, Undrained 
Triaxial Tests (UU) 
    a. Shelby Tube Samples 

ASTM D 2850 
Min. 1 per soil unit per 
hole 

Consolidated Undrained Triaxial 
Tests (CU) with pore pressure 
measurements 

a. Shelby Tube Samples 
b. Remolded Samples 

ASTM D 4767 

 
 
 
a. Min. 1 per soil unit 
b. Min. 1 per soil unit 

Consolidation Tests ASTM D 2435 Min. 1 per cohesive soil 
unit 

Unconfined Compressive Strength ASTM D 2938 Min. 2 per rock type per 
hole (minimum 2 per 
hole) 

 
 
We appreciate the opportunity to support Moffatt & Nochol and ACP in this effort.  Please contact 
the undersigned if you have any questions or need any clarification. 
 
Sincerely, 

GOLDER ASSOCIATES INC. 

 
 
 
Deana S. Sneyd, P.G.    W. Randall Sullivan, P.E. 
Senior Consultant & Associate  Practice Leader & Principal 
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Appendix D: ACP Provided Topographical & Survey Data  

Existing and Proposed Spillway Site Detailed Survey 

Rio Chagres Downstream Survey Used For Tailwater Determination 

Gatun Road to Fort Sherman Survey Used for Tailwater Determination 

Combined Survey 
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Appendix E: Water Yield Analyses 



             
January 24, 2005  

Autoridad del Canal de Panama 
Canal Capacity Projects Division 
Building 601 
Corozal Oeste, Republic of Panama  

Attn.: Mr. José Pascal, Technical Lead and Point of Contact:  

RE:  Contract SAA-126161   Flood Mitigation Program for Gatun Lake  
Final Memorandum – System Water Yield Analysis  

Dear Mr. Pascal: 

This memorandum details the results of the system water yield analysis for the Gatun and 
Madden Lake watersheds.   

1.0 BACKGROUND 

In 1999, the U.S. Army Corps of Engineers (USACE) performed a reconnaissance study for 
identification, definition, and evaluation of water supply projects to meet future needs at the 
Panama Canal.  The USACE examined multiple alternatives designed to accomplish three 
primary objectives.  These objectives were: 

1. To satisfy long-term (through the year 2050) municipal and industrial water supply 
needs without adversely affecting the operation of the Panama Canal; 

2. To provide sufficient navigation waters to meet existing and future Panama Canal 
transit demands without restricting vessel operation and to maintain historic reliability 
levels (calculated to be 99.6 percent); and 

3. To take advantage of projects by supplementing hydropower production as demands 
for other water uses increase.  If possible, increase current capacity and energy 
production as solutions are implemented. 

The Raise Gatun Lake alternative was examined as part of the reconnaissance study.  Section 
23 of the 1999 USACE report details the analysis of this alternative.  The revised operating lake 
elevation chosen for analysis was 89 ft Precise Level Datum (PLD).  Proportional operating rule 
curves and flood curves were developed for this operating elevation and the future hydrologic 
reliability of the Panama Canal was examined using an existing HEC-5 model.  The model 
scenarios considered demands ranging from existing levels up to 180 percent of existing levels.   
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The USACE estimated the existing hydrologic reliability of the Panama Canal as approximately 
99.6 percent, while the hydrologic reliability with a demand ratio of 1.8 would be 86.3 percent 
without additional water supplies.  The hydrologic reliability under existing demands would be 
99.75% if the maximum operating elevation were increased to elevation 89.0 ft, and considering 
the increased operating elevation and a demand ratio of 1.8, the hydrologic reliability would be 
86.7%.  Project costs and benefits were also examined and a benefit to cost ratio of 2.6 was 
obtained for the Raise Gatun Lake project alternative.   

2.0 CURRENT STUDY APPROACH  

As part of the current feasibility study for raising Gatun Lake maximum operating levels, an 
updated water yield analysis was performed to quantify the system reliability and economic 
benefits.   

The existing HEC-5 model, developed by the USACE and ACP, was updated and applied by 
ACP and Moffatt & Nichol staff. The model was employed to assess the yield and reliability of 
the existing system under current and anticipated future operating conditions.  HEC-5 is a 
deterministic model developed by USACE for application to flood control for reservoir 
management. The model may be applied on a daily or monthly time step and the output may be 
used for quantifying reliability. The required input parameters for application of HEC-5 include 
reservoir physical geometry, operating criteria (including rule and flood curves), stage discharge 
relationship for maximum outflow; time series of inflows to the reservoir system, rainfall, 
evaporation, and water demands.   

The hydrologic period of record simulated was from January 1948 to December 1999 (52 years) 
using inflows provided by ACP. Reservoir stage storage relationships were provided by ACP as 
part of the baseline HEC-5 model. Multiple operating conditions were evaluated with the 
Maximum Operating Lake Level (MOLL) at Gatun Lake ranging from the existing elevation of 
26.7 m PLD (87.5 ft PLD) to 27.4 m PLD (90 ft PLD).  Demand scenarios with and without 
Panamax-Plus (PP) canal construction were also simulated based on projections provided by 
ACP. Existing and proposed spillway stage-discharge relationships for baseline and various 
MOLL alternatives were also developed and input into the model. Detailed assumptions for the 
water yield analysis are discussed in Section 3.0.  

For each of the scenarios, the hydrologic reliability and power generation capability were 
estimated using the HEC-5 model.  The system yield/reliability is presented as a percentage of 
volume that the water demands in the lake can or cannot be met using current and proposed 
operational rule curves and associated policies, following the reporting procedure used by the 
USACE (1999). Section 4.0 summarizes the results of the water yield analysis. 

The potential economic benefits for each scenario were evaluated based on the model results 
and valuation water for both navigation and municipal and industrial (M & I) use. The basis of 
assumptions and summary of results of the economic are presented in section 5.0. 
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3.0 ASSUMPTIONS FOR WATER YIELD ANALYSIS 

This section describes in detail the basis of the assumptions used in completing the HEC-5 
modeling for the system yield and reliability analysis. 

Baseline Conditions 

In accordance with the direction by ACP, water demand data (municipal, industrial and lockage 
water use) from the period 1993 to 1997 was used to establish the baseline conditions. The 
base case scenario was established by modifying the latest input data file developed by ACP 
(with a water supply pool now beginning at El 24.2 m (79.5 ft PLD) to reflect existing rule curve 
and flood curve operations for Gatun Lake (Figure 1).  For the Panamax-Plus scenarios, the 
base of the conservation pool was assumed to be at El 24.9 m (81.5 ft PLD).    

Figure 1 - Existing Operational Curves at Gatun Lake  

For the baseline conditions, average 1993 to 1997 municipal and industrial (M&I) and lockage 
demands were assumed as presented in Tables 1 and 2, respectively.  Note that demands at 
Madden Lake affect water availability from Madden Lake to supply Gatun Lake and must be 
considered as part of the system analysis.  
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Table 1 - 1993-1997 Municipal and Industrial Demands 

Month Gatun Madden Total 

  
Cms cfs Cms cfs Cms cfs 

Jan

 

3.5 123 5.2 185 8.7 308 

Feb

 

3.6 126 5.3 188 8.9 314 

Mar

 

3.5 123 5.4 190 8.9 313 

Apr

 

3.6 127 5.4 190 9.0 317 

May

 

3.3 117 5.4 191 8.7 308 

Jun

 

3.6 127 5.3 188 8.9 315 

Jul

 

3.4 121 5.3 188 8.8 309 

Aug

 

3.5 124 5.3 187 8.8 311 

Sep

 

3.3 115 5.3 187 8.6 302 

Oct

 

3.5 124 5.1 180 8.6 304 

Nov

 

3.5 123 5.2 182 8.6 305 

Dec

 

3.4 119 5.2 183 8.6 302 

Average

 

3.5 122 5.3 187 8.8 309 

 

Table 2 – 1993-1997 Lockages 

Month Lockage Water Use 

  

(cms) (cfs) 

January 90.8 3203 

February 90.7 3199 

March 91.0 3210 

April 88.0 3106 

May 84.2 2971 

June 79.8 2816 

July 79.9 2820 

August 81.0 2859 

September 78.9 2784 

October 84.1 2968 

November 80.5 2842 
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December 83.9 2962 

Average 84.4 2978 

 

Based on the historical data from 1993 to 1997, the combined average annual municipal & 
industrial demands from Gatun and Madden Lakes (8.76 cms (cubic meters per second) 309 cfs 
(200 MGD)) and the lockages, 84.4 cms (2978 cfs (1925 MGD), amount to a total of 93.2 cms 
(3287 cfs (2127 MGD)).  This is equivalent to 38.68 lockages per day for the baseline 
conditions, as documented in the 1999 analysis by the USACE. 

Scenario Analyses 

Operational Curves

 

For the baseline scenario, the model was run at the current Maximum Operating Lake Level 
(MOLL) of 26.7 m (87.5 ft) PLD with the rule and flood curves depicted in Figure 1.  Additional 
model runs were performed, raising the MOLL in 0.152 m (0.5 ft) increments, from 26.7 m (87.5 
ft) PLD up to a maximum MOLL of 27.4 m (90.0 ft) PLD.  Both the rule curve and flood curve 
were modified for each proposed MOLL. 

It is noted that the operational curves could be modified following a number of different 
methods. No attempt was made to optimize the operational curves at this feasibility level of 
study. In order to optimize the proposed rule and flood curves, detailed hydrologic analysis 
should be completed to weigh conservation vs. flood control needs on a month-by-month basis 
once the proposed spillway design has been approved.  For simplicity at this preliminary stage, 
two methods were considered.   

Following the USACE previous work completed for the 1999 study (referred to hereafter as the 
USACE Method), both rule curves and flood curves would be established based on the 
percentage of storage volume in the baseline conditions. For example, under baseline 
conditions for the month of April, the elevation of the rule curve was established at 68% of the 
Total Storage Volume between El 24.24 m (79.5 ft) and the existing MOLL elevation of 26.7 m 
(87.5 ft); (770.10 Million cubic meters (Mcm) (623852 acre feet) at an elevation of 84.7 ft PLD).  
Similarly if the MOLL were raised to 88 ft, the elevation at which an equivalent storage volume 
was 68% of the new Total Storage Volume between El 24.24 m (79.5 ft) to 26.8 m 88.0 ft 
(734.23 Mcm (594800 acre feet)) would increase the rule curve elevation to 25.91 m (85.0 ft) 
PLD for the month of April. 

A second method was also applied whereby the operational curves would be modified to 
maintain a constant volume as defined by existing operational curves (referred to hereafter as 
the Constant Volume Method).  This method implicitly assumes that the volume between the 
rule curve elevation and the current MOLL has been optimized by ACP for the current spillway 
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capacity to optimize between conservation and flood control needs.  For example, under 
existing operating rules, during the month of April the rule curve is 25.82 m (84.7 ft) PLD, 
corresponding to storage volume of 5131.3 Mcm (4156820 acre feet) total storage. The 
difference in storage between the specified elevation 25.82 m (84.7 ft) PLD and the maximum 
MOLL of 26.7 m (87.5 ft) PLD (5497.63 m (4453580 acre feet)) is 366.33 Mcm (296760 acre 
feet). To establish a new rule curve, with an MOLL of 26.8 m (88 ft) PLD and total storage of 
5564.31 Mcm (4507600 acre feet), the volume for the month of April, assuming the constant 
difference in volume, would be 5197.99 Mcm (4210840 acre feet) corresponding to an elevation 
of 25.98 m (85.2 ft) PLD. It is important to note that the stage storage relationship established in 
the HEC-5 model was used as the basis for modifications of rule and flood curves.  

Figure 2 illustrates the proposed rule curves using both the USACE and Constant Volume 
Methods for proposed MOLLs of 88 and 90 ft PLD. 

Figure 2 - Potential Rule Curves following USACE and Constant Volume Methods 
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Figure 3 illustrates the proposed flood curves for the scenarios whereby the MOLL would be 
increased to 88 ft PLD and 90 ft PLD using both methodologies.  
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Figure 3 - Potential Flood Curves following USACE and Constant Volume Methods 
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Although the rule and flood curves developed by the two methods would be similar at the lower 
MOLL of 26.8 m (88 ft) PLD, they deviate at the higher MOLL of 27.4 m (90 ft) PLD (Figures 2 & 
3). The rule and flood curves generated from the constant volume method provide more volume 
for conservation uses and were used for the present preliminary analyses.  M&N believes that 
the USACE method is too conservative since it would provide more relative surcharge volume 
that is currently provided (given that a new spillway is being constructed as part of the flood 
mitigation project).  Figure 4 illustrates the proposed rule and flood curve for existing conditions 
as well as an example scenario raising the MOLL to 89 ft PLD.  The constant volume method 
was applied to develop rule and flood curves for various MOLL scenarios in 0.5 ft increments 
from 26.7 m (87.5 ft) to 27.4 m (90 ft) PLD.  During later design stages, a detailed hydrologic 
study should be completed to further optimize the proposed rule and flood operational curves for 
the selected MOLL and new spillway configuration.  It is posited that the rule curve could likely 
be raised even further during the wet season since additional spillway capacity would then be 
available.  
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Figure 4 -  Existing and Proposed Operational Curves for Scenario Raising MOLL to 89 ft 
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Projected Water Demand

 

Average annual water demand projections for Gatun and Madden Lakes were provided by ACP 
and are presented in this section.  Projected demands for lockages and municipal and industrial 
users were provided for two cases: 1) no new Panamax-Plus canal construction, and 2) a new 
Panamax-Plus canal is constructed with three water saving basins.  The three water saving 
basins alternative was used to determine the future lockage demands with new construction 
based on the guidance provided by the ACP Locks Team.  ACP staff have stated that this is the 
most likely scenario for the new Panamax-Plus Canal and the water usage per lockage is 
equivalent to the existing canal (55 MG per lockage).  ACP provided lockage demand through 
2025 and M&I demand through 2060.  Table 3 summarizes the forecast water demand for locks 
and M&I users under both cases through the year 2030.  In the table, Panamax-Plus (PP) refers 
to conditions anticipated after new canal construction.  For the Panamax-Plus scenarios, the 
new lock system is assumed to be completed and online in 2015. For purpose of this study, the 
2030 lockage demands are assumed to be the same as those projected for 2025.  
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Table 3 - Forecast Water Demand for Locks and Municipal & Industrial Use     

Baseline

 
(1993-
1997) 2010 2020 

2020  
with PP 20302 

20302  

with PP 

Municipal & Industrial Demand 
Gatun Lake Cms 3.5 5.1 5.9 5.9 6.6 6.6 

 

Cfs 122 181 208 208 234 234 

  

MGD 79 117 134 134 151 151 

  

Lockages 
per day1 1.44 2.12 2.44 2.44 2.75 2.75 

Madden Lake Cms 5.3 7.8 9.0 9.0 10.1 10.1 

 

Cfs 187 276 318 318 357 357 

  

MGD 120 178 204.94 205 230 230 

  

Lockages 
per day1 2.19 3.24 3.73 3.73 4.19 4.19 

Total M & I Cms 8.8 13.0 14.9 14.9 16.8 16.8 

 

Cfs 309 457 526 526 592 592 

  

MGD 199 295 339 339 382 382 

  

Lockages 
per day1 3.6 5.4 6.2 6.2 6.9 6.9 

Lockage Demand 

 

Cms 84.4 80.4 88.2 84.8 88.2 88.4 

  

Cfs 2978 2839 3112 2992 3112 3120 

  

MGD 1922 1832 2008 1931 2008 2013 

  

Lockages 
per day1 34.9 33.3 36.5 35.1 36.5 36.6 

TOTAL M & I and Lockages 

 

Cms 93.2 93.4 103.1 99.7 104.9 105.2 

  

cfs 3287 3296 3638 3518 3703 3712 

  

MGD 2121 2126 2347 2270 2389 2395 

  

Lockages 
per day1 38.6 38.7 42.7 41.3 43.4 43.5 

1 Equivalent Lockage is based on 55MG/lockage 
2 2030 water diversion to locks is assumed to be equivalent to 2025 ACP projections. 

 

Based on discussions with ACP staff, the estimated average annual demands for M&I and 
lockage demands in the future are assumed to have the same monthly distribution throughout 
the year as recorded for the 1993 to 1997 period.  Table 4 illustrates the distribution of monthly 
demands that were assumed for lockage consumption for the cases run assuming the 
Panamax-Plus Locks will not be built.  Table 5 presents the monthly lockage demands 
considering construction of the Panamax-Plus Locks, and Table 6 summarizes the monthly M&I 
demands.  For the HEC-5 model runs, the monthly demands for M&I and lockages were 
combined to form a single time series to be included within the model.  Two different sets of 
runs were completed for each MOLL scenario consisting of one demand time series which 
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included the proposed Panamax-Plus locks and another which did not.  The M&I demands 
(Table 6) were identical for both of these demand time series. 

Table 4 - Forecast Monthly Lockage Demands (Without Panamax-Plus Locks) 

Month Baseline 

 

2010 2020 2030 Baseline 

 

2010 2020 2030 

  

(cms) (cms) (cms) (cms) (cfs) (cfs) (cfs) (cfs) 
January 90.8 86.5 94.8 94.8 3203 3053 3346 3346 

February 90.7 86.4 94.7 94.7 3199 3049 3342 3342 

March 91.0 86.7 95.0 95.0 3210 3060 3354 3354 

April 88.0 83.9 92.0 92.0 3106 2961 3245 3245 

May 84.2 80.3 88.0 88.0 2971 2832 3104 3104 

June 79.8 76.1 83.4 83.4 2816 2684 2942 2942 

July 79.9 76.2 83.5 83.5 2820 2688 2946 2946 

August 81.0 77.2 84.6 84.6 2859 2725 2987 2987 

September 78.9 75.2 82.4 82.4 2784 2654 2909 2909 

October 84.1 80.2 87.9 87.9 2968 2829 3101 3101 

November 80.5 76.8 84.1 84.1 2842 2709 2969 2969 

December 83.9 80.0 87.7 87.7 2962 2823 3095 3095 

Average 84.4 80.5 88.2 88.2 2978 2839 3112 3112 

 

Table 5 - Forecast Monthly Lockage Demands (With Panamax-Plus Locks) 

Month Baseline 

 

2010 2020 2030 Baseline 

 

2010 2020 2030 

  

(cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 
January 90.8 86.5 91.2 95.1 3203 3053 3218 3356 

February 90.7 86.4 91.1 95.0 3199 3049 3214 3351 

March 91.0 86.7 91.4 95.3 3210 3060 3225 3363 

April 88.0 83.9 88.4 92.2 3106 2961 3121 3254 

May 84.2 80.3 84.6 88.2 2971 2832 2985 3112 

June 79.8 76.1 80.2 83.6 2816 2684 2829 2950 

July 79.9 76.2 80.3 83.7 2820 2688 2833 2954 

August 81.0 77.2 81.4 84.9 2859 2725 2872 2995 

September 78.9 75.2 79.3 82.7 2784 2654 2797 2917 

October 84.1 80.2 84.5 88.1 2968 2829 2982 3109 

November 80.5 76.8 80.9 84.4 2842 2709 2855 2977 

December 83.9 80.0 84.3 87.9 2962 2823 2976 3103 

Average 84.4 80.5 84.8 88.4 2978 2839 2992 3120 

  



ACP – Contract SAA-126161:   Flood Mitigation Program for Gatun Lake 

Draft Memorandum – System Water Yield Analysis Page 11 

  
Table 6 - Forecast Monthly Municipal and Industrial Demands   

Month Baseline

 
2010 2020 2030 Baseline

 
2010 2020 2030 

  

(cms) (cms) (cms) (cms) (cfs) (cfs) (cfs) (cfs) 
January 8.7 12.9 14.8 16.7 308 456 524 590 

February 8.9 13.1 15.2 17.0 314 464 535 601 

March 8.9 13.1 15.1 17.0 313 463 533 599 

April 9.0 13.3 15.3 17.2 317 469 540 607 

May 8.7 12.9 14.8 16.7 308 456 524 590 

June 8.9 13.2 15.2 17.1 315 466 536 603 

July 8.8 13.0 14.9 16.8 309 457 526 592 

August 8.8 13.0 15.0 16.9 311 460 529 595 

September 8.6 12.7 14.6 16.4 302 447 514 578 

October 8.6 12.8 14.7 16.5 304 450 518 582 

November 8.6 12.8 14.7 16.5 305 451 519 584 

December 8.6 12.7 14.6 16.4 302 447 514 578 

Average 8.8 13.0 14.9 16.8 309 457 526 592 

 

Stage Discharge Relationship

 

The existing HEC-5 model input for the stage discharge relationship for maximum outflow was 
revised to reflect the new spillway design as identified in Tables 7 & 8.  These curves were 
developed by adding the maximum outflows for both the existing and proposed spillway designs 
for the various MOLLs. The existing spillway curve was taken directly from the HEC-5 model. 
The rating curves for the proposed spillway were calculated using hydraulic relationships 
developed during the PMF design routing process. It should be noted that these curves 
incorporate the recent design criteria change in which the new spillway designs were developed 
by sizing the proposed spillway so that the maximum lake level during the PMF was kept below 
El 28 m (92.0 ft) PLD.          
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Table 7 - Maximum Outlet Capacity vs. Elevation (Metric Units) 

Elevation 

 
Maximum Outlet Capacity for specified MOLL (cms) 

(m PLD) EXISTING

 
26.7 m 
(87.5 ft) 

PLD 

26.8 m 
(88 ft) 
PLD 

27.0 m 
(88.5 ft) 

PLD 

27.1 m 
(89 ft) 
PLD 

27.3 m 
(89.5 ft) 

PLD 

27.4 m 
(90 ft) 
PLD 

12.20 0 0 0 0 0 0 0 

15.24 0 0 0 0 0 0 0 

18.29 0 229 344 458 573 687 802 

21.34 54 702 1,026 1,350 1,674 1,998 2,322 

23.48 1,213 2,229 2,737 3,246 3,754 4,262 4,771 

23.78 1,669 2,742 3,279 3,816 4,352 4,889 5,426 

24.09 1,968 3,100 3,666 4,232 4,797 5,363 5,929 

24.39 2,286 3,477 4,072 4,667 5,263 5,858 6,453 

24.70 2,621 3,871 4,497 5,122 5,747 6,373 6,998 

25.00 2,972 4,283 4,939 5,595 6,251 6,906 7,562 

25.30 3,338 4,712 5,399 6,085 6,772 7,459 8,146 

25.61 3,720 5,156 5,875 6,593 7,311 8,029 8,748 

25.91 4,116 5,617 6,367 7,117 7,867 8,617 9,368 

26.22 4,527 6,092 6,875 7,657 8,440 9,223 10,005 

26.52 4,952 6,583 7,398 8,213 9,029 9,844 10,660 

26.83 5,390 7,088 7,936 8,785 9,634 10,482 11,331 

27.13 5,842 7,606 8,489 9,371 10,254 11,136 12,018 

27.44 6,306 8,139 9,056 9,972 10,889 11,805 12,722 

28.96 8,502 10,689 11,783 12,876 13,970 15,063 16,157 

30.49 9,919 12,480 13,761 15,042 16,323 17,604 18,885 

32.01 11,335 14,291 15,769 17,246 18,724 20,202 21,680 
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Table 8 - Maximum Outlet Capacity vs. Elevation (English Units) 

Maximum Outlet Capacity for specified MOLL (cfs) 
Elevation  

(ft PLD) EXISTING 87.5 ft 
PLD 

88 ft 
PLD 

88.5 ft 
PLD 

89 ft 
PLD 

89.5 ft 
PLD 

90 ft 
PLD 

40 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 
60 0 8,086 12,128 16,171 20,214 24,257 28,299 
70 1,890 24,759 36,194 47,629 59,064 70,498 81,933 
77 42,790 78,662 96,598 114,534 132,470 150,406 168,342 
78 58,878 96,761 115,703 134,645 153,586 172,528 191,469 
79 69,463 109,394 129,359 149,324 169,290 189,255 209,221 
80 80,672 122,686 143,693 164,700 185,707 206,713 227,720 
81 92,479 136,611 158,677 180,743 202,809 224,875 246,941 
82 104,860 151,144 174,287 197,429 220,571 243,713 266,856 
83 117,796 166,267 190,502 214,738 238,973 263,209 287,444 
84 131,268 181,959 207,304 232,650 257,995 283,340 308,686 
85 145,260 198,203 224,675 251,147 277,619 304,090 330,562 
86 159,756 214,985 242,599 270,213 297,828 325,442 353,056 
87 174,743 232,289 261,062 289,834 318,607 347,380 376,153 
88 190,208 250,102 280,050 309,997 339,944 369,891 399,838 
89 206,139 268,413 299,550 330,687 361,824 392,961 424,098 
90 222,525 287,210 319,552 351,894 384,236 416,579 448,921 
95 300,000 377,184 415,776 454,369 492,961 531,553 570,145 
100 350,000 440,399 485,599 530,799 575,998 621,198 666,398 
105 400,000 504,293 556,439 608,586 660,732 712,878 765,025 
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4.0 RESULTS OF WATER YIELD ANALYSIS 

The HEC-5 model was applied to assess the hydrologic reliability of the system and potential 
hydropower generation. The model was applied for scenarios referred to hereafter by the MOLL 
for Gatun Lake ranging from Existing Conditions (26.7 m (87.5 ft) PLD) to 27.4 m (90 ft) PLD. 
The hydrologic reliability for each MOLL is estimated based on the systems volumetric yield 
over the 52 year period of record.  The model also provides a time series of monthly lake levels 
for each scenario which may be used to qualitatively assess the potential need for draft 
restrictions.  Water allocation for hydropower production can be examined to assess any loss in 
power production due to increases in M&I and lockage demands at Gatun Lake as well as 
Madden Lake. 

Hydrologic Reliability 

The hydrologic reliability was estimated following the same volumetric methodology employed 
by the USACE(1999).  A volumetric estimate captures both the magnitude and duration of the 
system’s reliability.  The reliability is estimated as follows:  

DiversionforquiredWaterofVolume

ShortageWaterofVolume
liability

__Re___

___
1Re x 100% 

As for the USACE study, it is assumed that all municipal and industrial demands will be met as 
a priority over operation of the lock system. Therefore, all M&I demands at Madden will be met 
and the total system reliability may be estimated as a function of the shortages at Gatun for 
diversion to the locks.  

For example, under the baseline conditions (26.68 m (87.5 ft) PLD MOLL and 1993 to 1997 
average demands), the reliability is estimated as a function of the total shortage over a 52 year 
period was 65,719 Million Gallons (MG) compared to the required 37,969,184 MG; the reliability 
is estimated to be 99.8%.  It should be noted that the results differ from the USACE 1999 study 
which yielded a hydrologic reliability under existing conditions of 99.6% primarily because of the 
change in assumed base level of reservoir storage from 24.85 m (81.5 ft) PLD (assumed by the 
USACE) to 24.24 m (79.5 ft) PLD applied for this evaluation for the Base, 2010, 2020 and 2030 
demand scenarios.  When comparing result of future scenarios to existing conditions, the 
reliability of existing conditions, the reliability of 99.6% should be applied. 

The results of the HEC-5 model simulations for existing conditions through the year 2030, with 
and without Panamax-Plus construction, for varying MOLL scenarios are presented graphically 
in Figure 5 and are summarized in Table 9.   

The x-axis, along the bottom of Figure 5 reflects the year of simulation. The top x-axis displays 
the demand in equivalent lockages per day (assuming 55 MG/lockage).  As shown, the reliability 
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of the Canal under existing operating and demand conditions is 99.83%.   Under the baseline 
alternative in 2030 the reliability with the MOLL remaining at 26.28 m (87.5 ft) PLD is 99.52%. 

The HEC-5 model results indicate that the base level of reliability could be maintained through 
the year 2030 (without PP locks) under the scenarios whereby the MOLL would be equal to or 
greater than 26.83 m (88 ft) PLD.  Note that the base level of reliability can be maintained 
through year 2030 with PP locks if the MOLL is raised to 27.4 m (90.0 ft). 

Figure 5 – Panama Canal Hydrologic Reliability for Varying MOLL at Gatun Lake. 
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Table 9 – Hydrologic Reliability Estimated Based on Monthly Data from 1948 - 1999  

Scenario               
(Defined by 

MOLL) BASE 2010 2020 

2020 
Panamax-

Plus 2030 

2030 
Panamax-

Plus 

26.67 m (87.5 ft)

 

99.83%

 

99.82%

 

99.59%

 

99.36%

 

99.53%

 

99.16%

 

26.82 m (88.0 ft)

 

99.91%

 

99.90%

 

99.65%

 

99.45%

 

99.60%

 

99.27%

 

26.97 m (88.5 ft)

 

99.94%

 

99.93%

 

99.69%

 

99.54%

 

99.65%

 

99.33%

 

27.13 m (89.0 ft)

 

99.98%

 

99.98%

 

99.73%

 

99.63%

 

99.68%

 

99.42%

 

27.28 m (89.5 ft)

 

100.00%

 

100.00%

 

99.77%

 

99.69%

 

99.72%

 

99.53%

 

27.43 m (90.0 ft)

 

100.00%

 

100.00%

 

99.81%

 

99.74%

 

99.77%

 

99.60%

 



ACP – Contract SAA-126161:   Flood Mitigation Program for Gatun Lake 

Draft Memorandum – System Water Yield Analysis Page 16 

  
Hydropower Production 

Because of increasing demands from M&I users as well as the Canal locks, the amount of water 
available for hydropower production at Gatun Lake and Madden Lake may decline over time, 
unless modifications are made to operating rules.  The HEC-5 model results provide a 
comparison of future power generation capability with existing levels.   

Table 11 presents the average annual power generation at Gatun Lake for varying MOLL 
scenarios under projected demands through the year 2030.  Table 12 presents the average 
annual power generation at Madden Lake under the same scenarios.  It is interesting to note 
that the interaction between the Gatun and Madden lake operational rules caused more water to 
be spilled from Madden under the higher MOLLs (to help match the higher rule curve for Gatun) 
so that hydroelectric power generation for Madden was generally greater for the higher MOLLs 
while the opposite was true for Gatun.  However, the reductions at Gatun generally were far 
greater than the increases at Madden so that there was a small net reduction in power 
generation at both sites as a result of increasing the MOLL of Gatun Lake. 

Table 11 – Average Annual Generation at Gatun Lake for 52 year period (MWH) 

Scenario

 

BASE 2010 2020 2020 w/ PP 2030 
2030 w/ 

PP 

26.67 m (87.5 ft)

 

140,289

 

139,957

 

124,478

 

131,352

 

121,403

 

121,403

 

26.82 m (88.0 ft)

 

139,946

 

139,342

 

124,449

 

131,352

 

121,071

 

121,403

 

26.97 m (88.5 ft)

 

139,761

 

138,927

 

123,841

 

130,841

 

121,071

 

120,716

 

27.13 m (89.0 ft)

 

139,602

 

138,927

 

123,796

 

130,829

 

120,727

 

120,716

 

27.28 m (89.5 ft)

 

138,927

 

138,594

 

123,452

 

130,486

 

120,384

 

120,670

 

27.43 m (90.0 ft)

 

138,927

 

138,927

 

123,109

 

130,216

 

120,074

 

120,085

  

Table 12 – Average Annual Generation at Madden Lake for 52 year period (MWH) 

Scenario

 

BASE 2010 2020 2020 w/ PP 2030 
2030 w/ 

PP 

26.82 m (88.0 ft)

 

198,933

 

191,344

 

187,223

 

186,985

 

183,689

 

183,101

 

26.97 m (88.5 ft)

 

198,990

 

191,397

 

187,256

 

187,117

 

183,745

 

183,347

 

27.13 m (89.0 ft)

 

199,036

 

191,439

 

187,302

 

187,260

 

183,797

 

183,434

 

27.28 m (89.5 ft)

 

199,083

 

191,473

 

187,372

 

187,341

 

183,864

 

183,579

 

27.43 m (90.0 ft)

 

199,127

 

191,514

 

187,406

 

187,406

 

183,902

 

183,666
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4.0 PRELIMINARY ECONOMIC ANALYSIS 

Background 

As identified in the calculations above, modifying the operating rules at Gatun Lake will affect 
the ability to meet water demands and change operations of the reservoir. The increased 
volume of water available and change in reliability will result in an economic benefit.  

In prior studies by USACE (1999), economic benefits/losses that may be incurred by raising the 
operating elevation of Gatun Lake were separated into four components:  

 

Additional Volume of Water Available for Navigation 

 

Reliability Water Supply for Navigation 

 

Reliability for Municipal and Industrial Supply (M & I)  

 

Hydropower  

USACE (1999) assumed a 50 year planning horizon (from 2010 to 2060) and quantified the 
average annual benefits for raising the MOLL of Gatun Lake to 89 ft PLD. A discount rate of 12 
% was assumed. It was assumed that all projected M & I demands would be met prior meeting 
demand for navigation.  

The general methodology for estimating economic benefits, presented by the USACE (1999) is 
followed for this investigation for reliability of water supply for navigation and M & I, and 
hydropower.  

Additional Volume of Water Available for Navigation 

Based on the revisions in projected water demands, the methodology presented by the USACE 
(1999) for quantifying the benefits of additional volume of water available for navigation is not 
applicable. Theoretically, the additional storage volume of water available by raising the 
operating level of Gatun Lake would increase the quantity of water available for navigation and 
decrease the likelihood of water shortages.  However, there must be a current, real demand for 
this additional volume of water for economic benefits to be realized. Under the USACE analysis, 
the additional volume provided by each MOLL (as compared to the baseline condition) that 
would still meet the baseline reliability was considered an economic benefit regardless of 
whether or not a real demand existed.  

For example, under the baseline conditions, with the MOLL at 87.5 ft PLD, the estimated 
hydrologic reliability is 99.8%. Under the scenario whereby the MOLL is raised to 26.83 m (88 ft) 
PLD, at a reliability of 99.8% the estimated equivalent daily lockages is 40.22 (1.62 lockages 
more than the baseline conditions of 38.66 (refer to Figure 5)). The resulting estimated annual 
benefit of raising the lake level to 26.83 m (88 ft) PLD, assumed to be $72,512/lockage, would 
be $42.9 Million.   The valuation of those benefits would only be merited if the additional water 
were used to meet demands for navigation, which is not the case.  
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RELIABILITY OF NAVIGATION AND M & I 

The reliability of the system to provide all of the water to meet navigation and M & I demands 
would increase as the MOLL for Gatun Lake is raised.  Table 13 and 14 summarize the 
projected demands and estimated reliability for each of the scenarios through 2030.  

Table 13 Summary of Demands (in equivalent lockages) 

Demand BASE 2010 2020 2020 PP 2030 2030 PP 

 

M&I 3.6 5.4 6.2 6.2 6.9 6.9 

Navigation 34.9 33.3 36.5 35.1 36.5 36.6 

% Navigation 
Panamax 

100% 100% 100% 52.4% 100% 55.7% 

Total Demand 38.6 38.7 42.7 41.3 43.4 43.5 

 

Table 14 – Hydrologic Reliability Estimated Based on Monthly Data from 1948 - 1999  

Scenario               BASE 2010 2020 2020 PP 2030 2030 PP 

26.67 m (87.5 ft)

 

99.83% 99.82% 99.59% 99.36% 99.53% 99.16% 

26.82 m (88.0 ft)

 

99.91% 99.90% 99.65% 99.45% 99.60% 99.27% 

26.97 m (88.5 ft)

 

99.94% 99.93% 99.69% 99.54% 99.65% 99.33% 

27.13 m (89.0 ft)

 

99.98% 99.98% 99.73% 99.63% 99.68% 99.42% 

27.28 m (89.5 ft)

 

100.00% 100.00%

 

99.77% 99.69% 99.72% 99.53% 

27.43 m (90.0 ft)

 

100.00% 100.00%

 

99.81% 99.74% 99.77% 99.60% 

 

The economic benefit associated with the increased navigation reliability is estimated as a 
function of change in reliability and associated value per lockage for navigation. It is assumed  
the average value of a lockage for the existing system is $72,512/lockage (based on ACP 
guidance - $65,920/transit from last years records X 1.1 transits/lockage). For purposes of this 
study, it is assumed that the average value for a Panamax-Plus lockage is $131,139/lockage 
(based on a ratio of tonnage capacity between Panamax and Panamax-Plus (assumed average 
cargo of 8,500 TEUs for a Panamax-Plus ship compared to 4,700 TEUs for current Panamax 
vessels).  To estimate the relative percentage of Panamax to Panamax-Plus lockages, the 
projections provided by ACP were used directly. 
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For example, in 2020 Panamax-Plus, the navigation demand is projected to be 35.1 
lockages/day (Table 12); 52.4 % of the total navigation demand is Panamax ships, equating to 
18.39 lockages/day panamax with the remaining 16.71 lockages/day Panamax-Plus.  

The economic benefit of modifying the operating rules to increase the MOLL from 26.68 m 
(87.5) to 26.83 m (88 ft) PLD is a function of the increased reliability from 99.36% to 99.45%, an 
increase in reliability of 0.09%. The annual benefit to navigation for 2020 Panamax-Plus ships, 
based on the increased reliability, is estimated as 365 days x (0.00089) x (18.39 panamax 
lockages x ($72,512/lockage) + 16.71 Panamax-Plus lockages x ($131,139/lockage)) = 
approximately $1,416,000/year. 

Table 15 summarizes the estimated average annual benefit realized by an increased 
navigational reliability. 

Table 15 - Average Annual Benefits of Increased Reliability in Navigation (Relative to 
Baseline Conditions) 

Scenario               BASE 2010

 

2020

 

2020 
Panamax-

Plus 2030

 

2030 
Panamax-

Plus 

26.67 m 
(87.5 ft)

 

$0

 

$0

 

$0

 

$0

 

$0

 

$0

 

26.82 m 
(88.0 ft)

 

$739,000

 

$691,000

 

$616,000

 

$1,146,000

 

$742,000

 

$1,465,000

 

26.97 m 
(88.5 ft)

 

$1,086,000

 

$1,026,000

 

$980,000

 

$2,264,000

 

$1,168,000

 

$2,221,000

 

27.13 m 
(89.0 ft)

 

$1,461,000

 

$1,405,000

 

$1,382,000

 

$3,469,000

 

$1,506,000

 

$3,390,000

 

27.28 m 
(89.5 ft)

 

$1,601,000

 

$1,612,000

 

$1,778,000

 

$4,236,000

 

$1,909,000

 

$4,881,000

 

27.43 m 
(90.0 ft)

 

$1,601,000

 

$1,612,000

 

$2,169,000

 

$4,802,000

 

$2,309,000

 

$5,817,000

  

Following the USACE methodology, estimated average annual benefits for municipal and 
industrial use are assumed to have same increase in reliability as for navigation. The assumed 
value of water use was $45,100/equivalent lockage. This value was based on the estimate 
provided by the USACE in their 1999 study, adjusted for inflation. Table 16 identifies the 
estimated benefits of increased reliability on municipal and industrial water use for each of the 
design scenarios.  However, it is our opinion that quantifying this monetary benefit is suspect as 
the navigation benefits are calculated by assuming that all M&I water uses are met first and all 
shortages will be entirely lockages.  Therefore, if M&I water uses will always be met first, the 
only monetary benefit that the project will realize will be the reduction in navigation shortages.  
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Table 16 - Summary of Average Annual Benefits of Increased Reliability of M & I (Relative 

to Baseline Conditions) 

Scenario               
(Defined by MOLL) BASE 2010 2020 

2020 
Panamax-

Plus 2030 

2030 
Panamax-

Plus 

26.67 m (87.5 ft)

 

$0

 

$0

 

$0

 

$0

 

$0

 

$0

 

26.82 m (88.0 ft)

 

$48,000

 

$70,000

 

$65,000

 

$91,000

 

$88,000

 

$128,000

 

26.97 m (88.5 ft)

 

$71,000

 

$103,000

 

$103,000

 

$179,000

 

$139,000

 

$193,000

 

27.13 m (89.0 ft)

 

$95,000

 

$141,000

 

$146,000

 

$274,000

 

$179,000

 

$295,000

 

27.28 m (89.5 ft)

 

$104,000

 

$162,000

 

$187,000

 

$335,000

 

$226,000

 

$424,000

 

27.43 m (90.0 ft)

 

$104,000

 

$162,000

 

$229,000

 

$380,000

 

$274,000

 

$506,000

  

HYDROPOWER 

As stated previously, there will be a net slight decline in the amount of hydropower generation 
over time as the demands increase for navigation and water supply (given that meeting the M&I 
and Navigation demands takes priority in operation). As identified in Tables 9 and 10, raising the 
water surface elevation will have a minor impact on hydropower operations. The loss in power 
generation may be estimated as an economic loss, assuming the value of power generation of 
$0.048/kWh (based on data from the ETESA website).  Table 17 summarizes the resulting 
economic loss that would be realized based on HEC-5 analysis.  Additional benefits could be 
realized if modifications were made to the operating rules; this also may require further 
improvements to the generation facilities. 

Table 17 Average Annual Benefits of Hydropower Generation (Relative to Baseline 
Conditions) 

Scenario               BASE 2010 2020 

2020 
Panamax-

Plus 2030 

2030 
Panamax-

Plus 

26.67 m (87.5 ft)

 

$0

 

$0

 

$0

 

$0

 

$0

 

$0

 

26.82 m (88.0 ft)

 

-$15,000

 

-$28,000

 

$4,000

 

-$36,000

 

-$11,000

 

-$24,000

 

26.97 m (88.5 ft)

 

-$21,000

 

-$45,000

 

-$25,000

 

-$54,000

 

-$9,000

 

-$45,000

 

27.13 m (89.0 ft)

 

-$27,000

 

-$43,000

 

-$25,000

 

-$48,000

 

-$23,000

 

-$41,000

 

27.28 m (89.5 ft)

 

-$57,000

 

-$57,000

 

-$38,000

 

-$61,000

 

-$36,000

 

-$36,000

 

27.43 m (90.0 ft)

 

-$55,000

 

-$39,000

 

-$53,000

 

-$70,000

 

-$49,000

 

-$60,000
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2060 Scenario – Full Buildout 

As can be seen from the reliability results above, the growth rate of the projected water 
demands over the next 25 years is not high enough to fully realize the economic benefit of 
raising the MOLL.  However, given that the current locks have been in service over 90 years 
and any works constructed would likely be in service over the next 100 years (at least), it was 
felt that an additional HEC-5 model run was warranted to determine the economic benefits 
realized if the current locks and the proposed Panamax-Plus Canal were constructed and 
operating at full capacity.  For the purpose of this study, this run utilized the 2060 M&I water 
demand.  Based on the ACP projections, the maximum daily capacity for full buildout conditions 
was estimated to be 36.5 lockages for the existing locks and 17.1 lockages for the Panamax-
Plus Canal.  

Tables 17 and 18 summarize the projected demands and estimated reliability for each of the 
scenarios through 2060. 

Table 17 - Summary of Demands (in equivalent lockages) 

Demand BASE 2010 2020 2020 PP 2030 2030 PP 

 

2060 

M&I 3.6 5.4 6.2 6.2 6.9 6.9 9.1 

Navigation 34.9 33.3 36.5 35.1 36.5 36.6 53.5 

% Navigation 
Panamax 

100% 100% 100% 52.4% 100% 55.7% 68.2% 

Total Demand 38.6 38.7 42.7 41.3 43.4 43.5 62.6 

 

Table 18 – Hydrologic Reliability Estimated Based on Monthly Data from 1948 - 1999  

Scenario               BASE 2010 2020 2020 PP 2030 2030 PP 2060 PP 

26.67 m (87.5 ft)

 

99.83% 99.82% 99.59% 99.36% 99.53% 99.16% 91.19% 

26.82 m (88.0 ft)

 

99.91% 99.90% 99.65% 99.45% 99.60% 99.27% 91.95% 

26.97 m (88.5 ft)

 

99.94% 99.93% 99.69% 99.54% 99.65% 99.33% 92.88% 

27.13 m (89.0 ft)

 

99.98% 99.98% 99.73% 99.63% 99.68% 99.42% 93.10% 

27.28 m (89.5 ft)

 

100.00% 100.00%

 

99.77% 99.69% 99.72% 99.53% 93.69% 

27.43 m (90.0 ft)

 

100.00% 100.00%

 

99.81% 99.74% 99.77% 99.60% 94.14% 
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Figure 13 illustrates the reduction in hydrologic reliability that would be realized from 2030 to 
2060, once the system has reached full capacity.  Please note that in the Table 18 and Figure 
13 one can see that the raising of the MOLL really begins to pay dividends when the water 
demands are at this level.  The relative differences (or gain in percentages) in reliability from the 
raise MOLL scenarios when compared to the baseline conditions are much larger.  For 
example, the 27.43 m (90.0 ft) MOLL scenario will provide a full 2.95% increase in reliability 
compared to the baseline conditions at 26.67 m (87.5 ft) (94.14% - 91.19%) for the full buildout 
scenario, whereas the 27.43 m (90.0 ft) MOLL scenario will only provide a 0.44% increase in 
reliability compared to the existing conditions at 26.67 m (87.5 ft) (99.60% - 99.16%), for the 
2030 PP scenario. 

Figure 13 – Panama Canal Hydrologic Reliability for Varying MOLL at Gatun Lake 
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The economic benefit associated with the increased navigation reliability was also estimated for 
the full buildout scenario and is shown in Table 21. 

Table 21 - Average Annual Benefits of Increased Reliability in Navigation (Relative to 
Baseline Conditions) 

Scenario BASE 2010 2020 

2020 
Panamax-

Plus 2030 

2030 
Panamax-

Plus 

2060 
Panamax-

Plus 

 Base - 26.67 m 

 

(87.5 ft)

 

$0

 

$0

 

$0

 

$0

 

$0

 

$0

 

$0

 

26.82 m 

 

(88.0 ft)

 

$739,000

 

$691,000

 

$616,000

 

$1,146,000

 

$742,000

 

$1,465,000

 

$13,538,000

 

26.97 m 

 

(88.5 ft)

 

$1,086,000

 

$1,026,000

 

$980,000

 

$2,264,000

 

$1,168,000

 

$2,221,000

 

$30,209,000

 

27.13 m 

 

(89.0 ft)

 

$1,461,000

 

$1,405,000

 

$1,382,000

 

$3,469,000

 

$1,506,000

 

$3,390,000

 

$34,140,000

 

27.28 m 

 

(89.5 ft)

 

$1,601,000

 

$1,612,000

 

$1,778,000

 

$4,236,000

 

$1,909,000

 

$4,881,000

 

$44,493,000

 

27.43 m 

 

(90.0 ft)

 

$1,601,000

 

$1,612,000

 

$2,169,000

 

$4,802,000

 

$2,309,000

 

$5,817,000

 

$52,586,000

  

Table 22 identifies the estimated benefits of increased reliability on municipal and industrial 
water use for each of the design scenarios. 

Table 22 - Summary of Average Annual Benefits of Increased Reliability of M & I (Relative 
to Baseline Conditions) 

Scenario               
(Defined by 

MOLL) BASE 2010 2020 

2020 
Panamax-

Plus 2030 

2030 
Panamax-

Plus 

2060 
Panamax-

Plus 

Base - 26.67 m 
(87.5 ft)

 

$0

 

$0

 

$0

 

$0

 

$0

 

$0

 

$0

 

26.82 m 

 

(88.0 ft)

 

$48,000

 

$70,000

 

$65,000

 

$91,000

 

$88,000

 

$128,000

 

$1,140,000

 

26.97 m 

 

(88.5 ft)

 

$71,000

 

$103,000

 

$103,000

 

$179,000

 

$139,000

 

$193,000

 

$2,543,000

 

27.13 m 

 

(89.0 ft)

 

$95,000

 

$141,000

 

$146,000

 

$274,000

 

$179,000

 

$295,000

 

$2,874,000

 

27.28 m 

 

(89.5 ft)

 

$104,000

 

$162,000

 

$187,000

 

$335,000

 

$226,000

 

$424,000

 

$3,745,000

 

27.43 m 

 

(90.0 ft)

 

$104,000

 

$162,000

 

$229,000

 

$380,000

 

$274,000

 

$506,000

 

$4,427,000
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Table 23 summarizes the resulting economic loss that would be realized based on HEC-5 
analysis.  Additional benefits could be realized if modifications were made to the operating rules; 
this also may require further improvements to the generation facilities. 

Table 23 - Average Annual Benefits of Hydropower Generation (Relative to Baseline 
Conditions) 

Scenario               BASE 2010 2020 

2020 
Panamax-

Plus 2030 

2030 
Panamax-

Plus 

2060 
Panamax-

Plus 

Base - 26.67 
m (87.5 ft)

 

$0

 

$0

 

$0

 

$0

 

$0

 

$0

 

$0

 

26.82 m 

 

(88.0 ft)

 

-$15,000

 

-$28,000

 

$4,000

 

-$36,000

 

-$11,000

 

-$24,000

 

-$174,000

 

26.97 m 

 

(88.5 ft)

 

-$21,000

 

-$45,000

 

-$25,000

 

-$54,000

 

-$9,000

 

-$45,000

 

-$390,000

 

27.13 m 

 

(89.0 ft)

 

-$27,000

 

-$43,000

 

-$25,000

 

-$48,000

 

-$23,000

 

-$41,000

 

-$398,000

 

27.28 m 

 

(89.5 ft)

 

-$57,000

 

-$57,000

 

-$38,000

 

-$61,000

 

-$36,000

 

-$36,000

 

-$508,000

 

27.43 m 

 

(90.0 ft)

 

-$55,000

 

-$39,000

 

-$53,000

 

-$70,000

 

-$49,000

 

-$60,000

 

-$584,000

  

CONCLUSIONS 

As can be seen from the above analyses, the existing water supply system developed for the 
Panama Canal is quite complex and has many competing interests for water in the future.  
Based on the analyses above, it appears that raising the MOLL to at least an elevation of 26.83 
m (88.0 ft) is required to provide the same reliability that the current MOLL provides (under 
existing demands) for projected demands through 2030 (without PP locks).  It also appears that 
raising the MOLL to the current proposed maximum of 27.43 m (90.0 ft) would provide the 
current level of reliability in year 2030 (with PP locks).  Once demands surpass the 2030 
projections toward full buildout demands, raising the MOLL will provide an 
overwhelming annual economic benefit as the system becomes more and more 
hydrologically stressed.   

For future work, the project team would recommend studying lockage water demands past the 
current limit of 2025 to determine if and when the projected demands would begin to approach 
full buildout conditions.  The project team would also suggest that more detailed reliability 
analyses be performed utilizing water levels in the lake to account for the economic impact of 
draft restrictions at different lake levels.  This would allow ACP to better evaluate the costs of 
raising the MOLL to provide additional draft for the Panamax-Plus canal versus additional 
dredging in the lake.  
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11  IINNTTRROODDUUCCTTIIOONN  
This report describes the existing physical, biological, socio-economic, and cultural 
environments within the Direct Impact Areas (DIA) and Indirect Impact Areas (IIA) associated 
with the feasibility study of raising the Gatún Lake Maximum Operating Level and the addition of 
a new spillway (Project).  The information in this report is the result of a literature review and a 
site visit conducted during the kick-off meeting for the preparation of the existing conditions 
report.  The raising of the Gatún Lake would result in a revised operating lake elevation that 
would permit an increase in storage during both the Wet and Dry Seasons.  This increased 
storage would improve the reliability of the Panamá Canal to serve its customers without draft 
restrictions during dry periods.  Determination of the maximum operating level and the 
engineering and environmental impacts associated with the revised maximum operating level 
and new spillway is the objective of the feasibility study that will be presented under a separate 
cover.  Ultimately the structures that will be impacted with a revised operating level consist of 
the Gatún Locks, Pedro Miguel Locks, Gatún Spillway and dam, numerous saddle dams and 
various ACP facilities, water supply intake structures, and other third party facilities located 
along the perimeter of Gatún Lake and its tributaries. 

The Canal Watershed is defined as the geographic area including surface and groundwater that 
flow towards the Canal and that are spilled into its tributary lakes.  The watershed up to 1999 
was defined as an area covering 333,850 ha (1,289 square miles).  The watershed was 
expanded with the passage of Law 44 of 31 August 1999 to include three other river basins:  
Rio Indio, Caño Sucio, and Cocle de Norte, which are located west of the Gatún Lake and have 
been evaluated as a source of additional sources of water for the Gatún Lake Watershed.  
Currently, however, the Alhajuela and Gatún Lake watersheds provide the source of water for 
the operation of the Panamá Canal.  Ships traversing the Panamá Canal are elevated or 
lowered through a system of locks that are gravity fed with water from Gatún Lake that allows 
the ships to travel at the elevation level of Gatún Lake, which is approximately 25.9 m (85 feet) 
above sea level.  Gatún Lake provides 768 billion liters (203 billion gallons) and Alhajuela Lake 
provides 613 billion liters (162 billion gallons) to the operation of the Canal.  The administration, 
use, and conservation of the water resources of the Canal are the responsibility of the Panamá 
Canal Authority (ACP) in coordination with the National Authority of the Environment (ANAM).  
Both entities, as authorized by Law 41 of July 1988, have the responsibility to develop 
strategies, policies, and programs related to the sustainable management of the natural 
resources of the river basins. 

The climatic events known as El Niño and La Niña are characterized by having caused regional 
alterations to the precipitation patterns of the area.  The El Niño-Southern Oscillation (ENSO) 
cycle in Panamá indicates a trend toward a reduction in precipitation below the normal long-
term average values in both the Pacific and southern part of Panamá.  Studies indicate that the 
annual mean deviation in precipitation during the El Niño events is 8 percent below normal 
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within the Canal’s Watershed.  The reduction in river discharges into Gatún Lake during these 
events has resulted in a decrease in the lake’s water level.  The El Niño years have placed the 
operation of the Canal at risk especially during the ENSO warm events of 1982-1983 and 1997-
1998.  These extreme water shortages have led the management of the Canal to implement 
navigational draft restrictions with considerable economic impacts to the users as well as to 
ACP through a reduction in cargo tonnage crossing the Canal.  Additionally, the impact to the 
economy of Panamá has been felt in the other sectors such as the reduction in generation of 
hydroelectric power, natural resources, severe drought affecting farming and fisheries, and 
human health impacting the poorest sectors by the lack of drinking water, an increase in water-
related borne diseases and deterioration of ground waters caused by the infiltration of waste. 

ACP, in preparation for future El Niño events, has engaged in programs to ensure the storage 
and provision of water for use by the Canal system.  These programs include the evaluation of 
other basins for the management of the Canal.  The feasibility study related to the raising of 
Gatún Lake maximum operating level is one of many measures being evaluated to ensure the 
reliability of the Canal Watershed and Canal Operations. 

The environmental evaluation of existing conditions and impacts for this project were 
established by the use of Direct Impact Areas (DIA) which consist of the Gatún Lake coastline 
including the Chagres River downstream of Alhajeula Dam and downstream of the proposed 
new spillway.  For the purposes of this report, an elevation of 27.43 meters (90 ft) has been 
considered as the maximum elevation associated with the DIA.  Since the economic benefits of 
this project will extend beyond the borders of the Canal watershed into the rest of the country, 
the Indirect Impact Area associated with this Project was defined as the country of Panama. 

Figure 1-1 presents the boundaries of the DIA and IIA used to evaluate the existing 
environmental conditions and the environmental impacts associated with the feasibility 
evaluation of raising Gatún Lake maximum operating level. 
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Figure 1-1 – Direct Impact Areas and Indirect Impact Areas 
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22  PPHHYYSSIICCAALL  EENNVVIIRROONNMMEENNTT  

2.1 CLIMATOLOGY 

Separated by two oceans, the country of Panamá enjoys a tropical climate similar to other 
Central American countries, although some regions of Panamá experience different weather 
patterns that are mostly related to their altitude and proximity to the ocean.  According to 
Koppen, the climate in the area of the Project is classified as tropical humid (see Figure 2-1) 
with two distinct seasons, the Rainy Season (May to December) and the Dry Season (January 
to April).  Monthly climatology information pertaining to temperature, precipitation, relative 
humidity and wind velocities and direction have been obtained from the ACP for the Gatún 
station shown in Figure 2-2 for the period of 1986 to 2004. 

2.1.1 TEMPERATURE 

Panamá does not experience marked seasons based on changes in temperature, rather, 
Panama’s seasons are divided into so called Wet and Dry Seasons.  The Dry Season begins 
around the middle of December which is marked by strong north-easterly winds, known as the 
'trade winds'.  During the Dry Season, day-time air temperatures also increase slightly to around 
30-31 degrees Centigrade (ºC) or 86-88 degrees Fahrenheit (ºF), but night-time temperatures 
remain around 22-23ºC (72-73ºF).  Relative humidity drops throughout the season, reaching 
average values as low as 70 percent.  The Wet Season commences around early May and is 
considered as one of the wettest months.  The transition from the very dry conditions at the end 
of the Dry Season to the Wet Season can be very dramatic.  The arrival of the rains during the 
Wet Season cool down the region a little during the day as the trade winds disappear.  Relative 
humidity during the Wet Season increases quickly and may hover around 90-100 percent 
throughout season.  The region's normal daily temperature varies little throughout the year.  
During the evening hours, however, the temperatures can fluctuate by as much as 6 to 10 ºC 
(42.8 to 50 ºF).  The evenings are typically cooler. 

As shown in Tables 2-1 through 2-4, the average monthly temperature for the general study 
area was based on the Coco Solo, Balboa FAA, Gamboa, and Gatún meteorological station 
data provided by ACP.  The station’s annual monthly average temperature varies from 26.3ºC 
(79.3ºF) at Gamboa to 26.7ºC (80.2ºF) at Gatún for the recording period.  The average monthly 
temperatures vary from a minimum of 26.2ºC (79.2ºF) at Balboa FAA to 26.4ºC (79.5ºF) at 
Gatún to a maximum of 27.0ºC (80.7ºF) at Gamboa to 27.8ºC (82.1ºF) at Balboa FAA and 
although the average monthly temperature varies little from month to month throughout the year 
(i.e. less than 2 ºF) what does change is the precipitation.  The average temperatures are also 
fairly constant between the Wet and Dry Seasons with a monthly average temperature of 
26.5ºC (79.7ºF) at Gamboa to 27ºC) 80.6ºF) at Coco Solo during the Dry Season and 26.2 ºC 
(79.1ºF) at Gamboa and 26.8 ºC (80.2ºF) at Coco Solo during the Wet Season. 



E
xisting C

onditions R
eport 

P
age 5 

10/23/2004 

Figure 2-1 – C
lassification of C

lim
ates in Panam

á 



Existing Conditions Report Page 6 10/23/2004 

Figure 2-2 – Locations of ACP Hydrometeorological Stations
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985
1986 78.4 79.6 79.2 79.7 80.0 79.7 79.5 79.6 79.0 78.0 79.3 79.4 79.3
1987 79.4 79.7 80.9 80.9 80.3 81.0 80.1 80.2 79.7 78.6 79.2 79.8 80.0
1988 80.0 79.9 80.4 81.3 80.9 80.0 78.8 79.6 79.5 79.0 78.4 78.4 79.7
1989 79.7 78.5 78.9 80.8 80.7 80.3 79.1 78.6 79.6 78.4 79.0 79.2 79.4
1990 79.9 79.5 79.9 80.8 80.6 80.5 79.6 79.8 79.9 80.1 80.9 81.1 80.2
1991 81.3 81.1 82.0 83.4 82.1 81.6 82.1 81.4 80.9 80.3 79.6 80.7 81.4
1992 81.0 81.4 80.8 81.5 80.4 81.2 79.8 79.3 79.5 79.3 79.4 79.7 80.3
1993 79.5 79.9 80.6 81.3 81.6 80.6 80.7 80.4 78.9 79.9 78.8 79.7 80.2
1994 79.9 79.9 80.7 81.7 80.6 80.1 80.5 79.9 80.4 80.2 79.2 80.5 80.3
1995 80.5 80.4 80.9 82.0 80.3 80.9 79.7 81.0 81.3 80.4 79.0 78.9 80.5
1996 79.5 80.0 80.6 81.5 81.0 79.8 79.4 79.8 80.0 80.1 78.7 79.6 80.0
1997 79.7 81.1 80.6 82.2 81.6 80.6 81.8 81.6 80.5 81.1 79.8 81.3 81.0
1998 81.4 81.9 82.1 82.2 82.1 81.2 80.3 80.0 81.2 80.5 79.5 78.3 80.9
1999 79.6 79.6 80.0 80.7 80.6 79.4 79.5 79.0 79.5 79.7 78.2 76.7 79.4
2000 78.2 79.0 79.4 80.3 79.9 79.3 79.5 80.0 79.5 78.8 79.5 78.4 79.3
2001 78.4 79.7 79.5 80.7 81.0 81.4 80.1 81.4 80.1 80.9 79.3 79.3 80.2
2002 80.8 81.1 81.4 81.2 82.5 81.6 80.9 80.7 80.1 78.9 83.5 82.2 81.2
2003 78.4 81.5 82.1 82.0 81.0 80.5 80.1 80.2 80.5 80.4 80.0 79.8 80.5
2004

Monthly Maximum 81.4 81.9 82.1 83.4 82.5 81.6 82.1 81.6 81.3 81.1 83.5 82.2 81.4
Monthly Minimum 78.2 78.5 78.9 79.7 79.9 79.3 78.8 78.6 78.9 78.0 78.2 76.7 79.3
Monthly Average of Avg 79.8 80.2 80.6 81.3 80.9 80.5 80.1 80.1 80.0 79.7 79.5 79.6 80.2

Dry Season Average 80.5
Wet Season Average 80.1

Annual Average 80.2

Source:  ACP, 2004.

Table 2-1.  Gatun Monthly Average Air Temperature (oF)
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Table 2-2 Coco Solo Monthly Average Air Temperature (ºF)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985 71.4 75.3 75.3 77.5 75.4 72.9 74.4 73.8 72.8 72.6 73.5 73.3 74.0
1986 80.0 79.5 80.1 80.8 80.6 80.4 80.3 80.2 79.1 78.0 80.6 80.9 80.0
1987 80.7 80.6 82.0 82.6 82.0 82.9 81.9 81.9 81.3 80.7 81.8 82.5 81.7
1988 82.3 81.6 82.0 82.8 82.6 81.3 80.6 80.5 80.7 80.1 80.0 80.7 81.3
1989 81.2 80.4 80.5 82.0 81.9 81.7 81.1 80.6 80.9 80.6 80.8 81.2 81.1
1990 81.8 81.4 81.5 82.4 81.6 82.1 81.4 81.4 80.9 80.2 81.2 81.7 81.5
1991 81.9 81.5 82.2 83.2 82.2 82.3 82.7 82.0 81.2 80.4 80.5 81.5 81.8
1992 81.5 81.6 80.9 81.5 80.4 81.0 79.9 79.5 79.2 79.5 79.8 80.3 80.4
1993 80.1 80.5 80.8 81.3 81.4 80.8 80.9 80.5 78.9 79.7 79.4 80.2 80.4
1994 80.6 80.0 80.7 81.5 80.6 80.2 80.7 79.9 80.3 79.9 79.5 81.1 80.4
1995 81.0 80.9 81.0 81.6 80.2 80.5 80.2 80.5 80.6 79.7 79.4 79.6 80.4
1996 80.0 80.6 80.8 81.4 80.5 79.8 80.5
1997
1998
1999

LMB 2000 79.3 79.5 79.6 79.6 79.4 79.5
LMB 2001 79.4 79.8 80.0 80.7 81.4 82.5 81.4 82.9 81.4 82.2 81.1 81.9 81.2

Monthly Maximum 82.3 81.6 82.2 83.2 82.6 82.9 82.7 82.9 81.4 82.2 81.8 82.5 81.8
Monthly Minimum 71.4 75.3 75.3 77.5 75.4 72.9 74.4 73.8 72.8 72.6 73.5 73.3 74.0
Mean Monthly Average 80.1 80.3 80.6 81.5 80.8 80.5 80.4 80.3 79.8 79.5 79.8 80.3 80.3

Dry Season Average 80.6
Wet Season Average 80.2

Annual Average 80.3

Source: ACP, 2004
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985 78.0 79.8 80.1 80.7 80.4 79.2 78.7 78.7 78.6 78.4 78.6 78.2 79.1
1986 79.0 78.7 79.7 80.6 80.3 79.9 79.9 79.6 78.8 77.4 78.7 79.2 79.3
1987 77.5 81.9 81.5 83.7 81.9 82.3 82.0 82.0 81.2 80.5 81.5 82.3 81.5
1988 82.9 83.7 83.8 83.7 81.7 80.1 79.7 79.5 79.9 78.5 78.4 78.3 80.9
1989 79.3 80.3 79.6 82.0 80.4 79.2 78.9 78.0 78.9 78.1 78.6 78.7 79.3
1990 80.4 80.4 82.0 83.0 81.1 80.9 80.1 80.3 79.8 78.8 79.9 79.6 80.5
1991 80.4 81.3 82.4 82.9 81.1 80.4 80.4 79.9 79.2 78.3 78.5 79.1 80.3
1992 80.9 81.6 81.2 81.6 80.0 79.0 81.5 77.3 79.6 79.5 79.1 80.1 80.1
1993 80.1 81.1 82.3 82.0 81.4 81.0 80.8 80.9 78.9 79.8 79.0 80.3 80.6
1994 80.5 81.2 81.7 82.7 80.6 80.3 80.9 79.8 80.6 79.3 79.4 80.5 80.6
1995 81.4 81.5 81.6 81.7 80.6 81.2 78.8 78.7 79.5 78.6 78.2 78.2 80.0
1996 77.9 79.0 79.7 80.7 79.3 79.2 78.5 78.6 78.4 78.5 78.0 78.2 78.8
1997 78.2 80.5 80.3 81.8 82.0 80.0 81.2 81.2 79.5 79.7 79.3 81.2 80.4
1998 82.1 82.3 83.6 83.3 81.9 80.7 79.8 79.3 79.8 79.7 78.4 78.1 80.7
1999 78.9 79.5 80.5 80.6 79.5 78.6 79.0 78.4 78.3 78.2 77.7 77.0 78.9
2000 77.7 79.5 80.2 81.4 79.9 79.3 79.1 78.9 77.6 78.0 78.1 78.1 79.0
2001 78.9 80.1 80.4 82.1 80.3 79.9 78.9 80.4 78.0 78.7 77.8 78.2 79.5
2002 80.8 81.4 82.4 81.8 82.3 80.8 80.7 80.4 79.9 79.5 79.7 79.7 80.8
2003 80.7 82.3 82.1 82.8 80.8 78.7 80.1 79.7 79.1 79.0

Monthly Maximum 82.9 83.7 83.8 83.7 82.3 82.3 82.0 82.0 81.2 80.5 81.5 82.3 81.5
Monthly Minimum 77.5 78.7 79.6 80.6 79.3 78.6 78.5 77.3 77.6 77.4 77.7 77.0 78.8
Monthly Average 79.8 80.8 81.3 82.1 80.8 80.0 80.0 79.6 79.2 78.9 78.8 79.2 80.0

Dry Season Average 81.0
Wet Season Average 79.6

Annual Average 80.0

Source: ACP, 2004

Table 2-3      Balboa FAA Monthly Average Air Temperature (deg F)
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985
1986 77.6 77.1 78.5 79.4 79.5 79.2 79.2 78.9 77.9 76.4 78.2 78.5 78.4
1987 78.6 79.6 80.2 80.3 79.5 79.6 79.2 79.2 78.6 77.9 78.4 79.5 79.2
1988 79.2 79.4 79.8 80.4 79.8 79.1 78.7 78.6 78.9 77.7 78.0 78.4 79.0
1989 79.2 78.6 78.2 80.8 80.2 79.5 78.9 78.3 78.7 78.2 78.6 78.5 79.0
1990 79.4 78.3 79.5 80.4 80.1 80.4 79.5 79.4 79.4 79.2 80.2 80.6 79.7
1991 80.7 81.0 81.8 82.9 82.1 81.8 81.7 81.5 81.8 80.4 80.9 80.6 81.4
1992 81.0 81.9 82.7 83.5 82.5 81.6 80.7 81.1 80.4 78.5 77.6 78.2 80.8
1993 77.8 78.1 79.6 79.9 80.0 79.3 79.4 79.2 78.3 78.5 76.9 78.0 78.7
1994 77.5 77.9 78.5 79.9 79.1 78.1 78.7 78.0 78.0 77.2 76.8 77.9 78.1
1995 78.1 77.8 79.0 80.1 79.4 79.6 78.0 78.5 78.9 78.1 77.8 78.2 78.6
1996 77.7 78.5 79.2 80.0 79.4 78.8 77.9 78.0 78.0 78.1 77.2 78.2 78.4
1997 77.9 80.0 79.1 80.5 81.5 80.4 81.0 81.2 79.4 79.8 79.2 80.3 80.0
1998 80.5 81.2 81.8 82.4 81.5 80.3 79.3 78.8 79.0 79.2 78.3 78.3 80.0
1999 79.3 78.4 79.3 80.0 79.6 78.1 78.7 78.1 77.7 77.7 77.3 76.5 78.4
2000 78.0 79.0 79.4 80.2 79.1 78.2 78.2 78.6 77.6 77.6 78.4 77.8 78.5
2001 77.4 78.3 78.5 80.4 79.8 79.7 78.3 80.1 78.6 79.5 78.6 78.9 79.0
2002 80.5 80.5 80.9 81.4 82.4 80.1 79.8 79.4 79.2 78.9 79.0 80.1 80.2
2003

Monthly Maximum 81.0 81.9 82.7 83.5 82.5 81.8 81.7 81.5 81.8 80.4 80.9 80.6 81.4
Monthly Minimum 77.4 77.1 78.2 79.4 79.1 78.1 77.9 78.0 77.6 76.4 76.8 76.5 78.1
Mean Mth Avg 78.8 79.1 79.8 80.7 80.3 79.6 79.2 79.2 78.8 78.4 78.3 78.7 79.3

Dry Season Average 79.7
Wet Season Average 79.1

Annual Average 79.3

Source: ACP, 2004

Table 2-4 Gamboa Monthly Average Air Temperature (deg F)
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The variation of monthly instantaneous minimum and maximum temperatures for the Coco Solo, 
Balboa FAA, Gamboa, Gatún stations are presented in Tables 2-5 through 2-8 and 2-9 though 
2-12, respectively.  The recorded data in Tables 2-5 through 2-8 indicates that the annual 
instantaneous minimum temperature varies from 17.7ºC (63.8ºF) at Balboa to 22.7ºC (73.0ºF) at 
Coco Solo and the annual instantaneous maximum varies from 30.2ºC (86.5ºF) at Coco Solo to 
38.3ºC (100.9ºF) at Gatún. 

The variation in temperature between the Dry Season minimum and maximum temperature 
varies from a low minimum ranging from 13.9ºC (57.1ºF) at Gamboa to 24 ºC (75.2ºF) at Coco 
Solo to dry season maximum ranging from 30.9 ºC (87.7ºF) at Coco Solo to 38.4ºC (101.2ºF) at 
Gamboa. The Wet Season minimum and maximum temperatures vary from a minimum ranging 
from 18.6ºC (65.4ºF) at Balboa to 22.7ºC (73ºF) at Coco Solo to a maximum ranging from 
33.3ºC (92ºF) at Coco Solo to 39.5ºC (103.1ºF). 

2.1.2 PRECIPITATION 

The Gatún and Alhajuela Lake watersheds and the Republic of Panamá in general have unique 
precipitation patterns.  The mountainous topography leads to measured rainfall being dominated 
by orographic processes and rainfall amounts being quite variable across the Isthmus.  In fact, 
the annual rainfall along the Atlantic coast is almost double of that experienced along the Pacific 
coast (average along Atlantic Coast = 305 cm/yr (120 in/yr), average along Pacific Coast = 
152 cm/yr (60 in/yr).  Fortunately, ACP does have a network of over 40 hydro-meteorological 
stations throughout the Gatún and Alhajuela Lake watersheds, and these stations have been 
operating over a long period of time (see Figure 2-2).  ACP has provided monthly rainfall 
statistics for the Coco Solo, Balboa FAA, Gamboa, and Gatún station.  The annual precipitation 
as recorded for all four monitoring stations Gatún are presented in Tables 2-13 through 2-16.  
As the tables show, the average annual precipitation for the Gatún station is 3015 mm 
(118.7 inches) in keeping with the Atlantic side being the wetter side of the Isthmus while the 
average precipitation for Gamboa and Balboa are 2179 mm (85.8 inches) and 1902 mm 
(74.9 inches), respectively. 

The precipitation associated with the region is typical of a humid tropical climate with an 
average annual precipitation of 2,032 millimeters (mm) or 80 inches.  The precipitation for the 
recorded periods indicates that mid-December through April are the driest months with average 
monthly recorded precipitation of less than 127 mm (5 inches) (January through April).  Average 
monthly precipitation during this period varies from 43 mm (1.7 inches) to 132 mm (5.2 inches) 
with minimum and maximum monthly precipitation ranging from 2.5 to 520.7 mm (0.1 to 
20.5 inches).  During the Wet Season (May through mid-December) the average monthly 
precipitation ranges from 287 to 490 mm (11.3 to 19.3 inches) with an minimum monthly 
precipitation ranging from 68.6 to 198 mm (2.7 to 7.8 inches) and maximum monthly 
precipitation ranging from 561 to 1181 mm (22.1 to 46.6 inches).  Although the differences in 
rainfall between the Wet and Dry Seasons are considerable, with a great majority of all of the 
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precipitation occurring during the Wet Season, there is also considerable variation in the amount 
of rain that falls between years and locations.  As stated previously, the variation in rainfall 
across the Canal can vary from and average of 1,905 mm (75 inches) in the City of Panamá on 
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Table 2-5.  Gatun Monthly Minimum Air Temperature (oF)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 70.0 72.0 71.0 72.0 74.0 70.0 73.0 72.0 72.0 72.0 72.0 73.0
1986 72.0 69.9 71.9 70.4 73.0 73.4 71.8 70.9 71.4 71.2 72.3 70.7
1987 70.0 70.7 71.0 72.7 72.5 72.4 71.7 72.3 72.3 72.5 72.5 71.5
1988 70.6 68.9 71.7 73.0 73.8 72.5 68.9 68.9 72.7 73.2 68.9 71.1
1989 73.2 71.6 69.2 71.2 68.9 69.7 70.1 69.1 72.7 69.7 72.2 68.9
1990 69.1 71.3 72.8 72.6 71.5 70.7 72.2 73.0 72.3 71.2 75.0 73.3
1991 69.4 74.8 71.8 74.2 75.2 73.2 73.2 69.9 73.8 73.6 73.8 73.7
1992 74.2 72.3 73.4 73.3 74.1 72.7 71.7 69.5 71.7 71.9 72.3 71.2
1993 70.7 73.0 71.6 71.9 75.0 73.3 71.5 72.3 72.7 72.9 71.9 72.5
1994 72.8 72.8 73.1 73.4 73.4 72.9 72.8 73.0 73.4 73.8 72.9 73.1
1995 72.4 72.5 72.5 74.6 72.7 71.7 71.7 73.2 75.0 74.6 72.6 72.9
1996 72.5 71.8 71.5 74.0 71.9 72.9 72.1 72.5 73.0 74.2 71.4 72.1
1997 73.4 74.2 70.7 72.7 73.5 71.6 71.5 72.0 72.6 74.2 73.9 73.8
1998 74.4 71.9 74.4 72.6 74.8 74.4 72.3 72.2 71.7 72.9 72.7 72.7
1999 67.6 71.8 71.3 73.4 71.1 72.0 68.9 68.9 68.9 68.9 70.8 70.4
2000 70.5 72.0 64.8 65.6 71.1 71.6 70.5 70.3 72.4 70.5 72.0 70.0
2001 69.6 72.0 70.4 74.0 74.0 72.0 72.0 72.0 71.0 72.0 72.0 72.0
2002 71.0 73.0 73.6 71.1 74.0 72.0 71.3 72.0
2003 70.0 73.0 72.0 72.0 72.0 72.0 73.0 72.0 68.3 73.0 74.0 72.8
2004

Monthly Maximum 74.4 74.8 74.4 74.6 75.2 74.4 73.2 73.2 75.0 74.6 75.0 73.8
Monthly Minimum 67.6 68.9 64.8 65.6 68.9 69.7 68.9 68.9 68.3 68.9 68.9 68.9
Monthly Average Min 71.2 72.1 71.5 72.4 73.0 72.2 71.6 71.4 72.1 72.4 72.4 72.0

Dry Season Minimum 64.8
Wet Season Minimum 68.3

Annual Minimum 64.8

Note: These values are the minimum air temperature for a 20 second period during the month.

Source:  ACP, 2004.
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Table 2-6 Coco Solo Monthly Minimum Air Temperature (ºF)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985
1986 77.6 76.3 76.8 77.9 76.6 75.9 77.1 76.4 75.4 74.2 76.1 76.9
1987 77.6 76.9 78.3 79.2 77.7 78.1 77.4 77.5 76.9 76.7 77.3 78.8
1988 78.8 77.9 78.6 79.3 78.6 76.5 76.1 76.5 76.3 75.7 75.7 75.9
1989 77.7 76.9 77.5 79.0 77.8 77.7 76.2 75.9 75.9 75.3 75.8 76.3
1990 78.2 78.2 78.3 78.7 77.4 78.2 76.8 76.6 75.9 75.7 76.9 78.2
1991 78.3 78.5 78.8 79.9 78.4 78.1 78.7 77.7 76.1 75.4 75.6 77.6
1992 78.8 78.2 77.7 77.6 76.3 75.7 74.6 74.6 74.3 74.9 74.9 76.1
1993 76.4 77.3 77.0 76.7 76.4 75.9 76.3 74.9 73.0 73.7 73.5 75.1
1994 76.3 75.8 77.1 77.4 75.9 75.2 76.2 74.6 75.4 74.5 74.3 76.5
1995 77.2 77.6 76.5 77.4 75.3 75.6 75.4 75.4 75.3 74.7 74.3 74.2
1996 75.2 76.6 76.3 77.2 75.3 75.1
1997
1998
1999

LMB 2000
LMB 2001

Monthly Maximum 78.8 78.5 78.8 79.9 78.6 78.2 78.7 77.7 76.9 76.7 77.3 78.8
Monthly Minimum 75.2 75.8 76.3 76.7 75.3 75.1 74.6 74.6 73.0 73.7 73.5 74.2
Mean Monthly Average 77.5 77.3 77.5 78.2 76.9 76.5 76.5 76.0 75.4 75.1 75.4 76.5

Dry Season Minimum 75.2
Wet Season Minimum 73.0

Annual Minimum 73.0

Source: ACP, 2004
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 65.4 68.1 67.2 69.1 70.6 72.4 69.2 70.9 70.5 69.3 70.4 70.3
1986 69.7 66.6 68.6 70.6 70.7 71.4 69.8 68.5 70.7 70.5 69.4 68.7
1987 65.5 70.5 66.5 71.1 71.0 72.9 73.5 74.5 72.9 72.9 71.3 71.9
1988 68.7 70.5 70.0 71.2 73.1 72.2 71.9 68.9 72.7 71.7 71.5 68.7
1989 66.8 68.3 63.8 65.2 71.9 71.7 70.8 70.7 71.4 67.9 70.1 68.9
1990 70.7 68.5 67.6 70.7 72.3 72.1 70.0 71.9 72.7 69.9 72.1 69.9
1991 68.3 67.4 68.9 68.3 74.0 72.1 71.7 71.9 71.6 70.0 71.3 67.4
1992 68.9 68.1 67.5 69.5 72.5 68.9 69.8 65.4 72.2 70.3 72.3 68.5
1993 71.1 68.9 67.4 72.3 74.7 72.1 72.9 70.0 71.7 72.5 71.3 70.9
1994 67.4 69.5 68.9 72.1 73.3 68.9 72.3 72.5 72.1 71.5 72.2 68.9
1995 68.9 69.2 68.7 71.6 73.4 73.7 70.4 71.2 71.7 70.2 71.3 70.0
1996 68.3 68.4 65.6 70.3 70.6 72.8 69.9 70.2 70.9 71.4 69.6 69.7
1997 68.4 69.3 66.2 68.9 73.8 72.4 71.6 71.5 68.9 72.4 70.8 69.3
1998 70.9 65.8 69.7 70.8 74.4 73.2 73.0 70.7 71.5 71.7 71.1 70.1
1999 68.4 68.7 67.9 70.0 71.7 72.0 71.3 69.2 71.9 71.4 69.3 69.7
2000 66.6 68.0 67.1 68.6 71.9 70.1 69.7 70.0 70.0 70.9 70.0 69.0
2001 68.0 70.0 67.0 70.0 71.0 71.0 71.0 72.0 70.0 71.0 71.0 68.0
2002 71.0 71.0 71.0 70.0 69.1 72.0 69.0 67.3 68.8 68.2 67.2 67.8
2003 71.0 71.0 69.0 73.0 70.9 68.0 70.8 73.0 68.9 73.3

Monthly Maximum 71.1 71.0 71.0 73.0 74.7 73.7 73.5 74.5 72.9 73.3 72.3 71.9
Monthly Minimum 65.4 65.8 63.8 65.2 69.1 68.0 69.0 65.4 68.8 67.9 67.2 67.4
Monthly Average 68.6 68.8 67.8 70.2 72.2 71.6 71.0 70.5 71.1 70.9 70.7 69.3

Dry Season Minimum 63.8
Wet Season Minimum 65.4

Annual Minimum 63.8

Source: ACP, 2004

Table 2-7  Balboa FAA Minimum Air Temperature (ºF)
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Table 2-8 Gamboa Monthly Minimum Air Temperature (ºF)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 67.0 71.0 69.0 71.0 73.0 73.0 71.0 71.0 72.0 72.0 70.0 70.0
1986 69.1 67.0 66.6 68.9 70.3 72.5 71.1 70.3 70.7 70.0 69.1 66.0
1987 66.3 68.7 67.0 69.6 72.3 70.9 71.2 70.0 71.3 70.7 71.3 70.3
1988 66.8 69.9 68.3 69.9 72.3 71.9 71.7 72.3 71.8 72.7 72.7 69.0
1989 68.3 67.8 66.0 67.7 71.5 71.1 70.3 70.2 72.1 68.6 71.3 69.7
1990 69.8 66.6 68.4 70.3 72.8 72.3 71.6 72.2 68.9 73.4 72.5 71.4
1991 69.1 69.6 71.3 69.9 73.5 73.6 73.0 74.2 74.4 72.8 73.2 71.8
1992 71.5 71.7 71.9 72.5 75.6 73.1 73.1 73.0 74.1 70.8 71.5 66.9
1993 69.2 68.2 70.1 71.2 73.0 71.3 71.7 71.0 70.6 72.3 70.5 69.4
1994 66.4 68.0 67.4 69.2 71.5 70.9 70.3 70.4 70.7 69.6 70.9 68.1
1995 67.4 67.4 66.8 70.1 72.3 72.3 70.9 72.1 72.3 71.5 71.6 70.3
1996 68.1 68.3 66.3 69.7 71.1 71.6 70.5 71.3 71.3 71.9 70.5 70.1
1997 69.4 68.5 66.2 68.9 73.7 72.1 70.7 71.1 70.9 71.9 71.8 69.9
1998 70.5 67.5 70.8 69.6 73.6 73.5 72.9 70.5 70.8 71.6 71.3 71.9
1999 68.2 57.1 67.2 71.3 68.5 70.7 70.5 70.6 70.9 70.4 69.4 69.4
2000 67.0 66.8 65.6 66.6 71.1 69.9 69.3 70.0 71.0 72.0 71.0 69.0
2001 68.0 68.0 66.0 69.0 71.9 71.0 70.8 72.0 71.0 72.0 71.0 68.0
2002 71.0 69.0 69.0 69.0 73.0 72.0 70.0 72.0 71.0 72.0 71.0 71.0
2003

Monthly Maximum 71.5 71.7 71.9 72.5 75.6 73.6 73.1 74.2 74.4 73.4 73.2 71.9
Monthly Minimum 66.3 57.1 65.6 66.6 68.5 69.9 69.3 70.0 68.9 68.6 69.1 66.0
Mean Mth Avg 68.5 67.8 68.0 69.7 72.3 71.9 71.1 71.3 71.4 71.5 71.1 69.6

Dry Season Minimum 57.1
Wet Season Minimum 66.0

Annual Minimum 57.1

Note: These values are the minimum air temperature for a 20 second period during the month.

Source: ACP, 2004
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Table 2-9.  Gatun Monthly Maximum Air Temperature  (oF)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 98.1 86.7 87.4 92.4 96.7 95.9 91.7 89.5 91.4 90.1 89.4 89.4 91.6
1986 86.3 94.8 88.7 87.9 92.5 93.3 88.4 91.9 90.2 92.9 91.5 90.0 90.7
1987 88.0 89.3 97.7 91.8 93.4 96.1 95.0 95.4 95.8 95.6 91.9 92.5 93.5
1988 90.1 90.4 91.1 93.7 100.9 97.8 94.8 95.1 95.8 91.6 93.4 89.7 93.7
1989 89.3 87.8 87.9 90.4 93.8 92.9 90.7 91.7 92.2 92.2 92.0 92.2 91.1
1990 89.4 88.2 90.5 91.2 95.1 91.5 90.3 95.2 95.0 94.2 93.2 91.1 92.1
1991 90.5 89.9 95.5 94.0 94.4 93.2 93.0 91.4 94.4 93.4 90.2 90.3 92.5
1992 89.5 92.7 89.7 91.2 93.2 93.7 91.7 92.9 95.6 93.9 92.4 90.8 92.3
1993 91.9 88.7 89.8 93.9 96.0 95.6 91.3 91.5 93.6 93.3 90.9 91.7 92.4
1994 89.5 88.5 89.5 93.6 93.3 90.9 90.2 90.4 93.3 92.8 93.6 91.5 91.4
1995 89.1 88.3 92.7 93.7 92.8 94.2 90.7 94.6 93.6 95.0 92.1 90.9 92.3
1996 91.9 89.0 91.1 90.7 93.6 91.3 90.8 91.0 92.2 94.4 92.6 89.4 91.5
1997 90.1 90.5 90.4 96.4 92.1 93.7 91.1 92.5 95.8 94.2 93.0 90.9 92.6
1998 91.5 97.2 93.7 93.4 95.8 92.8 91.4 94.7 95.5 94.2 93.2 92.1 93.8
1999 88.8 90.9 88.9 93.4 94.5 90.6 92.4 93.3 93.1 94.8 92.0 89.6 91.9
2000 88.1 88.5 91.1 92.2 94.2 91.5 91.3 92.1 92.1 94.0 92.0 90.0 91.4
2001 90.1 88.7 92.0 90.1 96.0 94.0 91.8
2002 93.7 93.2 93.5 93.6 95.5 94.2 97.6 94.1 96.4 97.5 96.0 93.4 94.9
2003 89.0 94.0 99.0 95.0 93.0 94.0 92.9 95.0 94.2 93.0 92.1 91.0 93.5
2004

Monthly Maximum 98.1 97.2 99.0 96.4 100.9 97.8 97.6 95.4 96.4 97.5 96.0 93.4 97.1
Monthly Minimum 86.3 86.7 87.4 87.9 92.1 90.6 88.4 89.5 90.2 90.1 89.4 89.4 89.0
Monthly Average Max 90.3 90.4 91.6 92.6 94.6 93.5 92.0 92.9 93.9 93.7 92.3 90.9 92.4

Dry Season Max 99.0
Wet Season Maximum 100.9

Annual Maximum 100.9

Note: These values are the maximum air temperature for a 20 second period during the month.

Source:  ACP, 2004.
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Table 2-10 Coco Solo Monthly Maximum Air Temperature (ºF)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985
1986 82.3 82.2 82.8 83.1 84.7 85.3 82.8 83.5 83.8 82.9 85.3 85.5
1987 84.2 84.4 87.2 86.3 86.8 87.9 87.0 86.9 88.2 87.0 86.4 86.6
1988 86.6 85.5 86.4 87.3 88.6 88.9 86.8 89.4 89.5 87.1 86.6 85.7
1989 85.8 84.6 84.2 86.4 87.3 88.1 86.9 86.6 88.7 86.5 87.3 86.5
1990 86.7 86.5 86.5 87.6 87.8 87.0 86.4 86.9 87.5 88.5 88.0 86.7
1991 86.3 85.2 86.7 87.7 88.4 87.5 87.3 87.3 87.7 88.3 85.9 85.8
1992 85.1 85.8 84.7 85.7 85.0 87.9 85.7 85.0 86.6 85.5 85.7 84.7
1993 84.5 84.4 84.9 86.0 88.2 87.0 85.5 85.6 85.3 86.0 84.2 84.5
1994 84.4 84.0 84.5 86.2 86.3 85.1 85.2 85.1 86.4 87.4 85.5 86.0
1995 84.9 84.9 86.0 86.8 86.5 87.6 86.0 88.6 88.7 88.3 84.8 84.9
1996 84.7 84.9 85.2 85.7 88.0 86.6
1997
1998
1999

LMB 2000 91.5 81.3 87.7 88.0 88.0 86.8 86.6
LMB 2001 84.0 85.6 85.7 85.9 92.0 91.0 88.8 91.1 89.0 90.0 90.0 90.4

Monthly Maximum 86.7 86.5 87.2 87.7 92.0 91.5 88.8 91.1 89.5 90.0 90.0 90.4
Monthly Minimum 82.3 82.2 82.8 83.1 84.7 85.1 81.3 83.5 83.8 82.9 84.2 84.5
Mean Monthly Average 85.0 84.8 85.4 86.2 87.5 87.8 85.8 87.0 87.4 87.1 86.4 86.2

Dry Season Maximum 87.7
Wet Season Maximum 92.0

Annual Maximum 92.0

Source: ACP, 2004
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 93.2 94.8 94.8 95.2 94.7 92.9 93.5 92.9 92.8 90.5 92.1 90.8
1986 91.3 91.8 94.2 95.0 94.6 93.2 92.8 92.2 93.3 89.0 92.5 92.3
1987 90.7 100.5 101.8 102.7 99.7 98.7 100.4 99.8 100.0 97.0 100.6 101.9
1988 102.6 102.7 103.3 104.4 100.5 98.6 97.8 92.6 96.0 97.0 97.0 97.6
1989 98.7 99.4 100.6 99.8 95.5 93.6 95.8 91.3 90.7 91.0 92.5 93.2
1990 93.8 95.2 97.4 99.1 95.6 94.0 94.0 96.3 93.6 89.1 93.3 94.6
1991 96.2 97.8 98.3 99.1 93.2 94.8 93.1 92.1 92.4 92.7 91.3 93.4
1992 95.9 97.6 96.9 98.7 95.3 93.9 97.4 97.7 93.4 94.5 92.5 94.5
1993 94.1 97.6 97.8 96.1 93.1 96.4 94.4 94.5 92.1 91.7 91.1 94.0
1994 97.0 97.0 97.1 98.4 94.0 93.8 93.8 92.3 92.9 92.5 93.1 94.8
1995 96.3 98.4 98.2 95.1 92.7 93.4 93.3 93.6 93.1 89.3 90.6 92.3
1996 92.3 92.6 94.6 95.8 93.4 92.7 93.1 91.1 91.8 92.5 90.7 91.2
1997 92.8 94.7 96.6 98.5 97.2 92.7 94.5 94.2 92.8 94.6 91.7 93.6
1998 97.6 98.5 98.5 99.3 97.0 93.7 95.8 91.5 92.7 91.3 92.1 92.3
1999 94.0 93.7 97.6 95.2 93.9 90.7 92.9 91.5 92.7 89.7 92.3 91.2
2000 93.2 94.0 96.0 97.2 94.2 92.1 92.8 92.5 89.0 90.0 92.0 92.0
2001 93.0 93.0 96.0 97.0 94.0 92.0 93.0 95.0 92.3 91.0 91.0 89.6
2002 93.7 95.0 97.0 97.0 96.0 93.0 96.5 97.6 94.5 93.7 94.7 95.0
2003 95.0 97.0 96.0 97.0 95.8 99.5 96.3 92.5 91.0 90.9

Monthly Maximum 102.6 102.7 103.3 104.4 100.5 99.5 100.4 99.8 100.0 97.0 100.6 101.9
Monthly Minimum 90.7 91.8 94.2 95.0 92.7 90.7 92.8 91.1 89.0 89.0 90.6 89.6
Monthly Average 94.8 96.4 97.5 97.9 95.3 94.2 94.8 93.7 93.0 92.0 92.8 93.6

Dry Season Maximum 104.4
Wet Season Maximum 101.9

Annual Maximum 104.4

Source: ACP, 2004

Table 2-11 Balboa FAA Maximum Air Temperature (deg F)
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Table 2-12 Gamboa Monthly Maximum Air Tempearture (ºF)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 88.3 88.3 88.8 93.8 92.1 93.2 91.6 91.1 93.1 89.9 88.5 89.1
1986 87.6 88.3 93.0 90.0 92.8 93.5 90.7 90.6 91.7 91.0 95.4 91.5
1987 92.7 94.0 100.5 96.1 96.4 95.7 95.2 97.0 97.7 98.2 99.3 96.8
1988 97.0 94.6 93.3 97.2 96.6 96.9 95.7 95.4 95.7 94.2 94.3 94.9
1989 95.2 94.2 95.4 98.2 97.2 97.2 96.5 97.5 96.7 96.6 94.4 94.8
1990 94.6 91.3 99.6 99.1 95.8 96.1 94.2 95.4 97.8 96.2 96.4 95.4
1991 95.4 95.1 99.3 98.9 97.8 101.3 96.2 97.8 97.9 96.2 95.3 92.2
1992 93.0 96.4 98.0 98.1 97.0 99.8 96.4 95.5 96.7 94.0 92.3 91.0
1993 89.7 90.0 92.3 97.9 96.5 94.5 94.0 93.8 94.0 92.9 92.6 91.8
1994 89.9 91.5 93.1 94.7 94.5 93.0 94.0 93.4 91.9 94.6 92.9 92.5
1995 90.9 91.7 95.1 96.2 97.6 97.8 96.8 95.8 97.2 97.2 93.8 93.8
1996 93.5 92.2 94.5 96.0 96.2 97.7 92.9 92.8 97.3 94.6 93.2 93.1
1997 91.0 92.3 95.0 98.6 96.9 99.1 97.0 97.0 95.5 98.8 98.0 94.4
1998 96.2 100.3 99.1 101.2 103.1 100.0 98.9 97.0 99.5 100.9 95.8 97.0
1999 95.6 94.4 95.4 97.5 98.7 97.0 98.6 99.4 99.4 96.9 95.0 94.6
2000 94.0 97.0 98.3 99.7 99.4 98.7 99.1 97.0 94.0 95.0 94.2 95.0
2001 93.5 92.0 94.0 97.0 97.0 97.2 96.0 95.0 95.8 97.6 96.6 98.5
2002 97.2 97.4 96.0 99.0 101.0 97.3 97.5 97.6 95.3 98.0 98.0 96.3
2003

Monthly Maximum 97.2 100.3 100.5 101.2 103.1 101.3 99.1 99.4 99.5 100.9 99.3 98.5
Monthly Minimum 87.6 88.3 88.8 90.0 92.1 93.0 90.7 90.6 91.7 89.9 88.5 89.1
Mean Mth Avg 93.1 93.4 95.6 97.2 97.0 97.0 95.6 95.5 96.0 95.7 94.8 94.0

Dry Season Maximum 101.2
Wet Season Maximum 103.1

Annual Maximum 103.1

Note: These values are the maximum air temperature for a 20 second period during the month.

Source: ACP, 2004
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Table 2- 13 – Gatún Monthly Rainfall (inches), 1905-2004 

Table 2-13.  Gatun Rainfall (inches), 1905 - 2004

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL
1905 8.63 1.99 0.28 1.75 28.81 10.46 13.1 24.12 10.32 20.7 16.89 11.89 148.94
1906 1.42 1.34 2.37 8.23 12.02 13.05 12.63 18.9 15.02 17.72 24.51 18.69 145.9
1907 3.29 2.6 3.42 1.41 9.56 15.37 11.12 16.37 8.03 19.27 14.27 5.53 110.24
1908 3.18 1.29 2.81 1.47 17.3 13.33 13.67 16.22 8.52 12.22 21.37 7.95 119.33
1909 7.17 4.12 2.99 4.03 8.98 16.35 11.46 9.92 10.86 15.55 41.1 31.66 164.19
1910 4.81 3.33 9.08 4.97 15.68 11.41 19.04 13.85 12.72 16.02 26.06 19.24 156.21
1911 1.2 2.19 1.8 6.38 19.14 14.72 6.66 7.91 4.33 16.92 15.78 2.25 99.28
1912 0.91 2.38 0.55 4.18 13.83 14.8 11.84 11.98 7.84 14.52 19.18 9.82 111.83
1913 4.63 2.92 1.01 5.38 17.06 10.7 9.73 12.32 9.95 15.17 15.88 8.06 112.81
1914 1.63 1.08 0.96 3.26 10.91 12.64 4.28 15.15 10.95 14.14 12.57 4.62 92.19
1915 1.8 13.17 0.9 15.9 10.24 12.66 18.23 12.31 16.12 19.55 18.28 7.23 146.39
1916 1.05 2.2 3.25 4.72 11.32 10.7 9.68 5.97 8.24 16.37 19.15 4.2 96.85
1917 1.11 0.62 0.52 9.84 15.14 12.41 17.8 17.81 12.2 10.05 30.94 11.59 140.03
1918 4.03 0.53 0.55 6.66 11.64 8.29 8.15 17.93 7.27 22.73 11.49 1.92 101.19
1919 1.42 0.54 0.59 12.04 7.16 12.54 7.86 9.07 8.42 17.46 7.19 6.62 90.91
1920 0.71 1 0.71 0.14 2.65 7.38 15.26 15.23 6.62 17.57 9.78 3.26 80.31
1921 2.01 2.74 0.79 4.69 14.08 13.23 13.17 19.73 13.71 9.09 21.04 9.03 123.31
1922 9.48 1.29 1.13 2.35 12.71 12.54 5.26 7.24 11.98 17.81 17.5 8.04 107.33
1923 2.26 0.55 0.46 1.57 10.18 11.55 8.7 15.53 12.11 39.76 15.31 6.74 124.72
1924 0.76 3.75 0.87 14.14 12.39 12.6 15.5 9.92 12.48 13.85 27.78 5.9 129.94
1925 3.01 1.09 0.72 8.17 8.33 8.99 14.37 7.64 14.03 12.23 20.78 5.61 104.97
1926 0.92 1.64 0.7 0.59 12.55 18.78 23.47 13.94 9.13 16.92 24 9.09 131.73
1927 5.69 2.53 2.62 8.04 16.58 11.27 13.61 14.75 9.73 11.39 17.78 15.96 129.95
1928 2.01 1.27 2.89 1.3 11.54 15.16 10.77 19.68 9.9 14.82 20.48 20.72 130.54
1929 0.75 0.54 1.94 1.43 11.92 10.75 7.59 19.22 8.42 15.67 15.08 5.51 98.82
1930 2.82 1.45 0.61 6.89 10.62 9.01 10.54 9.91 12.91 11.19 20.16 6.92 103.03
1931 2.65 1.68 3.94 7.1 16.37 8.86 17.18 13.67 4.77 17.77 31.91 2.37 128.27
1932 3 0.67 1.68 3.6 12.55 16.58 12.81 10.46 7.94 18.19 46.64 15.97 150.09
1933 2.61 0.2 0.98 0.31 8.64 17.67 12.88 4.96 11.87 16.54 41.52 21.67 139.85
1934 2.62 0.78 1.29 6.15 15 11.74 12.7 13.82 17.03 16.65 27.28 16.26 141.32
1935 4.78 2.93 0.75 2.44 11.34 15.33 21.66 15.9 13.44 11 44.21 19.48 163.26
1936 1.38 0.25 1.44 2.22 12.82 7.93 12.75 16.23 14.83 12.19 22.78 6.87 111.69
1937 5.19 0.73 0.54 1.73 18.8 13.92 11.89 16.24 10.43 21.05 16.83 24.08 141.43
1938 1.97 1.14 1.49 6.37 15.16 18.39 16.51 18.93 11.48 13.29 18.46 29.93 153.12
1939 0.7 0.39 0.81 1.45 4.7 18.89 6.04 13.03 13.67 15.03 35.32 18.37 128.4
1940 5.46 2.75 2.07 1.16 7.35 8.91 8.88 22.11 7.83 17.4 17.48 2.69 104.09
1941 4.2 3.76 2.65 1.17 8.43 9.16 14.6 13.83 14.15 26.81 20.5 4.51 123.77
1942 2.3 1.82 6 7.33 16.28 10.34 10.12 11.02 19.92 26.61 8.13 20.9 140.77
1943 1.9 2.69 3.44 5.88 18.43 11.37 9.29 12.84 16.36 13.1 19.98 15.04 130.32
1944 3 2.12 0.69 10.09 23.71 7.51 10.2 16.92 7.58 21.94 14.43 19.68 137.87
1945 2.86 1.03 0.78 1.54 14.54 7.72 15.26 17.93 11.17 17.2 32.36 23.43 145.82
1946 2.7 0.46 1.26 1.42 6.44 7.83 12.8 11.85 15.54 16.34 22.03 23.16 121.83
1947 0.81 1.13 0.84 5.66 7.9 8.81 13.74 10.05 9.13 10.69 10.38 11.35 90.489999
1948 2.96 0.3 0.79 6.11 10.36 6.56 14.04 10.98 8.87 14.97 15.92 5.76 97.62
1949 1.3 1.48 0.62 2.44 10.45 21.03 10.62 15.55 9.34 17.79 29.74 16.19 136.55
1950 1.28 2.76 1.21 3.59 6.24 14.86 13.94 16.65 8.4 7.94 28.97 23.61 129.45
1951 0.85 6.71 1.08 9.41 12.42 8.54 7.99 9.19 9.65 17.69 12.9 11.09 107.52
1952 4.29 1.14 0.48 9.01 9.47 11.31 15.13 12.11 9.49 18.73 14.1 20.05 125.31
1953 5.46 1.06 2.4 5.99 12.97 2.97 19.36 12.37 7.7 19.56 15.77 9.26 114.87
1954 1.97 2.51 0.99 3.54 11.69 11.28 12.69 14.83 16.95 12.87 32.74 13.86 135.92
1955 11.56 1.23 1.55 0.71 14.32 14.04 6.96 11.24 7.55 12.91 20.46 13.53 116.06
1956 12.25 2.42 5.89 3.32 19.89 6.36 18.73 12.75 13.6 21.77 23.47 6.5 146.95
1957 1.28 0.42 0.66 0.25 9.75 10.98 9.05 13.93 17.5 10.01 21.27 7.45 102.55
1958 8.22 3.92 5.38 4.82 9.11 7.51 23.27 10.22 11.48 16.65 11.45 9.84 121.87
1959 2.32 0.15 0.41 4.19 10.81 9.49 11.48 10.64 17.27 7.85 15.67 21.8 112.08
1960 4.05 1.71 7.52 11.53 20.73 9.53 16.04 8.42 9.15 19.09 19.38 25.46 152.61
1961 1.03 0.34 0.91 6.65 9.58 16.72 8.15 15.81 8.57 20.4 19.14 5.96 113.26
1962 4.22 0.95 1.12 1.61 24.43 6.27 17.92 10.76 14.03 11.44 21.3 20.57 134.62
1963 7.15 2.2 0.57 4.7 16.1 7.43 14.32 14.69 8.53 10.18 21.81 4.09 111.77
1964 0.83 0.38 0.32 3.16 13.83 16.8 18.12 9.93 13.42 11.2 10.59 2.56 101.14
1965 5.61 1.33 0.2 1.7 14.46 7.05 4.88 12.95 11.68 24 33.66 7.5 125.02
1966 2.25 1.15 1.89 7.03 13.17 6.5 16.44 20.48 11.4 15.68 37.06 14.09 147.14
1967 1.44 0.37 0.91 4.94 7.63 19.37 18.35 9.47 7.92 13.86 25.9 9.94 120.1
1968 0.58 2.53 3.26 0.87 8.8 11.66 12.98 13.82 10.82 24.69 12.48 2.57 105.06
1969 3.22 1.65 1.12 2.1 13.7 9.23 15.94 17.39 14.05 14.51 14.44 18.71 126.06
1970 11.42 4.36 2.51 10.66 17.07 10.31 16.57 14.68 8.57 15.72 26.83 16.88 155.58
1971 5.31 2.47 3.43 0.68 13.93 12.58 10.87 16.82 12.66 10.7 11.69 0.74 101.88
1972 9.99 2.3 0.81 11.96 8.68 10.49 5.13 7.74 12.38 17.07 8.06 3.86 98.47
1973 1.81 1.83 0.2 2.3 7.4 8.8 7.2 9.7 9.2 11.6 22.6 7.8 90.44
1974 0.5 1.6 1.4 2.5 6.7 9.8 20.6 10 17.7 16.7 29.6 5.5 122.6
1975 1 0.5 3.2 0.9 11.3 13.3 12.7 17.9 13.4 16.9 13.6 25 129.7
1976 2.3 0.5 0.1 6.8 9.9 12.6 12.4 13.9 11.4 12.7 11.2 4.3 98.099999
1977 1.7 0.9 0.2 4.2 7.6 12.1 5.8 12.9 10.2 15.2 9.2 2.2 82.2
1978 0.3 1.9 2.9 12.2 4.8 14.2 10.6 12.4 12.3 8.7 8.7 1.8 90.8
1979 0.6 3 0.4 10.3 14.8 14.4 10.4 16.5 9.8 12.1 10.4 10.3 113
1980 6.8 3.1 0.4 2.4 18.2 7.4 7.7 10.7 8.2 9.4 10 10.7 94.999999
1981 7.9 1.9 3.9 13.8 16.7 9.1 14.2 13.4 6.8 13.4 42.4 19 162.5
1982 8 2.1 1.2 9.6 7.1 13 18.6 9 9.9 15.9 7.5 1.1 103
1983 1.4 0.2 0 6 15.2 9.6 10.4 11.1 11.2 10.4 9.1 16.2 100.8
1984 2.4 2.1 0.4 2 11.7 12.6 4 10.1 6.5 10.8 16.3 5 83.9
1985 6.8 1.3 0.8 0.7 8.9 10.7 13 10.1 11.8 10.2 13.4 13.3 101
1986 1.2 1.4 0.9 5.9 8 9 7.6 17.3 9.9 19.6 9.4 5.6 95.8
1987 1.2 1.8 0.2 10 20.7 10.6 18.3 17.6 20.9 22.6 14.2 10.6 148.7
1988 1.2 3.1 0.1 1.4 6.4 7.5 13.6 6.1 12.2 14 12.2 7.2 85
1989 0.5 2.1 1.2 0.7 4.7 6.3 13.3 12.6 4.4 20 16.7 5 87.5
1990 1.9 0.1 1.9 6.1 13.6 9 14.5 11.9 22.1 19.3 11.5 13 124.9
1991 2.3 0.8 4.4 2.6 16.7 9 5.3 10 17 8.6 22.6 1.8 101.1
1992 1.2 0.2 0.9 11.5 20.2 6.7 10 14 15.3 12.5 13.4 9.2 115.1
1993 4.8 1.9 3.1 13.8 6.4 9.4 12.7 10.8 16.5 12.8 15.5 10.3 118
1994 1.2 0.8 1.7 4.6 15.2 19.5 9.2 20.3 9.2 7.8 15 4.9 109.4
1995 10.4 0.5 1.8 4.8 12.3 9.7 15.9 10.1 6.7 13.8 21.1 15.3 122.4
1996 16.3 5.5 2.4 3.7 10 11.4 8 8.6 4.7 10.1 24.1 7.8 112.6
1997 1.8 0.6 0 0.4 9.5 4.6 4.6 6.3 18.2 8.4 8.5 0.8 63.7
1998 0.6 1.6 1.8 20.5 11.5 8.8 16.5 10.7 3.3 10.4 8.8 14.3 108.8
1999 4 2.1 5.9 5.4 10.3 9.5 13.6 20.1 7.4 12.5 15.7 27.3 133.8
2000 4.7 0.9 0.6 5.2 16 22.8 9 9.5 5.6 26.8 7.2 28.3 136.6
2001 2.6 0.2 5.2 1.4 5.9 5.3 9.7 10.6 12.8 18.3 22 16.4 110.4
2002 7.4 0.8 3.7 8.6 7.6 5.6 15.3 15.8 9.1 9.1 20.7 1.8 105.5
2003 1.1 0.5 0 9.1 10.8 11.7 9.5 16.5 14 8 11 16.5 108.7
2004 2.2 0.1

AVG 3.4378 1.7445 1.73838 5.20727 12.2878 11.2578 12.3835 13.2559 11.1882 15.4179 19.3231 11.4543 118.72556
MAX 16.3 13.17 9.08 20.5 28.81 22.8 23.47 24.12 22.1 39.76 46.64 31.66 164.19
MIN 0.3 0.1 0 0.14 2.65 2.97 4 4.96 3.3 7.8 7.19 0.74 63.7

95

Source:  ANAM, 2004.

Years of record
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Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1980 13.2 16.4 11.8 13.1
1981 2.5 0.2 2.3 14.2 21.0 17.3 15.0 20.6 5.6 22.1 37.6 14.2 172.60
1982 11.4 1.4 0.6 6.5 5.6 10.2 14.1 7.9 12.2 15.8 7.9 0.5 94.10
1983 1.1 0.1 0.1 5.9 9.0 12.6 5.5 16.7 18.6 16.1 17.5 22.9 126.10
1984 2.3 1.4 0.7 1.6 12.2 20.0 9.0 11.1 12.7 13.5 18.4 4.9 107.80
1985 2.7 0.5 0.4 0.7 17.3 15.5 10.5 19.6 7.1 22.5 18.9 11.8 127.50
1986 0.5 0.6 0.6 4.4 10.3 20.1 7.4 14.7 10.5 10.7 8.6 3.6 92.00
1987 0.8 0.8 0.4 10.9 22.9 8.7 21.0 21.9 19.6 26.5 21.0 13.9 168.40
1988 0.0 2.0 0.1 0.7 8.3 16.3 19.6 11.2 12.4 15.4 15.6 7.3 108.90
1989 0.3 1.4 0.3 0.6 8.1 6.5 14.2 14.0 8.7 28.7 18.5 4.6 105.90
1990 1.7 0.1 1.3 2.8 13.6 11.5 14.3 18.2 20.7 18.1 12.2 9.7 124.20
1991 0.2 0.3 0.7 4.4 12.9 7.2 8.4 10.4 24.1 11.9 25.2 2.8 108.50
1992 0.2 0.5 0.2 10.2 15.7 11.8 20.1 18.4 11.3 18.0 11.3 12.2 129.90
1993 2.4 0.8 1.2 11.0 5.6 14.7 10.6 17.0 16.5 11.6 18.5 14.3 124.20
1994 1.5 0.3 1.1 1.5 12.0 20.3 11.2 13.5 16.5 8.3 15.0 5.1 106.30
1995 1.2 1.1 0.4 4.4 18.7 20.2 14.6 8.8 12.7 12.5 21.5 20.4 136.50
1996
1997
1998
1999
2000

AVG 1.9 0.8 0.7 5.3 12.9 14.2 13.0 14.9 13.9 16.8 17.5 10.1 122.2
MAX 11.4 2.0 2.3 14.2 22.9 20.3 21.0 21.9 24.1 28.7 37.6 22.9 172.6
MIN 0.0 0.1 0.1 0.6 5.6 6.5 5.5 7.9 5.6 8.3 7.9 0.5 92.0

Source: ACP, 2004

Table 2-14 Coco Solo Rainfall (inches), 1980-1995
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Table 2-15 Balboa FAA Rainfall (inches), 1978-2003

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1978 6.9 8.5 8.1 4.3 7.1 8.2 11.7 12.4 7.7
1979 0.0 0.8 0.2 4.6 8.4 4.9 2.0 8.7 5.1 11.7 6.1 5.9 58.40
1980 1.3 0.6 0.0 0.5 6.8 2.7 4.9 7.5 8.9 6.0 6.4 3.3 48.90
1981 0.1 0.3 1.3 12.8 16.5 7.4 11.1 9.3 9.5 8.8 8.2 8.4 93.70
1982 3.6 0.0 0.0 4.3 5.5 5.3 9.2 6.7 12.1 10.7 5.3 0.9 63.60
1983 0.0 0.0 0.0 1.8 10.1 5.7 5.9 10.9 7.9 13.8 6.5 3.6 66.20
1984 2.5 3.8 0.4 1.2 8.9 8.1 7.7 6.5 8.8 13.0 5.8 0.2 66.90
1985 0.7 0.0 0.5 0.0 5.7 10.6 4.9 3.9 12.0 8.6 6.4 5.8 59.10
1986 0.5 0.1 0.3 4.4 7.2 5.2 6.4 5.7 7.2 11.3 7.5 3.4 59.20
1987 0.0 0.6 0.2 5.3 7.7 6.6 9.3 6.0 5.8 14.6 9.6 2.5 68.20
1988 0.0 0.3 0.5 0.3 6.1 14.5 8.4 14.8 10.3 15.3 10.6 5.9 87.00
1989 2.6 0.2 0.5 0.0 2.7 3.3 4.0 10.5 5.8 9.4 17.6 6.4 63.00
1990 2.1 0.9 0.3 3.3 12.5 12.5 12.4 7.7 6.0 9.5 6.4 3.7 77.30
1991 1.9 0.0 0.4 3.0 15.3 10.1 11.7 4.7 14.8 9.9 10.1 1.7 83.60
1992 0.0 0.2 0.0 0.9 10.6 8.4 10.1 11.8 10.7 17.0 11.8 5.4 86.90
1993
1993 2.7 0.0 3.6 3.0 19.2 8.1 18.2 8.5 11.5 6.8 10.0 4.6 96.20
1994 0.0 1.3 2.2 1.6 12.4 9.8 5.1 10.5 7.2 12.6 16.2 3.8 82.70
1995 0.0 0.0 2.5 3.2 15.5 22.3 12.0 8.5 19.3 15.8 6.2 7.9 113.20
1996 6.1 3.9 3.0 3.6 13.3 10.0 7.9 6.6 5.6 12.5 16.1 7.9 96.50
1997 6.7 0.6 0.0 0.0 5.7 8.5 5.3 5.8 14.2 14.1 13.7 0.4 75.00
1998 0.0 0.6 0.0 2.9 14.7 11.0 7.8 6.8 10.0 6.6 8.6 7.9 76.90
1999 1.7 0.7 3.4 2.7 8.8 9.5 6.5 5.2 6.8 8.0 13.2 9.9 76.40
2000 2.1 3.2 0.9 3.0 7.1 11.3 7.7 5.9 10.1 11.5 7.9 5.2 75.90
2001 0.7 0.0 0.0 2.0 8.0 10.0 4.7 2.8 10.5 8.8 9.5 9.3 66.30
2002 3.4 0.0 0.6 5.0 3.8 5.4 7.8 7.7 5.2 8.4 6.8 2.4 56.50
2003 0.0 0.9 0.3 6.1 7.0 12.6 8.5 6.6 7.2 14.2 8.3 7.8

AVG 1.5 0.8 0.8 3.2 9.5 8.9 7.8 7.6 9.3 11.2 9.5 5.1 74.9
MAX 6.7 3.9 3.6 12.8 19.2 22.3 18.2 14.8 19.3 17.0 17.6 9.9 113.2
MIN 0.0 0.0 0.0 0.0 2.7 2.7 2.0 2.8 5.1 6.0 5.3 0.2 48.9

Source: ACP, 2004
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Table 2-16 Gamboa Rainfall (inches), 1881-2002

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1881 10.63 12.46 9.17 10.39 11.06 12.95 4.76
1882 0.51 1.50 15.68 6.26 10.12 9.88 11.81 8.15 11.81 1.38
1883 2.60 9.68 11.02 6.54 15.94 4.13 10.04 7.01 6.30
1884 0.00 0.71 0.28 6.46 6.18 13.35 9.62 16.50 10.55 22.36 6.18 2.20 94.39
1885 0.20 0.20 0.00 1.38 11.06 10.35 9.06 15.51 16.10 9.33 13.23 11.06 97.48
1886 0.55 1.06 0.71 2.76 15.71 10.55 11.69 16.38 9.13 13.62 16.10 4.61 102.87
1887 2.20 0.08 0.28 6.85 11.02 19.45 14.02 19.17 11.50 14.88 24.06 12.68 136.19
1888 0.12 0.63 0.35 1.26 20.47 11.93 3.27 10.24 12.28 9.57 16.18 16.34 102.64
1889 1.97 4.53 1.42 0.00 4.37 9.10 7.28 10.51 11.42 13.07 8.70 3.35 75.72
1890 4.06 0.35 2.36 3.03 13.27 11.65 10.43 15.35 8.90 21.41 9.92 4.29 105.02
1891 0.63 0.00 0.35 2.13 7.48 9.29 6.06 8.50 10.47 15.71 10.67 6.38 77.67
1892 1.10 0.67 2.56 4.72 16.81 8.54 13.98 14.33 13.74 11.10 10.24 6.58 104.37
1893 0.67 1.06 0.71 7.44 11.89 10.71 15.87 7.95 10.24 16.50 12.57 20.87 116.48
1894 1.46 0.16 0.02 1.34 10.94 9.21 11.43 7.63 15.16 15.85 9.78 7.85 90.83
1895 0.57 5.09 15.37 9.36
1896 4.55 3.35 2.89 5.54
1897 0.94 0.20 0.00 3.23 17.44 12.64 9.10 17.20 18.82 12.80 5.91 9.05 107.33
1898 2.76 0.12 0.00 1.42 5.32 4.65 18.43 20.16 4.10 8.70 14.57 2.40 82.63
1899 5.00 1.73 1.34 1.42 8.54 8.78 9.45 10.95 13.46 7.95 8.70 2.68 80.00
1900 1.01 0.16 0.13 3.21 6.76 12.15 13.45 8.92 9.24 12.11 10.67 0.79 78.60
1901 0.35 0.24 0.20 0.79 10.87 7.68 9.21 13.87 8.43 14.14 19.11 6.70 91.59
1902 13.40 0.16 4.37 9.49 10.92 6.30 6.26 8.43 8.90 12.91 14.38 2.24 97.76
1903 0.67 0.12 0.32 0.41 11.35 11.03 13.45 12.87 9.30 14.18 11.94 13.83 99.47
1904 3.35 2.27 1.91 12.00 6.71 9.71 5.01 7.01 12.43 9.51 12.01 4.54 86.46
1905 2.74 0.05 0.41 2.94 10.72 8.59 5.77 11.58 6.65 14.85 5.49 6.68 76.47
1906 1.37 0.47 0.16 6.44 6.22 8.04 17.81 11.33 9.42 5.98 15.92 11.68 94.84
1907 0.28 0.29 0.35 0.44 5.98 9.68 7.92 12.69 14.01 13.02 10.43 2.96 78.05
1908 0.19 0.04 0.50 2.65 15.12 6.15 11.43 11.84 6.28 8.90 7.32 6.92 77.34
1909 2.77 4.07 0.56 5.55 15.37 9.55 11.59 7.03 7.90 16.98 28.41 12.33 122.11
1910 1.24 1.80 3.12 3.85 11.09 12.08 17.00 10.66 12.24 12.90 16.90 13.11 115.99
1911 0.11 0.71 0.38 4.01 14.53 6.98 7.26 7.68 5.20 12.75 10.09 0.97 70.67
1912 0.06 1.11 0.10 0.77 7.94 11.64 14.27 16.64 12.75 13.60 6.56 3.63 89.07
1913 2.65 0.68 0.08 1.07 15.13 8.02 8.06 16.45 9.48 8.71 14.13 1.82 86.28
1914 0.64 0.23 0.03 1.38 10.28 17.78 3.91 7.97 11.50 9.79 7.70 6.15 77.36
1915 1.74 2.75 0.02 7.09 5.10 9.01 8.03 4.51 9.91 15.93 9.96 7.00 81.05
1916 2.16 1.53 0.90 6.68 12.25 8.44 9.59 12.22 11.37 13.46 9.84 4.75 93.19
1917 0.09 0.30 0.26 3.96 8.14 7.82 17.75 12.62 9.93 11.21 22.05 8.31 102.44
1918 3.07 0.07 0.54 3.16 11.45 10.12 6.51 8.59 7.60 17.25 5.86 1.25 75.47
1919 0.55 0.21 0.03 7.02 5.82 6.02 6.70 7.37 9.39 11.72 3.50 3.69 62.02
1920 0.05 0.10 0.21 1.48 7.59 7.48 14.71 8.97 12.68 24.93 13.63 3.05 94.88
1921 0.09 5.39 0.09 1.16 5.89 12.81 11.33 15.68 10.48 11.83 6.96 4.42 86.13
1922 8.11 1.42 0.09 0.24 15.04 9.09 6.12 7.20 8.74 11.82 6.58 6.65 81.10
1923 1.01 0.14 0.03 0.31 12.59 14.56 8.57 9.42 10.84 25.56 10.50 0.81 94.34
1924 0.07 1.85 1.32 4.10 10.50 6.58 6.80 15.40 11.13 8.82 20.17 4.85 91.59
1925 3.35 0.18 0.27 2.81 6.82 6.61 7.77 12.99 11.38 9.63 12.34 3.85 78.00
1926 0.04 0.18 0.02 0.00 5.74 14.00 18.00 13.30 11.94 9.08 7.32 9.08 88.70
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1927 0.36 0.78 0.06 7.84 8.36 12.34 11.98 8.27 7.44 7.53 7.42 3.76 76.14
1928 0.34 0.22 2.75 3.06 10.21 8.32 5.95 8.37 10.15 11.68 15.52 4.79 81.36
1929 0.31 0.01 0.94 0.75 9.95 7.68 9.01 12.88 7.75 14.00 9.00 3.03 75.31
1930 0.29 0.90 0.12 7.45 14.07 6.26 10.13 9.39 7.24 9.21 5.84 0.84 71.74
1931 0.11 1.88 2.46 3.80 9.18 12.76 12.34 6.74 10.80 6.47 19.05 5.18 90.77
1932 0.48 0.10 0.13 9.97 8.35 14.74 7.22 10.38 5.76 14.18 16.72 3.18 91.21
1933 1.21 0.01 0.24 0.11 11.60 11.85 5.87 9.83 10.49 7.31 16.47 9.87 84.86
1934 1.94 0.62 0.11 4.73 10.83 8.15 5.18 9.25 12.60 19.91 14.33 5.67 93.32
1935 0.63 0.75 0.03 3.10 11.64 9.25 20.67 13.21 11.59 7.74 31.25 4.65 114.51
1936 0.18 0.09 0.37 2.93 14.61 9.84 9.57 7.37 10.04 22.45 9.20 2.10 88.75
1937 3.80 0.80 0.02 1.56 6.99 7.52 7.21 9.92 13.42 11.05 16.59 24.67 103.55
1938 0.88 0.29 0.96 1.69 17.56 13.58 13.02 12.07 9.55 14.70 15.66 12.73 112.69
1939 0.12 0.04 0.09 0.08 5.56 9.34 6.81 7.42 9.03 8.23 18.06 9.35 74.13
1940 1.40 0.43 0.24 0.50 10.55 8.12 6.66 13.47 10.37 14.99 9.09 0.88 76.70
1941 1.30 1.46 0.24 0.92 5.95 9.75 10.01 6.21 9.84 9.80 6.42 7.65 69.55
1942 0.73 0.48 2.66 2.57 10.99 11.06 8.10 8.66 8.39 19.23 7.65 14.26 94.78
1943 1.73 0.80 0.41 3.08 13.70 12.83 4.58 5.35 7.97 7.81 17.98 12.84 89.08
1944 0.59 0.12 0.05 2.50 10.27 5.62 6.45 14.43 8.48 15.12 8.16 4.48 76.27
1945 0.25 0.02 0.06 4.70 9.54 4.22 13.61 11.68 9.42 8.76 12.33 6.66 81.25
1946 0.55 0.07 0.37 0.64 7.27 6.55 11.99 5.57 7.29 7.99 9.83 7.25 65.37
1947 0.10 0.69 0.19 1.43 6.63 7.24 9.77 10.56 11.52 10.04 9.88 3.29 71.34
1948 1.90 0.00 0.09 0.44 14.17 5.79 9.89 6.86 8.82 12.13 15.00 1.87 76.96
1949 0.01 0.01 0.48 1.74 7.52 12.42 9.89 9.46 7.19 11.77 15.53 3.89 79.91
1950 0.29 0.38 0.80 1.97 9.26 13.22 13.94 8.05 7.59 6.40 17.09 6.84 85.83
1951 0.58 2.00 0.29 3.93 13.50 4.71 9.37 6.80 4.15 8.37 9.72 7.35 70.77
1952 1.24 0.47 0.06 2.52 11.50 13.06 8.37 4.16 7.58 15.14 4.95 9.50 78.55
1953 2.12 0.34 0.14 3.75 11.52 5.10 8.07 10.34 4.94 11.20 10.10 4.11 71.73
1954 1.37 1.42 0.76 3.84 8.24 7.32 20.74 14.10 7.56 7.59 15.62 1.88 90.44
1955 5.23 0.65 0.23 0.31 9.57 13.95 6.49 9.06 6.38 5.87 14.30 5.77 77.81
1956 3.61 0.93 0.59 1.01 13.87 5.75 11.28 6.95 5.46 17.40 10.04 4.06 80.95
1957 0.00 0.03 0.00 0.21 12.24 9.29 9.16 9.39 15.49 15.28 11.02 1.43 83.54
1958 1.59 0.21 0.56 2.17 12.81 7.86 6.96 8.69 8.69 11.03 6.67 2.36 69.60
1959 0.29 0.00 0.00 1.88 12.62 5.55 6.70 8.90 9.03 8.13 9.76 10.79 73.65
1960 2.59 0.68 1.48 3.56 8.57 13.74 12.51 9.19 8.09 13.37 9.49 11.29 94.56
1961 0.27 0.30 0.21 5.92 4.43 15.05 9.94 8.84 10.41 13.05 8.75 7.11 84.28
1962 0.80 0.01 0.26 3.97 6.81 9.36 6.15 9.33 11.54 12.21 9.02 3.37 72.83
1963 5.44 1.48 0.00 1.96 10.02 10.99 8.64 9.22 8.93 8.30 16.70 3.30 84.98
1964 0.07 0.00 0.10 2.63 14.31 10.37 12.65 9.41 11.00 8.57 13.64 0.80 83.55
1965 1.31 0.07 0.03 0.01 12.57 7.54 6.57 8.55 7.37 10.60 16.16 6.01 76.79
1966 0.63 0.03 0.02 2.58 5.45 15.08 5.63 6.21 11.64 7.06 17.52 7.95 79.80
1967 0.32 0.01 0.28 3.50 7.44 11.89 11.26 8.54 14.31 14.14 8.66 2.19 82.54
1968 0.00 2.85 0.00 0.70 9.17 12.98 6.94 11.78 12.30 11.59 15.19 1.29 84.79
1969 0.82 0.24 0.26 2.84 9.77 5.10 7.83 9.89 10.97 9.52 14.43 6.33 78.00
1970 6.88 0.26 3.08 5.82 10.38 5.30 10.27 11.46 10.59 12.90 14.54 11.42 102.90
1971 5.75 1.59 1.97 1.09 11.16 6.02 9.46 13.72 9.0 13.6 10.7 0.7 84.76
1972 3.8 0.5 1.4 7.5 7.3 12.3 9.5 6.9 14.0 13.0 11.7 3.7 91.60
1973 0.3 0.2 0.0 1.0 7.4 14.6 14.0 7.0 12.0 8.8 17.3 1.9 84.50
1974 0.5 0.1 1.3 0.4 10.5 14.2 14.3 5.3 8.2 17.9 8.4 4.5 85.60
1975 0.1 0.2 0.6 0.4 11.2 9.6 14.2 18.5 7.6 13.5 9.8 9.0 94.70
1976 0.3 0.0 0.1 1.1 5.0 8.5 3.2 4.8 10.9 8.1 7.4 1.0 50.40



 

Existing Conditions Report Page 26 10/23/2004 

 

1977 0.4 0.2 0.0 1.5 9.0 7.7 10.5 15.9 7.5 15.3 8.4 5.0 81.40
1978 0.2 0.3 1.1 5.5 12.2 10.1 14.8 6.7 8.4 12.2 7.8 6.4 85.70
1979 0.1 0.2 0.1 10.2 9.5 13.6 8.2 6.4 6.0 11.2 6.0 2.4 73.90
1980 4.2 1.4 0.1 0.6 8.6 11.9 10.0 12.3 10.2 12.3 5.2 5.1 81.90
1981 1.6 0.0 3.0 12.5 8.3 12.4 14.0 7.9 6.1 8.3 18.2 6.6 98.90
1982 5.8 0.3 0.1 2.5 13.5 4.7 6.9 7.3 8.9 13.3 7.6 0.8 71.70
1983 0.3 0.0 0.0 2.0 10.6 10.0 5.8 7.0 15.1 12.2 11.3 8.4 82.70
1984 0.8 2.5 0.0 1.5 9.9 12.6 8.6 16.2 16.3 16.0 13.1 0.2 97.70
1985 0.5 0.3 0.7 0.3 11.5 10.2 9.2 7.6 13.8 5.9 4.4 6.2 70.60
1986 0.0 0.5 2.5 4.3 2.5 14.0 4.8 9.3 6.9 20.0 5.1 0.7 70.60
1987 0.0 0.5 0.1 7.3 8.1 11.3 11.3 10.3 10.8 10.7 6.8 2.9 80.10
1988 0.0 0.2 0.2 0.9 6.8 8.8 5.4 9.4 9.4 13.4 10.9 2.7 68.10
1989 0.1 0.3 0.0 0.0 4.2 8.2 9.5 11.3 9.2 15.8 16.9 3.6 79.10
1990 1.4 0.0 0.3 0.9 12.4 3.3 8.0 8.0 11.9 15.0 10.6 8.2 80.00
1991 1.1 0.0 0.8 2.7 14.2 11.2 11.0 10.8 15.0 14.4 7.3 1.8 90.30
1992 0.4 0.2 0.0 3.9 7.4 14.7 14.9 7.4 11.2 10.8 5.7 2.0 78.60
1993 4.3 0.2 2.6 5.0 6.4 14.4 9.1 8.8 20.6 15.3 13.4 3.3 103.40
1994 0.9 0.6 2.1 0.6 14.3 9.4 7.5 10.5 13.0 14.5 19.0 3.2 95.60
1995 0.7 0.1 1.2 4.8 11.9 11.7 10.2 8.9 13.1 10.4 11.6 5.2 89.80
1996 9.2 0.7 1.6 2.4 10.1 9.4 8.5 12.2 10.1 12.6 12.2 1.5 90.50
1997 0.5 0.2 0.1 0.5 12.5 6.0 9.5 7.2 5.3 15.1 10.0 0.6 67.50
1998 0.0 0.1 0.1 8.6 7.5 8.8 10.3 12.7 11.4 8.3 11.4 7.4 86.60
1999 1.3 4.0 1.4 3.8 10.8 10.9 3.8 11.2 14.7 8.6 12.0 14.7 97.20
2000 1.4 0.3 0.1 3.6 13.0 12.4 6.3 10.8 12.0 12.5 8.5 8.5 89.40
2001 1.0 0.1 1.0 1.4 4.7 7.5 9.3 9.3 9.4 7.6 12.0 11.0 74.30
2002 1.1 0.1 2.0 3.0 6.3 8.5 13.7 11.5 6.3 8.4 9.4 2.2 72.50

AVG 1.5 0.7 0.6 3.1 10.1 9.8 9.7 10.3 10.1 12.2 11.7 5.7 85.8
MAX 13.4 5.4 4.4 12.5 20.5 19.5 20.7 20.2 20.6 25.6 31.3 24.7 136.2
MIN 0.0 0.0 0.0 0.0 2.5 2.9 3.2 4.2 4.1 5.9 3.5 0.2 50.4

Source: ACP, 2004
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the Pacific coast to 2,693 mm (106 inches) Barro Colorado Island (BCI) located in the middle of 
Gatún Lake to 3,302 mm (130 inches) in the City of Colón located on the Atlantic Coast. 

The variation between years is also considerable, which has been greatly influenced by the 
ENSO.  The El Niño events of 1982-83 and 1997-1998 have resulted in impacts on the 
waterway.  The impact of the El Niño event in November 1982 occurred when the Gatún Lake 
level did not increase to the level of 26.75 meters (87.75 feet) as normally occurs during that 
month.  When the critical level of 25.76 m (84.5 feet) was reached in the beginning of February 
1983, implementation of the first draft restriction was put in place.  The effect of the 1997 
El Niño was also considerable with the Gatún Lake level reaching an unprecedented low level of 
23.9 m (78.5 ft) (see Figure 2-3).  This El Niño event resulted in up to 40 percent reduction in 
recorded precipitation at the Empire Hill (1,293 mm) while at Hodges Hill the 1997 El Niño event 
tied the 1968 event. 

Precipitation data collected at the Smithsonian Tropical Research Institute (STRI) at Barro 
Colorado Island presented in Table 2-17 demonstrates the variability of annual precipitation 
from 1920 to 2002 and the impacts related to the ENSO events. 

One last general observation of the precipitation patterns across the Isthmus is that the rains 
along the Caribbean or Atlantic coasts are more constant and of longer duration when 
compared with the precipitation of the Pacific coast. 

2.1.3 RELATIVE HUMIDITY 

The monthly average relative humidity recorded for the Coco Solo, Balboa FAA, Gamboa and 
Gatún stations are presented in Tables 2-18 through 2-21 and monthly average minimum and 
maximum relative humidity is presented in Tables 2-22 and 2-29, respectively.  According to the 
recorded data, the monthly average relative humidity varies from a minimum of 76.4 percent at 
Coco Solo to 78.9 percent at Gamboa with an average annual value ranging between 76 to 
78.6 percent at Coco Solo and Gamboa, respectively.  The Dry Season has a monthly average 
relative humidity ranging from 69.7 percent at Balboa to 73.3 percent at Gamboa.  The 
Wet Season has a relative humidity that ranges from 78.5 percent at Coco Solos to 81.1 percent 
at Gamboa. 

The minimum monthly average relative humidity for the recorded period as presented in 
Table 2-22 through 2-25 varies from 61.7 to 67.6 percent at Balboa FAA and Coco Solo, 
respectively and varies from a monthly minimum of 46.8 percent at Balboa FAA to 63 percent at 
Coco Solo to a monthly maximum of 70.4 percent at Gatún to 70.7 percent at Balboa FAA.  The 
maximum monthly average relative humidity presented in Tables 2-26 through 2-29 varies from 
81 to 88.8 percent at Coco Solo and Gamboa, respectively and varies from a monthly minimum 
of 75.1 percent at Coco Solo to a monthly maximum of 90.2 percent at Gamboa.  The 
Dry Season humidity varies from 49.7 percent at Balboa FAA to 86.6 percent at Gamboa while 
the Wet Season ranges from 69.2 to 89.9 percent at Gamboa. 
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Figure 2-3 – G
atún Lake W

ater Levels, (1966-2000) 
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Table 2-17 – Yearly Rainfall (mm) at El Claro Rain Gauge, Barro Colorado Island
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985
1986 72.4 67.1 69.6 75.3 75.0 79.5 79.9 79.0 79.7 83.7 74.8 72.8 75.7
1987 66.8 70.7 74.7 78.7 83.3 84.9 85.3 84.8 81.3 80.2 80.4 76.2 79.0
1988 69.1 71.2 68.2 69.2 75.6 75.9 78.7 76.6 76.9 78.7 81.6 76.1 74.8
1989 68.7 68.0 69.5 72.1 76.0 79.6 80.8 82.8 80.7 83.1 82.7 76.3 76.7
1990 74.9 69.7 71.8 73.1 79.8 80.2 80.8 81.0 82.4 79.1 76.9 72.7 76.9
1991 69.2 66.8 67.2 66.9 74.6 73.3 73.5 76.1 76.6 75.2 77.3 71.0 72.3
1992 69.1 67.3 70.1 69.7 75.3 74.8 78.7 81.0 86.4 88.3 86.6 80.0 77.3
1993 78.1 73.9 74.9 76.7 79.3 83.4 81.6 80.5 80.6 81.8 81.6 78.2 79.2
1994 71.2 70.4 69.9 72.8 79.4 82.1 82.4 84.4 85.5 84.6 85.8 79.8 79.0
1995 77.2 72.3 73.1 74.1 81.4 73.7 75.8 76.0 80.0 81.1 83.4 83.1 77.6
1996 79.6 76.4 71.3 73.9 76.5 78.7 79.9 78.8 78.2 77.1 78.6 74.7 77.0
1997 70.4 69.1 64.2 65.8 74.7 75.2 74.8 76.8 77.3 76.6 77.2 70.1 72.7
1998 68.1 67.2 65.4 69.3 73.8 75.6 75.5 76.1 72.7 72.8 74.1 80.3 72.6
1999 70.6 65.1 65.7 68.7 71.4 74.5 73.5 74.1 72.5 71.3 73.4 75.4 71.4
2000 68.2 64.8 63.1 67.1 72.4 75.4 74.1 92.6 90.6 92.0 89.9 90.4 78.4
2001 86.9 83.2 85.1 85.6 88.1 88.6 90.2 90.2 89.6 89.3 90.2 91.0 88.2
2002 86.3 82.0 82.8 85.1 86.2 88.4 89.5 89.8 89.4 92.1 78.5 80.3 85.9
2003 78.2 83.2 81.7 84.7 91.2 90.6 92.2 91.9 90.3 88.6 88.9 87.6 87.4
2004

Monthly Maximum 86.9 83.2 85.1 85.6 91.2 90.6 92.2 92.6 90.6 92.1 90.2 91.0 88.2
Monthly Minimum 66.8 64.8 63.1 65.8 71.4 73.3 73.5 74.1 72.5 71.3 73.4 70.1 71.4
Monthly Average 73.6 71.6 71.6 73.8 78.6 79.7 80.4 81.8 81.7 82.0 81.2 78.7 77.9

Dry Season Average 72.7
Wet Season Average 80.5

Annual Average 77.9

Source:  ACP, 2004.

Table 2-18.  Gatun Monthly Average Relative Humidity (percent)
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985
1986 71.6 68.8 68.3 72.7 73.2 76.9 72.9 70.8 71.1 72.3 71.6 68.8 71.6
1987 67.9 70.9 77.1 76.1 79.6 79.2 79.3 78.2 79.2 77.9 76.3 71.7 76.1
1988 65.9 68.3 66.4 67.6 71.9 74.9 81.0 79.2 77.2 77.5 77.4 70.7 73.2
1989 65.5 64.1 69.1 70.5 74.2 76.9 77.8 77.6 75.9 77.4 77.9 72.4 73.3
1990 71.3 67.0 67.8 68.4 75.6 77.7 76.1 76.7 77.3 76.2 74.9 73.0 73.5
1991 71.0 69.9 70.8 71.5 75.6 77.7 75.5 78.7 77.5 74.4 74.8 67.6 73.7
1992 67.4 67.1 69.5 68.9 72.2 71.7 73.0 75.4 80.8 78.6 74.8 68.2 72.3
1993 67.5 64.2 65.9 68.9 70.4 73.9 71.8 71.7 73.0 73.0 71.6 67.5 69.9
1994 61.0 61.2 60.6 69.1 84.2 86.7 85.5 86.5 86.5 84.3 84.4 79.1 77.4
1995 76.8 73.2 74.9 79.9 84.9 83.7 83.8 81.7 82.7 82.4 85.1 82.5 81.0
1996 77.8 75.8 73.3 76.1 81.2 83.3 77.9
1997
1998
1999

LMB 2000 75.3 74.1 95.1 89.2 91.1 89.0 88.6 86.1
LMB 2001 85.0 83.8 85.1 86.2 87.7 87.8 89.6 89.8 89.3 89.6 89.8 86.1 87.5

Monthly Maximum 85.0 83.8 85.1 86.2 87.7 87.8 89.6 95.1 89.3 91.1 89.8 88.6 87.5
Monthly Minimum 61.0 61.2 60.6 67.6 70.4 71.7 71.8 70.8 71.1 72.3 71.6 67.5 69.9
Mean Monthly Average 70.7 69.5 70.7 73.0 77.6 78.9 78.4 80.1 80.0 79.6 79.0 74.7 76.4

Dry Season Average 71.0
Wet Season Average 78.5

Annual Average 76.0

Source: ACP, 2004

Table 2-19 Coco Solo Monthly Average Relative Humidity (percent)
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985 68.6 66.9 65.1 65.7 74.3 80.1 79.8 79.2 78.8 81.1 77.5 75.9 74.4
1986 67.4 66.0 65.0 71.7 74.4 79.2 78.7 72.8 72.4 82.5 80.8 77.8 74.0
1987 74.0 66.9 72.5 70.1 77.8 79.7 79.6 78.9 79.5 79.8 78.7 73.7 75.9
1988 65.3 64.3 62.2 64.3 77.9 79.1 78.8 77.5 75.4 76.5 76.8 71.6 72.5
1989 66.1 61.2 65.3 65.2 76.1 81.7 81.5 82.6 80.8 81.8 81.6 76.1 75.0
1990 69.2 69.2 67.5 68.4 79.9 80.5 79.5 79.1 79.3 80.4 78.5 73.5 75.4
1991 65.8 58.4 57.2 56.5 61.8 64.8 75.7 80.3 79.4 77.5 77.6 69.9 68.7
1992 64.0 61.6 61.5 62.1 70.5 74.3 68.8 74.0 74.0 67.9 81.9 76.7 69.8
1993 73.8 64.8 65.9 70.4 76.3 77.7 76.4 75.9 75.9 82.3 81.3 75.7 74.7
1994 68.9 65.0 65.3 66.0 75.7 77.1 75.6 78.4 77.5 77.3 77.0 70.9 72.9
1995 66.4 61.6 64.8 79.0 83.1 81.4 85.1 86.1 84.7 85.4 86.0 83.7 78.9
1996 80.2 75.2 72.8 74.2 83.7 85.3 83.6 84.0 84.9 84.1 83.2 80.0 80.9
1997 75.3 72.3 66.1 69.3 77.3 83.5 82.5 82.7 85.2 85.2 85.4 75.9 78.4
1998 70.5 70.2 64.9 70.9 81.1 84.6 84.3 84.7 82.5 82.8 84.3 85.4 78.9
1999 76.2 70.7 69.9 75.3 82.2 84.2 83.0 84.1 82.5 82.9 83.3 82.7 79.8
2000 73.7 68.8 65.4 69.8 80.4 83.0 81.8 88.8 90.0 90.0 88.9 87.3 80.7
2001 81.3 77.2 77.9 76.8 84.7 87.3 87.8 87.7 89.6 89.7 89.4 89.0 84.9
2002 84.1 79.2 78.3 81.5 81.3 84.2 88.4 89.0 90.0 90.5 90.1 86.1 85.2
2003 80.7 78.4 79.6 80.3 89.7 91.8 90.4 90.8 90.9 92.8

Monthly Maximum 84.1 79.2 79.6 81.5 89.7 91.8 90.4 90.8 90.9 92.8 90.1 89.0 85.2
Monthly Minimum 64.0 58.4 57.2 56.5 61.8 64.8 68.8 72.8 72.4 67.9 76.8 69.9 68.7
Monthly Average 72.2 68.3 67.7 70.4 78.3 81.0 81.1 81.9 81.7 82.7 82.3 78.4 76.7

Dry Season Average 69.7
Wet Season Average 81.0

Annual Average 77.2

Source: ACP, 2004

Table 2-20 Balboa FAA Monthly Average Relative Humidity (percent)
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985
1986 70.4 70.3 68.9 73.1 73.4 78.1 76.1 74.5 75.5 82.9 79.3 72.0 74.6
1987 66.9 69.4 78.1 78.4 82.8 82.9 83.4 82.8 81.3 83.6 81.7 77.3 79.0
1988 72.5 73.7 70.8 72.2 80.9 83.6 86.5 85.3 84.3 86.0 85.5 79.5 80.1
1989 73.8 72.0 70.6 69.4 76.9 81.1 81.1 81.6 80.6 81.2 81.6 77.1 77.3
1990 78.6 81.4 72.0 70.8 77.6 78.0 78.9 79.6 80.0 80.7 81.8 77.0 78.0
1991 73.9 69.8 70.6 71.4 78.2 79.4 78.8 78.2 73.2 74.2 73.8 68.8 74.2
1992 66.3 65.3 65.8 65.2 70.4 73.8 75.7 75.2 82.2 83.1 81.9 75.7 73.4
1993 75.1 70.0 70.5 73.8 76.8 79.4 77.9 77.8 77.4 79.5 78.2 70.9 75.6
1994 67.1 66.6 66.4 66.9 79.6 81.7 79.3 79.5 79.4 76.3 79.9 79.4 75.2
1995 76.8 73.3 73.6 76.2 83.9 83.9 85.7 84.5 84.9 85.4 86.8 83.9 81.6
1996 82.1 78.6 76.1 78.0 79.9 82.2 83.3 84.8 84.8 78.3 84.7 81.0 81.1
1997 78.5 73.9 68.0 68.6 77.3 82.7 81.0 81.6 81.1 80.3 80.5 73.4 77.2
1998 70.2 69.0 65.7 68.7 74.5 77.0 76.8 76.5 74.1 73.2 74.4 84.8 73.7
1999 76.1 71.6 70.6 72.5 78.5 78.5 75.3 72.8 71.2 69.4 69.2 75.7 73.5
2000 84.8 78.0 73.7 77.7 86.0 88.4 86.0 94.3 94.3 95.2 93.4 93.6 87.1
2001 93.1 91.7 91.2 91.0 91.2 91.6
2002 86.3 82.7 83.2 84.0 85.6 90.7 91.2 91.4 91.1 91.1 91.1 86.4 87.9
2003

Monthly Maximum 86.3 82.7 83.2 84.0 86.0 90.7 91.2 94.3 94.3 95.2 93.4 93.6 91.6
Monthly Minimum 66.3 65.3 65.7 65.2 70.4 73.8 75.3 72.8 71.2 69.4 69.2 68.8 73.4
Monthly Average 75.0 72.8 71.5 72.9 78.9 81.3 81.1 82.0 81.6 81.9 82.1 79.3 78.9

Dry Season Average 73.3
Wet Season Average 81.1

Annual Average 78.6

Source: ACP, 2004

Table 2-21 Gamboa Monthly Average Relative Humidity (pecent)
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985
1986 63.8 56.7 59.6 65.8 62.7 66.9 70.3 68.4 68.0 73.2 69.1 66.6 65.9
1987 60.8 62.4 61.5 68.3 71.3 73.8 75.0 74.5 68.4 68.6 70.4 64.6 68.3
1988 58.1 60.8 56.1 56.0 61.7 61.1 66.2 61.2 61.9 63.8 69.1 63.5 61.6
1989 57.3 56.8 56.6 60.3 62.2 66.1 68.6 70.9 66.8 70.9 70.7 63.8 64.2
1990 64.8 59.6 61.0 62.7 67.3 69.7 69.6 70.6 66.6 64.3 64.3 61.2 65.1
1991 57.4 57.3 55.7 54.7 62.8 63.1 63.0 65.6 64.6 62.2 66.7 60.2 61.1
1992 59.7 55.1 60.1 58.2 65.2 63.3 67.0 71.0 73.3 77.3 75.8 68.7 66.2
1993 68.6 64.2 64.2 66.0 67.3 73.3 72.2 71.2 71.7 70.4 71.4 68.8 69.1
1994 60.8 61.1 60.3 62.2 69.6 73.1 71.9 71.9 72.4 69.4 72.7 67.6 67.8
1995 66.6 62.3 60.7 62.2 69.3 63.3 65.2 63.3 65.4 67.5 73.0 71.5 65.8
1996 67.0 65.4 60.0 63.1 64.7 68.4 70.1 68.1 66.6 65.5 69.6 65.0 66.1
1997 59.7 58.6 52.8 53.1 64.9 62.8 65.1 66.7 65.9 64.5 66.7 59.3 61.7
1998 57.4 55.5 53.9 58.5 61.5 64.8 64.9 65.1 59.4 61.9 62.6 66.4 61.0
1999 59.9 56.4 57.4 59.0 59.9 62.8 62.8 62.7 59.8 59.9 62.5 67.4 60.9
2000 58.2 56.4 53.1 56.8 61.6 63.7 63.9 79.4 75.6 78.8 76.2 79.7 67.0
2001 61.7 69.4 68.6 65.3 64.2 67.2 68.8 78.2 76.3 76.3 79.6 80.4 71.3
2002 76.4 72.4 73.3 75.5 74.5 75.8 78.6 78.2 74.4 75.5
2003 67.6 72.6 68.5 71.2 79.1 77.0 81.1 80.0 76.9 75.2 77.2 77.6 75.3
2004

Monthly Maximum 76.4 72.6 73.3 75.5 79.1 77.0 81.1 80.0 76.9 78.8 79.6 80.4 77.6
Monthly Minimum 57.3 55.1 52.8 53.1 59.9 61.1 62.8 61.2 59.4 59.9 62.5 59.3 58.7
Monthly Average Min 62.5 61.3 60.2 62.1 66.1 67.6 69.1 70.4 68.6 68.8 70.4 67.8 66.2

Dry Season Avg Min 61.8
Wet Season Avg Min 68.7

Annual Average Min 66.2

Source:  ACP, 2004.

Table 2-22.  Gatun Monthly Average, Minimum Relative Humidity (percent)
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985
1986 66.75 62.56 62.86 67.74 63.76 65.81 66.52 64.84 62.91 64.44 64.19 64.61 64.75
1987 65.00 66.51 72.26 72.96 75.50 75.81 75.41 74.25 71.74 68.79 70.38 65.72 71.19
1988 60.76 62.79 60.20 62.11 64.53 64.24 71.83 65.77 64.78 67.55 69.04 63.78 64.78
1989 59.82 59.41 63.82 65.13 66.97 67.73 70.52 69.54 64.11 69.12 69.53 63.99 65.81
1990 64.58 61.75 61.60 62.69 67.69 71.74 69.86 70.76 70.61 64.99 67.83 66.24 66.70
1991 65.05 64.61 65.69 65.89 67.73 71.50 69.74 72.22 69.73 64.56 67.92 62.09 67.23
1992 62.96 61.06 64.25 63.19 66.32 63.53 65.66 68.54 71.36 70.79 67.55 61.97 65.60
1993 62.47 59.77 60.88 63.34 62.53 67.23 66.38 65.49 65.21 66.84 65.07 62.64 63.99
1994 56.65 56.87 56.86 62.61 75.21 80.04 79.39 78.91 77.31 74.38 75.36 71.85 70.45
1995 71.20 67.66 68.27 72.91 76.39 74.37 75.97 71.00 70.57 70.42 77.92 75.24 72.66
1996 70.43 69.98 67.25 70.33 71.79 74.71 70.75
1997
1998
1999

LMB 2000
LMB 2001

Monthly Maximum 71.2 70.0 72.3 73.0 76.4 80.0 79.4 78.9 77.3 74.4 77.9 75.2 75.50
Monthly Minimum 56.7 56.9 56.9 62.1 62.5 63.5 65.7 64.8 62.9 64.4 64.2 62.0 61.88
Mean Monthly Average 64.2 63.0 64.0 66.3 68.9 70.6 71.1 70.1 68.8 68.2 69.5 65.8 67.55

Dry Season Avg Min 64.4
Wet Season Avg Min 69.2

Annual Average Min 67.5

Source: ACP, 2004

Table 2-23 Coco Solo Monthly Average Minimum Relative Humidity (percent)
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985 46.5 46.9 44.6 46.9 59.4 65.9 65.1 64.8 62.9 67.2 61.7 59.0 57.6
1986 47.6 45.7 45.5 53.9 60.1 65.8 63.9 58.8 58.2 69.0 64.1 59.1 57.6
1987 52.7 47.8 47.3 49.9 60.1 62.5 64.1 61.9 62.8 64.9 63.0 54.5 57.6
1988 40.4 40.6 39.9 42.3 61.7 67.6 65.3 66.8 64.7 63.7 62.5 55.1 55.9
1989 46.4 40.6 41.6 42.3 57.7 68.1 65.6 68.4 69.3 67.4 69.7 59.2 58.0
1990 52.6 46.1 45.9 47.6 66.1 67.3 64.8 64.8 64.8 69.2 65.9 57.8 59.4
1991 48.8 41.9 41.8 42.0 54.0 55.4 62.2 65.5 65.3 62.9 63.0 52.1 54.6
1992 43.6 40.8 40.9 44.3 55.6 61.6 54.8 60.9 66.5 58.8 71.7 59.7 54.9
1993 59.3 44.0 46.3 54.0 65.7 65.1 64.9 65.3 66.9 70.3 68.8 60.7 60.9
1994 49.6 45.8 46.8 48.9 68.8 70.9 67.7 70.6 70.6 69.1 70.4 57.7 61.4
1995 49.9 42.5 51.3 63.2 70.8 71.1 73.3 73.7 74.4 76.4 74.9 70.0 66.0
1996 64.9 58.7 55.6 57.0 72.6 74.3 73.0 72.2 74.3 75.0 74.5 68.0 68.3
1997 59.9 56.8 45.8 52.3 62.9 72.1 70.4 70.1 74.0 74.0 75.1 59.0 64.4
1998 50.7 51.2 44.7 52.4 68.8 73.0 72.4 73.9 72.7 74.0 72.1 71.7 64.8
1999 57.7 52.1 49.6 58.9 69.5 73.2 71.5 73.9 73.8 74.6 71.9 71.9 66.6
2000 56.4 50.4 45.5 52.6 69.8 73.7 72.1 76.7 79.7 77.3 74.8 72.6 66.8
2001 52.9 51.8 50.3 47.8 55.3 64.7 74.9 75.6 79.4 79.5 79.0 77.8 65.8
2002 69.1 60.6 59.7 63.5 67.1 70.8 75.1 75.1 78.4 78.7 77.4 72.3 70.7
2003

Monthly Maximum 69.1 60.6 59.7 63.5 72.6 74.3 75.1 76.7 79.7 79.5 79.0 77.8 72.3
Monthly Minimum 40.4 40.6 39.9 42.0 54.0 55.4 54.8 58.8 58.2 58.8 61.7 52.1 51.4
Monthly Average 52.7 48.0 46.8 51.1 63.7 67.9 67.8 68.8 69.9 70.7 70.0 63.2 61.7

Dry Season Avg Min 49.7
Wet Season Avg Min 67.8

Annual Average Min 61.7

Source: ACP, 2004

Table 2-24 Balboa FAA Monthly Average Minimum Relative Humidity (percent) 
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985
1986 53.3 50.5 50.0 57.9 57.0 62.3 64.1 61.6 62.6 68.4 65.3 62.7 59.6
1987 56.9 56.6 56.5 61.9 68.3 70.7 71.9 68.8 66.5 68.9 68.1 61.2 64.7
1988 52.0 56.2 52.0 53.0 64.7 66.6 73.3 67.1 66.5 69.5 71.0 61.6 62.8
1989 53.9 53.8 51.5 50.6 58.3 64.6 64.9 66.0 64.0 66.2 66.9 60.7 60.1
1990 62.8 61.3 54.8 54.5 62.7 66.7 66.9 67.7 66.5 64.4 65.3 59.6 62.8
1991 54.5 52.1 52.4 52.5 62.2 64.6 63.8 64.8 62.9 62.1 64.7 59.1 59.7
1992 54.7 51.3 53.4 53.6 61.5 64.6 67.1 67.1 72.2 73.2 73.4 64.8 63.1
1993 65.0 58.0 59.5 61.5 65.3 68.8 67.8 68.3 68.3 71.0 70.4 62.9 65.6
1994 56.8 57.7 57.6 56.7 66.5 74.1 71.7 71.7 71.2 64.3 68.5 63.3 65.0
1995 60.1 54.3 56.1 63.7 69.4 69.2 72.9 69.2 68.8 69.6 75.0 71.1 66.6
1996 66.7 63.5 60.3 61.0 66.1 70.4 73.2 73.9 70.5 64.7 75.4 70.5 68.0
1997 68.3 65.7 52.0 53.2 64.4 66.5 68.7 69.2 69.8 66.3 69.4 60.3 64.5
1998 56.8 54.7 51.0 53.5 62.9 67.4 68.7 68.8 62.8 63.9 64.5 68.5 62.0
1999 58.5 57.3 56.6 60.8 65.8 68.5 69.2 65.1 63.4 61.9 62.8 69.6 63.3
2000 67.1 57.2 52.0 57.9 69.8 73.8 71.4 79.4 78.7 82.0 78.2 80.3 70.7
2001 78.7 78.0 76.5 79.3 78.6 78.2
2002 69.7 65.1 66.4 66.2 69.6 74.5 77.5 78.5 77.1 76.1 76.8 70.5 72.3
2003

Monthly Maximum 69.7 65.7 66.4 66.2 69.8 74.5 77.5 79.4 78.7 82.0 79.3 80.3 74.1
Monthly Minimum 52.0 50.5 50.0 50.6 57.0 62.3 63.8 61.6 62.6 61.9 62.8 59.1 57.8
Mean Mth Avg 59.8 57.2 55.1 57.4 64.6 68.3 69.6 69.8 68.8 68.8 70.3 66.2 64.7

Dry Season Avg Min 57.6
Wet Season Avg Min 68.4

Annual Average Min 64.9

Source: ACP, 2004

Table 2-25 Gamboa Monthly Average Minimum Relative Humidity (percent)
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985
1986 79.9 76.9 79.6 82.8 84.3 86.4 87.2 85.8 86.7 90.0 80.7 78.6 83.2
1987 72.5 78.0 84.8 86.8 92.4 92.7 92.8 92.5 88.9 87.1 87.7 83.9 86.7
1988 78.1 79.8 77.2 79.4 84.8 84.7 86.4 84.8 85.1 86.3 88.2 85.1 83.3
1989 77.0 77.1 80.6 81.8 85.4 87.7 87.4 89.7 89.1 90.2 89.1 85.3 85.0
1990 82.2 78.4 80.9 82.0 87.4 86.8 87.2 87.2 90.5 86.1 84.0 80.6 84.4
1991 78.2 74.6 76.4 76.5 81.7 80.9 80.4 83.0 83.8 82.5 83.7 79.1 80.1
1992 76.3 76.9 79.7 79.0 82.3 82.5 86.4 87.4 93.7 94.6 93.1 88.0 85.0
1993 85.7 82.3 83.7 85.2 87.0 89.7 88.5 87.0 86.7 88.3 87.8 85.3 86.4
1994 79.8 78.1 78.2 81.6 86.3 88.9 89.4 92.7 93.5 93.7 93.8 89.4 87.1
1995 87.5 81.0 84.1 84.1 89.4 81.5 83.4 84.6 89.0 89.0 90.3 91.2 86.3
1996 89.1 85.0 81.4 83.1 84.3 85.5 86.3 85.9 85.4 84.0 85.0 81.5 84.7
1997 79.5 76.6 73.6 74.6 81.5 83.2 81.1 83.8 84.0 83.4 82.9 77.9 80.2
1998 75.8 76.0 74.0 77.7 81.3 81.6 81.5 82.3 80.0 79.2 81.1 80.9 79.3
1999 79.1 72.5 73.0 76.0 78.9 80.7 79.8 80.2 79.5 78.1 79.6 79.9 78.1
2000 75.4 71.9 71.3 75.5 79.2 81.4 80.4 99.4 98.0 98.6 98.1 97.8 85.6
2001 100.0 93.9 99.7 99.0 100.0 99.7 100.0 97.7 97.5 97.7 97.6 97.9 98.4
2002 93.8 90.0 90.7 93.7 94.4 96.5 97.2 96.9 97.4 98.7 85.8 92.8 94.0
2003 87.3 91.5 91.7 94.3 98.8 98.9 98.5 99.1 98.5 95.7 95.2 94.6 95.3
2004

Monthly Maximum 100.0 93.9 99.7 99.0 100.0 99.7 100.0 99.4 98.5 98.7 98.1 97.9 98.7
Monthly Minimum 72.5 71.9 71.3 74.6 78.9 80.7 79.8 80.2 79.5 78.1 79.6 77.9 77.1
Monthly Average Max 82.1 80.8 82.1 83.8 87.3 87.8 88.1 89.4 89.8 89.6 88.5 86.7 86.3

Dry Season Avg Max 82.4
Wet Season Avg Max 88.4

Annual Avg Max 85.7

Note: These values are an average of the daily maximums of relative humidity for each month.

Source:  ACP, 2004.

Table 2-26.  Gatun Monthly Average, Maximum Relative Humidity (percent)
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985
1986 77.43 77.38 76.11 79.29 82.95 85.62 79.25 77.13 77.52 78.92 77.37 72.84 78.48
1987 71.81 75.88 81.87 80.03 85.09 83.88 83.50 82.01 85.22 84.21 83.06 77.75 81.19
1988 71.40 73.97 72.64 72.62 78.35 82.08 88.27 86.97 85.11 84.84 85.03 78.06 79.94
1989 71.19 68.92 74.53 75.79 80.73 83.88 84.19 84.95 84.21 85.11 85.15 81.36 80.00
1990 77.31 72.54 73.63 73.92 81.38 82.63 81.69 82.56 83.23 82.84 81.52 78.87 79.34
1991 77.53 74.92 75.96 76.83 81.89 84.04 80.87 84.51 84.99 82.01 82.67 73.72 79.99
1992 71.82 72.78 75.61 74.63 79.08 80.33 80.95 82.87 88.86 85.76 81.77 74.68 79.09
1993 72.87 68.59 71.33 75.02 77.63 80.35 78.19 78.21 79.49 78.89 78.38 73.37 76.03
1994 65.87 65.30 63.91 74.89 91.71 94.24 91.30 93.60 93.95 93.31 92.89 86.76 83.98
1995 83.67 78.47 82.60 87.17 92.72 91.49 91.47 90.41 91.56 90.65 91.78 90.56 88.55
1996 85.18 81.72 79.94 82.02 89.16 90.73 84.79
1997
1998
1999

LMB 2000
LMB 2001

Monthly Maximum 85.2 81.7 82.6 87.2 92.7 94.2 91.5 93.6 93.9 93.3 92.9 90.6 89.95
Monthly Minimum 65.9 65.3 63.9 72.6 77.6 80.3 78.2 77.1 77.5 78.9 77.4 72.8 73.97
Mean Monthly Average 75.1 73.7 75.3 77.5 83.7 85.4 84.0 84.3 85.4 84.7 84.0 78.8 80.98

Dry Season Avg Max 75.4
Wet Season Avg Max 83.8

Annual Avg Max 80.9

Source: ACP, 2004

Table 2-27 Coco Solo Monthly Average Maximum Relative Humidity (percent)
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985 84.8 82.6 80.8 80.8 83.9 87.4 88.4 87.5 88.1 89.4 87.5 86.5 85.6
1986 81.0 82.4 80.4 84.4 86.0 88.0 87.5 81.3 81.4 91.2 90.2 90.3 85.3
1987 89.3 81.5 93.2 83.3 88.2 89.9 88.3 88.5 89.4 88.6 88.0 86.5 87.9
1988 83.0 81.4 80.2 82.0 88.9 87.9 87.6 86.7 83.6 84.4 84.9 83.5 84.5
1989 81.2 76.3 84.8 83.3 87.9 89.8 89.7 90.2 88.9 89.2 88.6 86.8 86.4
1990 81.0 87.5 83.5 83.9 88.2 88.0 87.6 86.5 86.9 87.5 86.6 83.7 85.9
1991 77.6 71.4 69.7 67.7 67.2 71.2 83.5 88.4 86.7 85.4 84.9 81.4 77.9
1992 78.2 77.7 79.1 75.6 80.0 82.7 77.5 81.8 79.5 73.3 87.8 88.0 80.1
1993 84.6 81.1 79.9 81.8 83.3 83.9 83.3 82.5 81.7 89.4 88.7 85.6 83.8
1994 81.9 79.7 79.8 79.8 82.9 83.9 83.1 85.7 84.7 85.7 84.7 84.5 83.0
1995 81.1 78.0 77.8 91.7 91.7 89.1 93.1 95.3 92.8 92.8 93.1 92.5 89.1
1996 91.7 88.2 86.6 87.2 91.7 92.1 91.1 91.9 93.3 92.1 88.9 88.7 90.3
1997 87.0 84.8 82.9 83.5 87.7 92.9 91.5 92.8 94.0 94.2 94.0 88.9 89.5
1998 85.0 84.9 80.7 85.8 91.5 93.4 92.5 93.2 92.1 90.1 93.4 91.5 89.5
1999 88.4 83.8 84.1 86.4 90.3 90.7 89.7 90.4 89.3 89.8 89.8 89.1 88.5
2000 85.2 82.4 81.5 83.1 87.7 89.5 88.6 96.2 97.0 96.6 96.9 96.1 90.1
2001 94.1 90.3 91.5 89.6 93.7 95.6 95.0 95.1 96.2 96.2 95.3 96.0 94.1
2002 94.8 92.0 91.8 94.0 91.7 93.5 96.9 98.1 98.0 97.6 94.8 94.8
2003 91.2 85.6 91.0 90.7 95.0 94.7 95.7 93.8 96.0 99.6 93.3

Monthly Maximum 94.8 92.0 93.2 94.0 95.0 95.6 96.9 98.1 97.0 99.6 97.6 96.1 95.8
Monthly Minimum 77.6 71.4 69.7 67.7 67.2 71.2 77.5 81.3 79.5 73.3 84.7 81.4 75.2
Monthly Average 85.3 82.7 83.1 83.9 87.2 88.6 89.0 89.8 89.0 90.2 90.0 88.6 87.3

Dry Season Avg Max 83.8
Wet Season Avg Max 89.0

Annual Avg Max 87.3

Source: ACP, 2004

Table 2-28 Balboa FAA Monthly Average Maximum Relative Humidity (percent)
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985
1986 84.3 86.9 85.0 85.2 86.5 87.3 85.1 83.6 83.4 91.1 89.5 80.6 85.7
1987 75.9 80.4 97.6 90.2 94.3 92.5 91.2 91.2 92.6 93.8 92.4 90.3 90.2
1988 89.8 88.3 88.1 90.8 92.4 94.8 95.0 96.2 95.1 95.3 93.4 91.7 92.6
1989 89.1 86.8 87.4 84.0 89.1 90.0 89.9 90.4 91.7 90.4 90.7 89.3 89.1
1990 91.0 98.4 86.8 85.7 88.6 87.6 88.6 89.4 89.7 91.5 90.9 89.7 89.8
1991 88.8 84.1 87.1 86.5 88.2 88.6 88.0 87.1 80.8 83.6 80.7 78.7 85.2
1992 76.3 77.1 78.3 76.6 79.7 83.1 84.0 82.6 90.7 92.0 89.0 85.3 82.9
1993 84.5 81.2 80.2 85.6 85.3 86.3 85.1 84.9 83.7 85.5 84.7 78.3 83.8
1994 76.3 74.0 74.7 75.7 89.0 88.8 86.2 86.4 86.2 87.3 89.1 92.8 83.9
1995 91.4 91.2 90.9 87.0 93.2 93.0 93.7 94.0 94.1 94.1 93.9 92.7 92.4
1996 94.3 91.3 90.0 91.3 90.2 89.7 90.6 92.9 93.1 88.3 91.0 88.8 91.0
1997 87.1 81.1 83.7 83.7 89.0 94.4 90.7 92.0 91.9 92.2 90.6 87.3 88.6
1998 84.8 82.7 78.8 81.7 84.4 84.8 83.9 84.3 82.6 81.7 83.9 88.9 83.5
1999 90.1 84.7 84.5 83.2 88.5 85.7 81.4 79.3 79.3 77.7 77.9 85.0 83.1
2000 99.9 96.5 93.6 93.8 96.5 97.0 96.4 100.0 100.0 100.0 100.0 100.0 97.8
2001 99.5 99.4 99.1 98.1 98.5 98.9
2002 97.5 96.1 96.7 96.3 96.4 98.8 98.8 98.4 99.0 98.8 97.8 97.7 97.7
2003

Monthly Maximum 99.9 98.4 97.6 96.3 96.5 98.8 98.8 100.0 100.0 100.0 100.0 100.0 98.9
Monthly Minimum 75.9 74.0 74.7 75.7 79.7 83.1 81.4 79.3 79.3 77.7 77.9 78.3 78.1
Mean Mth Avg 87.6 86.3 86.5 86.1 89.5 90.1 89.3 90.1 90.2 90.7 90.2 89.2 88.8

Dry Season Avg Max 86.6
Wet Season Avg Max 89.9

Annual Avg Max 88.8

Source: ACP, 2004

Table 2-29 Gamboa Monthly Average Relative Humidity (percent)
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2.1.4 PREDOMINANT WIND 

Wind data obtained from the ACP for Gatún station are presented in Tables 2-30 through 2-40.  
The data presented includes a summary of average monthly wind speed, monthly maximum 
wind speed and direction from the years 1985 to 2003.  According to the data reviewed, the 
monthly average wind speed during the recorded years ranges from 5.3 kilometers per hour 
(km/h) or 3.3 miles per hour (mph) at Gamboa to 15.4 km/h (9.6 mph) at Coco Solo with a 
monthly minimum and maximum average of 5.5 and 15.3 km/hr (3.4 and 9.5 mph), at Gamboa 
and Coco Solo respectively.  The monthly average wind speed during the Dry Season ranges 
from 7.4 km/hr (4.6 mph) at Gamboa to 13.6 km/hr (21.9 mph) at Coco Solo.  During the 
Wet Season the wind speed ranges from 4.3 km/hr (2.7 mph) at Gamboa to 12.2 km/hr 
(7.6 mph) at Coco Solo.  The annual maximum instantaneous wind speed ranges from is 
70.5 km/hr (43.8 mph) at Gamboa to 98.6 km/hr (61.3 mph) at Coco Solo with a variation of 
56.6 to 98.6 km/hr (35.2 to 61.3 mph) between the Dry season and Wet Season monthly 
maximum instantaneous wind speed. 

The average wind direction during the Dry Season ranges from 339.6 to 357.8 degrees 
(originating from the north) for Balboa FAA and Gatún, respectively; and 300.7 and 308 degrees 
during the Wet Season (originating from the northwest) for Balboa and Gatún, respectively.  The 
overall annual monthly average wind direction varies from 319 to 338 degrees (originating from 
the north-northwest). 

2.2 PHYSIOGRAPHY 

The Gatún Lake watershed as described in the Proyecto Monitoreo de la Cuenca del Canal 
(PMCC 1999) consists of approximately 40 percent alluvial plains that encompass the 
watershed and the mouths of rivers that drain into Gatún.  Terrace relief makes up 30 percent of 
the watershed that include the main subwatershed that not only drain to Gatún Lake but to 
Alhajuela Lake.  Hills and mountains cover approximately 20 and 10 percent, respectively, with 
the mountains located at the extreme eastern and western boundaries of the watershed.  
Figure 2-4 presents the elevation ranges within the watershed.  Tables 2-41 and 2-42 presents 
the relief of the various physiographic features encountered in the Canal watershed and the 
ranges of elevation within the subwatersheds. 
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2.2.1 TOPOGRAPHY 

The subwatersheds that make up the Gatún Lake and the Alhajuela Lake systems are 
presented in Figure 2-5.  The principal subwatersheds that feed the Gatún Lake which are the 
focus of this study include the following rivers: 

• Cirí Grande 

• Trinidad 

• Gatún 

• Boqueron 

• Pequeni 

• Chagres 

In addition, other subwatersheds consisting of Chilibre, Agua Salud, Palenque, and Chilibrillo 
also contribute to the Gatún and Alhajuela Lakes: 

• Chilibrillo 

• Agua Salud 
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Table 2-30.  Gatun Monthly Average Wind Speed (mph)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985 3.5 3.9 4.7 4.1 2.7 2.2 2.2 2.5 3.1 3.2 4.1 4.5 3.4
1986 6.1 4.7 6.1 5.3 4.5 3.5 4.4 3.9 3.0 2.9 3.2 4.5 4.3
1987 6.0 6.3 4.6 5.9 3.8 3.2 3.2 3.9 2.7 3.0 3.6 4.0 4.2
1988 4.9 5.8 5.9 4.8 3.3 2.8 2.8 2.6 3.4 3.6 3.0 3.5 3.9
1989 5.2 6.7 5.6 6.3 3.9 2.7 3.4 2.8 2.9 2.6 2.9 4.2 4.1
1990 5.0 5.8 6.2 5.2 3.5 3.4 3.3 3.0 2.5 2.7 3.0 4.2 4.0
1991 4.8 6.6 5.3 5.1 4.0 3.4 4.0 3.7 3.3 2.8 3.6 4.2 4.2
1992 5.7 5.7 6.7 5.7 4.3 2.9 3.2 3.6 2.9 2.9 2.8 3.7 4.2
1993 4.9 5.7 5.8 4.3 3.4 2.8 3.8 3.3 3.1 2.7 3.2 4.5 4.0
1994 5.1 6.0 6.2 5.5 3.9 3.3 3.9 2.9 3.5 2.7 3.1 4.4 4.2
1995 5.5 5.8 5.1 3.8 2.5 2.9 2.9 3.0 2.8 3.2 2.9 3.1 3.6
1996 4.5 5.5 5.2 4.7 3.2 2.7 2.9 3.0 2.4 3.3 3.5 4.0 3.7
1997 4.5 5.7 6.3 5.3 5.0 3.4 4.3 4.3 2.4 2.2 2.1 4.6 4.2
1998 5.6 4.6 5.8 4.7 3.6 2.9 3.2 3.0 2.9 3.4 2.5 3.0 3.8
1999 3.9 5.1 5.4 4.4 2.9 2.6 3.0 2.5 2.9 3.0 3.0 3.3 3.5
2000 4.2 5.4 5.0 5.0 2.9 2.3 3.1 2.7 2.5 2.5 2.4 3.2 3.4
2001 4.5 5.9 4.5 5.2 2.9 2.8 2.3 2.3 1.8 2.0 2.1 2.0 3.2
2002 3.6 5.1 5.4 4.6 3.9 2.0 2.4 2.7 2.4 2.5 3.2 3.7 3.5
2003 4.9 4.7 5.9 4.6 2.7 2.1 2.7 2.6 2.2 2.5 2.6 2.1 3.3
2004

Monthly Maximum 6.1 6.7 6.7 6.3 5.0 3.5 4.4 4.3 3.5 3.6 4.1 4.6 4.3
Monthly Minimum 3.5 3.9 4.5 3.8 2.5 2.0 2.2 2.3 1.8 2.0 2.1 2.0 3.2
Mean Mth Avg 4.9 5.5 5.6 5.0 3.5 2.8 3.2 3.1 2.8 2.8 3.0 3.7 3.8

Dry Season Average 5.2
Wet Season Average 3.1

Annual Average 3.8

Source:  ACP, 2004.
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Table 2-31 Coco Solo Monthly Average Wind Speed (mph)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC WD AVG
1985 12.6 14.0 13.7 11.4 7.6 6.6 7.0 6.4 5.3 5.4 8.1 10.5 9.0
1986 15.0 11.3 13.4 12.2 8.8 6.8 9.9 8.6 6.5 5.6 8.2 11.5 9.8
1987 14.0 14.3 10.9 13.4 8.5 7.2 7.4 8.9 6.0 7.0 9.4 11.7 9.9
1988 13.8 14.4 13.9 10.8 7.4 5.2 6.0 4.5 5.8 6.6 5.8 10.0 8.7
1989 14.0 16.4 12.7 13.8 9.0 6.6 7.7 6.6 5.7 6.6 6.7 10.7 9.7
1990 13.2 14.1 14.1 11.9 7.5 7.7 7.6 7.1 6.2 5.7 6.8 11.1 9.4
1991 11.4 14.9 11.6 11.7 7.2 6.8 9.0 7.7 6.2 4.9 7.1 13.3 9.3
1992 13.7 13.3 15.3 13.0 10.5 6.0 7.4 8.3 6.3 7.3 6.8 11.0 9.9
1993 12.6 14.4 13.8 10.4 7.0 6.5 9.2 7.2 6.1 6.1 7.8 12.0 9.4
1994 14.1 15.1 14.6 13.7 8.4 7.9 9.7 7.2 7.3 5.8 7.3 12.6 10.3
1995 14.4 14.7 12.3 9.6 5.7 5.6 6.6 5.3 5.5 5.5 7.4 8.8 8.4
1996 12.6 14.4 13.1 11.4 6.5 5.6 10.6
1997
1998
1999

LMB 2000 2.3 3.1 4.4 7.4 7.9 9.6 13.4 6.9
LMB 2001 16.8 20.2 14.8 18.1 10.0 11.5 9.6 9.7 7.7 8.3 9.9 10.4 12.3

Monthly Maximum 16.8 20.2 15.3 18.1 10.5 11.5 9.9 9.7 7.7 8.3 9.9 13.4 12.3
Monthly Manimum 11.4 11.3 10.9 9.6 5.7 2.3 3.1 4.4 5.3 4.9 5.8 8.8 6.9
Monthly Average 13.7 14.7 13.4 12.4 8.0 6.6 7.7 7.1 6.3 6.4 7.8 11.3 9.5

Dry Season Average 13.6
Wet Season Average 7.6

Annual Average 9.6

Source: ACP, 2004
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 4.8 6.1 6.3 5.7 4.6 3.5 4.0 3.7 3.4 3.8 4.4 4.5
1986 6.1 5.3 6.3 5.4 5.3 4.4 5.2 4.6 4.3 3.5 3.7 5.1
1987 6.7 6.8 5.2 6.0 4.2 3.6 3.9 4.4 3.5 3.8 4.2 4.4
1988 5.3 6.0 6.1 5.2 3.9 3.6 4.1 3.4 4.2 3.8 4.1 3.8
1989 4.9 6.5 5.4 5.7 4.0 2.9 3.9 3.5 3.6 3.6 3.4 4.0
1990 4.6 5.7 6.2 5.8 4.2 4.1 3.7 3.5 3.6 3.3 3.6 3.6
1991 5.3 6.5 5.8 4.9 4.2 3.5 3.9 3.9 3.4 3.2 4.1 3.6
1992 5.8 5.9 6.7 5.8 5.4 3.8 3.9 4.5 3.7 3.7 3.2 3.4
1993 4.7 5.7 5.7 5.0 4.2 3.5 4.0 3.8 3.2 3.2 3.8 4.3
1994 5.2 5.7 5.3 4.9 3.6 3.7 4.1 3.3 3.7 2.5 3.6 3.5
1995 4.8 5.2 4.8 3.2 2.8 2.9 2.9 2.9 2.9 3.2 2.7 2.8
1996 3.1 3.8 4.2 3.6 2.1 2.5 2.6 2.7 2.5 3.4 4.1 3.3
1997 4.0 4.1 5.2 5.2 4.4 3.5 4.0 4.3 3.4 3.0 3.4 5.1
1998 5.5 4.8 5.8 4.8 3.9 3.4 3.6 3.6 3.5 4.0 2.9 2.9
1999 3.2 4.6 4.8 4.3 3.4 3.3 4.0 3.5 3.7 3.7 3.8 4.1
2000 3.8 4.2 4.2 4.6 3.9 3.5 3.9 3.7 3.4 4.1 3.3 4.3
2001 5.4 6.6 6.1 5.7 4.5 3.4 3.9 4.1 3.3 3.3 4.3 4.1
2002 5.0 5.9 6.0 4.3 5.0 4.1 3.6 4.0 3.0 3.3 3.4 4.5
2003 6.6 6.1 5.6 5.1 3.8 3.6 3.4 4.3 3.2 3.0

Monthly Maximum 6.7 6.8 6.7 6.0 5.4 4.4 5.2 4.6 4.3 4.1 4.4 5.1
Monthly Minimum 3.1 3.8 4.2 3.2 2.1 2.5 2.6 2.7 2.5 2.5 2.7 2.8
Monthly Average 4.9 5.4 5.5 5.0 4.0 3.5 3.9 3.7 3.5 3.5 3.7 3.9

Dry Season Average 5.3
Wet Season Average 3.7

Annual Average 4.2

Note: These values are the maximum wind speed for a 20 second period during the month

Source: ACP, 2004

Table 2-32 Balboa FAA Monthly Average Wind Speed (mph)



 E
xisting C

onditions R
eport 

P
age 47 

10/23/2004 

Table 2-33 Gamboa Monthly Average Wind Speed (mph)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 3.7 5.1 5.3 4.5 3.1 2.3 2.7 2.4 2.3 2.1 3.1 3.9
1986 5.7 4.9 5.9 4.9 3.9 3.1 4.1 3.5 3.0 2.2 2.9 4.5
1987 5.1 6.0 4.9 5.1 3.6 2.8 3.0 3.4 2.6 3.0 3.2 4.0
1988 4.6 5.7 6.4 4.4 3.1 2.3 2.6 2.0 2.3 2.2 2.5 3.5
1989 5.1 7.2 5.4 5.6 3.6 2.5 3.2 2.8 2.5 2.9 2.8 3.3
1990 4.9 5.5 5.9 5.2 3.4 3.4 3.2 3.1 2.7 2.3 2.7 3.6
1991 4.5 6.4 5.1 4.5 3.1 3.0 3.4 3.4 3.1 2.6 3.6 4.4
1992 4.9 5.6 6.1 4.7 4.0 2.5 2.7 3.3 2.5 2.9 2.5 3.5
1993 4.5 5.1 5.1 3.8 2.7 2.7 3.0 2.7 2.3 2.2 2.7 3.9
1994 4.4 5.4 5.4 4.8 3.1 3.0 3.1 2.8 3.1 2.0 2.7 3.2
1995 4.6 5.0 4.6 3.3 2.5 2.3 2.3 2.0 1.9 2.0 2.6 3.5
1996 3.9 4.8 4.8 3.9 2.2 2.3 2.4 2.3 2.0 2.1 2.6 2.9
1997 3.6 4.7 5.2 4.1 3.3 2.2 2.8 3.4 2.4 1.8 2.0 3.0
1998 3.8 3.5 4.7 4.1 2.7 2.0 2.3 2.0 1.6 1.9 1.8 2.5
1999 2.8 3.7 4.0 3.3 2.0 1.7 2.4 1.6 1.4 1.6 1.9 2.4
2000 3.1 3.2 3.2 3.0 2.2 2.1 2.6 2.0 1.7 2.7 2.3 3.1
2001 3.0 4.3 4.6 4.1 3.2 2.5 2.5 2.7 2.0 2.0 2.9 3.1
2002 3.2 3.8 3.7 3.9 3.0 2.1 2.6 2.7 1.7 1.3 2.3 2.9
2003

Monthly Maximum 5.7 7.2 6.4 5.6 4.0 3.4 4.1 3.5 3.1 3.0 3.6 4.5
Monthly Minimum 2.8 3.2 3.2 3.0 2.0 1.7 2.3 1.6 1.4 1.3 1.8 2.4
Mean Mth Avg 4.2 5.0 5.0 4.3 3.0 2.5 2.8 2.7 2.3 2.2 2.6 3.4

Dry Season Average 4.6
Wet Season Average 2.7

Annual Average 3.3

Source: ACP, 2004
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Table 2-34.  Gatun Monthly Maximum Wind Speed (mph)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 23.2 28.3 22.8 21.5 18.6 20.1 21.9 16.8 27.4 19.2 25.2 25.7
1986 25.2 24.6 27.2 29.6 29.9 21.2 25.7 25.7 21.9 22.3 39.2 25.2
1987 23.9 30.1 21.7 27.2 22.8 21.0 23.9 23.0 19.5 21.5 20.1 25.0
1988 26.5 25.9 25.9 24.3 23.9 20.6 20.8 27.0 25.4 24.8 21.2 23.9
1989 24.8 31.6 26.5 38.1 22.6 19.7 53.3 21.5 23.2 28.8 20.6 43.8
1990 25.2 33.6 36.5 36.3 21.9 20.8 25.4 21.2 50.2 27.2 22.8 36.7
1991 34.3 35.0 39.2 33.4 53.3 23.9 28.3 24.8 23.2 23.7 34.3 30.1
1992 24.3 24.8 26.8 24.1 23.0 32.7 28.5 27.7 27.2 24.1 21.9 22.3
1993 26.3 25.9 32.1 22.6 25.4 20.4 22.6 22.8 24.8 20.6 23.9 25.0
1994 24.8 27.7 25.7 25.7 24.1 28.3 22.3 26.8 23.2 20.1 22.6 24.3
1995 26.8 28.1 24.8 24.3 20.1 19.7 25.2 21.9 19.7 21.2 21.7 21.2
1996 25.2 26.1 27.2 21.7 22.8 24.6 27.9 36.9 17.5 31.2 27.4 25.2
1997 25.2 23.9 28.1 25.4 28.5 27.2 38.3 23.7 23.5 19.9 19.7 22.6
1998 23.7 25.4 26.5 29.0 22.3 21.9 20.4 22.3 25.4 22.6 21.0 21.2
1999 24.8 25.0 24.3 21.7 25.7 23.0 23.5 28.8 23.7 25.4 25.0 27.0
2000 25.2 23.9 25.0 23.0 21.7 27.9 20.8 26.2 22.1 19.7 19.5 22.9
2001 22.6 23.5 22.3 20.6 22.4 17.5 18.1 27.9 20.6 27.5 20.2 23.2
2002 22.0 22.3 23.1 19.3 20.3 22.7 21.0 19.6 18.3 19.7 24.6 22.1
2003 21.8 22.3 30.2 36.3 34.7 26.3 33.2 37.7 35.0 26.6 49.8 19.7
2004

Monthly Maximum 34.3 35.0 39.2 38.1 53.3 32.7 53.3 37.7 50.2 31.2 49.8 43.8
Monthly Minimum 21.8 22.3 21.7 19.3 18.6 17.5 18.1 16.8 17.5 19.2 19.5 19.7
Mean Mth Avg 25.0 26.7 27.2 26.5 25.5 23.1 26.4 25.4 24.8 23.5 25.3 25.6

Dry Season Maximum 39.2
Wet Season Maximum 53.3

Annual Maximum 53.3

Note: These values are the maximum wind speed for a 20 second period during the month.

Source:  ACP, 2004.
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Table 2-35 Coco Solo Monthly Maximum Wind Speed (mph)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Average
1985 31.6 32.5 33.6 28.8 25.7 34.3 31.9 31.6 27.0 31.2 37.4 49.8 33.0
1986 31.4 28.1 31.2 29.9 26.5 27.2 27.2 28.8 26.5 24.6 29.6 32.5 28.6
1987 32.1 36.5 26.8 31.2 30.1 29.0 30.8 31.2 41.5 31.2 36.1 33.8 32.5
1988 35.6 32.1 33.2 28.3 27.2 33.2 32.8 33.6 30.8 35.6 27.4 29.6 31.6
1989 31.4 42.7 33.0 30.3 42.5 33.2 40.7 34.1 25.7 48.7 61.3 36.9 38.4
1990 32.5 31.2 32.5 26.1 26.3 32.1 28.1 27.0 37.2 34.5 26.3 30.3 30.3
1991 27.0 32.5 36.7 31.4 26.1 25.4 44.9 31.6 32.5 55.8 26.1 31.4 33.5
1992 29.2 33.8 35.2 32.1 27.7 31.0 29.2 30.5 25.2 38.5 28.1 36.5 31.4
1993 36.3 30.5 38.3 37.8 25.0 38.7 27.9 34.1 34.3 28.1 31.6 35.8 33.2
1994 37.6 37.4 31.4 35.0 25.9 38.1 28.8 26.1 23.9 27.2 27.9 35.0 31.2
1995 38.7 28.5 30.5 31.0 27.2 26.1 26.8 31.4 25.2 23.9 30.8 36.1 29.7
1996 36.9 35.4 41.2 26.1 26.3 31.4 32.9
1997
1998
1999

LMB 2000 27.9 20.8 34.1 31.1 37.9 44.7 37.8 33.5
LMB 2001 40.5 38.1 34.3 36.3 40.7 31.6 39.8 47.9 36.3 45.3 40.1 42.9 39.5

Monthly Maximum 40.5 42.7 41.2 37.8 42.5 38.7 44.9 47.9 41.5 55.8 61.3 49.8 39.5
Monthly Minimum 27.0 28.1 26.8 26.1 25.0 25.4 20.8 26.1 23.9 23.9 26.1 29.6 28.6
Mean Monthly Average 33.9 33.8 33.7 31.1 29.0 31.4 31.5 32.5 30.6 35.6 34.4 36.0 32.8

Dry Season Maximum 42.7
Wet Season Maximum 61.3

Annual Maximum 61.3

Source: ACP, 2004
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JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 25.7 28.5 33.4 29.6 26.1 31.4 21.5 20.4 25.7 23.5 27.2 25.2
1986 25.0 25.7 30.5 27.9 27.9 26.1 33.8 46.0 23.5 19.5 24.1 24.6
1987 29.6 31.2 28.1 26.8 24.3 26.5 20.8 23.9 21.2 22.3 22.8 23.0
1988 26.5 25.2 29.9 25.4 23.2 25.0 23.5 22.3 27.0 24.1 20.1 25.7
1989 24.3 35.2 30.1 24.6 25.0 21.1 42.3 34.3 22.6 26.5 24.3 26.8
1990 25.0 24.6 30.8 27.9 33.2 50.9 36.6 23.9 24.6 21.9 21.9 23.5
1991 24.8 34.3 27.2 29.4 23.9 24.8 34.3 25.2 24.6 24.8 21.0 21.2
1992 26.8 27.4 27.7 25.4 27.0 31.4 27.2 32.3 28.5 38.3 33.0 20.6
1993 25.9 26.5 28.3 24.8 23.7 29.9 28.1 25.2 35.6 21.0 25.2 24.3
1994 25.2 28.1 33.4 28.3 24.1 25.9 23.0 22.1 24.1 23.2 25.0 23.5
1995 28.3 26.8 29.6 23.0 29.0 25.0 26.5 30.3 27.9 29.0 23.7 21.7
1996 25.0 23.7 30.8 23.9 21.2 21.7 23.7 21.5 19.7 23.2 23.9 21.2
1997 22.3 23.0 26.3 25.0 22.8 26.5 29.0 30.1 29.4 20.8 24.3 28.1
1998 27.0 25.2 30.1 30.5 24.8 30.1 23.2 25.9 22.1 27.7 23.5 23.0
1999 23.5 25.0 24.8 24.6 21.0 22.3 23.2 21.5 21.7 26.3 21.5 27.2
2000 33.4 25.2 25.0 26.5 27.0 21.9 25.4 33.3 28.1 23.1 25.1 24.8
2001 24.3 25.9 25.5 24.5 24.0 30.5 22.3 28.9 29.4 22.3 22.1 24.4
2002 22.8 25.4 24.5 28.4 21.9 26.9 21.1 25.0 20.1 21.9 30.8 25.7
2003 23.8 28.3 25.7 26.8 25.7 22.0 18.7 25.3 34.1 21.2

Monthly Maximum 33.4 35.2 33.4 30.5 33.2 50.9 42.3 46.0 35.6 38.3 33.0 28.1
Monthly Minimum 22.3 23.0 24.5 23.0 21.0 21.1 18.7 20.4 19.7 19.5 20.1 20.6
Monthly Average 25.7 27.1 28.5 26.5 25.0 27.4 26.5 27.2 25.8 24.2 24.4 24.1

Dry Season Maximum 35.2
Wet Season Maximum 50.9

Annual Maximum 50.9

Note: These values are the maximum wind speed for a 20 second period during the month.

Source: ACP, 2004

Table 2-36 Balboa FAA Monthly Maximum Wind Speed (mph)
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Table 2-37 Gamboa Monthly Maximum Widn Speed (mph)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1985 29.6 28.5 31.2 29.2 21.7 37.6 22.3 21.5 26.5 20.8 28.1 28.5
1986 31.9 27.9 30.8 26.8 23.2 25.7 25.9 28.3 21.7 21.5 20.4 28.3
1987 27.9 28.8 21.9 23.7 23.7 42.5 18.6 22.8 29.9 22.6 28.1 31.2
1988 36.7 31.4 30.1 23.9 25.7 18.8 20.8 19.7 25.2 24.6 32.3 22.8
1989 48.7 42.0 28.8 25.2 24.8 22.3 29.0 20.1 35.8 23.0 30.3 22.3
1990 31.0 30.5 29.6 27.7 29.0 22.3 33.4 24.1 31.2 19.0 23.2 25.4
1991 24.8 29.2 29.4 25.2 20.6 21.9 27.9 19.0 27.7 27.2 22.3 26.5
1992 26.3 32.1 29.4 27.0 24.1 32.5 27.4 23.2 25.9 27.2 18.1 25.2
1993 24.1 28.3 25.2 24.1 22.3 24.3 20.6 20.1 22.3 23.0 18.6 24.1
1994 27.9 33.0 26.1 28.1 22.3 21.7 19.7 25.4 22.6 21.7 21.9 22.1
1995 28.1 28.1 27.7 22.6 24.3 33.0 24.3 25.0 31.0 25.7 25.7 21.9
1996 28.1 29.0 24.6 21.9 27.4 20.8 21.5 18.8 20.1 21.5 26.8 25.2
1997 25.0 27.4 28.3 25.0 24.3 23.9 28.8 24.8 19.5 19.5 21.0 26.3
1998 25.9 21.9 25.9 24.1 22.3 22.1 20.8 21.2 26.5 23.2 20.6 18.8
1999 21.5 22.6 27.0 23.7 28.5 20.6 19.9 18.6 18.4 22.3 19.9 26.3
2000 27.4 25.2 27.7 22.1 43.8 19.2 19.7 22.6 16.6 19.8 18.2 20.4
2001 21.9 26.4 22.5 21.9 21.7 17.2 20.1 18.9 20.1 19.7 17.9 18.3
2002 18.6 21.0 24.8 22.1 19.9 21.9 20.9 21.8 21.8 16.9 26.2 19.7
2003

Monthly Maximum 48.7 42.0 31.2 29.2 43.8 42.5 33.4 28.3 35.8 27.2 32.3 31.2
Monthly Minimum 18.6 21.0 21.9 21.9 19.9 17.2 18.6 18.6 16.6 16.9 17.9 18.3
Mean Mth Avg 28.1 28.5 27.3 24.7 25.0 24.9 23.4 22.0 24.6 22.2 23.3 24.1

Dry Season Maximum 48.7
Wet Season Maximum 43.8

Annual Maximum 48.7

Note: These values are the maximum wind speed for a 20 second period during the month.

Source: ACP, 2004
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Table 2-38  Gatun Monthly Average Wind Direction (degrees)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC WD AVG
1985
1986   22.2   15.4   16.5   14.4   11.2  322.2  347.9  349.7  324.6  249.7  350.5    2.3 358.65
1987    3.3    5.4    9.5  358.7  343.8  333.0  338.8  338.1  357.7  258.6  331.3  358.2 349.25
1988   14.1    9.4   10.6    5.7    6.2  182.2  313.5  185.0  195.8  218.6  297.4    7.6 349.39
1989   18.2   10.7    3.7   16.8    7.4  342.3  332.2  321.7  208.8  326.0  330.8    2.3 356.36
1990   17.2   17.4   16.8   11.0  356.0  340.7  331.7  327.1  316.7  231.9  312.3    7.0 354.09
1991    9.0   11.0    8.2    9.0  319.2  318.0  331.8  312.4  298.7  290.5  305.6  356.3 340.79
1992  348.0  345.6  348.9  346.1  320.3  298.9  313.8  300.2  268.5  296.8  309.7  343.1 327.35
1993  341.2  343.9  341.4  337.3  165.5  305.0  322.8  314.2  238.6  269.7  295.2  337.0 319.84
1994  347.7  347.2  342.1  349.9  337.0  301.3  322.2  297.8  272.2  225.1  265.8  345.0 324.51
1995  344.8  346.1  344.3  337.0  301.0  174.1  279.1  164.2  173.9  152.2  281.5  320.1 314.92
1996  342.3  348.1  343.0  339.5  339.8  281.6  285.1  292.5  236.4  167.2  225.2  349.4 317.59
1997  343.8  351.3  349.1  348.7  339.3  117.9  171.3  160.3  120.2  150.3   86.2    2.4 13.90
1998  355.4    3.3    0.4  356.2  338.9  318.2  293.3  264.3  161.2  165.9  281.7  304.0 331.32
1999 355.5 0.8 352.4 347.8 310.0 249.6 282.9 244.6 167.1 171.6 258.9 315.0 313.54
2000 354.7 355.8 354.5 344.3 319.1 292.3 314.7 329.2 187.3 306.4 323.3 344.6 334.30
2001 358.7 9.1 359.0 5.4 327.2 351.0 328.6 323.3 248.1 241.0 280.0 324.2 341.15
2002 2.5 9.8 4.5 2.7 3.2 306.2 333.2 327.8 200.4 310.1 242.2 226.7 335.79
2003 310.2 354.6 355.9 347.5 324.3 238.1 313.5 302.1 276.6 180.7 277.9 339.3 335.79
2004

Monthly 356.6 0.3 357.7 356.2 339.3 303.6 315.4 302.4 234.4 231.0 294.0 344.1

Dry Season Average 357.8
Wet Season Average 308.0

Annual Average 337.7

Source:  ACP, 2004.
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Table 2-39 Balboa FAA Monthly Average Wind Direction (degrees)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC WD AVG
1985
1986  341.6  338.0  343.3  335.3  272.9  289.6  316.5  314.6  297.5  269.6  299.7  306.4 310.25
1987  318.2  329.4  326.8  323.8  313.5  309.3  305.7  309.4  301.1  285.0  313.2  328.9 315.30
1988  340.2  344.7  349.5  333.3  313.3  175.6  277.5  108.1   90.0  113.8  261.6  293.9 330.41
1989  270.6  278.9  343.9    2.5  336.6  322.2  328.9  328.7  229.6  331.6  310.9  341.1 323.08
1990  354.6  343.6  343.4  338.7  293.1  311.0  304.4  301.1  305.6  218.8  298.7  336.1 316.36
1991  335.2  351.8  340.8  339.7  270.6  318.0  308.9  305.0  295.6  275.0  308.7  348.1 318.96
1992  336.2  336.8  345.5  334.6  316.2  305.0  313.9  318.5  269.7  297.8  285.5  323.9 317.91
1993  324.7  337.1  330.7  318.8  227.5  294.4  303.6  300.1  259.0  274.0  297.1  320.7 302.38
1994  327.9  337.1  333.1  339.8  274.6  302.4  302.1  295.6  278.5  204.8  259.4  332.9 305.80
1995  337.1  342.5  339.5  299.5  289.5  194.0  284.9  180.3  188.4  185.6  303.2  316.7 284.64
1996  331.9  346.1  342.4  329.2  202.7  297.0  301.2  337.2  279.0  216.3  278.3  335.1 306.51
1997  336.9  344.2  349.7  341.8  334.2  287.6  325.3  326.6  316.5  285.4  288.3  337.5 325.56
1998  341.5  336.8  346.8  335.4  328.7  307.5  314.8  309.9  219.8  206.7  308.5  327.7 314.45
1999 357.5 354.4 351.4 338.4 315.8 300.7 320.8 299.7 193.6 194.5 316.2 327.4 316.50
2000 351.8 353.4 354.7 354.5 321.3 302.9 311.6 299.0 184.5 301.7 296.3 313.0 318.17
2001 328.6 332.9 325.6 336.0 295.9 296.3 298.3 302.8 267.9 267.8 303.8 319.1 309.00
2002 340.3 352.2 348.6 346.7 292.7 256.6 319.8 313.1 239.3 287.9 323.3 331.3 316.79
2003 355.0 347.9 352.6 337.4 317.4 191.4 311.8 284.1 190.5 174.2

Monthly 336.4 340.1 343.5 338.0 303.0 292.4 311.4 310.5 260.4 256.8 300.8 327.7

Dry Season Average 339.6
Wet Season Average 300.7

Annual Average 319.4

Source: ACP, 2004
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Table 2-40 Gamboa Monthly Average Wind Direction (degrees)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC WD AVG
1985
1986    3.5  349.0  353.1  340.6  328.9  318.6  310.6  313.0  304.6  311.8  324.6  345.4 334.7
1987  347.2  342.9  343.8  332.1  308.7  315.0  302.9  299.3  306.2  283.0  311.3  338.3 323.9
1988    5.8  358.3  355.8  338.0  345.0   96.5  312.4  114.3  154.7  208.6  297.3  351.8 352.5
1989   12.5   10.5  348.4    6.1  343.4  343.3  317.9  327.1  143.8  327.3  319.2    4.1 352.5
1990   16.2    5.9  357.3  357.8  310.1  305.6  306.1  304.9  306.2  161.8  316.1  358.1 339.8
1991  350.2  354.2  333.9  340.2  292.8  312.4  318.5  305.3  300.3  328.2  298.4    1.2 329.0
1992  314.1  320.0  309.3  296.3  281.1  268.5  275.3  263.5  257.3  276.8  269.2  325.8 293.7
1993  315.8  315.1  309.0  297.3  233.9  263.5  274.0  263.8  236.1  264.9  268.3  295.7 285.8
1994  323.6  317.4  320.5  359.9  315.9  306.6  311.6  306.7  298.3   12.5  291.6  350.1 322.7
1995  345.0  355.0  340.0  335.0  304.3  301.3  301.8  127.1  118.0  129.5  293.0  311.8 332.3
1996  349.7    4.4  344.8  333.4  348.5  297.6  304.0  302.1  278.8  144.8  285.6  346.4 330.8
1997  339.9    5.3  349.2  338.8  336.1  294.9  312.3  309.1  297.5  313.0  283.6  332.2 329.3
1998  337.2  338.7  340.9  328.9  310.0  294.3  293.1  286.5  147.1  162.1  307.5  304.8 317.8
1999 356.2 357.0 350.6 336.8 306.0 291.0 297.4 281.0 162.0 172.9 297.2 306.3 322.6
2000 357.1 8.2 358.1 337.0 322.8 303.5 301.6 298.8 50.9 289.8 302.7 314.0 329.5
2001 344.2 352.2 326.7 343.1 316.5 316.1 310.2 304.3 294.1 306.3 296.8 297.8 320.7
2002 331.4 359.1 349.0 342.3 338.3 325.2 302.3 294.8 299.7 288.5 309.4 329.7 327.9
2003

Monthly 347.1 350.2 340.2 337.9 315.6 306.0 303.7 298.1 278.2 277.6 298.7 333.0

Dry Season Average 343.9
Wet Season Average 306.8

Annual Average 325.9

Source: ACP, 2004
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Table 2-41.  Main Elevation Relief in the Canal Watershed (PMCC-GIS, 1998) 

Relief Elevation (m) Surface (%) Slopes (%) 

Plains 35 – 150 40 <15 

Terraces 150 – 350 30 15 - 30 

Colinas 350 – 500 20 30 - 45 

Mountains 500 – 1,007 10 > 45 

 

Source:  PMCC-GIS, 1998. 

 

Table 2-42. Minimum and Maximum Elevations and Mean Slopes in the Gatún 
Lake System  

Subwatershed Minimum elevation (m) Maximum elevation (m) Mean slope (%) 

Gatún 35 979 37.2 

Cirí Grande 35 984 25.8 

Trinidad 35 975 23.5 

Chilibrillo 35 160 21.5 

Palenque II 35 340 20.8 

Chilibre 35 445 20.4 

Agua Salud 1 50 350 31.8 

Agua Salud 2 80 150 30.0 

Agua Salud 3 100 180 30.0 

 

Source:  PMCC-GIS, 1998. 
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Figure 2-5 – Main Subwatersheds Within Gatún and Alhajuela Lake Systems 
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The topography of Panamá has been shaped by a combination of volcanic and sedimentary 
events.  The relief of the Gatún Lake system is characterized by the highest elevations 
occurring at the subwatersheds on the south side of the Gatún Lake in Cirí Grande and Trinidad 
and on the north side.  The range in elevations of the Cirí and Trinidad subwatersheds located 
south of Gatún range from 35 to over 950 m (115 to 3117 ft) with a mean slope of 25.8 and 
23.5 percent, respectively.  At the north end of Gatún Lake, the Gatún subwatershed has the 
highest relief with elevations ranging from 35 to 979 m (115 to 3211 ft) and a mean slope if 
37.2 percent.  Chilibrillo, Palenque, and Chilibre all have minimum elevations of 35 m (115 ft) 
and maximum elevations ranging from 160 to 445 m (525 to 1,460 ft) and with means slopes of 
20 percent.  The Agua Salud subwatershed has a mean slope of 30 percent and with minimum 
elevations ranging from 50 to 100 m (164 to 328 ft) and maximum elevations ranging from 150 
to 350 m (492 to 1148 ft) (Figure 2-4). 

2.3 GEOLOGY  

The geology of the Gatún Lake System and subwatersheds is described in the Proyecto 
Monitoreo de la Cuenca del Canal (PMCC 1999).  They show that igneous rocks dominate the 
Canal Watershed region.  Igneous rocks are mainly basalt, andesite, and dacite.  The igneous 
rocks cover 70 percent of the watershed.  The remaining 30 percent are sedimentary rocks such 
as:  sandstone, limestone, and tuff, as shown in Figure 2-6 (PMCC, Map 29).  The 
subwatersheds of Trinidad and Cirí Grande, located at the south end of the Gatún Watershed 
contain some undifferentiated volcanic rocks of Lower to Upper Tertiary Age. 

Figure 2-6 (Map 29 from the PMCC study) has been adapted by the Hydrology and Soil 
Component of the PMCC based on the Geologic Map of ARI (1996), and the descriptions of the 
geologic formations of Jones (1950), Woodring (1957,1958) and Johnson & Stallard (1989) 
(PMCC 1999). 

Dissolution of minerals within the igneous rocks is the main source of ions of Na+, Ca++, Mg++, 
and K+ in rivers and streams.  The calcite is highly soluble in water and as a cementing material 
makes soils more prone to erosion when combined with high nutrient loads. 

2.3.1 REGIONAL AND LOCAL GEOLOGIC CHARACTERISTICS 

The Gatún subwatershed geology as described in the PMCC report comprises the following: 
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Formation Id Age Description Calcite
Anti-Tertiarian Complex pT Cretaceous Volcanic and dioritic rocks; chlorinated, 

carbonized, with fractures, with calcite and 
zeolite veins 

Mixed in lower 
quantities

Atlantic sediments, Lower 
phase

Qa Pliocene/Holocene Mud clay; gray to blue gray Without calcite

Atlantic sediments, Second 
phase

Qa Pliocene/Holocene Marine sea shells deposited on a black mud 
matrix 

With calcite

Atlantic sediments, Third 
phase

Qa Pliocene/Holocene Wood partially rotten, tuff on a black mud 
matrix, clay on a littoral swamp 

Without calcite

Atlantic sediments, Upper 
phase

Qa Pliocene/Holocene Clay, light gray and plastic Without calcite

Chagres alluvium Qa Pliocene/Holocene Clay, mud, sands and gravels, conglomerates Without calcite

Andesite Ta Oligocene and  
Lower Miocene

Andesite: intrusive y extrusive Without calcite

Alhajuela Formation, Lower 
member

Tal Upper Miocene Calcareous sandstone With calcite

Alhajuela Formation, Upper 
member

Tau Lower Miocene Tuff sandstones, calcareous sandstone, 
limestone

With calcite

Basalt Tb Miocene Basalt Without calcite

Agglomerate Bas Obispo Tba Lower Oligocene Agglomerates, tuffs, andesites, breccias Without calcite

Bohío Formation, Marine 
Facies 

Tbm Lower to Upper 
Oligocene

Tuff sandstones and schist, algal and 
foraminiferal limestone

With calcite

Geologic Map of the Canal Watershed

Bohío Formation Tbo Lower to Upper 
Oligocene

Basaltic conglomerates in a sandy volcanic 
matrix; marine and terrestrial facies

Without calcite

Chagres Sandstones Tc Upper Miocene to 
Lower Pliocene

Sandstones with limestone incrustations; solid 
without joining

With calcite

Cucaracha Formation Tca Lower Miocene Carboniferous laminated tuff, non marine tuff 
altered to benthonic clay

Without calcite

Culebra Formation Tcb Lower Miocene Dark and thin schist, clay, limolite, calcareous 
sandstone, limestone (incluiding Emperor 
Limestone)

With calcite

Caimito Formation Tcm Upper Oligocene Acid tuff, tuff agglomerates, tuff 
conglomerates, sandstones, thin and thick, 
closely joined or moderately close

With calcite

Caimito Formation, Upper 
member, Quebrancha 
Limestone

Tcqu Upper Oligocene Foraminiferan limestone and muddy schists With calcite

Caraba Formation Tcr Upper Oligocene Agglomerates of porphyry dacite, some 
conglomerates, muddy and sandy schists

Mixed in lower 
quantities

Toro Limestonte Tct Upper Miocene Coquine of limestone sandstones; strongly 
joined

With calcite

Caimito Volcanics Tcv Lower Miocene Agglomerates and tuff (graucava) Without calcite

Dacite Td Miocene Dacite: intrusive and porphyry Without calcite

Gatún Formation Tg Middle Miocene Sandstones , limolites , conglomerates  and tuff; margose, 
tobaceans , foss iliferans  and s trongly joined

W ith calcite

Gatuncillo Formation Tgo Middle to Upper 
Eocene 

Basaltic conglomerates , clays , limolites , sands tones , some 
limes tones; upper algal limes tone 14-50 m wide

W ith calcite

La Boca Formation Tl Lower Miocene Sandy schis t, clays , sands tone, tuff, limes tone W ith calcite

Las  Cascadas  Formation Tlc Upper Oligocene / 
Lower Miocene

Narrow tuff, basaltic conglomerates , basaltic agglomerates ; 
terres trial

W ithout calcite

Las  Cascadas  Andesite Tlca Lower Miocene Andes ite W ithout calcite

La Boca Formation, 
Emperador Limes tone 
member

Tle Lower Miocene Coraliferous  limes tone W ith calcite

Panamá Formation Tp Lower to Upper 
Oligocene 

Mainly andes itic agglomerates , fine grain tuff W ithout calcite

Pedro Miguel Formation Tpa Lower Miocene Agglomerate from fine to thick W ithout calcite

Panamá Formation, Marine 
section

Tpm Lower to Upper 
Oligocene 

tuff sandstones  and schis ts , foraminiferan and algal 
limes tones

W ith calcite

Marine Rocks Tue Generally Lower 
Miocene or older 

Sandstones  and schis ts Mixed in lower 
quantities

Tertiary volcanic rocks Tv Lower Miocene or 
older 

Indiferenciated volcanic rocks W ithout calcite
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Cirí Grande River:  This subwatershed is almost entirely located on undifferentiated volcanic 
rocks of Lower or Older Miocene (Tv) age.  Some of the mapped igneous rocks include areas of 
andesitic-basaltic conglomerates that may be sedimentary in origin.  A small area of 
sedimentary rocks (sandstone, lutite and limestone) surrounds the river mouth.  As reported in 
the PMCC report, the lutite is a laminated and hardened clay with silica as the most abundant 
element. Rocks and soils containing calcite cover 2 percent of the subwatershed (Figures 2-6 
and 2-7, Maps 29- 30, PMCC 1999). 

Trinidad River:  This subwatershed located at the south end of the Gatún Lake has developed 
within volcanic rocks (Tv).  The subwatershed has similar geological characteristics to the 
adjacent subwatershed of the Cirí Grande River.  Rocks and soils containing calcite cover 
3 percent of the subwatershed surface, but are mainly located at the river mouth (Figure 2-6 and 
2-7, Maps 29-30, PMCC 1999). 

Gatún River:  The Gatún River subwatershed is has developed mostly within igneous rock 
formations (pT), similar to the neighboring subwatersheds of Boquerón, Pequení and Chagres. 
Calcite occurs in lower quantities throughout the watershed (Figure 2-6 and 2-7, Maps 29-30, 
PMCC 1999). 

Chilibre River:  This subwatershed has a varied geology.  Bedrock consists of the Panamá 
Formation (Tp) in its upper reaches.  The Panamá formation is an andesitic agglomerate 
containing fine grain tuffs and a current deposited conglomerate.  The middle and lower part of 
the watershed contains a mix of igneous rocks (dacite and dacitic conglomerates) and 
sedimentary rocks (sandstone, coquina limestone, and, lutite).  The calcite covers about 
31 percent of the watershed surface (Figure 2-6 and 2-7, Maps 29-30, PMCC 1999). 

Chilibrillo River:  This subwatershed is located south of Alhajuela Lake.  As described in the 
PMCC report, the subwatershed consists mainly of Gatúncillo Formation sedimentary rocks 
(Tgo) of Middle to Upper Eocene age.  These rocks comprise approximately 40 percent of the 
subwatershed.  The Gatúncillo Formation rocks are located in the high and middle part of the 
subwatershed, and comprise clay, lutite, limestone, and quartz sandstone. 

The Panamá Formation (Tp) of Lower to Upper Oligocene age, occurs in the south section, and 
covers 15 percent of the subwatershed.  The Panamá Formation is mainly andesitic 
agglomerate within fine-grained tuff.  Marine facies of the Panamá Formation (Tpm) are 
tuffaceous sandstone, tuffaceous lutite, and foraminiferan limestone. The Panamá Formation 
covers about 18 percent of the subwatershed.  Panamá Formation rocks occur in the lower and 
middle parts of the 
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watershed.  The remaining 20 percent is the Alhajuela Formation (Tal, Tau), that mainly 
consists of calcareous and tuffaceous sandstone and limestone. Calcite is abundant in the 
Chilibrillo River subwatershed, comprising about 68 percent of the surface (Figure 2-6 and 2-7, 
Maps 29-30, PMCC 1999). 

Palenque River II:  The highest reaches of this subwatershed consist of diorite and dacite 
intrusive rocks and volcanic rocks such as lava flows, tuff and andesite (Pt).  In the middle and 
lower reaches of the subwatershed, Gatúncillo Formation (Tgo), comprising clays, lutite, quartz 
sandstone, and limestone were noted in the PMCC report.  This sedimentary formation covers 
almost 70 percent of the subwatershed. Holocene-age alluvium and slope deposits are also 
present, (Qa).  Calcite occurs in 67 percent of the subwatershed surface (Figure 2-6 and 2-7, 
Maps 29-30, PMCC 1999). 

Agua Salud River:  The Agua Salud subwatershed is located east of Gatún Lake and consists 
of two microwatersheds.  The Anti-Tertiarian Formation (pT) makes up 100 percent of the 
subwatershed.  This formation comprises intrusive igneous rocks, and some extrusive rocks 
such as:  basalt and andesite.  Calcite is found at the mouth of the river, and covers about 
4 percent of the subwatershed surface (Figure 2-6 and 2-7, Maps 29-30, PMCC, 1999). 

2.4 SOILS 

The soils encountered in the Canal Watershed are typical of the soil conditions found in tropical 
regions that have humid climates and the high temperatures through the year.  As reported in 
the PMCC report, the Catastro Rural de Tierras y Aguas de Panamá (CATAPAN, 1970) made 
the first complete inventory of the agricultural soils of Panamá.  This survey of soils was only 
partially characterized using the taxonomic system for soil classification of the United States 
Department of Agriculture (Soil Survey).  Most of the soils reported are classifieds as oxisols.  
Oxisols are very highly weathered soils that contain few weatherable minerals and are 
characterized by extremely low native fertility, resulting from low nutrient reserves, high 
phosphorous retention by oxide mineral, and low cation exchange capacity.  Nutrients in Oxisol 
ecosystems are contained in the standing vegetation and decomposing plant material.  These 
soils can be productive if appropriate amounts of fertilizers are applied.  Within the 
Canal System some poorly drained inceptisols soils are encountered mainly in the alluvial plains 
of the watershed, such as the mouths of the rivers:  Tinajones, Gatún and Chagres.  Ultisols 
and entisols soils were reported encountered in the Agua Salud subwatershed (PMCC, 1999).  
Figure 2-8 presents a map of the soil conditions in the watershed that further characterizes the 
soils by horizons, texture, drainage, and vegetation. 
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Figure 2-8 – Gatún Soil Conditions 
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The oxisols soils are characterized by a red coloration that ranges from yellowish-red to 
brownish-red and dark brown.  Oxisols consist of clayey soils, encountered moderately deep to 
deep without well-defined horizons.  These soils are classifies as having a relatively good 
permeability, internal drainage, and a granular structure with low organic matter content.  These 
soils are moderate to strongly acidic with relatively low levels of exchangeable bases and other 
nutrients such as phosphorus. 

The inceptisols encountered in the watershed originated from the alluvial deposits, under poor 
to moderate drainage, allowing the accumulation of silica and exchangeable bases in their 
framework.  Inceptisols are soils that exhibit minimal horizon development.  These soils are 
widely distributed and occur under a wide range of ecological settings.  They are often found on 
fairly steep slopes, young geomorphic surfaces and resistant parent materials.  Inceptisols are 
found in mountainous areas and are used for forestry, recreation and watershed.  The natural 
fertility of inceptisols is better than the oxisols, because of the poor drainage characteristic their 
agricultural use is restricted and is generally prone to periodic flooding (NRCS 1993; ARI 1996, 
PMCC, 1999). 

The ultisols are classified as acidic forest soils found in humid regions that have been exposed 
to intense leaching.  These soils are typically older and found in stable landscapes under forests 
but also grasslands.  Ultisols have a subsurface horizon in which clays accumulate.  They are 
often with yellowish or reddish colors resulting from Ferrous oxides.  Due to their favorable 
environment in which they are found, ultisols often support productive forest and are poorly 
suited for continuous agricultural production.  The application of fertilizers can result in 
productive applications. 

2.4.1 REGIONAL AND LOCAL SOIL CHARACTERISTICS 

The soils the Gatún subwatersheds as described in the PMCC report consist of the following: 

Cirí Grande River:  The soils in the lower reaches of this deforested subwatershed are mainly 
used as pastureland and have been disturbed by cattle grazing operations.  The ultisols soils 
that are present mountains at elevations ranging from (500-1,000 m masl mean average 
sea level) (1,640-3,280 feet) and subjected to extreme precipitation tend to leach exchangeable 
cations.  These soils are generally brownish-red, and very susceptible to erosion by landslides.  
These soils have a low productivity and low organic matter content and a low cation exchange 
capacity.  At elevations less than 300 m masl (984 ft) they have been completely deforested and 
used as pasturelands. 

The soils of the Cirí Grande and Trinidad Rivers are formed from undifferentiated igneous rocks.  
These soils are very prone to erosion in the absence of organic matter or vegetation. 
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The oxisols soils found in this subwatershed are generally found on old stable surfaces which 
tend to be the most degraded and non-productive.  These soils are moderately acidic and are 
characterized by their few weathering minerals with few exchangeable bases and with large 
amounts of aluminum.  These soils are well drained and with a fine clayey texture.  The slopes 
were the soils are present have slopes ranging from 20 percent to 45 percent and have a low to 
moderate potential for erosion. 

Trinidad River:  This subwatershed located adjacent to the Cirí Grande River has very similar 
geological and topographic characteristics and almost the same level of reforestation.  The soils 
consist of moderately well drained fine clayey soils with a moderately deep vegetation cover.  
The slopes range from 3 to 8 percent with low to moderate erosion potential. 

Gatún River:  This watershed as reported in the PMCC study has soils that are classified as 
clayey and found in alluvial plane.  These soils are slightly acidic and have been formed from 
the accumulation or sedimentation.  The soils are productive and contain a moderate amount of 
organic matter.  The soils from the upper reaches of the subwatershed formed from igneous 
material (Anti-Tertiary Formation) and contain abundant amounts of clay with a surficial loam 
and clayey loam texture and are prone erosion.  The clays are susceptible to erosion when in 
the presence of erosive agents such as water. 

Agua Salud River:  This subwatershed as reported in the PMCC study is dominated by ultisol 
soils consisting of well drained, fine clayey soils with a moderate vegetation cover.  The slopes 
range from 45 to 75 percent with low to moderate erosion potential. 

Existing Soil Conditions of Gatún Dam 
Numerous studies have addressed the geologic conditions beneath the Gatún Dam, Spillway 
and Locks and within the vicinity of the one of the proposed spillway locations.  These studies 
have been summarized and reported by the Panamá Canal Authority Geotechnical Engineering 
Branch of the Engineering Division (Franceschi and de Puy, 2001; and Franceschi, 1992) and 
are paraphrased here. 

The Gatún Dam is generally underlain by dry fill and hydraulic fill generated from canal 
excavations; Atlantic Muck; and variably weathered rocks of the Gatún Formation.  The Spillway 
and Locks were founded on materials of the Gatún Formation and the proposed spillway 
location appears to be underlain by dry fill, residual soils and variably weathered rock of the 
Gatún Formation.  There is no hydraulic fill or Atlantic Muck reported to be in the area of the 
proposed spillway location; however, subsurface data in this area is very limited. 

Fill materials used to construct the dam are generally characterized as medium soft to very 
hard, weak to medium strong, unconsolidated sand, silt, clay, pebbles, cobbles and boulders 
with variable plasticity and dry strength.  The hydraulic fill is Atlantic Muck placed hydraulically 
on top of the in situ muck.  The Atlantic Muck is a highly heterogeneous unit owing to its diverse 
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depositional environment.  As discussed by Franceschi 1992, the Atlantic Muck generally 
occurs within the old stream channels of the Chagres River incised into bedrock beneath 
Gatún Lake but may have also been deposited more broadly in tidal flats.  The Muck has been 
characterized as poorly-consolidated clay, silt and silty sand-sized sediment, deposited in a 
swamp environment (both marine and alluvial) that is soft and weak with medium to high 
plasticity and high water content.  The Atlantic Muck has been subdivided into four phases 
which are largely distinguished by composition and occurrence.  These phases generally 
consist of:  stiff blue-grey silty clay to soft, weak and plastic clay; variably fossiliferous and black 
organic silt; and local lenses of fine alluvial gravel and pebbles.  The Atlantic Muck has been 
locally observed in boreholes to occur up to 200 feet thick beneath Gatún Dam. 

The Gatún Formation, as it occurs beneath Gatún Dam, is generally characterized as a fine- to 
coarse-grained, massive to locally thinly bedded, weak to medium strong, variably calcareous 
and fossiliferous sandstone that is locally interlayered with tuffaceous material.  The Gatún 
Formation is also locally interlayered with discontinuous beds of siltstone and conglomerate.  
This unit is generally moderately to deeply weathered where exposed at ground surface and is 
well jointed with closely-spaced joints.  Description of residual soils derived from weathering of 
the Gatún Formation was not available for review at the time this report was prepared. 

Numerous faults have been interpreted to occur beneath the Gatún Dam and within the vicinity 
of the proposed spillway location.  The precise location, date of last movement, and geologic 
and geotechnical nature of the interpreted fault within the vicinity of the proposed spillway in not 
known. 

2.5 HYDROLOGY 

The hydrology of the Gatún Lake System is one of the two main hydrologic systems that make 
up the Canal Watershed.  The main rivers that contribute to the overall hydrologic of the Gatún 
Lake system include:  the Cirí Grande and Trinidad Rivers southwest of the Gatún Lake; the 
Gatún River northeast of the Gatún Lake and the contribution of 36 smaller rivers and creeks. in 
addition to the controlled flows from the Chagres River through Alhajuela Lake.  Based on daily 
records from 1966 – 2003 provided by ACP, the controlled spillage from Alhajuela Dam into 
Gatún Lake ranged from 0 – 1400 m3/sec (0-49,400 cfs) with an average spillage of 7.6 m3/sec 
(270 cfs). 

As stated previously, the Canal watershed topography ranges from gently rolling to very 
mountainous with very steep slopes.  This topography causes the hydrology of the Canal 
watershed to consist of a highly complex network of streams and channels as is apparent in 
Figure 2-9. 

The Gatún Lake system has a surface area of 40,785 ha (100,780 acres) and a maximum 
storage capacity of 5,400 million cubic meters (190,700 cubic feet) (PMCC, 1999).  The 
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catchment area is 231,162 ha (571,210 acres) which represents 70 percent of the Canal 
watershed.  The 36 subwatershed with rivers and creeks that drain into Gatún Lake provide 
60 percent of the water that is used in the operations of the Canal.  The main natural 
(uncontrolled) subwatersheds that constitute the hydrography of Gatún Lake are: 

• Cirí Grande River 

• Trinidad River 

• Gatún River 

• Chilibre River 

• Chilibrillo River 

• Palenque River II 

• Agua Salud River 
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Figure 2-9 – Map of Stream Networks Within Panamá 
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Cirí Grande River:  The Cirí Grande River is located at the southern end of the watershed with 
headwaters at 920 m masl.  The river runs in a south to north direction for a length of 51.5 km 
and consists of a drainage area of 208.3 km2 (80.4 mi2).  This subwatershed represents 
9 percent of Gatún Lake Watershed.  The river has a mean annual flow of 9.49 m3/sec 
(ACP 1970-1996, PMCC, 1999).  Along the rivers and contributing streams of this watershed, 
20 rural populated areas are encountered and include the more prominent areas of:  Cañones, 
Faldares, Ortigales, and Nueva Arenosa.  The land use for these population centers includes 
livestock and agricultural use.  Terrace roads and the shallow parts of the river are used to 
travel internally within the watershed. 

Trinidad River:  The Trinidad River is adjacent to the Cirí Grande at the southern end of the 
watershed.  The river runs 51.9 km (32.2 miles) in length with a total drainage area of 198.2 km2 
(76.5 mi2) and has its headwaters located on the west side of Cerro Los Monos.  This 
subwatershed represents 8.6 percent of Gatún Lake Watershed.  The river has a mean annual 
flow of 6.71 m3/sec or 236.9 ft3/sec (ACP 1970-1996, PMCC, 1999).  The land use in this 
subwatershed is similar to Cirí Grande in that of the populated centers are inhabited by rural 
communities consisting of La Honda, La Pinta, Los Raudales, La Conga, and others that have 
more than 2,000 inhabitants (PMCC, 1999). 

Gatún River:  The Gatún River is located northwestern portion of the watershed and has its 
headwaters located in Cerro Bruja. The river runs from northeast to southwest along a 45.3 km 
(28.1 miles) length and has a drainage area of 198.2 km2 (76.5 mi2).  The recorded mean 
annual flow of the river is 6.70 m3/sec or 236.6 ft3/sec (ACP 1970-1996, PMCC, 1999).  The 
subwatershed has about 10 populated areas as reported in the PMCC study of approximately 
2,000 inhabitants and the land use is dedicated to farming and livestock activities. 

Chilibre River:  The Chilibre River is located in the south central portion of the watershed has 
its headwaters located in Cerro Peñoncito at an elevation of 420 m masl (1,378 feet).  This river 
runs in a south to northwest direction for approximately 37 km (23 mi) before draining into the 
Chagres River below Alhajuela Dam.  The drainage area of the Chilibre River is 76 km2 
(29.3 mi2) and within the basin are industrial and commercial establishments, agri-businesses 
such as poultry and hog farms.  The PMCC report indicates that 30 populated centers are 
present in the basin with a population of 43,542 inhabitants.  Disposal of waste from the urban 
regions are routed to the river.  The main population centers present in this basin include:  Villa 
Grecia, Ancha Creek, Buenos Aires, Chilibre, and San Vincente. 

Chilibrillo River:  The Chilibrillo River is located in the south central portion of the watershed 
with its headwaters located at elevation 150 m masl (492 feet) near the El Tacal community.  
The river runs in a south-northwest direction for approximately 23 km into the mouth of the 
Chilibre River. The drainage area encompasses 66.6 km2 (25.5 mi2).  Land use within this 
watershed includes farming and livestock activity and is considered one of the rivers with the 
highest potential for pollution.  The basin has been identified with 12 populated centers and 
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9,436 inhabitants (PMCC, 1999).  The centers with the most populated areas include:  Alcalde 
Diaz. La Cabima, Ciudad Bolivar, Caimitillo, and Calzada Larga. 

Palenque River II:  The Palenque River is located in the central-middle portion of the 
watershed. This river runs in a north to southeast direction with its headwaters located at 
330 m masl (1083 feet).  The river has a drainage area of 18.3 km2 (7 mi2) and includes 
populated areas of Santa Rosa with 372 inhabitants that are engaged in mostly on farming and 
livestock activities (PMCC, 1999). 

Agua Salud River:  The Agua Salud River is located in the central part of the Watershed and 
has a drainage basin on 17.4 km2 (6.7 sq mi2).  The headwaters of this river are located at an 
elevation of 340 m masl (1115 feet) to the east of the Canal with its outlet into Gatún Lake.  The 
river runs approximately 8.7 km (5.4 miles) in an east to west direction and the upstream 
reaches are located in the Soberanía National Park where 300 inhabitants have been reported 
in the PMCC study. 

2.6 NATURAL HAZARDS 

The Republic of Panamá is located on a relatively rigid block of the Earth’s crust, at the 
southern end of the Central American volcanic arc.  This volcanic arc, which is still active, 
started about 70 to 50 million years ago, although the present configuration is probably less 
than about 25 million years old. 

The present-day tectonic setting of Panamá is dominated by ongoing underthrusting of the 
Nazca and Caribbean tectonic plates beneath the Pacific and Caribbean coasts, respectively.  
Plate underthrusting generates moderate to large earthquakes in offshore regions to the north 
and south of Panamá.  Some of the largest earthquakes in Panamá’s history, including the 
September 1882 earthquake that resulted in 68 deaths from an earthquake-related tsunami, 
have occurred in offshore regions. 

Recent studies by Cowan (2001) and U.S. Geological Survey (Petersen et. al., 2003) have 
identified the principal sources of large earthquakes of significance to the Panamá Canal 
system, including Lake Gatún.  The studies provide comprehensive summaries of historical 
earthquakes—major active faults onshore and offshore of the Panamá Canal area.  
Quantification of these sources and application of earthquake ground motion attenuation 
relations have been used to develop a probabilistic seismic hazard assessment for six sites 
along the Panamá Canal, including Gatún Dam.  Earthquake shaking of about 0.15 g is 
estimated to have a return period at Gatún Dam of about 500 years.  This level of earthquake 
shaking indicates that the Lake Gatún area has a moderate level of earthquake hazard. 
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33  BBIIOOLLOOGGIICCAALL  EENNVVIIRROONNMMEENNTT  

3.1 TERRESTRIAL RESOURCES 

3.1.1 FOREST RESOURCES 

The Panamá Canal bisects an area of Panamá known as the central lowlands.  This area can 
be further divided into three ecological zones:  the Atlantic Ecological Zone, the Mid Canal 
Ecological Zone, and the Pacific Ecological Zone (PIF, 1996).  The Atlantic Ecological Zone has 
several vegetation types including Atlantic wet forest, deciduous forest, swamp forest, and 
evergreen seasonal tall forest (PIF, 1996).  There are several large patches of these forest 
types in the Atlantic Ecological Zone that may be as much as 500 years old (ANCON and 
TNC, 1995 in PIF, 1996).  Much of the forest in the Mid Canal Zone is relatively young, although 
patches of mature forest do exist, and are classified as evergreen seasonal tall forest 
(PIF, 1996).  The Pacific Ecological Zone is important because its drier deciduous forests 
represent a distinct and critically endangered forest type that is often cleared for agriculture in 
Central America (Murphy and Lago, 1986 in PIF, 1996). 

Results of forest cover and land use mapping by the Panamá Canal Watershed Monitoring 
Program (PMCC) indicate that 47.4 percent of the Canal Watershed is forested (Figure 3-1).  
The majority of the forested areas are associated with the Chagres National Park, Soberanía 
National Park, Barro Colorado Island Natural Monument, and Altos de Campana National Park.  
Approximately 69 percent of the forests in the Watershed are within National Park boundaries, 
an additional 8 percent are located within firing ranges along the west bank of the Canal, and 
the remainder corresponds to residual forests spread throughout the Watershed.  The forests in 
Chagres National Park alone represent 80 percent of all protected forests in Panamá and more 
than half of the forest area in the Canal Watershed.  Using historical data, the PMCC estimated 
the deforestation rate to be 4,937 Ha per year for the years 1970 through 1998.  Forest 
resources are used for construction materials, firewood, and for commercial timber.  Forests 
plots are also cleared for homebuilding and agricultural purposes (PMCC, 1999) 
(see Figure 3-1). 
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3.1.2 WETLAND RESOURCES 

Wetland types present in the Panamá Canal Watershed may include palm swamps, dominated 
by Raphia sp. or Manicaria saccifera, and hardwood swamps dominated by Pterocarpus 
officinalis (Ellison 2004).  Pterocarpus swamps can occur in a variety of palustrine habitats 
including river margins and floodplains, rain-fed upland swamps, and the relatively well-drained 
soils of upland soils of Barro Colorado Island in Gatún Lake (Knight, 1975 in Ellison, 2004).  
Extensive areas of swamp forests are known to occur on poorly drained soils along the 
Chagres River and around the Mojinga swamp (PIF, 1996).  Other wetland types known to 
occur on former United States Department of Defense lands include flooded cativo (Prioria 
copaifera) forest and mangrove swamp forest (DoD, 1997). 

The most extensive wetland areas identified on topographic maps of the area are associated 
with the Chagres River; Rio Gatún; the mouth of Rio Mandigo; and the headwaters of the Cirí 
Grande and Trinidad Rivers.  Wetlands in these areas are likely to be either marshes, swamp 
forests, or seasonally saturated/seasonally inundated forests. 

Although Panamá is a contracting party to The Ramsar Convention on Wetlands (1971), none 
of the wetlands with the Panamá Canal Watershed are listed as Ramsar sites.  The four 
designated Ramsar wetlands in Panamá are Bahia de Panamá, Golfo de Montijo, Punta Patino, 
and San San-Pond Sak (Ramsar, 2004). 

3.1.3 FLORA 

Panamá is a floristically diverse country, with a total of 2,545 species of plants having been 
recorded from the old Canal Zone alone, not including ferns, which make up approximately 
35 percent of the national flora (D’Arcy in PMCC, 1999).  A total of 1,369 species of vascular 
plants are known from Barro Colorado Island alone (PIF, 1996).  Since 1996, STRI and the 
Center for Tropical Forest Studies (CTFS) have been studying the flora and fauna of the 
Watershed through the Panamá Canal Watershed Monitoring Program (PMCC, 1999). 

Permanent monitoring plots were established by the PMCC at Barro Colorado Island, Cocolí, 
Fort Sherman, Soberanía National Park, Camino de Cruces National Park, Chagres 
National Park, and other areas within the Panamá Canal Watershed.  Data from PMCC 
research indicates that 1,125 species were observed that had a diameter at breast height 
greater than or equal to 1 centimeter (cm).  Most of the 1,125 species reported were observed 
in Chagres National Park, although 303 species were reported from Barro Colorado Island 
(PMCC, 1999).  Of the 1,125 species reported, 483 were previously known from the Canal 
Watershed, 5 species were new records for Panamá, and 10 plants were unable to be 
identified.  The ten plants that were unidentifiable and several other specimens that were only 
identified to genera may represent new country records. 
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According to the PMCC data, 50 of the 1,125 species recorded from the Panamá Canal 
Watershed are endemic (unique) to Panamá.  The International Union for the Conservation of 
Nature (IUCN) categorizes 20 of the 1,125 species observed as endangered and 110 species 
are in the threatened category (vulnerable).  An additional 71 species do not qualify for 
conservation, but are described as close to being vulnerable. 

Plant diversity in the watershed follows a gradient from lowest diversity in the south to highest 
diversity in the north, which follows the rain regime (PMCC, 1999).  Data suggests that there are 
species that are specific to a given area, such as Pseudosamanea guachalepe (guachapali) that 
is only reported from the dry forests in Cocolí.  Most of the species with restricted distributions 
were found in very humid forests in the north and southwest areas of the Watershed.  In 
general, the forests of the Canal Watershed have few species that are narrow endemics, but 
many species that are locally rare.  PMCC monitoring revealed the presence of four tree 
species that are endemic to Panamá, but only one these (Pleurothyrium racemosum) is 
restricted to the area around the Canal Watershed (Conduit et al., 2001).  There are a few 
species, such as Swartzia simplex var. ochnaceae (naranjillo), Virola sebifera (velario), and 
Brosimumm alicastrum (berba), which have a wide distribution throughout the watershed. 

The most common species in the humid forests of Barro Colorado Island and Soberanía N.P. 
are Gustavia superba (membrillo) and Oenocarpus mapora (maquenque), while the most 
common species in the humid forests of Chagres N.P. and cerro Negro are Socratea exorrhiza 
(jira), Jacaranda copaia, Perebea xantochima, Pyschotria alleni, and Marila sp.  The species 
with the greatest biomass in the dry forests of the watershed are Anacardium excelsium 
(espave), Attalea butyraceae (palma real), and Cavanillesia platanifolia (Cuipo).  In the humid 
forests, the species with the greatest biomass are Brosimium utile (sande), Aspidosperma 
cruenta (alcarreto), Hura crepitans (tronador), Humiriastrum diguense (corocillo), Carapa 
guianensis (tangare), Ficus sp., Mortoniodendron sp., and Pterocarpus sp. 

3.1.4 FAUNA 

3.1.4.1 Mammals 

Widespread hunting has resulted in the disappearance, or near disappearance, of many large 
animals from the Watershed including jaguars and other large cats, tapirs, capybaras, and 
peccaries.  The most commonly seen mammals in the Project area are coatimundis, opossums, 
armadillos, rabbits, bats, raccoons, tree squirrels, marmosets, nequis, agoutis, and other 
rodents.  A number of terrestrial mammals are considered endangered or threatened by ANAM, 
but may be locally abundant in areas of the watershed (Appendix A) (PCC, 1987). 

PMCC monitoring data indicates that there is a negative correlation between abundance of 
game mammals and hunting intensity for most of the animals monitored.  Abundances of 
Alouatta palliata (howler monkey), Cebus capucinus (white face monkey), Mazama americana 



 

Existing Conditions Report Page 76 10/23/2004 

(brocket deer), Dasiprocta punctata (agouti), and Proechimys semispinosus (spiny rat) showed 
a significant negative relationship to hunting intensity (PMCC, 1999). 

3.1.4.2   Birds 

Some of the most unique and valuable lands to neotropical migratory birds are found in the 
Panamá Canal Watershed.  A total of 650 bird species are known from the Canal Watershed, 
representing two-thirds of Panamánian avifauna (Engelman et al., 1995 in Condit et al., 2001).  
Of the 565 species of birds known from the immediate Canal area, at least 120 of these are 
regular migrants that breed in North America (PIF, 1996).  A total of 390 species of birds are 
known from Barro Colorado Island alone (PIF, 1996). 

Monitoring data from the PMCC indicate 165 species of understory birds were identified using 
point counts and mist nets at locations in Chagres and Altos de Campana National Parks, 
including 14 species known to have disappeared from Barro Colorado Island.  A preliminary 
analysis of monitoring data revealed that most of the species do not show an obvious pattern of 
presence or absence with respect to the size of the forest fragment; however, certain 
tendencies are evident between the fragments of forest of different sizes, the presence of 
migratory birds, and the proportion of forest species in the fragments (PMCC, 1999). 

PMCC data on game birds did not indicate a relationship between bird abundance and hunting 
pressure, although hunting has clearly determined the pattern of presence of Penelope 
purpurascens (Crested Guan) and Crax rubra (Great Curassow) because these species were 
found in only 1 of the 7 study sites (PMCC, 1999).  Other game birds such as wild turkeys, quail, 
and certain ducks may be present in the Canal Zone and Watershed, but are not abundant 
(PCC, 1987).  The most commonly sited birds in the Canal Zone include buzzards, grackles, 
kingbirds, robins, wrens, finches, flycatchers, and tanagers (PCC, 1987).  Terns, herons, egrets, 
kingfishers, teals, and other waterfowl that prey on phytophagus fish species have been 
disappearing from Gatún Lake over the last 30 years or so (PCC, 1987).  A list of bird species 
classified by ANAM (formerly IRENARE) as threatened or endangered is provided in 
Appendix A. 

3.1.4.3   Reptiles and Amphibians 

Approximately 130 different species of snakes occur in Panamá and most are not poisonous 
(PCC. 1987).  Other common terrestrial or semi-aquatic reptiles include a variety of turtles and 
lizards.  A total of 90 reptiles are known from Barro Colorado Island alone (PIF, 1996).  The 
green iguana (Iguana iguana), which is hunted as a food source, is listed by ANAM as 
endangered due to intense hunting pressure (PCC, 1987).  Green iguanas may be abundant in 
some areas of the Watershed and are often attracted to bare ground areas along riverbanks 
and the shores of Gatún Lake and islands, which they use for nesting (PCC, 1987). 
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Ninety-three amphibian species, 52 percent of the amphibian fauna of Panamá, have been 
recorded in the Panamá Canal Watershed (Ibáñez et al., 1999 in Condit et al., 2001).  All of 
these species except for one are found in protected areas.  The exception is Phyllobates 
lugubris, whose range extends from Costa Rica to the western edge of the Canal watershed.  
Five other species of amphibians with restricted ranges are found in the Canal watershed:  
Atelopus limosus, A. zeteki, an undescribed species of Atelopus, Boltoglossa schizodactyla, and 
a Rana sp. (pipiens complex) (Condit et al., 2001).  PMCC monitoring activities of leaf litter 
amphibians at locations in Chagres and Altos de Campana National Parks have identified 
24 species of frogs and toads in those areas (PMCC, 1999). 

3.2 AQUATIC RESOURCES 

3.2.1 RIVERS AND LAKES 

There are six major rivers–Trinidad, Chagres, Pequení, Gatún, Cirí Grande and, Boquerón–that 
form the Panamá Canal Watershed.  These rivers feed three lakes–Alhajuela Lake, Gatún, and 
Miraflores–that produce and store water needed for the operation of the Panamá Canal.  Water 
covers approximately 42,159 Hectares, or 12.7 percent of the watershed (PMCC, 1999).  
Gatún Lake, the largest of the three lakes in the watershed, has a shoreline of more than 
1,000 miles (PCC, 1987).  The deepest areas of the lake lie north of Barro Colorado Island, 
where some soundings are over 70 feet (PCC, 1987).  The extensive use of herbicides to 
control floating aquatic weeds that may be hazardous to shipping and the introduction of sport 
fish may have altered the ecosystem dynamics of Gatún Lake, but there are no published 
studies in this area (Scott and Carbonell, 1986 in Ellison, 2004). 

3.2.2 FLORA 

At least 28 species of macrophtyes have been identified from Gatún Lake, including 
submergent, emergent, free-floating, and marginal plants (PCC, 1987).  Several floating aquatic 
weeds occur in Gatún Lake, including Eichornia, Pistia, and Hydrilla (Scott and Carbonell, 1986, 
in Ellison, 2004).  Hydrillia verticellata, a native of India, is the dominant species in the Lake and 
maintains dense foliage from within approximately three feet out from the bank out to areas with 
depths of approximately 20 feet (PCC, 1987).  Other free floating weeds such as Eichornia 
crassipes (water hyacinth) and Pistia stratiodes (water lettuce) can form large mats along river 
banks and lake shorelines (PCC, 1987). 

There are at least 150 species of diatoms, cyanobacteria, dinoflagellates, and blue-green and 
green algae in Gatún Lake (Weers and Zaret, 1975 in Ellison, 2004).  No single group or 
species dominates the community throughout the year, as populations change in response to 
the seasons (PCC, 1987).  Occasionally, populations of blue-green algae may become locally 
abundant (PCC, 1987). 
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3.2.3 FAUNA 

3.2.3.1   Zooplankton 

Common grazing zooplankton in Gatún Lake includes the cladoceran Ceriodaphnia cornuta and 
the calanoid copepod Ciaptomus gatúnensis (Weers and Zaret, 1975 in Ellison, 2004).  
Decapod shrimp larvae are also present in the early part of the year (PCC, 1987). 

3.2.3.2   Benthos 

Sixty-nine species of decapod crustaceans were collected in 1974 between Miraflores and 
Gatún Locks by Lawrence Abele (Abele, n.d.).  Twenty-seven of these species were freshwater 
forms, about 14 were strictly marine forms, and the remaining 28 species commonly occur in 
waters that range from marine to brackish (Abele, n.d.).  Abele and Kim reviewed collections of 
decapod crustaceans made in the 1960s and 1970s between the lower Miraflores Locks and the 
lower Gatún Locks by a variety of scientists (Abele and Kim, 1989).  Eighty-eight species were 
identified from these collections, representing 35 genera in 15 families (Abele and Kim, 1989).  
Six genera (Macrobrachium, Panopeus, Sesarma, Petrolisthes, Callinectes, and Uca) account 
for 44 percent of the species, and three families (Xanthidae, Palaemonidae, and Grapsidae) 
account for 43 percent of the genera (Abele and Kim, 1989).  Data from these studies indicates 
that the freshwater of Gatún Lake is an effective barrier to the distribution of marine decapods 
(Abele and Kim, 1989). 

Studies conducted for the Gaillard Cut feasibility study indicate that a variety of bottom dwelling 
mollusks, annelids, and arthropods are present in Gatún Lake.  Collections from Frijoles, Aojeta, 
and Pena Blanca Bays indicate that the dominant species in these areas are Corbicula sp. 
(Asiatic clam), Melanoides tuberculata (Malayan snail), Pyrogophours coronatus (a snail), and 
Branchiura sowerbyi (a tuberficid worm) (PCC, 1987).  The Asiatic clam was the most prevalent 
species, with the two types of snails and the tuberficid worm observed only sporadically 
(PCC, 1987).  Other organisms rarely seen in the collections were waterbugs, caddisflies, 
midges, isopods, and leeches (PCC, 1987).  Data from studies conducted in 1975 to assess the 
biological impacts of canal dredging showed that in areas near Barro Colorado Island, mollusks 
contributed the greatest biomass (Zaret, 1974 in PCC, 1987).  As many as 51 bivalves and 
70 snails per square meter were recorded at the Barro Colorado sampling stations and 
populations showed remarkable consistency between sampling stations (Zaret, 1974, in 
PCC, 1987). 

In 1993, an exotic snail (Pomacea sp.) was introduced into Gatún Lake.  It is unclear what 
effect, if any, the snail is having on native species.  The snail has shown a preference for 
Hydrilla and is considered an effective biological control agent for this invasive aquatic plant 
(Consortium University of Panamá and ANCON Consortium, 1993). 
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3.2.3.3   Fishes 

The most common freshwater fishes in Gatún Lake are from the families Antherinidae, 
Characidae, Cichilidae, Goeidae, Eleotridae, Pimelodelllidae, and Poecilidae (PCC, 1987).  
Several marine and brackish water fishes are also found in the Lake and are believed to enter 
through the Canal locks.  Chinese carp (Ctenopharyngodon idella) has been introduced in 
Gatún Lake on several occasions as a weed control agent, but the species is not able to 
reproduce in Gatún Lake.  Many native species of freshwater fish historically found in 
Gatún Lake are thought to have been extirpated, or greatly reduced, in number due to the 
accidental introduction of two African cichlid species (Tilapia nilotica and T. rendalli) in 1983 
(PCC, 1987). 

Accidental introduction of the peacock bass (Cichla ocellaris), a piscivorous sportfish, in the 
1960s has also altered the biotic community of Gatún Lake (Zaret and Paine, 1973).  Annual 
production of this species is estimated between 150 and 300 metric tons for Gatún Lake 
(Consortium University of Panama and ANCON Consortium, 1993).  The peacock bass does 
not seem to have any natural predators in Gatún Lake and the population is controlled only by 
fishing.  Studies conducted during 1966 through 1972 around Barro Colorado Island show that 
the peacock bass effectively eliminated six of the eight previously common fish species and 
drastically reduced a seventh (Zaret and Paine, 1973).  Elimination of these secondary 
consumers have likely caused changes in other trophic levels of the ecosystem and may be 
responsible for reductions in populations of tertiary consumers dependent on small fishes for 
food (Zaret and Paine, 1973). 

3.2.3.4   Reptiles 

The American crocodile (Crocodylus acutus) and the brown caiman (Caiman crocodilus 
var. fuscus) are found in Gatún Lake, but are not abundant.  The American crocodile is listed as 
“Vulnerable” by the International Union for Conservation of Nature and Natural Resources 
(IUCN) and is on Appendix 1 of the Convention on the International Trade in Endangered 
Species (CITES).  The brown caiman is listed in CITES Appendix 2 (See Appendix A). 

3.2.3.5   Mammals 

Two mammals are known to occur in Gatún Lake:  the long-tailed otter (Lutra annectens) and 
the West Indian manatee (Trichechus manatee).  The long-tailed otter is rarely seen due to its 
limited range and retiring nature.  The West Indian manatee apparently occurred in the Chagres 
River Valley before construction of the Canal, but was extirpated by subsistence hunters.  The 
manatees that occur in Gatún Lake today are descendents of nine individuals stocked in 1964 
for weed control.  Although manatees are distributed throughout Gatún Lake, sightings are 
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infrequent.  The West Indian manatee is listed on CITES Appendix 1 and is listed as Vulnerable 
by the IUCN (See Appendix A). 

3.2.4 WATER QUALITY 

Water temperatures in Gatún Lake range from 27.5 to 29.5 degrees Celsius year-round and 
there are no significant thermoclines because the difference in temperature from top to bottom 
is usually less than 0.4 degrees Celsius (PCC, 1987).  Water quality in the Lake is generally 
considered excellent due to high transparency, low fecal coliform counts, an almost neutral pH, 
and dissolved oxygen (DO) levels near saturation with less than a 0.5 milligram per liter (mg/l) 
difference between the top and bottom strata (PCC, 1987).  The Lake water is soft (35-45 mg/l 
hardness), low in alkalinity (less than 40 mg/l), and low in nutrient content (PCC, 1987).  Major 
turbidity increases can occur seasonally, depending on the amount of rainfall and associated 
runoff (PCC, 1987).  Turbidity increases associated with the Chagres River can extend north to 
Barro Colorado Island, Frijoles Bay, and Aojeta Bay (PCC, 1987).  Canal dredging operations 
can also cause local increases in turbidity.  Overall, the water quality of the streams within the 
watershed is considered good; however, some portions of the Chilibre River which pass through 
settlements have high fecal coliform counts and low DO, which is indicative of bacterial 
contamination (Ibáñez et al., 2002). 

Data from 16 years of PMCC monitoring in the watershed show no trend toward increased 
sedimentation with increased deforestation, which supports an analysis by Tutzauer in 1990 
(Condit et al., 2001).  However, deforestation has been shown to alter temporal patterns of flow.  
Studies conducted in Soberanía National Park between forested and deforested catchment 
showed that 26 percent of incident rain entered streams almost immediately, while only 
14 percent did so in a similar forested catchment (Ibáñez et al., 1999 in Condit et al., 2001).  As 
a result, stream flow was higher during the wet season in the deforested catchment than in the 
forested one, while the pattern reversed in the dry season. 

Chemical analysis of the Gatún Lake sediments indicated a range of total nitrogen concentration 
of 200 to 900 ppm (parts per million), which is generally considered very high.  The 
concentration of metals in the sediments was within the normal ranges and corresponded to 
values usually found in igneous rocks.  Analysis of molecular weight hydrocarbons indicated 
that accumulation in sediments generally low, except at the Gatún anchorage.  Distribution in 
the concentration of hydrocarbons is likely related to the transit of ships in the Canal and the 
time the ships remain at the anchorage sites in Gatún Lake. 
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44  EENNVVIIRROONNMMEENNTTAALL  QQUUAALLIITTYY  
This section describes a variety of studies that have been conducted to evaluate and describe 
the existing or baseline conditions of the environment that may be affected by this Project. The 
evaluation of the existing conditions in the study area focused primarily on atmospheric, noise 
levels, soil, water, and lake sediment baseline conditions. The study area encompasses the 
Gatún Lake Watershed including the various hydraulic structures that control and manage the 
water used in the operation of the Panamá Canal.  The environmental conditions reported in this 
section have been obtained through a review of literature and monitoring information provided 
by the ACP. 

4.1 AIR QUALITY 

The Gatún Lake system is located in an environmental setting that consists of protected areas 
with agricultural land use with low density occupancy west and south of the Lake and low to 
moderate density populated areas with light industrial and commercial establishments within the 
Chagres National Park and along the Transisthmian highway.  The existing air quality at the 
study site is considered representative of an area where the major source of air pollution is 
predominantly associated with a major highway and air borne particulate matter resulting from 
seasonal burning of grass fires and other outdoor burning which is common throughout the 
country. During the dry season, stronger winds and low moisture conditions disperse ashes, 
smoke, and dust over considerable distances. 

Air quality associated with the operations and improvements; transiting ships and other 
transportation sources at the Canal are small in relation to the overall air quality and have not 
meaningfully changed for many years (Panamá Canal Gaillard Cut Widening Feasibility study, 
1987). 

4.1.1 AMBIENT AIR QUALITY REGULATIONS 

For the evaluation of ambient air quality, data obtained from the ACP were compared to the 
World Bank (General Environmental Guidelines-Pollution and Prevention and Abatement 
Handbook, 1998) in Table 4-1. 
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Table 4-1 -  World Bank Guidelines for Ambient Air Quality 

 1998 World Bank Guidelines  

Pollutants Amount Units  Averaging Period Air Quality Airshed 
Classification 

      

Sulfur Dioxide 80 µg/m3  Annual Average Moderately 
degraded 

 150 µg/m3  24-hour; 98th percentile  

   

Particulate Matter  
[as total suspended 
particulate (TSP)] 

80 µg/m3  Annual Average Moderately 
degraded 

 300 µg/m3  24-hour; 98th percentile 

   

Particulate Matter  
(as PM10) 

50 µg/m3  Annual Average Moderately 
degraded 

 150 µg/m3  24-hour; 98th percentile 

   

Nitrogen Dioxide 100 µg/m3  Annual Average Moderately 
degraded 

 150 µg/m3  24-hour; 98th percentile 

      

Note:  µg/m3 = micrograms per cubic meter. 

4.1.2 AMBIENT AIR QUALITY RESULTS 

Air quality monitoring conducted by ACP in stations within the Canal indicate that the air quality 
for suspended solids, sulfur dioxide, and nitrogen oxides from a period of 1977 to 1979 (this 
information needs to be updated) at ambient air monitoring stations located at Miraflores, Pedro 
Miguel, Balboa, and Alhajuela. The results of the average high air quality data are summarized 
in Table 4-2. 
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Table 4-2.  Maximum Average Annual Air Quality Data, Panamá Canal, µg/m3 

Suspended Solids Sulfur Dioxide Nitrogen Oxides Sampling 
Station  1977     1978      1979  1977       1978       1979  1977       1978       1979 

Miraflores 38.98 33.60 37.50 12.67 11.49 10.21 21.33 23.08 20.16 

Pedro Miguel 44.99 35.87 40.72 7.57 13.69 11.80 27.30 29.11 30.55 

Balboa 56.08 48.40 51.24 12.69 19.53 14.21 49.11 45.87 46.32 

Alhajuela 55.81 49.31 50.82 5.80 11.42 8.00 16.14 17.75 15.71 

Source:  Panamá Canal Gaillard Cut Widening Feasibility study, 1987. 

The results of the baseline air quality monitoring data are discussed below and compared with 
ambient air quality standards. 

4.1.2.1  Suspended Solids (PM) 

As shown on Table 4-1, the maximum annual concentration recorded at all 4 monitoring 
locations ranged from 33.60 µg/m3 (Miraflores, 1978) to 56.08 µg/m3 (Balboa, 1977).  The 
maximum average annual concentration ranges from 41.3 to 70 percent of the World Bank 
Guideline for PM of 80 µg/m3. 

4.1.2.2   Sulfur Dioxide 

The maximum annual concentration recorded at all 4 monitoring locations for sulfur dioxide as 
presented on Table 4-1, ranged from 7.57 µg/m3 (Pedro Miguel, 1977) to 19.53 µg/m3 
(Balboa, 1978).  The maximum average annual concentration ranges from 9.5 to 24.4 percent of 
the World Bank Guideline for sulfur dioxide of 80 µg/m3. 

4.1.2.3   Nitrogen Oxides 

The maximum annual concentration recorded at all 4 monitoring locations for nitrogen oxides as 
presented on Table 4-1, ranged from 15.71 µg/m3 (Alhajuela, 1979) to 49.11 µg/m3 
(Balboa, 1977).  The maximum average annual concentration of nitrogen oxides ranges from 
15.7 to 49.1 percent of the World Bank Guideline for nitrogen oxide of 100 µg/m3. 

4.2 NOISE 

Noise is defined as the intensity, duration and character of unwanted or nuisance sounds from 
sources of human activities that can impact workers or the general public’s well-being or health.  
The level of impact is related to the magnitude of the noise, which is referred to as sound 
pressure level (SPL) and measured in decibels (dB). 
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To account for the effect on how the human ear perceives sound pressure, at moderate to low 
levels, the octave band frequency (pitch), measured in cycles per second or hertz (Hz), is 
adjusted or weighted.  One of the most commonly used and accepted frequency weightings is 
the A-weighted (dBA) filter, that adjusts the measurements for the approximated response of the 
human ear to low frequency SPLs (i.e., below 1,000 Hz) and high frequency SPLs (i.e., above 
1,000 Hz). These measurements are known as “A-weighted decibels” referred to as dBA. 

4.2.1 NOISE REGULATIONS AND CRITERIA 

For the evaluation of the environmental quality of the study area related to the noise, data 
obtained in each measured site were compared to the World Bank Guidelines. 

The maximum Leq (hourly), as A-weighted dB, was measured during the daytime and the 
nighttime.  For residential, institutional, and educational receptors, the daytime and nighttime 
guidelines are 55 and 45 dBA, respectively.  For industrial and commercial receptors, the 
daytime and nighttime guidelines are 70 dBA based on hourly measurements as described 
below.  Instead of the specific ambient noise guidelines for land use receptors, a maximum 
increase of 3 dBA over background levels is also allowed by the World Bank Guidelines. 

The World Bank has developed noise guidelines regarding average hourly noise levels that 
were designed to protect the general public.  These guidelines are split between two distinct 
land uses:  1) residential, institutional, and educational; and 2) industrial and commercial.  
Maximum Leq (hourly), as A-weighted dB, during the daytime and the nighttime have been 
established. 

Receptor Hour 
Leq (per hour) Maximum 

Permissible dBA 

Residential; Institutional and 
Educational 

7 a.m. — 10 p.m. 
10 p.m. — 7 a.m. 

55 
45 

Industrial and Commercial 
7 a.m. — 10 p.m. 
10 p.m. — 7 a.m. 

70 
70 

 

4.2.2 AMBIENT NOISE RESULTS  

Final recommendations regarding ambient noise results are pending additional data yet to be 
received and reviewed. 
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55  SSOOCCIIAALL--EECCOONNOOMMIICC  EENNVVIIRROONNMMEENNTT  

5.1 PROJECT LOCATION 

The proposed Project and its potential direct and indirect environmental impacts on the Gatún 
Lake Watershed due to population expansion into the watershed have been well documented 
(PMCC, 1999).  Although, the proposed Project to raise the Gatún Lake level will result in direct 
and indirect impacts mainly to the populations inhabiting the proposed inundated Gatún coastal 
areas (see Figure 1-1) it is important to understand the overall mechanics of the existing and 
forecasted population growth in the watershed in order to understand the effects that 
uncontrolled growth can have on the watershed and the potential impacts it can have on this 
Project. 

The Canal watershed as defined and evaluated in the PMCC study consists of the existing 
population centers in the Metropolitan Region, defined by the two major central-eastern 
Providences of Panamá and Colón.  The Provinces of Panamá and Colón had a population of 
113,303 inhabitants in the watershed in 1990 (PMCC, 1999).  These two provinces have been 
the force that has led to the economic growth, sprawl, and social activities of the region.  
Presented in Table 5-1 are the districts within the Metropolitan area that comprise the Canal 
watershed. 

Based on the above referenced table, 50 percent of the defined Metropolitan Area lies within the 
Canal Watershed.  The Province of Panamá with its districts has 48 percent of its land area in 
the Watershed and Colón and its districts have 56 percent of the land area within the 
Watershed. 
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Table 5-1 - Canal Watershed Area by Metropolitan Region Area by Province and District 

Province District Metropolitan 
Region Area 

km2 

Canal 
Watershed 
Area km2 

**% Area in the 
districts within 
the Watershed 

 TOTAL 5,906.2 2,945.7 49.9 

Panamá Total 4,401.8 2,089.0 47.5 

 Panamá 2,560.8 1,323.4 51.7 

 San Miguelito 50   

 Arraiján 170.1 35.3 20.7 

 La Chorrera 688.1 306.1 44.5 

 Capira 932.8 424.2 45.5 

Colón Total  856.7  

 Colón 1,504.4 834.7 55.5 

 Chagres (446 km2)  4.1 0.9 

 Portobello (394 km2)  17.9 4.5 
 

**Source:  PMCC, 1999. Percentage based on the total for each district.  For the area in the Watershed we used the numbers from 
the General Comptroller’s Office for those corregimientos located completely inside the Watershed and the numbers produced by 
the GIS of the PMCC, for the corregimientos located partially in the Watershed.  It includes the area for the of corregimientos 
Cristóbal and Ancón. 

5.1.1 LAND-USE AND TENURE 

The PMCC analyzed digital imagery from multispectral satellites, infrared photography, and field 
data to create a map of forest cover and land use in the Canal Watershed.  According to PMCC 
data from 1998, approximately 47.4 percent of the Watershed is forested, 27.3 percent is in 
pasturelands or cultivation, 12.7 percent is covered by water, 10.2 percent is occupied by forest 
regrowth, 1.3 percent is urban areas, and the remaining areas are either barren soil or 
unclassified (Figure 5-1).  Most of the areas classified as forested are located in the headwaters 
of the Chagres River, in Chagres National Park.  Tracts of forest are also located along the 
shores of the Canal, in Soberanía National Park, the Barro Colorado Natural Monument, the 
Nuevo Emperador and Balboa firing ranges, Camino de Cruces National Park, and some 
sectors of the Altos de Campana National Park. Approximately 69 percent, or 108,307 Ha, of 
the total forested area (156, 991 Ha) is within the boundaries of National Parks.  An additional 
8 percent is located within firing ranges along the west bank of the Canal.  The remaining 
forested areas correspond to small residual patches spread throughout the Watershed.  
Analysis historical data indicates that forest cover was reduced by 43 percent during the 
years 1974 through 1998 (PMCC, 1999). 
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Pasturelands, grassy areas, cultivated areas, and areas in the initial stages of reforestation 
occupy approximately 27.3 percent, or 90,383.8 Ha, within the Canal Watershed.  These areas 
correspond to regions of intense human activity and are located in the north zone of Chorrera, 
at the mouths of the Cirí Grande and Trinidad Rivers along the Transisthmian highway, and to 
the southwest and northwest of Alhajuela Lake.  Approximately 90 percent of these areas are 
pasturelands or grassy areas (PMCC, 1999). 

Approximately 12.7 percent, or 42,159 Ha, of the Canal Watershed is occupied by water, with 
Gatún and Alhajuela Lakes comprising a majority of this area.  The land use with the next 
highest percentage (10.2) is forest regrowth.  Approximately 33,919.3 Ha of the watershed is 
classified as forest regrowth.  The majority of the regrowth areas are located within the Cirí 
Grande and Trinidad River sub-basins, and near to the populated areas of Cerro Cama, La 
Arenosa, Mendoza, Santa Clara, and Peninsula Gigante.  The remaining areas of regrowth are 
located along the western banks of Alhajuela Lake and in small patches in the town of San 
Cristobal within Chagres National Park (PMCC, 1999). 

Urban areas, which make up approximately 1.3 percent (4,313.2 Ha) of the Canal Watershed, 
are mainly associated with the Transisthmian highway, although urban areas were identified 
inside the La Chorrera and Arraijan districts.  Also, an urban area greater than 505 Ha exists 
within the Altos de Cerro Azul region of Chagres National Park and is comprised of high value 
homes.  Barren soils, which represent 0.4 percent of the Watershed area, are found along the 
banks of the Canal and are associated with limestone quarries in the corregimiento of San Juan, 
in the Colón Province.  Areas described as not classified (approximately 0.7 percent of the 
Watershed) represent regions where cloud cover obscured satellite imagery and photography 
such that an accurate determination of the land use could not be made (PMCC 1999). 

The distribution of landholdings in Panamá is one of the most skewed in the region.  Statistics 
from 1999 show that the poor who accounted for two-thirds of the rural population owned 
one-third of the land.  Disparities in land ownership accounted for 11 percent of consumption in 
Panamá in 1999.  Only one-third of all owned agricultural land is fully titled and the non-poor 
own 84 percent of it.  The Panamá Land Administration Project financed through The World 
Bank aims to rectify these inequities by a ensuring equitable access to land and improving land 
tenure security by providing land administration services in selected rural, peri-urban, and urban 
areas; and by enhancing natural resources conservation through the consolidation of the 
National System of Protected Areas and indigenous peoples territories (The World Bank 
Group, 2001). 

The ACP has control over all the land within the Gatún Lake watershed that is below 100 ft 
under such control no activity can take place within this area without the approval of ACP.  
However, unauthorized squatter settlements are known to occur at elevations below 29 meters. 
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5.2 SOCIAL PROFILE 

5.2.1 HISTORICAL FEATURES 

The creation of the Panamá Canal and its importance as a “geographic destiny” has been 
shaped by the evolution of the world economy and the ambitions of great powers.  The early 
explorations of Rodrigo de Bastidas, sailing westward from Venezuela in 1501 in search of gold, 
were considered the first European to explore the Isthmus of Panamá.  The exploration by 
Christopher Columbus followed about a year later as well as the famous exploration by Vasco 
Nunez de Balboa's who traveled from the Atlantic to the Pacific in 1513 and demonstrated that 
the isthmus was the pathway between the seas.  Early in the history of Panamá, the isthmus 
became the crossroads and marketplace of Spain's empire in the New World where shipments 
of gold and silver were brought by ship from South America, hauled across the isthmus, and 
loaded aboard ships for Spain. Since the outset of the Spanish occupation (1538-1821), 
Panamá’s fortunes have fluctuated with the geopolitical importance of the isthmus. 

The modern history of Panamá has been shaped by the Transisthmian canal which has had its 
roots during the Spanish colonization, the unsuccessful attempt by the French to construct a 
sea-level canal on the site of the present Panamá Canal and the ultimate construction of the 
Canal in 1914. 

5.2.2 POPULATION 

Panamá has a population of 2.9 million inhabitants, most of whom live on the Pacific side of the 
country, southwest of Panamá City, the capital (Canadian International Development 
Agency, 2002).  The majority of the population is made up of non-indigenous groups (91 
percent), which include Hispanics (the majority), descendants of African slaves, and 
descendants of African slaves from the West Indies (9 percent) (CIDA, 2002). 

The Canal Watershed is located in the Provinces of Panamá and Colón.  The Provinces of 
Panamá and Colón combined have 7 districts and 36 corregimientos.  Sixteen (16) of the 
corregimientos of Panamá are completely located within the watershed and 20 are partially 
located in the watershed.  The inhabitants in the watershed as of 1990 were 113,303 
(PMCC, 1999).  These population centers encompass 2,945.7 square kilometers 
(1,137.3 square miles) of watershed land area. 

The percent of the populations of the Panamá and Colón Districts in the Watershed was 11 and 
23 percent, respectively in 1990.  The population in the Metropolitan Region and the Canal 
Watershed is presented in Table 5-2.  The average annualized rate of population growth in the 
last 40 years in the Metropolitan area has been 7.4 percent as compared to a 10.4 percent over 
the same period in the Watershed.  A distribution of growth patterns indicates that the migration 
has been occurring predominantly east of the Canal mainly along the Transisthmian highway 
with 79 percent of the Watershed population in the District of Panamá.  The western sector 
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populations consist mostly of farmers that practice subsistence agriculture and cattle operations 
in a rural setting.  The District of Colón indicates a greater distribution of population in the 
western sector with agriculture being the main activity.  The distribution of population in the 
watershed is presented in Figure 5-2. 

Table 5-2 - Population in the Metropolitan Region and the Canal Watershed, by Province 
and District, 1990 

Province District 

Total 
Corre-

gimientos 

Total 
Corregimientos 

in the Watershed

Total 
Population 

in the 
Metropolitan 

Region 

Total 
Population 

in the 
Watershed 

% Population of 
the Metropolitan 
Region inside the 

Watershed * 

TOTAL  94 36 1,148,668 113,303 9.9 

Panamá Total 60 21 1,007,760 80,816 8.0 

 Panamá 19 5 584,803 61,176 10.5 

 Arraiján 6 2 61,849 3,169 5.1 

 Capira 12 5 28,303 9,780 4.6 

 La Chorrera 18 9 89,780 6,691 7.4 

 San Miguelito 5 0 243,025 0 0 

       

Colón Total 34 15 140,908 32,487 23.0 

 Colón 14 12 140,908 32,446 23.0 

 Chagres (9205 
inhab) 

7 1  0 0 

 Portobello (5920 
inhab) 

13 2  41 0.7 

 

Note:  (*) Percentage based on the totals by province and district 

Source:  PMCC, 1999-National Census of Population and Housing, 1990.  General Comptroller’s Office.  For the 
corregimientos partially located within the Watershed we used the database of the Human Population Component of the 
PMCC, based on the data provided by the Comptroller’s Office. 



 

Existing Conditions Report Page 92 10/23/2004 

Figure 5-2 - Spatial Distribution of Populations in the Canal Watershed Area, 1990 

Source:  PMCC Report, 1999; Golder, 2004. 
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The population intensity varies depending on the location and the District.  The Province of 
Panamá in the corregimientos most populated has densities of 1,114 inhabitants/km2 
(Las Cumbers), 297 inhabitants/km2 (Chilibre), and 209 to 258 inhabitants/km2 for San Juan, 
Cativa, and Sabanitas.  Other areas have densities of less that 100 inhabitants/km2 
(PMCC, 1999). 

The Colón area has 40 inhabitants/km2 in the western sector and 70 to over 200 inhabitants/km2 
in the eastern sector.  Figure 5-3 presents the density of the population areas within the 
watershed. 

The watershed is further characterized by the presence of six protected areas that represent 
38 percent of the Canal Watershed.  The land area encompassing the parks and the percentage 
of land area inside the watershed are presented in Table 5-3.  As reported in the PMCC study 
the Chagres and Soberanía National Parks have 2,712 and 75 inhabitants, respectively.  
Although the Chagres National Park is located in the Canal Watershed that drains and provides 
protection to the Alhajuela Lake a portion of the Park extends into the Gatún River water basin 
that directly drains into the Gatún Lake. 

The population projection in the Watershed for the year 1998 was estimated as 
142,250 inhabitants while the projections for 2020 is estimated at 407,000 inhabitants by the 
PMCC.  This growth represents a four fold increase in population over a 30 year period.  The 
PMCC study observes that the population will not be distributed homogeneously and that may 
follow similar patterns that have taken place throughout the area since the 1950s associated 
with the growth in the principal cities of Panamá and Colón and the migration of low-income 
families to affordable areas and/or the continued expansion along the main highway corridors 
such as the Transisthmian highway. 

5.2.2.1   Communities and Infrastructure in Affected Areas 

Approximately 15 residences would be directly affected by the maximum Gatún Lake operating 
level.  Figure 5-4 presents the various regions around Gatún Lake with structures that may be 
impacted.  These structures have been identified by using ACP and 2000 Census data.  
However, due to scale of the map, these structures would not be registered on the map and 
therefore individual and multiple structures are presented as a highlighted region along the lake 
shore.  Table 5-4 presents the structures identified by the ACP and through a site visit that lie 
within the proposed maximum operating Gatún Lake level.  Other structures that will likely be 
impacted by raising the Gatún Lake maximum operating level include:  ACP marine operations 
at Gatún, Paraiso, and Gamboa; water intake structures at Gamboa, La Laguna, Paraiso, and 
Mount Hope; numerous saddle dams (see Figure 5-5); and features at Gatún and Pedro Miguel 
locks. 
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Table 5-3 - Protected Areas Inside the Canal Watershed in km2 

Protected Areas Chagres Soberanía Campana Camino de 
Cruces 

Barro 
Colorado 

Total Area 1,257.2 194.5 49.3 43.8 50.9 

Area in Watershed 1,006.9 182.3 21.2 0.51 50.9 

Percent of 
Protected area in 
Watershed 

80 94 43 1 100 

Source:  PMCC, 1999 
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Table 5-4 – Structures Impacted by 27.43 m (90 ft) Operating Level 

Facility Structure Structure Type 
Gatun Lake 
Elevation Description of Structure

Elevation 
Above Water 
Level

Critical 
Elevation of 
Structure

Potentially 
Impacted1

Pedro Miguel Met. & Hyd. Boat Dock Facility Boat Facility to Check Stations 84.79 Top of dock 5 89.8 Yes
Paraiso - Launch Landing Coffer cell with concrete deck and concrete fascia. Slab on grad 84.79 Landing 5.75 90.5 Yes

Paraiso - Launch Landing
Coffer cell with concrete deck and concrete fascia. Slab on 
grade. South side of dock structure. 84.79

Electric Sub Station & Circuit 
Board, 20' back of structure 5.75 90.5 Yes

Paraiso - Launch Landing
Coffer cell with concrete deck and concrete fascia. Slab on 
grade. South side of dock structure. 84.79 Staff building 15.25 100.0  

Paraiso - Tug Landing Coffer cell with slab on grade and concrete fascia. north side of 84.79 Top of deck 5.45 90.2 Yes
Next to (north of) Paraiso Landing 10 structures/houses ~ 10' above lake level, 15 lighting 84.79 10 94.8  
Paraiso Low lift pumps Pump station 84.79 Timber Pier around Concrete towe 4.5 89.3 Yes
Paraiso Low lift pumps Pump station 84.79 Top of SSP 5.75 90.5 Yes
Paraiso Low lift pumps Pump station 84.79 Deck of intake structure 6.2 91.0 Yes
Gamboa Raw Water Pump Station Pump station 84.79 Top of stone bulkhead 3.5 88.3 Yes
Gamboa Raw Water Pump Station Pump station 84.79 Top of access walkway grating 3.5 88.3 Yes
Gamboa Raw Water Pump Station Pump station 84.79 Bottom EL of pump house 3.5 88.3 Yes
Gamboa Raw Water Pump Station Pump station 84.79 Top of tower deck 9.2 94.0
Gamboa Raw Water Pump Station Pump station 84.79 Pump house 9.2 94.0  
RR/vehicle bridge - Gamboa Bridge Bridge 84.79 Water pipe 8.25 93.0  
RR/vehicle bridge - Gamboa Bridge Bridge 84.79 Bottom of girder 9.25 94.0  
RR/vehicle bridge - Gamboa Bridge Bridge 84.79 Top of RR tie 12 96.8  
RR/vehicle bridge - Gamboa Bridge Bridge 84.79 Road 14 98.8  

Light house looking structure with bridge to structure 84.79 Top of deck/bridge 10.5 95.3  
Private boat landing for Gamboa Resort Concrete Slab on Retained Fill 84.79 Top of concrete on shore 3.5 88.3 Yes
Private boat landing for Gamboa Resort Concrete Slab on Retained Fill 84.79 Restaurant deck 12 96.8  
Public boat landing Concrete deck supported on pipe piles. Boat ramp to right. 2 floa 84.79 Top of deck 4 88.8 Yes
Public boat landing Concrete deck supported on pipe piles. Boat ramp to right. 2 floa 84.79 Boat house 10 94.8  
Boat houses 6 Makeshift Boat Sheds and Wooden Shack 84.79 Deck EL 4 88.8 Yes
Gamboa Resort Hotel Tennis courts, playground, floating dock, gazeebos, picnic area, 84.79 General park area 6 90.8 Yes
Gamboa Resort Hotel Tennis courts, playground, floating dock, gazeebos, picnic area, 84.79 Gazeebo 6 90.8 Yes
Gamboa Resort Hotel Tennis courts, playground, floating dock, gazeebos, picnic area, 84.79 Tennis courts 8 92.8  
Gamboa Resort Hotel Tennis courts, playground, floating dock, gazeebos, picnic area, 84.79 Outdoor pavilion 8 92.8  
Gamboa Resort Hotel Tennis courts, playground, floating dock, gazeebos, picnic area, 84.79 Pond for storm water Yes
Hotel Recreation Area 84.79 Warehouse and shop area, 3 build 3 87.8 Yes
Hotel Recreation Area 84.79 Large closed building, 60'x40' shel 5 89.8 Yes
Houses and shelter, Embera 84.79 4 houses 10 94.8  
Houses and shelter, Embera 84.79 1 house 20 104.8  
Houses and shelter, Embera 84.79 8 houses 20 104.8  
Santa Rosa houses Average house, 30'x30', stucco, 1-story. 84.79 5 houses 8 92.8  
Santa Rosa houses Average house, 30'x30', stucco, 1-story. 84.79 3-4 houses 10 94.8  
Santa Rosa houses Average house, 30'x30', stucco, 1-story. 84.79 6-8 houses 15 99.8  
Siri Landing, Gamboa Timber wharf structure, supported on timber piles. 84.79 Small John boat landing 3 87.8 Yes
Siri Landing, Gamboa Timber wharf structure, supported on timber piles. 84.79 Top of deck 5.25 90.0 Yes
Houses north of Santa Rosa 84.79 3 houses 10 94.8  
Houses north of Santa Rosa 84.79 1 house 15 99.8  
Water intake 84.79 Wall for pump 15 99.8  
Transisthmian Highway Bridge 84.79 60 144.8  
Tug and Launch Landing, Gamboa Concrete deck supported on pipe piles 14" dia. 84.79 Top of Launch Landing 4.2 89.0 Yes
Tug and Launch Landing, Gamboa Concrete deck supported on pipe piles 14" dia. 84.79 Top of Tug Landing 6.2 91.0 Yes
Tug and Launch Landing, Gamboa Concrete deck supported on pipe piles 14" dia. 84.79 Aphalt pavement 8.2 93.0  
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Table 5-4 – Structures Impacted by 27.43 m (90 ft) Operating Level (continued) 

Facility Structure Structure Type 
Gatun Lake 
Elevation Description of Structure

Elevation 
Above Water 
Level

Critical 
Elevation of 
Structure

Potentially 
Impacted1

Tug and Launch Landing, Gamboa Concrete deck supported on pipe piles 14" dia. 84.79 Ambulance clinic (2 Story) 8.2 93.0  
Tug and Launch Landing, Gamboa Concrete deck supported on pipe piles 14" dia. 84.79 Substation 8.2 93.0  
Tug and Launch Landing, Gamboa Concrete deck supported on pipe piles 14" dia. 84.79 Open grate gangway Yes
Met & Hyd Station 84.79 15 99.8  
Madden Dam 84.79 Wall for hydropower walkway 10 94.8  
Madden Dam 84.79 Rock wall 10 94.8  
Gamboa Launch Landing Boat slips 84.79 Top of deck 3.5 88.3 Yes
Inlet area around dredging area, Gamboa 84.79 To top of wall and deck 8.2 93.0  
Inlet area around dredging area, Gamboa 84.79 Concrete Dredging Wharf 8.2 93.0  
Inlet area around dredging area, Gamboa 84.79 SSP wall 8.2 93.0  
Area inside boat slips and SSP wall, Gamboa 84.79 SSP wall 6.5 91.3 Yes
Hydrographic Survey Pier Timber pier 84.79 Top of deck 3.5 88.3 Yes
Fuel Barge Pier, Gamboa 84.79 Front deck elev at bollards 5 89.8 Yes
Fuel Barge Pier, Gamboa 84.79 Back top of deck elev. 6 90.8 Yes
Marginal Fueling Wharf Wharf structure 84.79 Top of deck 6 90.8 Yes

Concrete pier on concrete piles 84.79 Top of deck 3.5 88.3 Yes
Gamboa Smithsonian Pier Fixed concrete pier and floating dock 84.79 Top of grade at picnic area 6 90.8 Yes
Gamboa Smithsonian Pier Fixed concrete pier and floating dock 84.79 Concrete pier 8.2 93.0  
Gamboa Smithsonian Pier Fixed concrete pier and floating dock 84.79 Floating dock Yes
Lighting Facilities ~ 15 84.79 Yes
Nav. Aids 84.85 Yes
Smithsonian Institute Misc. piers and floating docks 84.85 Misc. concrete dock 3 87.9 Yes
Smithsonian Institute Misc. piers and floating docks 84.85 Covered boat house 4 88.9 Yes
Smithsonian Institute Misc. piers and floating docks 84.85 House 4.5 89.4 Yes
Smithsonian Institute Misc. piers and floating docks 84.85 Lowest pile at floating dock 6.5 91.4 Yes
Smithsonian Institute Misc. piers and floating docks 84.85 Top of main pier deck 8.5 93.4  
Dock 45, Gatun Concrete Slab on Retained Fill 84.85 Concrete slab 4.5 89.4 Yes
Dock 45, Gatun Anchored SSP bulkhead with floating pier and covered dock. 84.85 SSP bulkhead, no cap with concre 4.5 89.4 Yes
Dock 45, Gatun Warehouse Structure 84.85 Domed warehouse 7.5 92.4  
Mitre Gate Repair Pier Concrete deck with piles 84.85 Pier 4.5 89.4 Yes
Mitre Gate Repair Pier Open Concrete Building 84.85 Large covered structure with RR s 5 89.9 Yes
Mitre Gate Repair Pier Timber Pier 84.85 Timber deck, piles and bracing 5 89.9 Yes
Mitre Gate Repair Pier Asphalt Pavement 84.85 Asphalt road 6 90.9 Yes
Mitre Gate Repair Pier Warehouse Structure 84.85 4 warehouses about 15' from cove 6 90.9 Yes
Mitre Gate Repair Pier Warehouse Structure 84.85 2 warehouses 8 92.9  
Mitre Gate Repair Pier Warehouse Structure 84.85 2 warehouses about 15' from cove 8 92.9  
Diving Facility, Gatun T-head pier 84.85 Top of deck 7.5 92.4  
Diving Facility, Gatun Mooring/Breasting Posts/Piles 84.85 3 Dolphins 7.5 92.4  
Diving Facility, Gatun Building 84.85 1 story building 12 96.9  
Diving Facility, Gatun Building 84.85 2 story building 12.5 97.4  
Tourist pier Floating docks, fixed walkways, tourist area 84.85 Fixed walkway 9 93.9  
Tourist pier Floating docks, fixed walkways, tourist area 84.85 Misc. structures 10 94.9  
Tourist pier Floating docks, fixed walkways, tourist area 84.85 Floating pier Yes
Launch Landing Boat slips with concrete deck and piles 84.85 Elec. Substation 5 89.9 Yes
Launch Landing Boat slips with concrete deck and piles 84.85 Building (Shop) 5 89.9 Yes
Launch Landing Boat slips with concrete deck and piles 84.85 Office Building 5 89.9 Yes
Launch Landing Boat slips with concrete deck and piles 84.85 Concrete pile supported platform 5 89.9 Yes
Launch Landing Boat slips with concrete deck and piles 84.85 Launch landing/conc. Pier - covere 5 89.9 Yes



 

Existing Conditions Report Page 97 10/23/2004 

Table 5-4 – Structures Impacted by 27.43 m (90 ft) Operating Level (continued) 

Facility Structure Structure Type 
Gatun Lake 
Elevation Description of Structure

Elevation 
Above Water 
Level

Critical 
Elevation of 
Structure

Potentially 
Impacted1

Launch Landing Boat slips with concrete deck and piles 84.85 Fuel tank 11 95.9  
Tugs/Water bus, Gatun Pile supported pier with concrete deck, covered facility 84.85 Concrete pier 4.5 89.4 Yes
Tugs/Water bus, Gatun Pile supported pier with concrete deck, covered facility 84.85 Two Story Building 7 91.9 Yes
Equipment yard, Gatun 84.85 Yes
Fuel Pier 5 bitts, 2 life rings, 4 light poles 84.85 Asphalt pavement 3.5 88.4 Yes
Fuel Pier 5 bitts, 2 life rings, 4 light poles 84.85 Fuel pier 4.5 89.4 Yes
Fuel Pier 5 bitts, 2 life rings, 4 light poles 84.85 Walkway 7 91.9 Yes
Loading pier Concrete deck on piles 84.85 Pier 4 88.9 Yes
Loading pier Concrete deck on piles 84.85 2 Mooring posts 7 91.9 Yes
Roadway to Fort Sherman Bridge 84.85 Roadway near Fort Sherman 2 86.9 Yes
Bridge over French Canal Bridge 84.85 Water pipe 11.5 96.4  
Bridge over French Canal Bridge 84.85 Top of roadway 14 98.9  
Down stream of dam Near proposed spillway 84.85 Yes
Bridge over existing spillway Concrete bridge 84.85 Top of Bridge to Spillway Floor 17.5 102.4  
Gatun locks 84.85 Electric motors Yes
Gatun locks 84.85 Chain fender bulkhead Yes
Gatun locks 84.85 Transformer room Yes
Gatun locks 84.85 Bottom of valve chamber Yes
Monte Lirio Bridge Steel gider RR bridge with lift station, 3 spans ~200' long 84.87 Top of concrete 5.25 90.1 Yes
Monte Lirio Bridge Steel gider RR bridge with lift station, 3 spans ~200' long 84.87 Bottom of girder 6.3 91.2 Yes
Monte Lirio Bridge Steel gider RR bridge with lift station, 3 spans ~200' long 84.87 Two pipes, 9' deep girder 6.3 91.2 Yes
Monte Lirio Bridge Steel gider RR bridge with lift station, 3 spans ~200' long 84.87 RR on levy 12.13 97.0  
Monte Lirio Bridge Steel gider RR bridge with lift station, 3 spans ~200' long 84.87 Base of Rail 13.45 98.3  
Town of El Limon Village area 84.87 Covered boat house 4 88.9 Yes
Town of El Limon Village area 84.87 2 timber piers 4 88.9 Yes
Town of El Limon Village area 84.87 Concrete pier 5 89.9 Yes
Town of El Limon Village area 84.87 Larger house 6 90.9 Yes
Town of El Limon Village area 84.87 1 house 7 91.9 Yes
Town of El Limon Village area 84.87 Most houses 10 94.9  
Town of El Limon Village area 84.87 Water intake 10 94.9  
La Provedencia 84.87 Concrete bulkhead 4 88.9 Yes
La Provedencia 84.87 Thatched roof hut 7 91.9 Yes
La Provedencia 84.87 Bottom of new house 10 94.9  
La Provedencia Village area 84.87 Most houses 10 94.9  
La Represa Water Intake Concrete foundation with concrete house on top 84.87 Bottom of slab, 6'-8" slab 17.5 102.4  
Water intake for Melia Resort 84.87 Top of floor with intake 3 87.9 Yes
Water intake for Melia Resort 84.87 Timber pier 3 87.9 Yes
Melia Resort Floating docks (2) and pier 84.87 Top of timber dock 4 88.9 Yes
Melia Resort Floating docks (2) and pier 84.87 Top of boat house 10 94.9  
Large 2 story house and out-building 84.87 Out-building/cabin 5 89.9 Yes
Large 2 story house and out-building 84.87 2 story house on stilts 10 94.9  
Mt. Hope intake 84.87 Concrete intake 4.625 89.5 Yes
Mt. Hope intake 84.87 Unknown conc. Structure 5.5 90.4 Yes
Escobal Houses and private piers 84.87 1 concrete pier, poor cond. 3 87.9 Yes
Escobal Houses and private piers 84.87 1 timber pier, fair cond. 3 87.9 Yes
Escobal Houses and private piers 84.87 1 hut, poor cond. 5 89.9 Yes
Escobal Houses and private piers 84.87 2 CMU houses, fair cond. 20 104.9  
Escobal Village area 84.87 Most houses 20 104.9  
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Table 5-4 – Structures Impacted by 27.43 m (90 ft) Operating Level (continued) 

 

Facility Structure Structure Type 
Gatun Lake 
Elevation Description of Structure

Elevation 
Above Water 
Level

Critical 
Elevation of 
Structure

Potentially 
Impacted1

Saddle Dam 84.87
Lower Met & Hyd station 2 concrete structures with floating piers 84.87 Floor of concrete structures 6 90.9 Yes
Lower Met & Hyd station 2 concrete structures with floating piers 84.87 Building structure 25 109.9  
Cuipo - Misc. structures/houses 84.87 Covered concrete pier, fair cond. 4 88.9 Yes
Cuipo - Misc. structures/houses 84.87 4 huts 4 88.9 Yes
Cuipo - Misc. structures/houses 84.87 Timber pier 4 88.9 Yes
Cuipo - Misc. structures/houses 84.87 5 large houses 6 90.9 Yes
Cuipo - Misc. structures/houses 84.87 Bath house 6 90.9 Yes
Cuipo - Misc. structures/houses 84.87 Water intake structure, CMU 8 92.9  
Cuipo - Misc. structures/houses 84.87 Shed 10 94.9  
Cuipo - Misc. structures/houses 84.87 2 houses behind 10 94.9  
Cuipo - Misc. structures/houses 84.87 Timber pier 10 94.9  
Cuipo - Misc. structures/houses 84.87 Misc. buildings 20 104.9  
Cuipo - Misc. structures/houses 84.87 Main water building 25 109.9  
La Laguana Village and Park area Village area 84.87 Covered boat house and pier 3 87.9 Yes
La Laguana Village and Park area Village area 84.87 Boat storage 4 88.9 Yes
La Laguana Village and Park area Village area 84.87 Private intake timber pier (4'x20') a 4 88.9 Yes
La Laguana Village and Park area Village area 84.87 Covered boat house 5 89.9 Yes
La Laguana Village and Park area Village area 84.87 Thatched roof hut 5 89.9 Yes
La Laguana Village and Park area Village area 84.87 1 small house 5 89.9 Yes
La Laguana Village and Park area Village area 84.87 Misc. huts ~4 7 91.9 Yes
La Laguana Village and Park area Village area 84.87 Main building 8 92.9  
La Laguana Village and Park area Village area 84.87 2 story house 15 99.9  
Laguna Alta Water Intake Concrete pipe supported structure on concrete deck 84.87 Out-building 6 90.9 Yes
Laguna Alta Water Intake Concrete pipe supported structure on concrete deck 84.87 Low steel 8.5 93.4  
Laguna Alta Water Intake Concrete pipe supported structure on concrete deck 84.87 Top of intake floor 10 94.9  
Laguna Alta Water Intake Concrete pipe supported structure on concrete deck 84.87 Centerline discharge pipe 11.5 96.4  
Laguna Alta Water Intake Concrete pipe supported structure on concrete deck 84.87 Pump house building 15 99.9  
Las Cruces Landing Floating piers and bulkhead 84.87 Floating piers 3.5 88.4 Yes
Las Cruces Landing Floating piers and bulkhead 84.87 Existing grade/conc. Slab 4 88.9 Yes
Las Cruces Landing Floating piers and bulkhead 84.87 Floating dock guide pile system 5 89.9 Yes
Las Cruces Landing Floating piers and bulkhead 84.87 Guide pile system 6.25 91.1 Yes
Las Cruces Landing Floating piers and bulkhead 84.87 Large Boat Shelter 7 91.9 Yes
Las Cruces Landing Floating piers and bulkhead 84.87 SSP wall 7 91.9 Yes
Las Cruces Landing Floating piers and bulkhead 84.87 Fuel tank slab 10 94.9  
Las Cruces Landing Floating piers and bulkhead 84.87 Building 15 99.9  
Las Cruces Landing Floating piers and bulkhead 84.87 Shed 15 99.9  
Mira Flores Locks Lock structures, Bandeck-Boot Yes
La Arenosa Village area 84.87 CMU Building 2 86.9 Yes
La Arenosa Village area 84.87 2 Houses 4 88.9 Yes
La Arenosa Village area 84.87 CMU House 5 89.9 Yes
La Arenosa Village area 84.87 2 Houses 6 90.9 Yes
La Arenosa Village area 84.87 Small School 8 92.9  
La Arenosa Village area 84.87 5+ Houses 12 96.9  
La Garterra Grande Small Village on an island 84.87 Multiple Tin Sheds 10 94.9  
La Garterra Intake Structure 84.87 Local Water Intake 15 99.9  
La Garterra Village area 84.87 Multiple Houses 12 96.9  

Note: For the purposes of evaluating potentially impacted structures an elevation of 90 feet was used.
This elevation represents a proposed Maxiumum Opearting Lake Level of 90 plus 2 feet of freeboard.
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Figure 5-4 - Structures Affected by 27-m Gatún Lake Operating Level  Source:  PMCC Report, 1999; Golder, 2004. 

27-m Gatún Lake Operating Level 

ACP Identified Structures
2000 Census Identified Structures
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Final recommendations regarding the number and locations of communities and infrastructures 
are pending additional data yet to be received and reviewed as well as additional field studies. 

5.2.3 EDUCATION 

General basic education in Panamá is free and mandatory for the first 11 years.  However, 
children do not always attend school due to traditional attitudes, financial considerations of the 
family, lack of transportation, and insufficient government resources to enforce the requirement 
(CIDA).  The lack of education is more predominant in areas outside the main cities of Panamá 
and Colón within the interior areas of the watershed. 

According to the UNDP, there are 20 public and private universities attended by 57 percent of 
the urban non-poor.  Only 2.7 percent of the poor and 0.8 percent of the extreme poor have 
access to a higher education. 

In 1997, the estimated adult illiteracy rate for the total population was 8.2 percent for men and 
9.5 percent for women.  The total illiteracy rate has improved in 2000.  The rate improved to 
7.5 percent for men and 8.7 percent for women (UN 2004).  Illiteracy among indigenous groups 
is almost 50 percent, compared with 10 percent among the population as a whole 
(U.S. Department of State, 2004). 

The average years of education in the year 2000 were 8.37 years for men and 8.74 years for 
women (UNDP, 2003).  The percentage of the urban population aged between 13 and 19 who 
attended school was 77 percent for women and 74 percent for men in 1999 (UN, 2004).  
In 1999, the 25 to 59 years old population had an average of 10.4 years of education in urban 
areas, whereas the same age group in rural areas had an average of 7.1 years of education 
(CIAD, 2004).  In the same year, the average years of education of the economically active 
population (15 years old and over) in urban areas were 10.6 years, which are 11.5 years for 
women and 10.1 years for men. In rural areas, the number of years of education decreases to 
an average of 7.1 years, which are 9.0 years for women and 6.5 years for men. 

5.2.3.1   Health 

Many factors contribute to the overall health of a population.  In Panamá many of the indicators 
associated with the health of the population can be attributed to economic standing, location, 
access to basic services and infrastructure to name a few.  Based on studies conducted by the 
Pan American Health Organization in 2001 a profile of Panamá has been reported with 
highlights of their findings reported in the following sections. 



 

Existing Conditions Report Page 101 10/23/2004 

Figure 5-5 – Locations of Saddle Dams Within Gatún Lake 
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The epidemiological monitoring system of Panamá is organized at the local, regional, and 
central level.  The diseases monitored are those included in the International Health 
Regulations, as well as outbreaks and epidemics, especially measles, rubella, botulism, 
encephalitis, viral meningitis, food poisoning, and other types of poisoning.  Vector-borne 
diseases are the responsibility of a specific surveillance subsystem. 

Several institutions are responsible for the management of water resources, wastewater, and 
solid waste.  These responsibilities of the Institute for Water Resources and the Institute of 
National Water Supply and Sewerage Systems have initiated the preparation of comprehensive 
integrated plans for joint surveillance.  Several environmental standards have commenced such 
as wastewater quality standards. 

The municipalities of Panamá, San Miguelito, and Colón are responsible for the management of 
the solid waste from the district of Panamá is transported to the Cerro Patacón sanitary landfill 
for disposal. 

The environmental risks generated by the use of growing quantities of chemical substances has 
been recognized as an increasing concern which has led to the establishment of the 
Environmental Planning Unit and the Environmental Health Bureau of the Ministry of Health in 
1995.  The priority is to conduct research and training projects that will make it possible to 
reduce or eliminate environmental health risks. 

Other environmental laws have been passed to limit emissions from automobiles, and improving 
indoor air quality in public buildings by prohibiting smoking. 

Health Care Services 

Panamá has 155 health centers, 112 subcenters, 376 health posts, 34 polyclinics, and 
6 dispensaries at the primary level.  At the second and third level, there are 37 hospitals, 5 of 
them located in Panamá City, that offer third-level services.  In total, there are 720 sites 
providing services of varying degrees of complexity, 19.6 percent of which are concentrated in 
Panamá Province.  The Social Security Fund has 10 hospitals and 27 polyclinics. 

The Ministry of Health carried out 5.6 million health service activities in 1995, which included 
medical services (71.2 percent), oral health services (14.8 percent), nursing services 
(10.2 percent), and services provided by technical personnel (3.8 percent).  Of this total, 
10.7 percent were provided in the five national hospitals.  Of the 3.98 million outpatient 
consultations, 15.7 percent were classified as emergencies and 5.9 percent were performed by 
specialists. 

The Social Security Fund provided 4.65 million consultations in 1996 (31 percent more than in 
1992).  Of the total consultations in 1996, 12.5 percent were for uninsured individuals.  The 
Fund handled 15,946 births, 18.7 percent of them by caesarean section. 
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Life Expectancy 

As a population, the life expectancy in Panamá at birth rose from 70.1 years in 1980 to 72.7 
in 1990 and 73.4 in 1995 for the entire country.  For urban areas, the life expectancy is 
75.1 years, and in rural areas, 71.5.  For women it was 75.4 years; and for men, 71.0 years.  
The death rate in 1995 was 4.2 deaths per 1,000 population, with an estimated rate of 5.2 after 
adjusting for underreporting.  Of the 11,168 deaths recorded in 1995, 89.4 percent had medical 
certification.  The leading causes of death were accidental injuries and violence (15 percent), 
malignant tumors (14 percent), cerebrovascular disease (11 percent), myocardial infarction 
(7 percent), and other ischemic heart disease (5 percent).  These five causes accounted for 
52 percent of all deaths. 

Health of Children 

The infant mortality rate per 1,000 live births was 17.2 in 1992 and 18.0 in 1994.  Infant mortality 
in 1994, adjusted for underreporting, was estimated at 18.9 per 1,000.  The regional rates of 
infant mortality vary greatly, ranging from 9.9 per 1,000 live births in Herrera Province to 
34.6 per 1,000 in Colón Province.  In a 1994 study by the Ministry of Planning and Economic 
Policy, the infant mortality rate among the indigenous population was 84.1 per 1,000. 

Among the 1,134 deaths in 1993 for children under 1 year of age, registered with medical 
certification, the leading cause of death was disorders originating during the perinatal period 
(9.1 per 1,000), followed by congenital abnormalities (4.1), pneumonia (1.3), intestinal infections 
(0.8), and protein-calorie malnutrition (0.6). 

The mortality rate for children under 5 years of age was 4.9 per 1,000 in 1995.  The leading 
causes were accidental injuries, other forms of violence, intestinal disorders, and pneumonia.  
The Prevalence of Malnutrition Survey that health institutions conducted in 1994 showed that 
5.2 percent of the population under 5 years of age was suffering from moderate chronic 
malnutrition (below normal height-for-age) and 3.4 percent from serious chronic malnutrition. 

Health of Adults and the Elderly 

The 15–60 age group represents 59.1 percent of the country’s population.  The mortality rate for 
this group was 2.3 per 1,000 in 1995.  The subgroup with ages ranging from 20 to 44 years, the 
leading causes of death in 1993–1995 were accidental injuries, suicides, homicides and other 
forms of violence (15 percent), malignant neoplasms (14 percent), cerebrovascular disease 
(11 percent), acute myocardial infarction (8 percent), and other ischemic heart disease 
(5 percent).  In the group aged 45 to 59, the leading cause of death was cardiovascular disease, 
followed by cancer, accidental injuries and other forms of violence, and ischemic heart disease. 
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5.3 ECONOMIC PROFILE 

Panamá’s economy is based primarily on the services sector.  The currency of Panamá is 
Balboa which is equivalent in value to the U.S. dollar.  Important economic areas in the country 
are the Panamá Canal, banking, the Colón Free Trade Zone, insurance, container ports, 
flagship registry, and tourism.  Panamá’s chief exports include bananas, sugar, shrimp, and 
coffee (INC, 2002). 

According to preliminary data from the World Bank, the gross domestic product (GDP) of 
Panamá was $12.3 billion (U.S.) in 2002.  The ratio of gross domestic investment to GDP for the 
same time period was estimated at 27.6 and the ratio of exports of goods and services to GDP 
was 29.0.  The ratio of Panamá’s total debt to the GDP was 67.5 in 2002, while the ratio of total 
debt service to exports was 32.9.  In 2002, Panamá owed $8,298 million (U.S.) for total debt 
outstanding and disbursed and $1,677 million for total debt service (World Bank, 2003). 

Panamá’s economy is highly dependent on world trade trends and is vulnerable to fluctuations 
in the global economy due to the strategic importance of the Panamá Canal, shipping, and port 
services.  Panamá’s economy enjoyed an annual average real domestic product growth rate of 
5.1 percent throughout the 1990s; however, the downturn in the global economy has brought 
growth almost to a halt.  Canal transits and tonnage declined 2.3 percent and 2.8 percent, 
respectively, in 2002 over 2001.  Imports and re-export activity at the Colón Free Trade Zone 
decreased in 2002, along with tonnage of major export commodities such as bananas 
(-5.2 percent) and shrimp (-16.5 percent).  Panamá’s real GDP growth fell from 2.5 percent in 
2000 to 0.3 percent in 2001, but rose to approximately 0.8 percent in 2002 (EIA, 2003). 

5.3.1 EMPLOYMENT 

According to 2001 data, the labor force in Panamá was comprised of 1.1 million workers, with a 
shortage of skilled labor and a surplus of unskilled labor (CIA, 2003).  The average annual 
growth of the labor force in Panamá during the years 1996-2002 was 1.8 percent 
(World Bank, 2003).  Data from 2002 indicates that the unemployment rate was approximately 
16 percent (CIA, 2003).  In 1999 the adult economic activity rate in Panamá was 43 percent for 
women and 80 percent for men, with women making up 35 percent of the total labor force 
(INC, 2002).  According to data from 1995, 61.2 percent of the labor force was employed in the 
services industry, 20.8 percent were employed in the agricultural sector, and 18 percent were 
employed by industry (CIA, 2003). 

5.3.2 POVERTY 

In 2002, the Gross National Income per capita (Atlas method) in Panamá was estimated at 
$4,010.00 (World Bank, 2003).  Data from 2002 indicates that approximately 37-40 percent of 
the population lives in poverty, including almost 18.8 percent that live in extreme poverty 
(EIA, 2003; U.S. State Dept, 2003).  These figures are similar to data from 2000 that showed 
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approximately 40.5 percent of the population living in poverty, with 26.5 percent of the 
population in living in extreme poverty (INC, 2002).  Indigenous people suffer the most from 
poverty, with approximately 69.4 percent of that population living in extreme poverty in 2000 
(INC, 2002). 

According to World Bank assessments, poverty and extreme poverty are concentrated in 
Panamá’s countryside.  Rural poverty is higher in relative and absolute terms, with 788,000 rural 
residents living in poverty (almost three-quarters of the nation’s poor).  However, approximately 
15 percent of the urban population lives in poverty.  Close to 900,000 people, or 40 percent of 
the urban poor, live in the Panamá City-San Miguelito area (World Bank, 1999). 

5.3.3 ECONOMIC ACTIVITIES 

Panamá’s economy is based on a well-developed service sector that accounted for 77 percent 
of the GDP in 2002.  Other important sectors include industry and agriculture, which accounted 
for 16 percent and 6.9 percent, respectively, of the GDP in 2002 (World Bank, 2003). 

5.3.4 AGRICULTURE 

Agricultural activities accounted for 6.9 percent of Panamá’s GDP in 2002 (World Bank, 2003).  
Average annual growth of the agricultural sector declined in 2002, to -0.2 percent from 0.8 
percent in 2001 (World Bank, 2003).  Data from 1995 indicate that approximately 20.8 percent 
of the labor force was employed in the agricultural sector (CIA, 2003).  Panamá’s main 
agricultural products include bananas and other fruit, corn, rice, sugar, coffee, shrimp, timber, 
vegetables, and livestock (U.S. State Dept., 2003). 

5.3.5 INDUSTRY 

Industrial activities accounted for 16 percent of Panamá’s GDP in 2002, with 6.9 percent of the 
GDP generated by manufacturing (World Bank, 2003).  Average annual growth of industry was 
0.3 percent in 2002, up from -5.0 percent in 2001 (World Bank, 2003).  Average annual growth 
of manufacturing was 0.3 percent in 2002, up from -5.6 percent in 2001 (World Bank 2003).  
Panamá exported approximately $1,218 million (U.S.) of manufactured products in 2002 
(World Bank, 2003).  Data from 1995 indicate that approximately 18 percent of the labor force is 
employed by industry (CIA, 2003).  Panamá’s main industries include construction, petroleum 
refining, brewing, production of cement and other construction materials, and sugar milling (CIA, 
2003). 

5.3.6 SERVICES 

The service sector accounted for approximately 77 percent of Panamá’s GDP in 2002 
(World Bank, 2003).  Average annual growth of the service sector was 1.0 percent in 2002, a 
decrease from 1.6 percent in 2001 (World Bank, 2003).  Data from 1995 indicate that 
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approximately 61.2 percent of the labor force was employed by the service sector (CIA, 2003).  
Services provided include operation of the Panamá Canal and the Colón Free Trade Zone, 
banking, insurance, container ports, and tourism (CIA, 2003). 

The Panamá Canal handled approximately 4 percent of global maritime trade throughout the 
1990s (ACP, 2000 in Niesten and Reid, 2001).  Between 13,000 and 14,000 vessels traverse 
the Canal per year (Niesten and Reid, 2001).  Approximately two thirds of Panamá’s port 
activities comprise the transfer of containers between ships (transshipment) and approximately 
$600 million (U.S.) was invested in transshipment infrastructure development between 1995 and 
2000 (Bounds 2000 in Niesten and Reid, 2001).  In 1998, operations at Colón handled 
1.12 million TEUs, more than any other port in Latin America, except Buenos Aires 
(Bounds, 2000 in Niesten and Reid, 2001).  However, Canal transits and tonnage declined 
2.3 percent and 2.8 percent, respectively, in 2002 over 2001 (EIA, 2003). 

Tourism is also becoming an important part of Panamá’s economy.  On June 14, 1994, Panamá 
adopted Public Law Number 8, which offers tax incentives to encourage tourism within the 
country (ARI 2004).  Approximately 402,000 tourists visited Panamá in 1997 
(Nationmaster, 2004).  According to statistics released by the Instituto Panameño de Tourismo 
(IPAT), over 800,000 visitors came to Panamá in 2002 and contributed over 678 million balboas 
to the economy (IPAT, 2004).  Scientific research also contributes significantly to Panamá’s 
economy.  The STRI research station, which was established on Barro Colorado Island in 1924, 
is the most extensively studied tropical forest in the world.  STRI employs more than 150 
Panamánian staff and spends more than $20 million (U.S.) annually in Panamá.  Additional 
funds are spent by the more than 400 scientific researchers who visit STRI each year, by 
researchers affiliated with foreign universities, and by conservation groups.  The estimated 
overall economic contribution from international sources for scientific investigations is estimated 
to exceed $45 million (U.S.), annually (PIF, 1996). 

5.4 HISTORICAL AND CULTURAL RESOURCES  

The Canal area appears to have supported a dense population of indigenous peoples before 
the arrival of the Spanish in the early 1500s.  Several pre-Columbian archaeological sites are 
known from the West Bank of the Canal, including Venado Beach (formerly part of 
Howard Air Force Base), which was linked to the Conte culture in Cocle Province.  Additional 
excavations were made on Engineer’s Hill, but systematic archeological surveys have not been 
conducted for most of the West Bank (PIF, 1996). 

Several pre-Columbian sites were located in the vicinity of the Canal during the archeological 
investigations associated with the widening of Gaillard Cut.  A small pottery vessel and a 
potsherd, possibly pre-Spanish, were located on de Lesseps Island.  Several possibly 
pre-Columbian sherds were located on the islands in the Mamei Curve.  Over 150 sherds, 
several pottery necks and rims, and ten flakes of chalcedony were recovered from San Juan 
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Island and probably represent the debris of a few small houses.  On Gorgona Island, a 
presumably pre-Columbian jasper flake and a rim sherd were found.  A dozen small sherds and 
18 chalcedony flakes were discovered on Santa Cruz Island.  Many of the pre-Columbian sites 
above the lake level within the limits of the widening had already been previously destroyed or 
irrevocably modified.  Any submerged pre-Columbian sites located within the immediate vicinity 
of the Canal or near dredge spoil dumping areas will have likely been destroyed or damaged by 
industrial or other activities; however, there is the potential to find intact submerged 
archaeological sites in areas away from Canal maintenance and operation activities  
(PCC, 1987). 

One of the three sites in Panamá listed on the United Nations Educational, Scientific, and 
Cultural Organization (UNESCO) directory of World Heritage Sites is located immediately 
adjacent to the DIA.  Fort San Lorenzo, together with Portobello, was declared a World Heritage 
Site in 1981.  Fort San Lorenzo was built in 1595 at the mouth of the Chagres River by the order 
of Philip the Second of Spain to protect the richest trade route of Spain.  The fort deteriorated 
quickly and was conquered in 1596 by Sir Francis Drake and was violently attacked by 
Henry Morgan during the years 1668 and 1671.  In 1680 a new fortification was built at a higher 
elevation along the river bank, but it was destroyed by British Admiral Vernon in 1740.  In 1761, 
the Spaniards rebuilt the fort for the third time, but later abandoned it in 1821 when Panamá 
became independent.  After that it was used as a prison, a point of entry for mail coming from 
Europe to Latin America, and a camping ground for adventures.  The Republic of Panamá 
declared the Fort San Lorenzo a National Historic Monument in 1908, but it became part of the 
Canal Zone and under the jurisdiction of the United States until 1979.  Fort Sherman, which was 
built in 1911 as part of the Canal’s defense system, is included in the San Lorenzo Protected 
area along with several batteries (McKenzie, Pratt, Howard, Baird, Stanley, Mower, and 
Kilpatrick) (CEAS, 2000).  The San Lorenzo Protected Area was recently declared a National 
Park.  A portion of the National Park lies within the Canal Watershed. 

Additional significant Colonial-era settlements are found along the Chagres River trade route, 
including the town of Chagres, near Fort Lorenzo, and Bailamonos Bohio, located in the Balboa 
West Range.  During the canal building-era several towns were established along the 
construction route, including empire on the west side of Gaillard Cut.  When the Canal was 
completed the inhabitants of these towns were relocated and the towns were demolished or 
drowned.  The Canal area is considered a priority area for salvage archeology due to the 
presence of pre-Columbian, Colonial, and post-Colonial remains (PIF, 1996). 

Several National Parks and other protected areas are located within the Canal Watershed.  
Altos de Campana National Park, which was established as Panama’s first National Park in 
1967, is located approximately 50 kilometers west of Panamá City and protects 4,816 Ha 
(Panamá Travel, 2004).  Camino de Cruces (Las Cruces Trail) National Park is a corridor of 
4,000 Ha that links the Metropolitan Nature Park and Soberanía National Park and protects the 
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path traveled by the Spanish conquistadores (Panamá Travel, 2004).  Portobello National Park 
houses historical military fortresses (Panamá Travel 2004).  Chagres National Park protects the 
houses the basin that provides approximately 80 percent of the water necessary for the 
operation of the Canal and all of the drinking water for Panamá City (Panamá Travel, 2004).  
Soberanía National Park and Chagres National Park are home to the Central American tapir 
(Tapirus bairdii), jaguar (Pathera onca), puma (Puma concolor), harpy eagle (Harpia harpya), 
and several hundred endemic species (Parks in Peril, 2004).  Also located within the watershed 
is Gatún Lake Recreation area and the recently established San Lorenzo National Park which 
includes Fort Sherman and Fort San Lorenzo.  Several other areas have been proposed for 
protection by the Interoceanic Region Authority (ARI), such as Isla Zorro, Juan Gallegos, and 
the Davis and Espinar forests, but these areas are not recognized as protected by ANAM or the 
ACP. 

Also found within the Canal Watershed is Barro Colorado Nature Monument.  Barro Colorado 
Island started out as hill, but became separated from the mainland when the Chagres River was 
dammed to create Gatún Lake.  Barro Colorado was declared a biological reserve in 1923 by 
the then governor of the former Canal Zone.  Around that time a laboratory was built on the 
island and Barro Colorado became one of the first protected tropical rainforests.  From 1923 to 
1940 the reserve was administered by the National Academy of Sciences.  In 1946 the United 
States Congress gave the Smithsonian Institution the responsibility of maintaining the facility.  
Administration and maintenance of the biological reserve became the chief responsibility of the 
Smithsonian Tropical Research Institute (STRI).  The scientific importance of Barro Colorado 
was recognized during the negotiations of the Panamá Canal Treaties in 1977.  A separate 
agreement to the Treaties declared Barro Colorado and adjacent areas a nature monument, 
which is a designation from the 1940 Convention for Nature Protection and Wildlife Preservation 
in the Western Hemisphere that was ratified by the United States and Panamá.  Today, Barro 
Colorado is an international center for tropical research (Smithsonian Institution, 2004). 

5.5 VISUAL LANDSCAPE 

The potential for visual impacts associated with the Project depends upon two primary factors:  
the visual character and quality of views or vistas that may be obstructed by structures (or lack 
of structures) or the reduction in forest or vegetation along the Gatún Lake shoreline, and the 
degree of viewer exposure and sensitivity.  The visual character is related to the existing 
characteristics in the immediate area of Gatún Lake.  Viewer exposure is related to the number 
of viewers, the distance between the viewer and the obstruction or reduction in vegetation 
cover, the view direction, and areas from which the landscape can be viewed. 

The existing visual character of the area is primarily rural agriculture in nature along the south 
and western portions of the Watershed, with industrial activities associated with the operation of 
the Panamá Canal at both the Pacific and Atlantic locks, and forested and protected parks 
through most of the remaining Watershed.  The Panamá Canal with the associated Gatún Lake 
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has been operating since 1914.  Since the 1950s development has taken place around the 
Gatún Lake in the form of migration of low-income families engaged in agriculture and livestock 
to industrial, commercial establishments and resorts.  The proposed increase in the maximum 
operating level of Gatún Lake may result in the eventual reduction of certain trees, shrub or 
other vegetation that cannot withstand the constant inundation, with time these species will be 
replaced with those tolerable of wet conditions. 

The visual appearance associated with the increase in the operating level of Gatún Lake on the 
existing visual landscape is quite varied due to the rolling topography, vegetation in the area, 
and the users of the lake that may have the visual landscape impaired.  For the latter, the 
existing visual characteristics vary with seasons.  During the summer months also associated 
with greater recreational activities may be most noticeable when the operating level may be at 
its highest elevation.  As a result, total visual exposure would be lower during this timeframe. 
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66  CCOONNCCLLUUSSIIOONNSS  AANNDD  RREECCOOMMMMEENNDDAATTIIOONNSS  
The Panamá Canal Watershed Area represents one of the world’s largest managed diverse and 
sensitive ecosystems that have been studied over many years.  The Canal Watershed Area that 
encompasses the much larger drainage basin that feeds the Gatún Lake has several protected 
areas where stands of old undisturbed forest are present; however, more common to the 
watershed are secondary forest that lie around the perimeter of Gatún Lake.  The watershed 
and its protected areas span within the Provinces of Panamá and Colón and various 
corregimientos that have seen an increase in population over the last 40 years and the resulting 
decline in forest. 

This report describes the existing physical, biological, social-economic, and cultural 
environments within the Direct Impact Areas (DIA) and Indirect Impact Areas (IIA) associated 
with the feasibility study of raising the Gatún Lake Maximum Operating Level (Project).  The 
information in this report is the result of a literature review and a site visit conducted during the 
kick-off meeting for the preparation of the existing conditions report.  The raising of the 
Gatún Lake would result in a revised operating lake elevation that would permit an increase in 
storage during both the Wet and Dry Seasons.  This increased storage would improve the 
reliability of the Panamá Canal to serve its customers without draft restrictions during dry 
periods.  Determination of the maximum operating level of 27.43 m (90 ft) and the engineering 
and environmental impacts associated with the revised maximum operating level was the 
objective of the feasibility study that was presented under a separate cover. 
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Appendix A 

Fauna Found in the Panamá Canal Watershed With International Conservation Rankings 

(from Appendix F of Volume 1 of the 
Panamá Canal Gaillard Cut Widening Feasibility Study 1987, PMCC Report 1989, Biological 

Inventory Report 1993, Condit et al. 2001, and InfoNatura, 2004) 
 

Class Scientific Name 

 

English 
Common 

Name 

Spanish 
Common  

Name 

CITES 
Status 

IUCN 
Status 

Endemic 
to 

Panamá 

Mammalia Tamandua 
mexicana 

Northern 
Tamandua 

Oso 
Hormiguero 

Común 

3   

Mammalia Dasypus 
novemcinctus 

Nine-
banded 

armadillo 

Armadillo 
Narizón Común 

 LR  

Mammalia Dasyrprocta 
punctata 

Central 
American 

agouti 

Ñeque 3   

Mammalia Speothos 
venaticus 

Bush dog Perro de Monte 1 VU  

Mammalia Urocyon 
cinereoargenteus 

Grey fox Zorro Gris  LR  

Mammalia Lontra longicaudis Neotropical 
River Otter 

Lobo de Agua 1 DD  

Mammalia Nasua narica White-
nosed 
coati 

Cozumbo 3   

Mammalia Panthera onca Jaguar Tigre, Jaguar 1 NT  

Mammalia Leopardus 
pardalis 

Ocelot Tigrillo 1 LR  

Mammalia L. wiedii Margay Tigrillo de Cola 
Larga 

1 LR  

Mammalia Herpailurus 
yaguarondi 

Jaguarundi Yaguarundi 1 LR  
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Class Scientific Name 

 

English 
Common 

Name 

Spanish 
Common  

Name 

CITES 
Status 

IUCN 
Status 

Endemic 
to 

Panamá 

Mammalia Puma concolor Puma Puma 2 LR  

Mammalia Trichechus 
manatus 

West 
Indian 

Manatee 

Manatí 1 VU  

Mammalia Tapirus bairdii Baird’s 
Tapir 

Danta 1 VU  

Mammalia Tayassu pecari White-
lipped 

peccary 

Chancho de 
Monte 

2   

Mammalia Pecari. tajacu Collared 
peccary 

Javelina 2 LR  

Mammalia Mazama 
americana 

Red 
brocket 

deer 

Corzuela Roja DD   

Mammalia Alouatta palliata Golden-
mantled 
howling 
monkey 

Mono Congo 1   

Mammalia Ateles geoffroyi Geoffroy’s 
spider 

monkey 

Mono arana 
colorado 

2   

Mammalia Saguinus 
geoffroyi 

Geoffroy’s 
tamarin 

Tití de Chocó 1   

Mammalia Aotus trivirgatus Night 
monkey 

Musmuqui 2   

Mammalia Aotus lemurinus Lemurine 
night 

monkey 

Mono Nocturno 
Subtropical 

2 VU  

Mammalia Cebus capucinus White-
faced 

capuchin 

Mono 
Capuchino 

2   

Aves Dendrocygna White- Pato de Cara 3   
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Class Scientific Name 

 

English 
Common 

Name 

Spanish 
Common  

Name 

CITES 
Status 

IUCN 
Status 

Endemic 
to 

Panamá 

viduata faced 
whistling 

duck 

Blanca 

Aves Cairina moschata Muscovy 
duck 

Pato real 3   

Aves Elanus leucurus White-
tailed kite 

Milano Cola 
Blanca 

2   

Aves Elanoides 
forficatus 

Swallow-
tailed kite 

Milano Tijereta 2   

Aves Leptodon 
cayanensis 

Gray-
headed 

kite 

Gavilán Cabeza 
Gris 

2   

Aves Chondrohierax 
uncinatus 

Hook-billed 
kite 

Gavilán Pico 
Gancho  

2   

Aves Harpagus 
bidentatus 

Double-
toothed 

kite 

Gavilán 
Bidentado  

2   

Aves Ictinia plumbea Plumbeous 
kite 

Milano Plomizo 2   

Aves Accipiter 
superciliosus 

Tiny hawk Gavilán 
Chiquito 

2   

Aves Buteo 
magnirostris 

Roadside 
hawk 

Aguililla 
Caminera 

2   

Aves B. jamaicensis Red-tailed 
hawk 

Aguililla Cola 
Roja 

2   

Aves B. albonotatus Zone-tailed 
hawk 

Gavilán Negro 2   

Aves Buteogallus 
anthracinus 

Common 
black-hawk

Gavilán 
Cangrejero 

 

2   

Aves Harpia harpyja Harpy 
eagle 

Harpía 1 NT  
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Class Scientific Name 

 

English 
Common 

Name 

Spanish 
Common  

Name 

CITES 
Status 

IUCN 
Status 

Endemic 
to 

Panamá 

Aves Spizaetus 
tyrannus 

Black hawk 
eagle 

Águila Crestada 
Negra 

 

2   

Aves Herpetotheres 
cachinnans 

Laughing 
falcon 

Halcón Guaco 2   

Aves Micrastur ruficollis Barred-
forest 
falcon 

Halcón-
Selvático 
Barrado 

2   

Aves M. semitorquatus Collared-
forest 
falcon 

Halcón 
Collarejo 

2   

Aves M. mirandollei Slaty-
backed 
forest 
falcon 

Halcón 
Dorsigris 

2   

Aves Milvago 
chimachima 

Yellow-
headed 

Caracara 

Chimachima 2   

Aves Falco peregrinus Peregrine 
Falcon 

Halcón 
Peregrino 

1   

Aves Brotogeris 
jugularis 

Orange-
chinned 
parakeet 

Perico Ala 
Amarilla 

2   

Aves Pionus menstruus Blue-
headed 
parrot 

Loro 
Cabeciazul 

2   

Aves Amazona 
autumnalis 

Red-lored 
parrot 

Loro Cachete 
Amarillo 

2   

Aves A. farinosa Mealy 
parrot 

Loro Corona 
Azul 

2   

Aves A. ochrocephala Yellow-
crowned 

Loro 
Coroniamarillo 

2   
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Class Scientific Name 

 

English 
Common 

Name 

Spanish 
Common  

Name 

CITES 
Status 

IUCN 
Status 

Endemic 
to 

Panamá 

parrot 

Aves Ara macao Scarlet 
macaw 

Guacamaya 
Roja 

1   

Aves A. chloropterus Red and 
green 

macaw 

Guacamayo 
Rojo Verde 

2   

Aves A. severa Chestnut-
fronted 
macaw 

Guacamaya 
Frenticastaña 

2   

Aves Lophostrix cristata Crested 
owl 

Buho Cuerno 
Blanco 

2   

Aves Pulsatrix 
perspicillata 

Spectacled 
owl 

Buho de 
Anteojos  

2   

Aves Strix virgata Mottled owl Buho Café 2   

Aves S. nigrolineata Black and 
white owl 

Buho 
Blanquinegro 

2   

Aves Tyto alba Barn owl Lechuza de 
Campanario 

2   

Aves Dendrocygna 
autumnalis 

Black-
bellied 

whistling 
duck 

Sirirí Vientre 
Negro 

3   

Aves Penelope 
purpurascens 

Crested 
guan 

Pava Cojolita 3   

Aves Crax rubra Great 
Curassow 

Hocofaisán 3 NT  

Amphibia Atelopus zeteki Golden 
frog 

Rana dorado   1 E YES 

Amphibia  Atelopus limosus  Sapo Limisa  NT YES 

Amphibia Dendrobates 
auratus 

Poison dart 
frog 

 2 LC  
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Class Scientific Name 

 

English 
Common 

Name 

Spanish 
Common  

Name 

CITES 
Status 

IUCN 
Status 

Endemic 
to 

Panamá 

Amphibia  Phyllobates 
lugubris 

Lovely 
poison frog

 2   

Reptilia Oscaecilia 
ochrocephala 

   LC YES 

Reptilia Crocodylus 
acutus 

American 
crocodile 

Lagarto aguja 1 VU  

Reptilia Caiman 
crocodilus 

ssp.  fuscus 

Brown 
caiman 

Babilla 2   

Reptilia Iguana iguana Green 
iguana 

Iguana verde 2   

Reptilia Boa constrictor Boa 
constrictor 

Boa constrictor 2   

CITES Status 

Appendix 1 - Species are rare or endangered, and trade will not be permitted for primarily commercial purposes. 

Appendix 2 - Species are not rare or endangered at present, but could become so if trade is not regulated. 

Appendix 3 - Species are not endangered, but are managed by the listing nation. 

IUCN Status 

CR - critically endangered; a calculated probability of extinction during the next 10 years of >50% 

DD - data deficient; there in inadequate information to make a direct, or indirect, assessment of its risk of extinction. 

EN - endangered; calculated probability of extinction during the next 20 years of >20% 

LC - does not qualify as critically endangered, endangered, vulnerable, or near threatened (2001) 

LR – does not satisfy the categories of critically endangered, endangered, or vulnerable (1996). 

NT - is close to qualifying for critically endangered, endangered, or vulnerable status 

VU - vulnerable; calculated probability of extinction during the next 100 years is >10% 
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Impact Assessment Tables – New Spillway & MOLL Increase 
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Type C -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

Geographic Extent E 1 2 1 1 1 1 1 1 1 1 1

Duration Du 1 1 1 2 1 2 2 1 1 2 1

Magnitude M 1 2 2 2 1 2 2 1 1 1 1

Probability of Occurrence Po 0.1 0.1 1 1 1 1 1 0.1 0.1 0.1 0.1

Frequency F 1 1 1 1 1 1 1 1 1 1 1

Reversibility R 1 1 1 1 1 1 1 1 1 1
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

Geographic Extent E 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Duration Du 1 2 1 2 1 2 2 1 1 1 1 1 1 1

Magnitude M 1 1 2 2 2 2 2 1 1 1 1 1 1 2

Probability of Occurrence Po 0.4 0.4 1 1 1 1 1 0.4 0.4 0.4 0.4 0.4 0.4 0.4

Frequency F 1 1 1 1 1 1 1 1 1 2 1 1 1

Reversibility R 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Ca = C x Po x (M + E + Du + F + R) -2 -2.4 -6 -7 -6 -7 -7 -2 -2 -1.6 0 -2.4 -2 -2 -2.4

CLASSIFICATION OF IMPACTS
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INCREASE IN NOISE LEVEL

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

Geographic Extent E 1 1 1 1 1 1 1 1 1 1 1 1

Duration Du 1 1 1 2 1 2 2 1 1 2 1 1

Magnitude M 1 1 1 2 1 2 2 1 1 1 1 1

Probability of Occurrence Po 0.1 0.1 1 1 1 1 1 0.4 0.4 1 0.4 0.4

Frequency F 1 1 1 1 1 1 1 1 1 2 1 1

Reversibility R 1 1 1 1 1 1 1 1 1 3 1 1

Ca = C x Po x (M + E + Du + F + R) -0.5 -0.5 -5 -7 -5 -7 -7 -2 0 -2 -9 -2 0 0 -2

CLASSIFICATION OF IMPACTS
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INCREASE IN TURBIDITY

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1 -1 -1

Geographic Extent E 1 1 1 1 1 1 1 1

Duration Du 1 2 2 1 1 1 1 1

Magnitude M 1 2 2 1 1 1 1 1

Probability of Occurrence Po 1 1 1 0.4 0.4 0.4 0.4 0.4

Frequency F 1 1 1 1 1 1 1 1

Reversibility R 1 1 1 1 2 1 1

Ca = C x Po x (M + E + Du + F + R) 0 0 -5 -7 0 0 -7 -2 0 -1.6 -2.4 -2 0 0 -2

CLASSIFICATION OF IMPACTS
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ALTERATION OF PHYSICAL-CHEMICAL QUANTITY AND QUALITY OF GATUN LAKE

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1

Geographic Extent E 1 1 1 1 1 1

Duration Du 2 2 2 2 2 1

Magnitude M 1 3 2 2 2 1

Probability of Occurrence Po 1 1 1 1 1 0.4

Frequency F 2 3 1 1 1 1

Reversibility R 1 3 1 1 1 1

Ca = C x Po x (M + E + Du + F + R) 0 0 -7 -12 -7 -7 -7 0 0 0 0 0 0 0 -2

CLASSIFICATION OF IMPACTS
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ALTERATION OF SOIL STRUCTURE

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

Geographic Extent E 1 1 1 1 1 1 1 1 1 1 1 1

Duration Du 1 1 1 2 1 1 1 1 1 1 1 1

Magnitude M 1 2 1 1 1 1 1 1 1 1 1 1

Probability of Occurrence Po 0.4 0.7 1 1 1 1 1 0.4 0.4 1 0.4 0.4

Frequency F 1 1 1 1 1 1 1 1 1 1 1 1

Reversibility R 1 1 1 1 1 1 1 1 1 1 1

Ca = C x Po x (M + E + Du + F + R) -2 -4.2 -5 -5 -5 -5 -5 0 0 0 -5 0 -2 0 -2

CLASSIFICATION OF IMPACTS
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ALTERATION OF PHYSICAL-CHEMICAL QUALITY

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1

Geographic Extent E 1 1 1 1 1 1 1 1

Duration Du 2 3 2 2 2 1 1

Magnitude M 2 2 2 2 2 1 1

Probability of Occurrence Po 1 1 1 1 1 0.4 0.4

Frequency F 1 1 1 1 1 1 1 1

Reversibility R 1 3 1 1 1 1 1

Ca = C x Po x (M + E + Du + F + R) 0 0 -7 -10 -7 -7 -7 0 0 0 0 0 0 0 -2

CLASSIFICATION OF IMPACTS
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ALTERATION OF LANDFORMS

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1

Geographic Extent E 1 1

Duration Du 2 3

Magnitude M 2 1

Probability of Occurrence Po 0.4 0.4

Frequency F 1 1

Reversibility R 1 1

Ca = C x Po x (M + E + Du + F + R) 0 0 0 0 0 0 -2.8 0 0 0 -2.8 0 0 0 0

CLASSIFICATION OF IMPACTS
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ALTERATION OF GATUN LAKE MORPHOLOGY

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1 -1 1

Geographic Extent E 1 1 1 1 1 1 1 1

Duration Du 1 2 1 1 2 2 3 1

Magnitude M 2 3 1 3 2 2 1 1

Probability of Occurrence Po 1 1 1 1 1 1 0.5 0.4

Frequency F 1 1 1 3 1 1 2 1

Reversibility R 2 3 2 3 2 2 2 1

Ca = C x Po x (M + E + Du + F + R) 0 0 -7 -10 -6 -11 -8 0 0 0 -8 -4.5 0 0 2

CLASSIFICATION OF IMPACTS
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LOSS OF TERRESTRIAL VEGETATION COVERAGE

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1 -1

Geographic Extent E 1 1 1 1 1 1 1

Duration Du 2 2 2 1 2 1 1

Magnitude M 2 3 2 1 1 1 1

Probability of Occurrence Po 1 1 1 0.1 0.5 0.4 0.4

Frequency F 1 3 1 1 1 1 1

Reversibility R 2 3 2 1 1 1 1

Ca = C x Po x (M + E + Du + F + R) 0 0 -8 -12 0 0 -8 -0.5 0 -3 0 -2 0 0 -2

CLASSIFICATION OF IMPACTS
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ALTERATION OF THE STRUCTURE AND COMPOSITION OF AQUATIC COMMUNITIES

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 0 1

Geographic Extent E 1 1 1 1 1 1

Duration Du 1 1 1 1 1 1

Magnitude M 1 1 1 1 1 1

Probability of Occurrence Po 1 1 1 1 1 0.1

Frequency F 1 1 1 1 1 1

Reversibility R 1 1 1 1 1 1

Ca = C x Po x (M + E + Du + F + R) 0 0 -5 -5 0 0 -5 0 0 -5 0 0 0 0 0.5

CLASSIFICATION OF IMPACTS
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CHANGES IN FISH CATCH

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1 -1 -1 1

Geographic Extent E 1 1 1 1 1 1 1 1 1

Duration Du 2 2 2 2 2 1 3 3 1

Magnitude M 2 2 2 2 2 1 1 1 1

Probability of Occurrence Po 1 1 1 1 1 0.4 1 0.4 0.1

Frequency F 1 1 1 1 1 1 1 1 1

Reversibility R 2 2 1 1 1 1 1 1 1

Ca = C x Po x (M + E + Du + F + R) 0 0 -8 -8 -7 -7 -7 -2 0 0 -7 -2.8 0 0 0.5

CLASSIFICATION OF IMPACTS

PROJECT PHASES-ACTIVITIES
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1

Geographic Extent E 1 1 2

Duration Du 1 2 1

Magnitude M 1 2 1

Probability of Occurrence Po 1 1 1

Frequency F 1 1 1

Reversibility R 1 1 1

Ca = C x Po x (M + E + Du + F + R) 0 0 -5 -7 -6 0 0 0 0 0 0 0 0 0 0

CLASSIFICATION OF IMPACTS

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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ALTERATION IN THE DEMOGRAHIC COMPOSITION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1 -1 -1 -1

Geographic Extent E 1 1 1 1 1 1 1 1

Duration Du 1 1 1 2 2 2 2 1 1

Magnitude M 1 1 1 2 1 1 1 1 1

Probability of Occurrence Po 0.4 0.4 0.4 0.5 0.4 0.4 0.4 0.4 0.4

Frequency F 1 1 1 1 1 1 1 1 1

Reversibility R 1 1 2 2 2 2 2 1 1

Ca = C x Po x (M + E + Du + F + R) -2 -1.6 -2.4 -4 -2.8 -2.8 -2.8 -2 0 -2 0 0 0 0 0

CLASSIFICATION OF IMPACTS

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1 -1 -1 -1

Geographic Extent E 2 3 1 1 1 1 1 1 1

Duration Du 1 2 1 2 1 2 1 1 1

Magnitude M 2 2 1 1 1 1 1 1 1

Probability of Occurrence Po 0.6 0.6 0.4 0.6 0.4 0.6 0.4 0.4 0.4

Frequency F 1 1 1 1 1 1 1 1 1

Reversibility R 2 2 1 1 1 1 1 1 1

Ca = C x Po x (M + E + Du + F + R) -4.8 -6 -2 -3.6 -2 -3.6 -2 -2 0 -2 0 0 0 0 0

CLASSIFICATION OF IMPACTS

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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NUISANCE TO THE POPULATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

Geographic Extent E 1 2 1 1 1 1 1 1 1 1

Duration Du 1 1 1 2 2 2 2 1 1 1

Magnitude M 1 2 1 1 1 1 1 1 1 1

Probability of Occurrence Po 0.4 0.6 0.4 0.6 0.4 0.4 0.4 0.4 0.4 0.4

Frequency F 1 1 1 1 1 1 1 1 1 1

Reversibility R 1 1 1 1 1 1 1 1 1 1

Ca = C x Po x (M + E + Du + F + R) -2 -4.2 -2 -3.6 -2.4 -2.4 -2.4 -2 -2 -2 0 0 0 0 0

CLASSIFICATION OF IMPACTS

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1

Geographic Extent E 1 1 1 1 1 1

Duration Du 1 2 2 2 2 1

Magnitude M 2 1 2 2 2 1

Probability of Occurrence Po 0.1 0.1 0.1 0.1 0.1 1

Frequency F 1 1 1 1 1 2

Reversibility R 1 1 1 1 1 1

Ca = C x Po x (M + E + Du + F + R) 0 0 -0.6 -0.6 -0.7 -0.7 -0.7 0 0 0 -6 0 0 0 0

CLASSIFICATION OF IMPACTS

PROJECT PHASES-ACTIVITIES
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RESTRICTIVE ACCESS TO FISHING AND RECREATIONAL FACILITIES
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

Geographic Extent E 1 1 1 1 1 1 1 1 1 1 1 1 1

Duration Du 1 1 1 2 2 2 2 1 1 1 2 1 1

Magnitude M 1 2 1 2 2 2 2 1 1 1 1 2 2

Probability of Occurrence Po 0.1 0.1 0.1 0.1 0.5 0.5 0.1 0.1 0.1 1 0.5 0.5 0.5

Frequency F 1 1 1 1 1 1 1 1 1 1 1 1 1

Reversibility R 1 1 1 1 3 3 1 1 1 1 1 2 2

Ca = C x Po x (M + E + Du + F + R) -0.5 -0.6 -0.5 -0.7 -4.5 -4.5 -0.7 -0.5 0 -0.5 -5 -3 -3.5 -3.5 0

CLASSIFICATION OF IMPACTS

ACP AND THIRD PARTY INFRASTRUCTURE IMPACTS

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Geographic Extent E 1 1 1 1 1 1 1 1 1 1 3 2 2 2

Duration Du 1 2 1 2 1 2 2 1 1 1 3 3 1 1

Magnitude M 1 2 1 2 1 2 2 1 1 1 3 3 1 1

Probability of Occurrence Po 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 1 1 1

Frequency F 1 1 3 3 3 3 3 3 3 3 3 3 1 1

Reversibility R 1 1 3 3 3 3 3 3 3 3 3 3 1 1

Ca = C x Po x (M + E + Du + F + R) 2.5 3.5 4.5 5.5 4.5 5.5 5.5 4.5 4.5 4.5 15 14 6 6 0

CLASSIFICATION OF IMPACTS

PROJECT PHASES-ACTIVITIES

CONSTRUCTION OPERATION

T
R

A
N

S
P

O
R

T
A

T
IO

N
 A

N
D

 M
O

B
IL

IZ
A

T
IO

N

INCREASE OF THE RELIABILITY OF THE CANAL AND THE ASSOCIATED REVENUE STREAMS FROM TOLLS
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MOLL SPILLWAY MOLL SPILLWAY MOLL SPILLWAY SPILLWAY MOLL MOLL MOLL MOLL SPILLWAY MOLL SPILLWAY SPILLWAY

Type C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Geographic Extent E 1 3 1 3 3 3 3 3 3 3 3 3 1 1 2

Duration Du 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1

Magnitude M 1 2 1 2 2 2 2 2 2 2 2 2 1 2 2

Probability of Occurrence Po 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Frequency F 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Reversibility R 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Ca = C x Po x (M + E + Du + F + R) 5 8 5 8 8 8 8 8 8 8 8 8 5 8 7

CLASSIFICATION OF IMPACTS

PROJECT PHASES-ACTIVITIES
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INCREASE IN THE DEMAND OF GOODS AND SERVICES
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11  EENNVVIIRROONNMMEENNTTAALL  MMAANNAAGGEEMMEENNTT  &&  MMIITTIIGGAATTIIOONN  

1.1 Introduction 

This report describes the environmental and social management plan (Plan) associated with 
raising the Gatun Lake Maximum Operating Level and the construction of a new spillway 
(Project) during the construction and operation phases.  This Plan incorporates the 
proposed measures for mitigation, control, prevention, protection and compensation 
associated with the environmental and social impacts identified in Interim Report of 
Environmental and Social Impacts.  The mitigation measures proposed include 
management, monitoring, health and safety programs, and closure protocol.  

The programs that comprise the Plan have been presented as data sheets for the various 
project activities to facilitate communication of the proposed mitigation measures and their 
implementation.  The format of the data sheets was designed to allow this report to be used 
as a guide for complying with the necessary mitigation for all social and environmental 
impacts identified for the Project.  The data sheets are structured in a sequential manner 
and address the potential social and environmental impacts reported under the Interim 
Report of Environmental and Social Impacts that will apply to various activities undertaken 
during the Project.  Separate plans are provided for the construction and operation phases. 

The Plan established for the project has been designed to meet the overall intent of ACP 
policies.  The environmental and social management plan proposed for the Project provides 
a mechanism to verify compliance with all ACP environmental policies. 

In general terms the Plan prepared for the Project incorporates mitigation measures to 
address the impacts that were identified during the Interim Report of Environmental and 
Social Impacts.  As the Project progresses to a more formal Environmental Impact 
Assessment (EIA), including a formal public consultation and disclosure, and additional 
impacts are identified, additional mitigation measures may be identified and incorporated 
into this Plan. 

The Plan assumes that all construction work related to this Project will be conducted by an 
independent Contractor utilizing subcontractors as needed and using standard construction 
practices.  The impact assessment of the Project is based on the assumption that these 
construction practices will be fully implemented by the Contractor.   In many cases these 
measures represent Best Management Practices (BMPs) that are widely recognized 
internationally and applied to major projects.   
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1.2 ENVIRONMENTAL, HEALTH AND SAFETY AND COMMUNITY 
RELATIONS POLICIES AND GUIDELINES  

1.3 The following section provides a description of the minimum 
Environmental, Health and Safety (EHS) and Community 
Relations policies and programs that are recommended for 
implementation during the Project.  Initiation of a community 
relations program is recommended at this time, ahead of the 
formal EIA and public consultation and disclosure activities, to 
ensure that direct communications with the impacted 
community occurs during the Project planning stages.  

1.3.1 EHS Policy 

ACP is committed to environmental, and health and safety protection of all its employees, 
customers, local communities and others who may be impacted by the operations related to 
this Project and all other ongoing activities. 

As part of ACP’s commitment to the Project, ACP will: 

• to the fullest extent practicable conduct its operations in a manner that protects the 
health and safety of its employees and the public, avoids adverse impacts to the 
environment and mitigates unavoidable impacts of its operations on the environment; 

• advise and train its managers in environmental, and health and safety requirements, and 
hold each manager accountable for compliance with this policy as it relates to their area 
of responsibility; 

• provide its employees with adequate training and education in safety and environmental 
matters, and hold each employee accountable for compliance with this policy in 
performing assigned tasks; 

• comply with all applicable environmental, health and safety laws and regulations; 

• provide technical guidance to those managers responsible for compliance with this 
policy; 

• encourage timely communication of environmental, and health and safety incidents and 
issues; 

• encourage employees to communicate their concerns to management about any 
unresolved environmental, or health and safety risks identified during the course of 
construction and operations phases; 
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• conduct safety and environmental reviews of operations in order to evaluate compliance  
with this policy;  

• provide a copy of this policy to all contractors and their subcontractors to ensure that all 
work for the ACP shall be in compliance with this policy. 

1.4 OBJECTIVES OF THE PLAN 

The Environmental and Social Management Plan for the construction and operation phases 
of the Project will have the following objectives: 

• To comply with the EHS Policy and to engage in Community Relations as 
appropriate. 

• To comply with the requirements contained in the current Panamanian norms and 
regulations and with the current policies and requirements of the ACP. 

1.5 IMPLEMENTATION OF THE SOCIAL AND ENVIRONMENTAL 
MANAGEMENT PLAN 

1.5.1 Organization and Responsibilities 

Structure 
At this feasibility stage of the Project, the actual organizational responsibilities for the 
management of the environmental and social management plan are unknown.  Further, the 
management of the social aspects of this project will require conducting a formal EIA, with 
public consultation and disclosure.  The following provide a general framework that can be 
used in meeting the Plan objectives at this feasibility stage of the Project. 

It is anticipated that ACP will have a designated construction manager on-site during the 
construction phase of the Project and a management representative during start-up of the 
Project operations on a full-time basis.  It is further assumed that an ACP EHS Manager and 
a Community Relations Officer will be assigned to the Project and report directly to the ACP 
Construction Manager or ACP Operations Manager. 

Communications 
During construction, both the EHS manager and Community Relations officers for ACP and 
the Contractor will work together on social issues relating to the implementation of the 
Project.  The goal is to establish a regular and informal channel of communications and to 
be responsive to issues as they arise.  Each manager and officer will report to their 
respective management on compliance and progress in implementing the Environmental 
Management Plan for the Project. 
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The information that the EHS manager provides will come from direct field inspection, 
monitoring, and testing by the Contractor´s inspectors.  ACP will have separate specialist 
inspectors, or consultants, to serve an audit function as required and on a random spot-
check basis. 

The inspectors and auditors will collaborate in the field in order to provide clear and concise 
information at their respective communication levels. 

Communication with the Panamanian regulatory authorities, such as ANAM, will be directly 
through ACP’s liaison representative after proper debriefing from the designated EHS 
Manager assigned to the Project. 

Documentation 
All the inspection, audit and other management documents related to the Project will be 
filed, controlled, and distributed in accordance with a documentation system established by 
ACP.  The documentation systems should be compatible with the reporting levels defined by 
ACP.  

Training 
Training for the Environmental Management System shall start with understanding the 
environmental and social impacts identified during this feasibility study and from subsequent 
Environmental and Social Impact Assessment studies developed for the Project.  Training 
should include matters related to the existing environmental regulations, contractual and 
environmental aspects of the Project as they apply to direct and indirect impact areas. 
Training workshops should be arranged at all levels to assist in an understanding of the 
environmental information noted above. 

Verification and Corrective Action 
Verification and corrective action for the Project’s Environmental Management System shall 
be made by applying the measures defined in the Monitoring Program for the construction 
and operation phases as presented at sections 4.2.1 and 4.2.2 at this report.  

The program is designed so that it provides: 

• A verification of compliance with the Environmental and Social Management Plan by 
means of periodic inspection and management of the Project activities; 

• An assessment of the effectiveness of the measures implemented under the 
Management Plan and the environmental impacts attributable to the construction and 
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operation phases of the Project, through monitoring the physical, biological and 
social elements in the Project area; 

• A systematic and periodic review to ensure that the implementation of the 
Environmental Management Plan is working, involving a program of periodic audit 
during the Project phases. 

The instruments designed to verify the Environmental Management System (Inspection, 
Monitoring and Audit) will report and correct any occurrences registered during the project 
phases. 

1.5.2 Structure of the Environmental and Social Management Plan 

The proposed program specifies environmental management for each of the construction 
and operation activities of the Project.  During construction, this program involves the 
responsibilities of the contractor in the management of the environment while incorporating 
all applicable environmental policies established by ACP.  

Table 1 shows the different programs established under the Environmental Management 
Plan.  Table 2 shows the relationship of the Environmental Management Plan to the 
potential impacts identified in Interim Report on Environmental and Social Impacts, which 
required the implementation of measures for prevention, mitigation protection and control. 

Table 1.  Environmental Management Programs, Construction and Operation Phase of 
the Project  

Management 
Program 

Data Sheets 

CONSTRUCTION 

GS-1 Information and Communication to the Community 

GS-2 Protection of the Social and Economic Infrastructure 

GS-3 Support in the Hiring of Local Labor  

GS-4 Support in the Use of Local Services and Resources 

Social Management 

GS-5 Access Restriction 

Education and 
Training 

EC-1 Environmental Education and Training to Contractors 

 AC-1 Transportation and Mobilization  
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Management 
Program 

Data Sheets 

AC-2 Sign Posting 

AC-3 Site Preparation  

AC-4 Concrete and Masonry Works  

AC-5 Construction of Spillway, ACP Facilities, and Third Part 
Infrastructure 

AC-6 Lake/River Construction Activities  

AC-7 Clean Up 

MR-1 Liquid Waste Management  
Waste Management 

MR-2 Solid Waste Management 

SM-1 Compliance Monitoring of Social Management 

SM-2 Monitoring of the Water Quality 

SM-3 Monitoring of the Air Quality  

SM-4 Monitoring of the Noise Levels  

SM-5 Monitoring of the Aquatic Sediment  

SM-6 Monitoring of the Aquatic Ecosystem  

Monitoring   

SM-7 Monitoring of the Solid Waste Management  

Health and Safety  Health and Safety Guidelines  

Contingency Plan  Contingency Plan Guidelines  

OPERATION 

GO-1 Relations with the Community  
Social Management  

GO-2 Restriction to Fishing and Recreational Activities 

Education and 
Training 

EO-1 Education and Training of Operating Personnel 

AO-1 Spillway Operation   Management of the 
Operation Activities  AO-2 Maintenance Activities  

RO-1 Liquid Waste Management  

RO-2 Solid Waste Management  

SO-1 Monitoring of the Water Quality  

Waste Management 

SO-2 Monitoring of the Aquatic Sediment 
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Management 
Program 

Data Sheets 

SO-3 Monitoring of the Aquatic Ecosystem 

 SO-4 Monitoring of Shoreline 

Contingency Plan Contingency Plan Guidelines  

ABANDONMENT 

Abandonment Plan Guidelines  
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Table 2.  Environmental Management Plan for the Project  

Environmental 
Component 

Impacts 
Identification of the 
Proposed Program 

CONSTRUCTION STAGE  
Air Alteration in the air quality  AC – SM – GS – EC 
Noise Increase in the noise levels AC – SM – GS  

Increase in the lake turbidity AC- SM 

Water Alteration of the physical-chemical 
quantity and quality of Gatun Lake and 
Chagres River 

AC – SM – EC 

Alteration of the soil structure / 
Landforms / aquatic morphology  

AC – SM – MR 
Soil 

Alteration of the physical-chemical quality EC – SM – MR 
Loss of terrestrial vegetation coverage  AC 
Alteration of the structure and 
composition of aquatic communities  

AC – SM 

Changes in fish catch AC – SM 

Terrestrial and 
Aquatic  
Flora and Fauna 

Reduction in threatened or endangered 
terrestrial and aquatic fauna 

SM 

Alteration in the demographic 
composition  

GS – EC 

Alteration of local customs  GS – EC 
Nuisances to the population  GS – AC – EC 
Interruption of infrastructure  GS – AC – EC 

Social 

Restrictive access to fishing and 
recreation activities 

GS  

Economic 
Increase in the reliability of the 
Canal/Revenues/Goods and 
Services/Job creation 

GS  

Cultural 
Alteration or destruction of the 
archaeological resources  

AC 

OPERATION STAGE  
Air Alteration of the air quality  AO – SO 
Noise Increase in the noise levels  SO 

Increase in Gatun Lake and Chagres 
River turbidity 

AO – SO 
Water 

Alteration of the physical-chemical quality 
of Gatun Lake and Chagres River  

SO – EO 
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Environmental 
Component 

Impacts 
Identification of the 
Proposed Program 

Soil 
Alteration of the physical-chemical 
quality/ aquatic morphology  

SO – RO 

Alteration of the structure and 
composition of the aquatic communities 

SO – EO 

Changes in the fish catch SO 
Terrestrial and 
Aquatic  
Flora and Fauna Reduction in threatened or endangered 

terrestrial and aquatic fauna 
SO 

Social 
Restrictive access to fishing and 
recreation activities 

SO – EO 

Economic  
Increase in the reliability of the 
Canal/Revenues/Goods and 
Services/Job creation  

GO 

 
CONSTRUCTION MANAGEMENT PROGRAMS AND 

PLANS  
OPERATION MANAGEMENT PROGRAMS AND 

PLANS  

1. Social Management (GS)  Social Management (GO) 

2. Education and Training (EC)  Education and Training (EO) 

3. Management of the Construction Activities (AC) Management of the Operation Activities (AO) 

4. Waste Management (MR) Waste Management (RO) 

5.  Monitoring (SM) Monitoring (SO) 

Management Programs for the Construction Phase 
The programs established for environmental and social management during the construction 
phase will be performed by the contractor under the supervision of the designated ACP EHS 
management group.  The programs and individual components are described as follows: 

Social Management Program  

This program establishes the mechanisms for interaction between the Project and the 
established communities located in the direct impact areas. An ACP Community Relations 
Officer should be assigned and dedicated to this program to prevent, mitigate, and support 
measures necessary to control the socio-economic impacts. The components of the 
program include the following:  

GS-1 Information and communication to the community 

GS-2 Protection of the social and economic infrastructure 

GS-3 Support in the hiring of local labor  
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GS-4 Support in the use of local goods and services  

GS-5 Restrictive access to fishing and recreational facilities  

Education and Training Program  

This program includes the training activities required to instruct the Contractor and all 
personnel working on the Project on environmental management during construction 
activities.  This is the instrument by which all involved parties of the Project are informed of 
all management measures designed to prevent, mitigate or compensate for potential 
environmental impacts resulting from the execution of the Project activities.  

EC-1 Environmental Education and Training to Contractors 

Construction Activities Management Program 

This management program establishes the environmental management measures required 
to prevent, manage, or mitigate the potential impacts to terrestrial and aquatic resources 
from construction in the Project areas.  

AC-1 Transportation and Mobilization  

AC-2 Sign posting 

AC-3 Site preparation 

AC-4 Concrete and masonry works 

AC-5 Construction of Spillway, ACP Facilities, and Third Part Infrastructure 

AC-6 Aquatic construction activities 

AC-7 Clean up 

The data sheets describing the specific measures of the above programs are presented at 
the end of the report. 

Waste Management Program  

The Waste Management Program for the Project will be aimed at reducing the probability of 
accidental discharges of dangerous materials or substances generated or used during the 
construction activities.  

The program shall apply to contractors, sub-contractors and employees of ACP and in 
compliance with the requirements of the regulatory authorities.  This program shall cover 
storage, handling, transport, disposal and spill control for all liquids and solids waste that are 
potentially harmful to the environment.  
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Liquid and solid waste will be categorized, according to its origin, composition and its 
storage, handling and disposal procedures into the following EPA’s definition: 

• Hazardous Waste: wastes that are corrosive, explosive, toxic, oxidizing, etc., which 
constitute a high degree of hazard to public health or the environment. 

• Non-Hazardous Waste: wastes that are not biologically or chemically active in the 
environment. 

Table 3 shows a classification of liquid and solid waste expected during the construction 
stage. 

Table 3. Typical Construction Waste Classification 

Waste Classification 

SOLID WASTE 

Construction debris contaminated by hazardous 
material 

Hazardous 

Empty drums Non-hazardous if triple rinsed 

Empty paint and coating containers (water-
based without metals) 

Non-hazardous 

Empty paint and coating containers (oil-based 
without metals) 

Hazardous 

Aerosol containers 
Non-hazardous, if empty and 
depressurized 

Trash (waste paper, plastics, cardboard, etc) Non-hazardous 

Wood and scrap metal Non-hazardous 

Sediments from dredging 
Non-hazardous Hazardous 
(depending on metal 
concentrations)  

Excess fill Non-hazardous 

Domestic garbage and food waste Non-hazardous 

LIQUID WASTE 

Spent oils Hazardous 

Domestic wastewater (untreated) Non-hazardous 
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Although it is anticipated that the majority of construction wastes will be non-hazardous and 
should not cause any detrimental effects to the health of humans, flora and fauna, they may 
be considered a visual impact and can become an nuisance or create work area hazards.  
The hazardous waste, on the other hand, can contain small amounts of residual substances 
(such as used lubricating oil) which when released into the environment may impact the 
ground or surface waters.  

The liquid waste and oil products represent the most severe threat to the environment due to 
the difficulty in controlling their flow and infiltration in porous materials if they are not 
contained.  Substances such as lubricants, chemicals, oils, and fuels can contain 
components that are toxic to both plants and animals; in addition, some of these products 
are flammable and can be a fire hazard. 

The waste management program has been divided into the following programs which are 
fully described at the end of the report: 

MR-1 Liquid Waste Management 

MR-2 Solid Waste Management 

Monitoring Program 

The monitoring of the Project is complimentary to the environmental impact assessment and 
planning process conducted during the feasibility Environmental and Social Impact study.  
The Project monitoring program uses instruments such as inspection, monitoring, and 
auditing to determine if the environmental impacts identified during the feasibility 
environmental assessment actually occur and if the measures designed to manage them are 
working effectively.  Monitoring is the procedure that is utilized to establish the relationship 
between what is forecast and planned during the Environmental Impact Assessment and 
what actually occurs and is implemented during the construction and operation of the 
Project.  

a. Inspection  

Inspection is the verification of compliance with contractual and environmental specifications 
established for the Project. 

Inspections should be conducted during the course of the construction by specialists able to 
interpret the environmental specifications for the Project established during the 
Environmental Impact Assessment process.  The inspectors will verify that during the 
execution of the project the best environmental protection practices are being applied in 
accordance with the specifications established during the assessment process.  
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The priorities of the environmental field inspections for this project involve the monitoring 
and control of potential impacts identified in this report.  Three separate field inspection 
teams are recommended: a) health and safety, b) environment, and c) community issues.  

b. Audits 

An environmental audit is considered an internal monitoring instrument through which ACP 
can objectively evaluate its operations in a regular and proactive manner, so as to reduce 
the risks and costs associated with unforeseen environmental issues.  

The audit should review the internal management systems applied and will also identify 
areas where potential environmental, social, health or safety issues are a concern. 
Identifying such existing or potential issues will bring the following benefits to the Project:  

• Provide advanced warning detection; 

• Assure compliance with regulatory conditions; and 

• Verify the efficiency of the established environmental management policy. 

c. Monitoring 

Environmental monitoring is a technical instrument, through which changes brought about 
by the Project are measured and assessed.  Monitoring also checks the measures 
implemented to control the changes forecast during the preliminary project stages. 

The recommended monitoring that shall be applied during the construction and operation of 
the Project consists of measuring environmental variables during the construction and 
operation to determine if any changes have occurred as a result of Project implementation.  

The effects monitoring for the Project will identify changes by comparing baseline data that 
will be collected during the formal Environmental Impact Study to the data collected during 
and after the construction of the Project. 

A monitoring program should be established for the environmental components considered 
important during the construction stage as listed below: 

SM-1   Compliance monitoring of social management; 

SM-2 Monitoring of water quality; 

SM-3 Monitoring of air quality; 
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SM-4 Monitoring of noise levels; 

SM-5 Monitoring of aquatic sediment; 

SM-6 Monitoring of aquatic ecosystem; 

SM-7 Monitoring of the solid waste management. 

The data sheets listed are fully described at the end of the report. 

Health and Safety Program 

Safety on the project is a fundamental concern of the ACP and is a key performance 
measure for the team that will direct the design, construction, and operation of the Project. 

The main objective is to avoid safety related incidents during the Project by the Contractor, 
subcontractors, consultants, communities and third party workers.  

The main objectives for the Health and Safety program are: 

• To have safe work places that comply with health and environmental requirements; 

• To have work systems and methods that do not pose risks to health, safety or the 
environment; 

• To design, construct and operate all facilities accident free; and, 

• To have personnel trained and equipped to recognize, assess and control risk 
scenarios. 

Implementation of the safety plan will involve training, role definition and identification of 
responsibilities, as well as development of an emergency response plan to confront any 
events that arise during the project.  Worker safety rules will, as a minimum, comply with the 
current Panamanian and/or internal ACP regulations. 

In order to achieve the objectives of the Health and Safety Plan, the organization of the 
project shall follow the recommendations given below: 

• Comply with all applicable the health and safety laws and regulations; 

• Have qualified personnel for performing and supporting risk management activities, 
and to enforce the compliance of safety rules and regulations; 

• Adoption of health and safety procedures to prevent injury and accidents and to 
protect the Project’s physical and financial resources; 
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• Consideration of environmental, and health and safety as criteria when preparing 
contracts; 

• Provide employees, the Contractor and sub-contractors with proper training in order to 
ensure that all personnel are trained in health, safety and environmental protection 
issues; 

• Evaluate the progress towards safety systems and a safe and healthy work 
environment; and 

• Design all installations using current and applicable safety standards and operate 
installations with the best health and safety practices. 

Contingency Plan Guidelines 

The purpose of the contingency plan is to combine the efforts of the Contractor and ACP in 
dealing with any emergency during the construction of the plant and aquatic facilities.  It is to 
guarantee immediate response and return to normal conditions using established 
procedures. 

The Contractor shall prepare its own Contingency Plan based on a risk analysis that 
considers all of the possible scenarios related to construction activities. The Contingency 
Plan shall be approved by ACP, for the possible contamination of Gatun Lake and the 
Chagres River by ships or barges utilized during construction (dredging, pile driving, 
construction of cofferdams, hauling of rocks and construction/plant equipment, etc.). 

All Contractor and ACP personnel will be trained in the use and responses for the 
Contingency Plan. 

The Contingency Plan shall be updated when important changes occur and shall be 
reviewed at least once a year. 

A summary of the general guidelines that the Contractor shall consider in its contingency 
plan for handling emergencies during the construction phase of the Project is presented 
below. 

Strategic Plan 

The Strategic Plan defines the structure for emergency response, the functions and 
responsibilities of the people in charge of executing the plan, required resources, and the 
response strategies applicable to probable scenarios established in the risk analysis for the 
construction. 
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The Strategic Plan should contain, as a minimum:  

− Responsibilities in case of emergency;  
− The organization and required resources for an efficient response;  
− Response, prevention and control strategies;  
− Communications and command center establishment; and  
− Use of emergency control equipment. 

Operational Plan 

The Operational Plan determines the techniques to be applied for controlling emergencies 
caused by fires or explosions, landslides and natural threats, bodily injuries, vehicle 
accidents, fuel spills, etc.  It also determines the procedures for each response phase, as 
established in the Strategic Plan. 

The Operational Plan should contain as a minimum:  

− Initial procedures, such as preliminary evaluation and notifications; 
− Establishment of a command center; 
− Selection of an operational strategy for controlling an emergency; 
− Determining the scale and scope of an emergency; 
− Senior level decision-making procedures; 
− Transport and call-up; 
− Emergency records; and, 
− Post emergency response review, which contains a review of the effectiveness of the 

Contingency Plan and the final emergency report. 

Management Programs for the Operation Stage  
The programs set for the environmental and social management during the operation phase 
of the Project will be established in accordance with the outline provided in the following 
sections.  It is recommended that the ACP staff shall include a full time EHS Manager and 
Community Relations Officer responsible for this ongoing effort during the early stages of 
the operation of Gatun Lake Maximum Operating Level. 

Social Management Program  

This program sets the interactive mechanisms between the project and the communities in 
the area of influence as described in the following data sheets and attached to the end of the 
report:  
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GO-1 Relations with the community  

GO-2 Access restriction   

Education and Training Program 

During operations phase, education shall be provided on the EHS along with training on the 
Contingency Plan to all project personnel as described in the following data sheet: 

EO-1 Education and training of operating personnel 

Operation Activities Management Program 

This program establishes the management measures that shall be implemented during the 
project operation.  This program includes the following activities: 

AO-1 Spillway Operation   

AO-2 Maintenance activities  

At the end of this report, specific measures are described in the corresponding data sheets. 

Waste Management Program 

The objective of the waste management program during operations is to reduce any 
potential impacts to water and soil resources, to prevent accidental spills of hazardous 
products, as well as to prevent the generation of offensive odors and proliferation of pests 
and diseases.  

Waste management will comply with all the requirements for storage, handling, transport 
and final disposal in Panama regulations that are applicable at the start-up of operations as 
well as any regulation that is issued during the operation stage.  The waste management 
program will be applied by all ACP employees and any contractors that provide services to 
the proposed spillway and any facilities associated with this Project.   

Waste Description 

The wastes generated during the operation stage will be classified as Hazardous and Non-
Hazardous. Table 4 presents wastes expected during operations. 

Table 4.  Typical Waste Generated During Operation Stage 

Type of Waste Classification 

SOLID WASTE 
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Type of Waste Classification 

Trash (wood, paper, plastics, 
glass) 

Non-Hazardous 

Bags and empty containers 
Hazardous/Non-Hazardous, depending on the product 
it contains 

Filters Hazardous / Non-Hazardous 

Oil sludge from API/CPI Hazardous 

LIQUID WASTE 

Rain water Non-Hazardous 

Spent oils  Hazardous 

Drainage from the process Hazardous  

Effluents from process Hazardous / Non-Hazardous 

Chemical compounds Hazardous / Non-Hazardous 

Effluent from sewage Non-Hazardous 

 

The waste management will include the following programs: 

RO-1 Liquid Waste Management  

RO-2 Solid Waste Management 

The specific measures contemplated within Solid and Liquid Waste Management during the 
operation stage is described at the end of this chapter.  

Monitoring Program  

The operations monitoring program will measure and assess environmental changes 
induced by the project or forecasted during the EIA.  

The results obtained during monitoring will be compared with the environmental 
characteristics found during the baseline studies and quality standards established in 
Panamanian legislation and in Guidelines of International Organizations.  (For example: 
World Bank, EPA, WHO, etc). 

SO-1 Monitoring of the Water Quality 

SO-2 Monitoring of the Aquatic Sediment 
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SO-3 Monitoring of the Aquatic Ecosystem 

S0-4 Monitoring of the Shoreline  

 

The data sheets listed are fully described at the end of the chapter. 

General Approach to the Contingency Plan 

The Contingency Plan for spills and emergency response during the operation of the 
spillway shall be submitted to ACP for approval. The preparation of the Contingency Plan 
must take into account those activities that during the operations of the proposed spillway 
may result in spills and accidents  

The contingency plan shall be reviewed at least once every year or when any changes to 
operating procedures or routines are recommended.  

Strategic Plan 

The Strategic Plan defines the structure for emergency response, the functions and 
responsibilities of the personnel in charge of executing the plan, required resources, and the 
response strategies applicable to probable scenarios established in the risk analysis for the 
operation. 

The Strategic Plan should contain, as a minimum:  

− Responsibilities in emergency cases;  
− The organization and required resources for an efficient response;  
− Response, prevention and control strategies;  
− Communications and command center establishment; and, 
− Use of emergency control equipment. 

Operation Contingency Plan 

The Operation Contingency Plan determines the techniques to be applied to control 
emergencies caused by fires or explosions, landslides and natural disasters, bodily injuries, 
vehicle accidents, fuel spills, etc. It also determines the procedures for each response 
phase, as established in the Strategic Plan. 

The Operation Contingency Plan should contain as a minimum:  

• Initial procedures, such as preliminary evaluation and notifications; 
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• Establishment of a command center; 

• Selection of an operational strategy for controlling an emergency; 

• Determining the scale and scope of an emergency; 

• Senior level decision-making procedures; 

• Transport and call-up; 

• Emergency records; and, 

• Post emergency response review, which contains a review of the effectiveness of the 
Contingency Plan and the final emergency report. 

General Approach to the Closure Plan 
All projects must consider a closure or abandonment plan as part of the environmental 
management of the project.  

Although each project has a useful life, this life can be extended through the use of proper 
maintenance and technology.  As the project continues to operate the following should be 
considered: 

• Maintain high level of safety at all the operational installations; 

• Increase reliability and efficiency; 

• Comply with the Panamanian environmental standards as well as internal ACP 
requirements; and, 

• Adjust operating conditions to market demands regarding the operation of the Gatun 
Maximum Operating Level and the spillway management to ensure that the highest 
levels of operation and reliability of the canal are delivered.  

In this context the closure or abandonment1 of the operation does not occur for technical 
reasons but rather for economic, strategic or other reasons. 

The closure of the operation should be a programmed action that: 

                                                 
1 Abandonment is understood to mean the dismantling of the project.  Another other possibility is that 
the owner sells the installations to a third party, in which case that does not constitute closure or 
abandonment. 
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• It ensures compliance with the applicable regulations in the date programmed for the 
closure; 

• In the absence of specific regulations, the proper authorities should be contacted so 
that all closure actions take into account the protection of human life and the 
surrounding environment; and  

Under the conditions outlined above, the general approach that ACP should adopt upon 
closure of the operations of the spillway or any facilities associated with this Project are 
outlined below: 

• The spillway is projected to have a minimum useful life of 50 years, which could be 
extended such that under optimum maintenance condition, the physical life of the 
project could extend for many more years. 

• The installations to be closed should be assessed and handled on an individual basis.  

• Installations to that are to be abandoned will be disconnected from all utilities.  This 
includes pipelines, metering stations, control lines, and other installations. 

• Surface equipment shall be removed from the site, except buildings. It is expected that 
the structures will remain in place until they are sold or demolished. 

• The area and facilities may be converted into an industrial park for other users. 

1.5.3 Implementation Plan Resource Commitment  

The implementation of the Environmental and Social Management Plan for the Project will 
require an investment of financial and human resources by ACP.  The resources will include 
personnel for data collection, analysis and reporting, administration of contracts, and 
preparation and implementation of the EHS and Community Relations Programs. 

Prior to any work at the Project site and before contracts are signed and the Contractor is 
mobilized, ACP will contact the communities to keep them informed of the current status of 
the Project and the details and timing for the activities in the area.  Preliminary meetings 
should be conducted with municipal leaders, authorities, organizations and institutions to 
prepare the groups for establishing representation in the communication and consultation 
meetings that will become an ongoing collaboration with the community. 
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ENVIRONMENTAL MANAGEMENT PLAN - CONSTRUCTION STAGE 
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OBJECTIVE 

To provide project information regarding planned activities, benefits, impacts and 
mitigation measures. 

 

ENVIRONMENTAL ASSESSMENT  

IMPACTS RECEPTORS  

− Disruption of Local Customs  

− Nuisance to the population  

− Disturbance of Infrastructure  

− Restriction of  Fishing and Recreation 
Areas  

− Impacts to ACP and Third Party 
Infrastructure 

− Changes in Employment  

− Communities   

− Communities 

− Public 

− Communities and Tourist  

− Communities and Public 

− Labor force  

 

MEASURES TO BE TAKEN 

Communication Channels  

• Communication processes shall be created between ACP and the communities before, 
during and after Project construction. 

• A Community Relations Officer shall be designated by ACP, who will act as the link 
between the communities, the ACP, and the contractor for collecting the concerns of 
the population regarding the construction of the Project. These persons will be in 
charge of communicating any information required about the project. 

• Local communication systems such as radio and/or print media will be used for 
informing the community about the pending meetings and key milestone construction 
activities.  

• Meetings with authorities, organizations, institutions and representatives of the 
communities shall be held in order to inform them about construction activities, as well 
as issues of social interest.  

GS-1 INFORMATION AND COMMUNICATION TO THE COMMUNITY 
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MEASURES TO BE TAKEN 

Communication with the Community and Authorities  

• Communication with the community will be established to provide a first-level of 
information, coordination, execution and follow-up of all those issues stated in the 
Environmental Management Plan and any other unexpected aspects. The 
representatives and authorities of the community, and the Community Relations Officer 
and the contractor will participate at this level. All parties shall exchange information 
internally with their respective management as appropriate.  

• The communication mechanisms will be structured in order to allow the establishment 
of continuous communication with the community. Such structure will be characterized 
by the assistance of the Community Relations Officer, who will be a professional with 
experience in community relations work and will form part of the personnel of ACP. 

The main duties of the Community Relations Officer will be: 

1. To inform the community prior to the commencement of work; 

2. To act as the link between the community and the management of ACP; 

3. To monitor project compliance with the code of conduct; 

4. To receive consultations, claims and suggestions from the community members; 

5. To resolve and provide conflict management; 

6. To organize meetings with the community and its organizations;  

7. To verify the hiring mechanisms of local labor force utilized by the Contractor; and 

8. To work with the local communities to provide safety training, risks and emergency 
management.  
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OBJECTIVES 

To mitigate the effects on the social and economic infrastructure of the communities in the 
areas influence.  

 
ENVIRONMENTAL ASSESSMENT  

IMPACTS RECEPTORS  

− Temporary disruption of infrastructure  

− Disturbance to the population  

− Public 

− Communities 
 

MEASURES TO BE TAKEN  

• Periodically, construction roads near the Project will be sprayed with water in order to 
minimize dust emissions that could affect the environment. 

• Temporary alternatives will be established, when possible, to prevent the disruption of 
normal terrestrial and aquatic routes required for use during the Project construction to 
minimize impacts to the communities and users of the Lake and Chagres River. 

• A road and transportation plan in accordance with ACP and Ministry of Public Works 
(MOP) requirements will be designed and executed to include the following aspects: 

− A preconstruction survey that describes and documents the roads condition and 
infrastructure utilized to deliver goods and services for the Project; and 

− Determine the transport equipment required and improvements needed to bridges, 
access lanes, etc. in compliance with MOP requirements. 

• Residents of the communities will be informed of the volume of trucks that will transit, 
the time length of use, the transit hours, the possible impacts and the mitigation 
measures proposed.   

• Specific mitigation measures will be adapted for each route and/or situation and will 
include: 

− Driver training for complying with safety standards and assigned routes; 
− Road signs; 
− Speed reduction zones in populated areas; and 
− A hotline for emergency contacts. 

 

GS-2 PROTECTION OF THE SOCIAL AND ECONOMIC INFRASTRUCTURE  
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OBJECTIVE 

To establish general guidelines for hiring the local labor force  

 

ENVIRONMENTAL ASSESSMENT  

IMPACTS RECEPTORS 

− Changes in Employment  − Labor force  

 

MEASURES TO BE TAKEN  

ACP  

• ACP shall specify in the Contractor´s contract that when appropriate employment 
opportunities should be provided to the local labor force with preference to those 
available in the communities corresponding to the direct impact areas.   

• ACP shall ensure that the Contractor complies with the hiring strategy established. 

• The community will be informed of the hiring requirements through the Community 
Relations Officers. The Contractor, through the Community Relations Officers, will 
communicate to the community the procedures for hiring local labor.   

•   The community will be informed regarding the type of laborers required (semi-skilled 
and skilled), duration of the positions, base salaries, additional payments, and medical 
requirements. That information will be available in the communities. 

• The hiring requirements will be communicated by advertisements related to the project, 
detailing the qualifications and the documentation to be submitted, including 
documentation to provide proof of local residence.   

Construction Contractor  

• The Contractor will be responsible for training workers who will be hired directly and for 
insuring the workers hired receive proper training.  

• The Contractor shall prepare a report, which includes the names and origin of the 
personnel hired, date of entry, date of leave, position, and training status. 

 

GS-3 SUPPORT IN THE HIRING OF LOCAL LABOR FORCE  



 

Environmental Management and  Page 27  October 11, 2004 
    Monitoring Report 

OBJECTIVE 
To establish general guidelines for the use of local goods and services.  

 
ENVIRONMENTAL ASSESSMENT  

IMPACTS  RECEPTORS  
− Use of local goods and services   − Communities 

 
MEASURES TO BE TAKEN  

•  ACP shall specify, as one of its requirements for contractors, to establish a preference 
for purchasing local goods and services that may be available in the direct and indirect 
impact areas.    

• The community will be informed through the Community Relations Officer of the need 
for resources and services required for the construction of the project. 

• The Contractor, through the Community Relations Officer, will coordinate with the 
community to establish procedures for purchasing local goods and services. 

• The types of goods and services required, and the time or duration will be established. 
All the information will be available in the communities.  

• The purchase of goods and services required during construction will be evaluated 
based quality, quantity, availability, and pricing in the direct and indirect impact areas. 

• If the services or resources are not available at the local level on a competitive basis, 
the regional and national level will be considered for such items such as protective 
clothing and equipment for construction workers including gloves, safety shoes, 
respirators, among others. 

• The Contractor will prepare a report containing the services and resources used, 
origin, and date of purchase.  

• The Contractor will be encouraged to purchase basic supplies in local stores, 
communities and cities close to the Project without disrupting local pricing and 
supplies. 

GS-4 SUPPORT IN THE USE OF LOCAL GOODS AND SERVICES   
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OBJECTIVES 

To provide proper notification of restricted areas during construction activities in Gatun 
Lake and the Chagres River to reduce the risk of accidents. 

 

ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 

− Restriction of fishing and recreation areas. 

− Accidents in restricted zones 

− Local  fishermen and tourists 

 

− Communities 

 

MEASURES TO BE TAKEN 

Information 

Activities in the construction areas of Gatun Lake and the Chagres River, as well as in the 
vicinity of other ACP and third party facilities, will be restricted and therefore:   

• Before starting the construction, local fishermen and potential tourists will be notified 
that access to certain areas around the construction activities will be restricted, for  
safety considerations.  

• The Community Relations Officer will be in charge of communicating through the 
established communication channels, at least 30 days prior to the day in which the 
access to certain areas will be restricted. 

Restriction for local and recreational water crafts  

The access of boats during construction of the spillway and other aquatic facilities will be 
restricted to avoid any potential accidents  

 

 

 

GS-5 RESTRICTION OF FISHING AND RECREATIONAL AREAS  
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OBJECTIVES 

To educate and train all personnel on the application of the environmental, and 
occupational health and safety requirements under which all project construction activities 
shall be conducted.  

To train the Contractor in the use and application of the Environmental Management Plan 
for performing the construction activities under environmentally sustainable criteria. 

 

ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 

− Improve conduct of the workers 

− Prevent Accidents 

− Minimize environmental impacts  

− Communities and general public 

− Contractor’s employees 

− Physical and Biological Environment 

 

MEASURES TO BE TAKEN 

Environmental management training will consist of communicating Environmental, and 
Health and Safety information for applicable construction activities, as well as the 
requirements of the Environmental Management Plan, applicable regulations, contractual 
liabilities, and environmental issues that are relevant to the Project. All employees shall 
receive instruction regarding the EHS programs and requirements.  Additionally, the 
Contractor shall develop a training program in EHS issues during the course of all the 
construction phases of the Project. 

The introduction and the training program will be the responsibility of the Contractor‘s EHS 
department and shall use appropriate educational methods for on the education level of 
the target group.  

A partial list of topics that should be included in the training program is shown below: 

 

• Environmental management during construction activities; 

• Code of Conduct; 

• Waste management; 

EC-1 ENVIRONMENTAL EDUCATION AND TRAINING TO CONTRACTORS 
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MEASURES TO BE TAKEN 

• Dust control; 

• Management of hazardous materials; 

• Spills and response plans; 

• Risk analysis of the construction activities and emergency response plan;  

• First Aid; 

• Personal protection equipment; 

• Occupational health; and 

• Natural resources of the region and importance of their conservation. 
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OBJECTIVES 

To avoid the deterioration of the access roads, as well as to reduce the risk of accidents in 
the direct and indirect impact areas. 

To reduce the contamination produced by noise and fugitive emissions generated by 
equipment, machinery and vehicles. 

 

ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 

− Increased noise levels 

− Alteration of the air quality 

− Interruption of infrastructure 

− Alteration of local traffic patterns 

− Public and Communities 

− Public and communities 

− Public and communities 

− Communities 

 

MEASURES TO BE TAKEN 

Most of equipment and materials used during construction will arrive at the either the 
proposed spillway site or facilities requiring retrofit via Gatun Lake or roadways to the 
Project site. Therefore, it is assumed that the road used the most for the transportation of 
machinery, equipment and materials corresponds to the Transisthmithian Highway route. 
Additionally, mobilization of personnel will mainly use the Transisthmithian Highway 
between Colon and Panama City and Gatun Lake. 

During transportation the following recommendations will be considered: 

• Prior to transportation on highways or public roads, a photographic record of the main 
structures and the current status of the roads to be used shall be prepared. In this 
inventory, the road operator (either national, departmental, town council, private, etc.) 
as well as the type of roads to be used, speed limits and infrastructure limitations will 
be identified; 

• Inspections will be carried out during the period that the road is being used in order to 
verify the stability and performance of the structures, as well as to determine the need 
of reinforcing, repairing or constructing additional ones;  

 

AC–1 TRANSPORTATION AND MOBILIZATION 
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MEASURES TO BE TAKEN 

• During the construction stage of the project, non-paved roads and internal roads on 
the project site that are being used will be sprayed with water to reduce dust 
emissions;  

• The entrance and exit to the Project from/to existing roads or highways shall be 
modified through the construction of additional lanes for acceleration - deceleration 
and access to the site as required; 

• All trucks and transporters will meet driver training and vehicle safety standards prior 
to being employed; 

• The use of mufflers in the exhausts of vehicles, machinery and heavy equipment shall 
be required; 

• Periodic maintenance of vehicles, machinery and equipment will be carried out, 
ensuring the safety and synchronization and carburetion of the engines; and 

• Washing of machinery, equipment and vehicles will be forbidden in areas close to 
Gatun Lake, in order to avoid any discharge of lubricants and fuel. 

• Selection of the least environmentally damaging access road and controlling erosion, 
safety considerations and impacts to local communities. 

 

Heavy Loads 

• Machinery or heavy equipment transported on caterpillar/tracked machinery by main 
or secondary roads will be restricted; low-bed trailers shall be used for such kind of 
transportation; 

• Over weight and over-wide loads shall be avoided, during the transportation of 
machinery and equipment. When, for shape or size reasons, the load can not meet 
this recommendation, proper road signs as well as sign posts for heavy, large and 
wide load shall be used. In the routes on national or departmental roads, escort 
vehicles shall be provided. In the same manner, proper schedules shall be chosen for 
the transportation of these types of loads, considering the non-rush hours as well as 
the hours with less presence of pedestrians in the populated zones;  

• The maximum permissible weight shall be evaluated for all roads to be used to 
transport heavy loads. The Ministry of Public Works should be consulted to obtain the 
proper permits and coordinate the permit requirements if the loads limits may be 
exceeded. Additionally, the need for constructing drainage works, retaining works, 
bridge reinforcement and culverts will be identified; 
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MEASURES TO BE TAKEN 

 

• All the procedures required for the transportation of special heavy loads will be 
provided by the Contractor, and will include obtaining government authorizations, 
making temporary or permanent road modifications, providing road signs, giving 
information to the public, and requesting the participation of the traffic officers; 

• When transporting loads which disrupt the normal traffic movement, the population 
shall be informed through multiple forms of communication. Additionally, road signs 
will be posted as needed to assist traffic flow; and. 

• All the vehicles involved in the project will be required to comply with the maximum 
permissible levels for emissions. 

• Transportation of equipment via the Panama Canal though sections of Gatun Lake 
shall be coordinated with ACP.  

 

Personnel 

• The mobilization of personnel to and from the project site will be carried out using 
vehicles that meet all mechanical and safety specifications as requested by ACP.  
Periodic inspections of vehicles conditions and maintenance will be performed by the 
Contractor and reported to the ACP’s EHS representative.  

• Drivers shall have driver’s license and shall take defensive driving courses.  Drivers 
shall follow established speed limits as well as any additional road warning signs. If 
any traffic violation or incident occurs; ACP reserves the right to penalize violators and 
to terminate the employment of repeat offenders. 
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OBJECTIVES 

To prevent negative impacts on the environment and to prevent accidents by personnel 
working within the Project, warning signs will be posted in different areas of the 
construction site. 

 

ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 

− Worker Accidents 

− Nuisance and pollution 

− Construction personnel 

− Communities 

 

MEASURES TO BE TAKEN 

Sign posting shall not be considered as a substitute for personal protection measures and 
shall be used when those measures are not able to eliminate or to sufficiently reduce 
risks.  Neither shall they be considered as substitute of the occupational health and 
safety training and information for the workers. 

Sign posting of work access and other specific sites will be developed taking the following 
criteria into account.  

Signs to be utilized include: 

Environmental: The conservation of the natural resources and the prevention of the 
impacts on the environment that will be generated during construction (For example:  
do not throw solid and/or liquid wastes to the water bodies, etc.); 

Preventive: Warning personnel and general public of the existence and nature of a hazard;

Regulatory: Indicating limitations, prohibitions or restrictions; and 

Informative: Identifying and guiding users, providing them with information and the 
directions that must be followed; 

Once the work construction is finished and vehicle traffic returns to normal, the roads shall 
have proper signs posted. 

 

AC–2 SIGN POSTING 
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MEASURES TO BE TAKEN 

The following recommendations will be considered: 

 

Work areas where there are hazards that can not be eliminated, shall be required to post 
signs that indicate prohibitions, danger warnings, obligations to be fulfilled and any 
other necessary information; 

Standardized safety, warning and traffic signs will be utilized; 

Signs will be strategically located in visible places, in the work places, in such a way that 
personnel clearly receive all of the information contained in the sign posting; 

Signs will have proper size and dimensions for allowing their clear visibility from the 
furthest point necessary to provide warnings; 

Roads, storage areas, the parking areas for lifting and transportation of equipment, fire 
fighting equipment, and evacuation exits shall be well delineated and posted with 
appropriate signs;  

Alarms and other acoustic signals will be required to be clearly heard and understood by 
the workers in either their residence or workplace;  

It is necessary to ensure that personnel use the proper hand signals for communication 
according to the stand safety codes, particularly when in lifting and transporting loads; 

All personnel will be properly informed of the safety signs, their meanings and actions that 
shall be taken; 

All requirements to be fulfilled by sign posting, shall be reinforced by written 
documentation available to all the workers; and  

The emergency sign posting will be visible though a power failure. 

Signage should use universal symbols where appropriate or be written in Spanish (and 
other languages as appropriate if foreign contractors are used). 
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OBJECTIVES 

To prevent and mitigate environmental effects generated during site preparation activities; 
including earthwork, adequate internal and external accesses and construction of access 
roads, construction of temporary facilities (parking areas, fenced areas, offices, material 
and fuel storage areas).  

 

ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 

− Air quality alteration 

− Sediments  

− Structural changes of the soil 

− Alteration of the physical-chemical 
quality of the soil 

− Alteration or destruction of habitat  

− Alteration or destruction of the 
archaeological resources 

− Public 

− Water 

− Soil 

− Soil 

 

− Aquatic Ecosystem, Terrestrial Flora and 
Fauna 

− Cultural 

 

MEASURES TO BE TAKEN 

Earthwork 

A survey should be conducted by a biologist of each area where earthwork is needed 
immediately prior to such activities to determine the presence of rare or protected species.  
If a rare or protected species is identified in the project area, ANAM should be contacted.  
ACP, together with ANAM, will establish a procedure prior to the start of earthwork to avoid 
or minimize impacts to the species.  All personnel involved in earthwork will be briefed on 
the plan prior to the start of earthwork in this area.  If a protected or rare species is found 
after work has commenced, work should cease in this area and ANAM and ACP should be 
notified immediately.  Work will not resume in this area until a plan is developed to avoid or 
minimize impacts to the species. 

A Phase 1 Archeological Resources Survey should be conducted in each area where 
earthwork is anticipated prior to such activities to determine if archaeological or cultural 

AC–3 SITE PREPARATION  
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MEASURES TO BE TAKEN 

resources are present in this area.  If archeological or cultural resources are identified 
within the project area, then the appropriate government agency should be contacted to 
determine suitable measure to mitigate impacts to the resource(s). 

Use of water to control dust and particulates in areas under construction and internal 
roads; 

Silt fence or other appropriate erosion control measures will be used to control erosion 
from disturbed or bare soil areas. 

To the extent possible, the excavated materials shall be used for fill in order to reduce the 
quantity of surplus material. 

The surplus material of the earthwork shall be disposed in a previously identified, 
approved and authorized place on the worksite or off-site at approved locations; 

The machinery used for the earth work will be periodically checked to prevent mal function 
of the engines and the muffler system. Additionally, they shall comply with maximum 
permissible levels of emissions as required by local regulations. 

If archaeological artifacts are found during the earthwork, work in the affected area will be 
stopped and cordoned off with a protective barricade and the proper authorities shall 
be notified and steps taken to preserve the archaeological artifacts.  Work will 
recommence in the affected area after the artifacts have been properly removed. 

The materials required for fill shall come from approved borrow areas. The transportation 
of this material shall be carried out in proper vehicles and using a cover to preventing 
spills and dust; 

All machinery used for the earth works shall have a backup alarm for alerting the 
personnel that are near the maneuvering area; 

Gatun Lake water will be used in soil compaction, dust control and other construction 
activities to avoid the use of water trucks traveling to and form the Project site from off-site 
sources: and,  

In the case of temporary excavations, the material will be temporarily disposed of at a 
prudent distance from the excavated area. 

 

Temporary Installations 

Temporary installations will include construction material storage area, temporary offices, 
sanitary systems, fuel storage area, workshops, warehouses, and temporary waste 
disposal area; 



 

Environmental Management and  Page 38  October 11, 2004 
    Monitoring Report 

MEASURES TO BE TAKEN 

In the work areas, temporary toilets shall be provided and distributed according to the 
number and location of personnel. Sludge disposal will be managed by a private 
company that provides the temporary toilets; 

For the existing or facilities to be retrofitted, a sewage treatment system shall be provided; 

The material storage areas shall have proper signs specially if there are hazardous 
materials stored; and 

The Contractor will take all the necessary precautions and will implement all the measures 
required for loading areas and for minimizing risks.  

 

Fuel Management 

Temporary fuel storage tanks shall be located on an platform surrounded by an 
impermeable secondary containment system with the capacity to store at least 110 
percent of the capacity of the tank; 

The fuel storage area shall be properly posted, indicating the procedures to be followed in 
case of emergencies. All equipment required for emergency control, such as fire 
extinguishers and absorbent material for spill control shall be located near the fuel 
storage area in order to minimize the response time;  

All fuel storage containers shall be identified with the type of product and their capacity; 

The transport of fuels within and outside the Project area shall be performed in appropriate 
vehicles that comply with the regulations of ANAM and the Ministry of Public Works. 
The products transported shall be identified and classified in accordance with universal 
placard protocols for establishing the nature of the transported product. It will be 
required that every vehicle transporting fuels be equipped with spill control and clean 
up materials; 

A spill prevention and control plan shall be implemented. All the workers responsible  for 
dealing with the storage, handling and transport of oils and fuels, shall be familiar with 
the spill response plan. 

In case of spills, the material contaminated with fuel, lubricants, or other substances shall 
be removed as soon as possible, treated according to remediation guidelines, disposed 
of in accordance with applicable regulations, and reported to the appropriate authority; 
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OBJECTIVES 
To minimize the environmental impacts generated during the construction of civil works. 

 

ENVIRONMENTAL ASSESSMENT 
IMPACTS RECEPTORS 

− Air quality alteration 

− Sediments 

− Alteration of the physical-chemical quality of the 
soil 

− Alteration of the habitat quality 

− Air 

− Water 

− Soil 

− Aquatic Ecosystem 

 

MEASURES TO BE TAKEN 

A concrete batch plant is anticipated to be installed in the spillway area for the construction 
of structural components of the spillway foundations, channels, etc.; 

Construction materials such as cement, reinforcing steel, aggregate will be stored in 
designated laydown areas at the site or in a material storage warehouse.  

Aggregate required for the preparation of concrete shall come from areas with valid 
permits. Vehicles used for transportation shall be covered for preventing the loss of 
aggregate.  Aggregate will be stored in designated laydown areas, allowing the 
material to remain free of dirt and foreign elements. The material stored will be sprayed 
with water for dust control and surrounded by silt fence.  The same measures shall 
apply for any rip-rap or borrow material needed for construction of the spillway. 

Gatun Lake water will be utilized for the preparation of concrete, dust control, etc.;   

Personnel in charge of the preparation of concrete mixes shall have all personal protection 
equipment, specially gloves, safety boots, helmet and respirator; 

At the end of the working day, cleaning squads will be in charge of picking up the waste 
generated during the day. The guidelines for managing these waste are presented in 
the data sheet MR-2 for Solid Waste Management; and 

In work areas, proper containers will be used for the collection of waste, according to their 
characteristics. 

AC–4 CONCRETE AND MASONRY WORKS 
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OBJECTIVES 

To prevent and control impacts generated by the construction the spillway superstructure 
and retrofitted facilities  

 

ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 

− Increase of noise levels 

− Sediments 

− Alteration of the physical-chemical 
quality of the soil 

− Workers  

− Water 

− Soil 

 

MEASURES TO BE TAKEN 

Storage of raw materials for the construction of spillway superstructure and retrofitted 
facilities including structural steel, formwork, welding materials, shall be located in 
approved laydown areas that are level and provide sufficient stability, and prevent 
direct contact with the soil. Personnel involved in the construction activities associated 
with this task shall have personal protection equipment and shall be trained for 
executing the tasks assigned in a safe manner; 

The temporary storage of all materials shall be properly posted;  

All work associated with the construction of the spillway and retrofitted facilities shall be 
executed using the appropriate tools, safety equipment, and erosion and sedimentation 
control measures;  

All of the construction waste generated shall be picked up and classified according the 
material quality, according to the measures proposed in data sheet MR-2 solid waste 
management; 

During welding, cleaning and painting work, all of the necessary precautions shall be taken 
collecting, classifying and providing temporary storage of all packing materials and 
waste material. Waste material will be segregated and treated according to the 
program stated in solid waste management data sheet MR-2;  

AC–5 CONSTRUCTION OF SPILLWAY SUPERSTRUCTURE, ACP FACILITIES AND 
THIRD PARTY INFRASTRUCTURE 
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MEASURES TO BE TAKEN 

During the painting activities, preventive measures shall be taken to prevent spills of paint 
and solvents. Containers shall be properly covered during transport and management 
of these products; 

During the unpacking operation of equipment and fittings, recyclable materials will be 
separated and treated according to the guidelines for solid waste management; and  

During the unloading of all heavy equipment (structural, electrical, instruments, etc,) and 
pipe, an industrial safety inspector shall be present for directing the operations in a 
safe manner. 

Welding 

Solid waste generated from welding shall be collected, especially cut metal pieces, 
welding rods and welding residues. 

Welding in areas where flammable products are being used or where painting is 
conducted will require a hot work permit. 

Welding residues shall be managed according to the Solid Waste Management data sheet 
MR-2. 

Radiographic Control  

Only qualified personnel will be hired to perform radiographic tests. Only persons that are 
registered with a competent authority for the management of radioactive material and 
that are trained for that task will be employed;  

For the management of radioactive sources, the Contractor will be required to follow the 
applicable regulations for radiological and nuclear safety for storage, handling and use.

 The Contractor will be responsible for the management of liquid waste from radiographic 
film developing;  

Personnel conducting radiographic work will use individual dosimeters or devices for 
measuring radiation as well as the personal protection equipment; 

Eating, smoking and drinking are forbidden in all areas where radiographic tests are 
performed; 

All packing, which contains radioactive materials, will have the proper labels. Its surface 
shall be free of any radioactive contamination; and 

During the radiographic tests on any materials, personnel will not be allowed within a 50 m 
radius. The area shall be sign posted during testing. 
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OBJECTIVES 

To mitigate the impacts generated during the construction of the installations in Gatun 
Lake and Chagres River including installation of cofferdams, dredging and reshaping the 
spillway site, construction of discharge channel in the Chagres River.   

 

ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 

− Increase of the noise levels 

− Alteration of physical-chemical quality of 
Gatun Lake and the Chagres River. 

− Alteration of the characteristics of aquatic 
communities 

− Changes in fish catch 

− Alteration of local customs. 

− Nuisance caused to the population  

− Restriction of local fishing and recreation 
use. 

− Personnel and neighboring 
communities 

− Water 

− Aquatic flora and fauna 

 

− Fishermen 

− Communities 

− Communities 

− Communities and tourist 

 

MEASURES TO BE TAKEN 

Dredging 

• Prior to the construction of the spillway or discharge channel, the material to be 
dredged will be physical-chemical characterized to depth of the dredging. The 
characterization will be performed to test the existence of any kind of contamination on 
the material that will be removed.   

• The area for the disposal of dredged material will be defined through the assessment 
of the offshore environmental characteristics, taking into account the lowest grade of 
impact on the aquatic communities. Recommendations of international organizations 
such as USEPA will be considered. 

 

AC–6 AQUATIC CONSTRUCTION ACTIVITIES  
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MEASURES TO BE TAKEN 

•   The dredging operation should include procedures for discharge and disposal of the 
material. The maintenance program for the spillway discharge channel and the 
monitoring program for the operations will be included in the study (see data sheet SO-
3 “Monitoring of the Aquatic Sediments”). 

• During the dredging activities, water quality monitoring will be conducted to ensure that 
the level of turbidity levels are maintained to less than 30 NTUs (see data sheet SM-2 
“Monitoring of the Water Quality”). In the case that turbidity levels exceed this level, 
control measures shall be implemented.  For planning the dredging work, fishing 
patterns and other environmental factors such as strong currents or increased turbidity 
due to the discharge of the rivers close to the project area, shall be considered. 

• The dredging barges shall have an emergency response plan including response to 
fuel spills, fires and accidents.  

• The work area shall be marked with buoys and the access of non-authorized personnel 
shall be restricted to avoiding accidents.  

• All wastes generated within the barges shall be managed according to the solid waste 
management program (see data sheet MR-2). 

 

Cofferdam Pile Driving 

• High noise levels that could affect neighboring communities are not expected, 
however, sound pressure levels shall be measured during the installation of cofferdam 
walls, etc. especially in the vicinity of residential/commercial and industrial receptors 
(see data sheet SM-4). 

• Personnel working in the pile driving activity shall use personal protection equipment, 
especially ear protection. 

• All of the waste generated shall be managed according to the solid waste management 
program. 

• Proper equipment for contingencies shall be available.  

 

Shoreline Reinforcement 

• The material that will be used for the construction of shoreline reinforcement will be 
transported to the site by barges. These barges shall have a contingency plan and all 
the emergency equipment for responding to any emergency. 
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MEASURES TO BE TAKEN 

• The area of breakwater construction will be marked with buoys and the access of non-
authorized personnel will be restricted to avoiding accidents. 

• A monitoring program of the shoreline shall be established to determine the 
sedimentation and erosion effects of the shoreline protection. (See data sheet SO-7). 

General Considerations 

All the ships/barges and equipment that will be utilized during the construction of the 
aquatic facilities will receive periodical maintenance for preventing any accidental 
discharges of fuel or lubricants during   execution of the work. 
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OBJECTIVES 

Establish the standards that shall use during the restoration and clean up of the project 
areas affected by construction.   

 

ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 

− Alteration of the physical-chemical quality of 
the soil 

− Alteration of water quality  

− Soil 

 

− Water 

 

MEASURES TO BE TAKEN 

The closure of the construction activities will require the immediate restoration and 
cleaning of all work areas  

The activities to be carried out during the restoration and cleanup of the areas utilized in 
the construction stage will include: 

 

Work Areas 

Proper removal and disposal of:  

• Solid and liquid wastes; 

• Construction materials and rubble, scrap metal, packing/wrapping material, etc.; and  

• Equipment and machinery, containers, portable chemical toilets, rails, construction 
tools. 

• Stabilization of disturbed soils or vegetation. 

 

Roads 

• Any provisional structures that were installed to mobilize equipment on-site or to 
provide access to the Project will be removed or left in place at the direction of ACP.   

AC–7 CLEAN UP 
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MEASURES TO BE TAKEN 

 
Temporary Camps and Storage Areas 

The following shall be taken into account during the restoration of work areas, temporary 
camps and storage areas: 

• Treatment and final disposal of all soils stained by spills of fuels or hydrocarbons; 

• Removal of all solid waste; 

• Removal and disposal of installations that had been constructed (stairways, paths, 
storage areas, fuel supply areas, etc.) and are not recoverable; and 

• Implementation of erosion control measures in construction areas that had erosion 
problems or that may have in the future. 

 

Soils Remediation 

In areas contaminated by spills such as fuel storage areas and workshops, which in spite 
of the prevention measures adopted, are suspected of having been impacted, soil samples 
shall be taken and tested for Total Petroleum Hydrocarbons (TPH). This analysis will 
determine the TPH concentrations and the soil contamination level. In the event that 
contamination levels surpass 1% of the TPH concentration, in-situ remediation will be 
carried out.  
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OBJECTIVE 
To establish the guidelines for the management of wastewater generated during the 
construction phase of the project. 

 

ENVIRONMENTAL ASSESSMENT 
IMPACTS RECEPTORS 

− Alteration of the physical-chemical 
quality 

− Water, soil 

 

MEASURES TO BE TAKEN 
The Contractor shall prepare a Liquid Waste Management Plan. This plan shall follow the 
current environmental regulations at the time of construction and shall be reviewed and 
approved by ACP considering the following. 

Domestic Liquid Wastes 

During the construction, portable sanitary installations may be used at various work areas. 
For the maintenance of these portable chemical toilets, a worker shall be trained for 
administering the necessary chemicals to the wastes to destroy the organic matter, 
minimizing the production of odors and eliminating pathogenic microorganisms. The 
content of the receiving tank (sludge) shall be held in a septic tank for collection and 
disposal by a licensed disposal subcontractor. 

Hazardous Liquid Wastes  

Even though a high production of liquid wastes is not expected during the construction of 
the plant, the following recommendations must be followed: 

Used lubricant oils, hydraulic liquids and solvents will be collected in tanks, cans, metallic 
barrels or other receptacles, which will be stored in an impermeable secondary 
containment system built or installed in a designated hazardous waste storage area 
until their transport to the recycling sites or final disposition sites previously selected 
and approved. If these wastes are to be recycled, the recycling company contracted 
shall have all the valid permits and comply with all applicable regulations. 

Maintenance of construction equipment such as oil or lubricant changes shall not be 
performed in the work areas. This task will be executed in the places authorized by the 

MR–1 LIQUID WASTE MANAGEMENT 
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MEASURES TO BE TAKEN 
ACP. Fuel storage will be allowed only in areas indicated by ACP and with proper 
secondary containment. 

Wastes generated by the radiographic activities will be managed specifically by the 
radiographic contractor who will be responsible of the final waste disposal, adhering to 
Panamanian regulations. 

Paint and coating residues, finishing and curing additives, etc. resulting from products 
utilized in the work areas will be temporarily stored in containers that are tightly closed 
and transported to the storage area. Once a sufficient quantity is accumulated, waste 
will be incinerated or transported to a landfill for special wastes. 

 The discharge of water that has come in contact with a construction process and 
becomes contaminated should be segregated and prior to the discharge, a physical 
and chemical analysis will be conducted on the water.  In the event that water does not 
meet the discharge criteria established in the Panamanian environmental regulations, 
its treatment shall be required (See data sheet SM-2 “Monitoring of the Water Quality”).  
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OBJECTIVES 

To control the impacts generated by solid waste produce during the construction activities. 

 
ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 

− Alteration of the physical-chemical water 
quality  

− Soil Contamination 

− Surface Water 
− Soil 

 
MEASURES TO BE TAKEN 

• The Contractor shall prepare its own Solid Waste Management Plan based on the 
recommendations provided in this document, which will be reviewed and approved by 
ACP. This plan shall consider all applicable Panamanian regulations concerning the 
management of solid waste. 

• Whenever possible, strategies for waste management will be based on principles of 
reduction, re-utilization, recovery and recycling.  

• Cleaning squads will be formed for daily collection, classification, packaging storing, 
and shipping of solid wastes generated in work areas and temporary camps. 

• Wastes will be classified as hazardous and non-hazardous depending on their 
characteristics. The Contractor's environmental inspector shall be trained to identify the 
types of waste. Any material that cannot be classified shall be treated as hazardous. 

• Local and regional recycling organizations shall be identified that accept recyclable 
materials.   

• Properly labeled containers shall be provided by the Contractor for collecting and 
segregating wastes. Containers shall be segregated by waste characteristics. 

• A temporary waste storage and collection area will be maintained.  Subsequent 
disposal will be made according to classification to an offsite incinerator, recycling 
facility or approved landfill outside of the project area. 

 

MR-2 SOLID WASTE MANAGEMENT 
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MEASURES TO BE TAKEN 

• Proper vehicles for transporting wastes from the work areas to the final or intermediate 
destinations shall be available.  Such vehicles shall be designed to prevent loss of 
cargos during transit. 

 

Domestic and Solid Wastes 

• Waste will be pre-classified as recyclable and non-recyclable when generated. 
Recyclable wastes will be shipped to local or regional facilities. This material will be 
kept in a temporary storage area until there is a sufficient quantity for transport to the 
recycler. 

• Wastes identified as non-recyclable will be stored and transported to municipal landfill.  
Waste will not be disposed on-site in areas where a proper environmental 
management has not been established. For waste disposal in the temporary collection 
areas, resistant containers or barrels will be used and the storage of waste directly on 
the soil will not be allowed. Transportation will have to be done frequently in order to 
avoid proliferation of vectors, odors, rodents and insects. 

 

Hazardous Wastes 

• Wastes from pipe covering, rags soaked with fuel or chemicals, and empty oil and fuel 
drums, etc. will be kept in metallic containers or barrels and also, the option of disposal 
in a landfill for industrial waste or of treatment through incineration will be taken into 
account.   

• A record will be kept, indicating the quantity of waste, transporter and final destination 
of all hazardous wastes (municipal landfill, recyclers, bio-remediation, incineration, 
etc.).  

• Special wastes such as car batteries, print cartridges, etc. will be returned to the 
supplier or authorized recycler.  

• Welding waste generated during the construction will be stored in metallic containers. 
Treatment alternatives shall be analyzed, such as disposal in a licensed waste landfill.  
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MEASURES TO BE TAKEN 

Contaminated Soil 

• Soils contaminated with oil, fuel and grease caused by accidental spills during 
construction, will be excavated and stored. The Contractor shall remove these soils 
from the Project site for proper off-site treatment and disposal. Before providing any 
treatment, the treatment method shall be approved by the ACP.  

 

Temporary Collection 

• A temporary collection area for solid wastes will be designated, where the materials will 
be sorted according to their characteristics (recyclable, re-usable, hazardous and non-
hazardous). 

• Resistant metallic or plastic barrels or plastic bags will be used for the storage of 
wastes. Disposal of waste on the soil will not be allowed. The temporary collection area 
will be established by the Contractor according to the availability of space and under 
the authorization of the ACP Project Manager. The collection areas selected shall have 
facilities for vehicle access, ventilation, and ways for avoiding the contamination of 
nearby areas and the proliferation of insects. The collection areas shall have a roof or 
tent for avoiding the deterioration of re-usable materials and the soil shall be protected 
with a material such as geomembrane, wood or concrete slab for preventing its 
contamination. 

• The temporary storage center wastes will have to be transported to the disposal sites 
for final disposal according to their classification.  

• Upon exiting the collection area, a waste manifest form shall be completed indicating 
the quantities of wastes, type of wastes, treatment and final destination. Vehicles will 
be available for the transportation of waste to the disposal areas. Vehicles for waste 
transportation will be furnished with a cover to prevent the spilling or spreading of 
materials transported. The maximum load capacity of the vehicle shall not be 
surpassed.   
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OBJECTIVE 
Establishment of the mechanisms for verifying compliance with commitments in the Social 
Management Program during the construction stage.  

 

MEASURES TO BE TAKEN 

Designation of Community Relations Officer to verify compliance with the commitments 
made between ACP (through the Community Relations Representative), the Contractor 
and the communities and others as necessary. This Community Relations Officer shall 
perform field visits, arrange meetings and prepare reports. 

Field Visits 

Visit and inspect sites where mitigation measures are being implemented in order to 
determine their development status. 

Meetings 

Arrange regular meetings during construction, with the community and the representatives 
of ACP, to establish which of the proposed actions have been executed, to understand 
the problems that have occurred and to determine the modifications needed to the 
proposed measures.  

Table SM-1.1 presents the social parameters, methods and frequency in which these 
parameters will be monitored during the construction stage of the project.   

Reports 

The reports prepared by the Community Relations Officer shall be submitted to the ACP 
Project Manager as described below: 

Meetings and Topics: Information regarding the results, and content of each of each 
meeting or inspection, questions, answers and contribution of the attendees. The 
attendance roll of the meetings will be enclosed. 

Evaluation: A joint evaluation of the objectives and goals of the Community Relations 
programs will be made by the company and community leaders. 

Follow-up: The Community Relations Officer will revise and review CR programs for 
improvement and modification as needed through periodic reviews. 

SM-1 COMPLIANCE MONITORING OF SOCIAL MANAGEMENT 
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Table SM-1. 1:  Follow-up of the Social Management  

Sampling 
Points  

Follow-up 
Parameters  

Follow-up Methods  Frequency  

Coordination  Meetings, Surveys and Minutes  Monthly  

Utilization of 
Goods and 
Services  

Evaluation meetings will be held 
with the community and 
authorities Minutes and records 
will be kept 

Contractor will prepare regular 
reports of the use of local goods 
and services. 

 Regularly and 
as needed 

Neighboring 
Community  

Hiring local labor 

Evaluation meetings with the 
community and authorities. 
Minutes and Records of 
applications and hiring will be 
kept.  Contractor will prepare 
regular reports on the use of local 
labor 

 Regularly and 
as needed 

Authorities 
and 
institutions in 
the Project 
Area 

Coordination  Meetings and Minutes 
 Regularly and 
as needed 
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OBJECTIVE 
To develop a program for monitoring the water characteristics that may be affected during 
construction activities. 

 

MEASURES TO BE TAKEN 

1. Inspection 

• Regular inspections will be made of Gatun Lake and Chagres River to insure that these 
bodies of water are not being impacted by construction activities; 

• Regular inspections will be made of all potential discharges and receiving waters or 
evidence of stained or distressed soils that can contribute to physical and chemical 
changes to the environment. 

2. Monitoring 

• The location, frequency and parameters that will be monitored during construction are 
presented in Table SM-2.1. 

• All samples will be collected and physical-chemical and bacteriological analysis will be 
conducted under the standards established in the latest Panamanian water quality 
standards for receiving waters. 

• A quality control assurance system shall be implemented, including duplicate and blank 
samples, chain of custody, etc. 

• Table SM-2.2 shows the format of field data to be recorded during the water quality 
sampling. 

Gatun Lake 

• Water from Gatun Lake will be used as a non-potable water supply source. This 
monitoring program will collect and analyze water samples at designated locations near 
the spillway and discharge channel construction.  The water will be analyzed for all 
parameters included in the Panamanian water quality General Law of Water as well as 
of TPH. Table SM-2.3 presents the parameters and allowable limits for Water Use.  

• During construction, water quality samples will be collected from the designated Gatun 
Lake sampling locations in order to identify any change in the water quality attributable 
to the construction activities. 

SM-2 MONITORING OF THE WATER QUALITY 
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MEASURES TO BE TAKEN 

• Water monitoring sampling events will be conducted at the same sampling stations 
where baseline samples will be collected prior to the start of construction.   

• A report shall be submitted the results of the water quality analysis, in order to compare 
them with the results obtained during the environmental baseline studies. In the event 
that the analysis indicates concentrations above the baseline conditions, the coverage 
of the monitoring shall be expanded using additional sampling locations or the frequency 
of the sampling and analysis may be increased. Corrective measure shall be 
implemented if the elevated levels are determined to be attributed to the construction 
activities.   

• The format and criteria for water quality monitoring is presented in Table SM-2.3.  

• During the dredging (earthwork) activities, a daily turbidity monitoring program will be 
established.  The monitoring stations will be located in the work area and upstream and 
downstream for comparison and according to the predominant current direction. At each 
station samples will be taken in the water column.  If turbidity values are greater than 30 
NTUs during the dredging operations, activities will be modified to allow the turbidity 
values to reach acceptable levels. 

Chagres River 

• During construction of the spillway, water quality samples will be collected from the 
designated sampling locations in the Chagres River and Gatun Lake in order to identify 
any change in the water quality attributable to the construction activities. 

• Water monitoring sampling events will be conducted at the same sampling stations 
where baseline samples will be collected prior to the start of construction.   

• A report shall be submitted the results of the water quality analysis, in order to compare 
them with the results obtained during the environmental baseline studies. In the event 
that the analysis indicates elevated concentrations above the baseline conditions, the 
coverage of the monitoring shall be expanded using additional sampling locations or the 
frequency of the sampling and analysis may be increased. Corrective measure shall be 
implemented if the elevated levels are determined to be attributed to the construction 
activities.   

• The format and criteria for water quality monitoring is presented in Table SM-2.3.  

• During the dredging (earthwork) activities, a daily turbidity monitoring program will be 
established.  The monitoring stations will be located in the work areas and upstream and 
downstream of the work areas according to the predominant current direction. At each 
station samples will be taken in the water column.  If turbidity values are greater than 30 



 

Environmental Management and  Page 56  October 11, 2004 
    Monitoring Report 

MEASURES TO BE TAKEN 

NTUs during the dredging operations, activities will be modified to allow the turbidity 
values to reach acceptable levels. 
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Table SM-2. 1: Locations and Sampling Parameters  

Sampling Water  Sampling Parameters 
Sampling 

Frequency 

Gatun Lake 
Physical-chemical and bacteriological 
(Including TPH) 

Monthly 

Gatun Lake  Turbidity Daily 

Chagres River 
Physical-chemical and bacteriological, 
(Including TPH) 

Monthly 

Chagres River Turbidity Daily  

 

Table SM-2. 2:  Format of Field Data for Water Quality Sampling  

Variable Description 

Sampling date   

Sampling point   

Sample Identification   

 Type of sample  

 Sample description  

Color  

Smell  

Sediments  

Oil films  

Observations about the surroundings   

Other  
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Table SM-2. 3:  Parameters and Criteria for Water Quality Monitoring at Gatun Lake 
and the Chagres River 

Parameter Unit Standard 1 

Selenium mg/L  

Mercury mg/L  

Cadmium mg/L  

Chrome mg/L  

Nickel mg/L  

Copper mg/L 1 

Lead mg/L 0.05 

Zinc mg/L 3 

Cyanide mg/L  

Sulfide mg/L  

Arsenic mg/L  

Nitrates mg/L  

PCB mg/L  

Phthalate Esters mg/L  

Phenols mg/L  

BOD mg/L 35 

DO mg/L  

Total Coliform mg/L 1,000 

Fecal Coliform 
NMP/100 
mL 

 

TPH   

 
1 Regulatory limits based on resolution 350, July 26, 2000. 
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OBJECTIVE 
To develop a monitoring program for air quality with measures to control motor vehicle 
emissions and dust generation within the project. 

 

MEASURES TO BE TAKEN  
1. Inspection 

• Daily visual inspections of atmospheric emissions will be conducted, especially dust 
and emissions from vehicles and machinery. During the inspections, emphasis shall 
be given to the implementation of dust reduction measures such as irrigating the 
exposed soil, areas of vehicle circulation and areas for material storage. 

• Verification that all personnel use proper respiratory protection in high-risk work areas. 

2. Monitoring 

• All the vehicles that will be used during construction shall be maintained in proper 
working order to minimize the emissions generated during their operation.  

• No vehicle or machinery will be allowed to continue to operate if it does not meet the 
Panamanian emission standards, and a record of periodic checks and annual 
emission inspections as required by local regulations, shall be maintained.  

 

  

SM-3 MONITORING OF THE AIR QUALITY  
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OBJECTIVE 
To develop a monitoring program focused on controlling noise produced by the 
construction activities which may affect the personnel and public related with the project.    

 

MEASURES TO BE TAKEN  
1. Inspection 

• Frequent inspections of personnel protection measures, equipment and methods will 
be made.  Additional protective measures will be utilized as necessary.  Contractor will 
provide reports to the ACP Project Manager. 

• Verify the use of mufflers on the exhaust pipe of vehicles and machinery transiting 
populated areas. Verify that transportation schedules will not create a nuisance to the 
population. 

• Verify that workers know how to use properly the personal protection equipment. 

• Verify that there is adequate sign posting in the areas where the noise surpasses 
safety levels. 

2. Monitoring 

• Occupational noise monitoring will be executed in different work areas at least once a 
week or when new noise sources have been introduced. 

• Environmental noise that may affect the neighboring communities or other receptors 
will be monitored initially and when factors modifying the normal conditions have been 
introduced (start of new activities, operation of new machinery, etc.). The noise 
monitoring stations selected will be those used during the formal environmental 
baseline studies. The noise monitoring shall be carried out using a sound level meter 
mounted on a tripod at a height of 1,2 m above the ground surface. The A weighted 
decibels (dBA) will be recorded continually during a period of one hour per monitoring 
station. The speed and direction of the wind and the temperature shall be recorded 
during each sampling period as well as detailed field notes and the sources of 
background noise during the monitoring period. A windscreen shall be utilized to 
attenuate for wind effects on the microphone. 

• The following noise parameters will be recorded in each sampling point:  

Leq: The average sound pressure level in the period measured; this parameter is the 

SM-4 MONITORING OF THE NOISE LEVELS  
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MEASURES TO BE TAKEN  
constant sound pressure that would have the same acoustic energy than the real fluctuant 
noise in the same period of time; 

Max: The maximum level of sound pressure for the period measured, and  

Min: The minimum level of sound pressure for the period sampled. 

Quality Standards  

Panama does not have any regulation established or enacted regarding permissible noise 
levels. For this reason, the guidelines developed by the World Bank related to the average 
sound levels for protecting the public health and well-being will be followed. The maximum 
permissible values of Leq (per hour) during the day (0700 – 2200) and at night (2200 - 
0700) are shown in Table SM-4.1.  Table SM-4.2 shows permissible noise levels and 
exposure periods. 

 

 
Table SM-4. 1. Noise Quality Standards  

Receiver Time 
Leq (per hour) 

Maximum 
permissible in dBA 

7 a.m. — 10 
p.m. 

55 

Residential, Institutional 
and Educational 10 p.m. — 7 

a.m. 
45 

7 a.m. — 10 
p.m. 

70 

Industrial and 
Commercial 10 p.m. — 7 

a.m. 
70 
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Table SM-4. 2: Permissible Unprotected Exposure Levels and Time Length 

Noise level in dB Duration per day of 
Hours 

90 8 

92 6 

95 4 

97 3 

100 2 

102 1-1/2 

105 1 

110 ½ 

115 ¼ or less 
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OBJECTIVE 
Monitoring of aquatic sediments near the direct impact area shall be conducted to ensure 
that construction activities do not impact normal conditions of project site. 

 

MEASURES TO BE TAKEN  
• Monitoring for the chemical characteristics of the aquatic sediments will be carried out 

at the same sampling locations that will be utilized during the formal EIA and 
frequency of the monitoring program conducted during baseline studies but a minimum 
twice per year (autumn and spring seasons). 

• The samples will be analyzed as soon as possible. The services of a laboratory 
authorized by the ANAM should be used. 

• During samplings a control and quality assurance system including duplicate and blank 
samples, and a chain of custody shall be implemented 

A report indicating the results obtained from the aquatic sediment sampling will be 
submitted to the ACP Project Manager.  The results of this report will be compared to 
results from the environmental baseline studies and current standards for aquatic/receiving 
bodies of water sediments. If contamination is found, corrective measures shall be 
implemented. 

Table SM-5.1 presents the format for reporting the aquatic sediment chemical 
characteristics. 

 

SM-5 MONITORING OF THE AQUATIC SEDIMENT  
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Table SM-5. 1: Results of Aquatic Sediment Chemical Analysis  

Station 
Parameter Unit 

       

*Base- 

line 

Arsenic mg/kg         

Cadmium mg/kg         

Copper mg/kg         

Chromium mg/kg         

Mercury mg/kg         

Nickel mg/kg         

TPH mg/kg         

Lead mg/kg         

Zinc mg/kg         

* Average results obtained from baseline study  
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OBJECTIVE 
Monitoring of the aquatic ecosystem near the direct impact area shall be conducted to 
ensure that construction activities do not adversely impact the ecosystem. 

 

MEASURES TO BE TAKEN  
• During the construction stage, samples of aquatic communities will be taken with the 

aim to identify any change that can be attributed to the construction project. 

• The monitoring campaigns will be carried out in the same locations that will be 
sampled during the formal EIA with the same frequency as the aquatic water quality 
and aquatic sediment monitoring program that shall be conducted during the formal 
baseline studies for the EIA (2 times a year during autumn and spring seasons). 

The parameters to be analyzed shall be consistent with those assessed in the 
environmental baseline EIA and shall include: 

Physical and Chemical Parameters of Aquatic Quality  

• Conductivity 

• Oxygen Dissolved. 

• pH        

• Total Suspended Solids (TSS). 

• Turbidity    

• Nitrate/nitrite 

• Total Kjeldahl nitrogen (TKN)   

• Total phosphorus 

• Sulfates     

• Chlorophyll  

• Grain Size Analysis of Sediments  

 

 

SM-6 MONITORING OF THE AQUATIC ECOSYSTEM  
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MEASURES TO BE TAKEN  
Microbiological and Organic Contamination Parameters  

• Biological Oxygen Demand (BOD)  

• Total Organic Carbon (TOC) 

• Total coliform     

• Fecal coliform     

Biological Aspects  

• Plankton 

• Macrobenthos 

• Fishes  

Samples will be analyzed as soon as possible. The services of a laboratory authorized by 
the ANAM should be used. 

During sampling, a quality control and assurance system shall be implemented. 

A report with the results of the aquatic ecosystem monitoring shall be submitted to ACP 
Project Manager. The results of the report will be compared to results from the 
environmental baseline EIA and current standards for aquatic ecosystems. If significant 
contamination or anomalies are found, additional sampling will be carried out and 
corrective measures will be developed and implemented.  The results will be compared 
with the data obtained during the formal EIA baseline studies regarding density, total 
number of species, and species richness and diversity. Special attention will be given to 
species that can be used as indicators of contamination through their density fluctuations. 
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OBJECTIVE 
To ensure that the Contractor implements an appropriate solid waste management 
program including temporary storage, transport and final disposal. 

 

MEASURES TO BE TAKEN  
1. Inspections 

• Regular inspection of the work area and temporary disposal sites shall be performed, 
giving attention to the type of containers used in the work areas and to housekeeping. 

• Verification that the final disposal areas selected by the Contractor comply with all of 
the legal requirements and authorizations of ANAM. 

• Verification that solid waste generated in the construction phase are classified and 
disposed in the area defined according to the type of waste. 

• Inspection and confirmation that the identification and classification of the wastes 
generated (either hazardous or non-hazardous) are performed properly. 

• Verification that solid wastes are removed in a timely manner from the work area.  

Table SM-7.1 shows a typical checklist for waste management inspection. This format can 
be adapted by the inspector according to his needs and his inspection routines. 

 

 

SM-7 MONITORING OF THE SOLID WASTE MANAGEMENT  
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Table SM-7. 1: Format for Solid Waste Management Inspection 

Work front   

Inspection Date   

Existence of Waste Containers   

Status of the containers   

Classification type   

Adequate classification   

Proper location of containers   

Adequate identification of containers   

Proper containers (size, material)  

The transport of waste is carried out in a 
proper way.  

 

Transport is carried out at the proper 
frequency 

 

Adequate training of workers in Solid 
Waste Management 

 

Approximate quantity of wastes per day (in 
approximate volume and/or weight) 

 

General status of the housekeeping of the 
work area  

 

ADDITIONAL OBSERVATIONS   

 

Inspector Signature 
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ENVIRONMENTAL MANAGEMENT PLAN   - OPERATION PHASE - 
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OBJECTIVE 

To promote communication with impacted communities through a Community Relations 
Program.    

 

ENVIRONMENTAL ASSESSMENT  

IMPACTS RECEPTORS 

− Alteration of the Local Customs 

− Job Generation 

− Communities 

− Local labor force 

 

MEASURES TO BE TAKEN 

Communication Channels  

• ACP should assign a specialist as a Community Relations Officer (CRO) to manage 
the social components of the project at least during the initial maximum lake operation 
level.  It is recommended that this professional have the same characteristics as the 
Community Relations Officer of the construction phase.  The goal of the CRO is to 
implement actions to reduce the social impacts and to identify potential impacts. This 
person will report directly to the ACP Operations Manager. 

• A Community Relations Officer will be designated by ACP to be responsible for the 
management of the Community Relations Development Program, with the direct 
technical assistance of specialists in this field or of experts in sustainable development 
when necessary. 

• The Community Relations Officer will be in charge of the community development 
program, and shall fulfill the following activities: 

- To establish a continuous dialogue with among the community, organizations, and 
local authorities.  

- To generate any type of information needed for the planning of concrete initiatives 
for the Community Relations Program through a continuous consultation with the 
involved parties. 

 

GO-1 RELATIONS WITH THE COMMUNITY  
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MEASURES TO BE TAKEN 

- To provide data on priorities based on the communities needs. In this sense, 
previous consultations involved in the construction phase shall have nformation 
regarding the capability of community organizations, NGOs and governments for 
collaborating with ACP in Community Relations Program.  

• The contribution to community development will serve to provide additional benefits 
to the community. 

The responsibilities of the Community Relations Officer will be: 

• To inform the community on the purpose and normal functions of the spillway and 
new lake operating level and provide information and alert the community of any 
new activities and operating schedules that may be needed from time to time 
during the operation of the Gatun Lake and spillway. 

• To act as a link between the ACP operations, the community and ACP 
management. 

• To monitor the community relations programs for compliance. 

• To receive consultations, concerns and suggestions from the community members.

• To resolve in-situ conflicts. 

Communication with the Community  

• Communication with the community establishes a level of information, coordination, 
execution and follow-up of all those issues stated in Company Policies and Programs 
and the Environmental Management Plan. 

• In the event that a situation cannot be resolved with the Community Relations Officer, 
representatives of the impacted communities will meet with Operations Manager of 
ACP to resolve the situation. 

• The Community Relations officer may use local media for communicating operational 
activities of Gatun Lake and spillway to the impacted communities.   
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OBJECTIVES 

To ensure proper notification of restricted areas near the spillway and Chagres River to 
reduce the risk of accidents.  

 

ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 

− Restriction of fishing and recreation 
areas   

− Accidents in restricted areas  

− Communities 

− Communities 

 

MEASURES TO BE TAKEN 

 

The activities in Gatun Lake and the Chagres River will be restricted due to operation of 
the spillway and therefore:   

The Community Relations Officer will be in charge of communicating through the 
established communication channels, at least 30 days prior to the day in which the access 
to certain areas will be restricted during normal maintenance activities.  During emergency 
conditions and audible alarm will be sounded.  

• Restriction of boats 

• The access of boats near the spillway and discharge channel will be limited and 
restricted as indicated by marker buoys in accordance with instructions and 
requirements from governing authorities to avoid any potential accidents. 

 

GO-2 ACCESS RESTRICTION  
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OBJECTIVES 

To educate all operating personnel on the application of the EHS policies and programs 
during the operation stage of the Project.  

To train all plant supervisors, operators and key personnel in the use and application of the 
Contingency Plan for plant and aquatic facilities operations. 

 

ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 

− Prevent Accidents 

− Minimize environment and social 
impacts  

− Communities and general public 

− Plant employees 

 

MEASURES TO BE TAKEN 

Environmental management education will consist of communicating all EHS 
(Environmental, Health and Safety) policies, programs applicable regulations, liabilities, 
and environmental and social issues that are relevant to operation personnel. All 
employees shall receive instruction regarding the EHS programs and requirements. 

A training program on the Contingency Plan will be provided to all supervisors, operators 
and key personnel together with an introduction program on Emergency Response to all 
workers.  

A partial list of topics that will be covered during the training program is shown below: 

• Scope and Purpose of Contingency and Emergency Response Plans; 

• Responding to Spills and Emergencies; 

• Spill Response and Emergency Chain of Command and Reporting Responsibilities; 

• Training Exercises on Simulated Spill and Emergency Response; 

• Management of all waste generated from spills, remedial activities and operations; 

• Dust control; 

• Management of hazardous materials; 

EO-1 EDUCATION AND TRAINING OF OPERATING PERSONNEL 



 

Environmental Management and  Page 74  October 11, 2004 
    Monitoring Report 

MEASURES TO BE TAKEN 

• Spills and response plans; 

• First Aid; 

• Personal protection equipment; 

• Occupational health; 

• Environmental and Social management during operation activities;  

• Code of Conduct; and 

• Natural resources of the region and importance of their conservation. 
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OBJECTIVE 

To control impacts generated by the operation of the spillway. 

 

ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 
− Increase in the noise levels  

− Alteration of the physical-chemical quality of 
the soil  

− Alteration of the physical-chemical quality of 
the water 

− Reduction in the aquatic fauna  

− Employees 

− Soil 

 

− Water 

− Fauna 

 

MEASURES TO BE TAKEN 
Spillway Operation  

Environmental noise levels will be increased during the operation of the discharge event 
through the spillway.  The noise level is expected to meet the World Bank Guidelines 
for noise and therefore monitoring is not recommended.   

Waste water and solid waste generated during the spillway operation will be managed 
according to the procedures presented in the data sheets “Liquid Waste Management” 
RO-1 and “Solid Waste Management” RO-2, respectively. 

The access to the spillway facilities will be restricted to authorized personnel only.   

 

AO–1 SPILLWAY OPERATIONS  
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OBJECTIVE 
To establish guidelines for the management of effluent generated during operation of the 
spillway. 

 
ENVIRONMENTAL ASSESSMENT 

IMPACTS RECEPTORS 
− Alteration of the physical-chemical quality 

of water and soils  
− Water, soil, aquatic sediments  

 
MEASURES TO BE TAKEN 

During the operation of the spillway, small amount of liquid wastes will be generated.  

1. Domestic Liquid Wastes  

• Include effluent waste from the administrative offices as well as the sanitary 
installations. 

• For the treatment of these wastes a package septic tank system may be utilized 

2. Liquid Waste from the Process  

• Oily water coming from the process units and drainage from paved areas will be 
carried to the API separators. 

• Oily effluents coming from the API systems will be stored in a slop oil tank for their 
subsequent transport in trucks to areas for incineration or external treatment. These 
effluents may be given to recycling companies that reprocess oils. 

• Water coming from separation process in the API system will be discharged to the 
adjacent surface soils.  

• All waters to be discharged shall be part of the Monitoring of the Water Quality 
Program SO-2.   All discharges will meet the standards required for the receiving water 
body. 

• Used lubricants, hydraulic liquids and solvents will be collected in tanks, cans, or 
metallic barrels, which will be placed within a hazardous waste storage area with an 
impermeable secondary containment system, until their transport to a recycle or 
disposal site. In the event that these wastes are given to a recycling company, this 

RO-1 LIQUID WASTE MANAGEMENT 
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MEASURES TO BE TAKEN 

company shall have all the valid permits and comply with the applicable regulations.  



 

Environmental Management and  Page 78  June 16, 2004 
    Monitoring Report 

OBJECTIVE 
To establish guidelines for solid waste management during operations 

 

ENVIRONMENTAL ASSESSMENT 
IMPACTS RECEPTORS 

− Alteration of the physical-chemical quality of 
the water 

− Alteration of the physical-chemical quality of 
the soil 

− Water 

 

− Soil 

 

MEASURES TO BE TAKEN 

• Whenever possible, strategies for waste management based on principles of reduction, 
re-utilization, recovery and recycling will be established.  

• Wastes will be classified as hazardous and non-hazardous depending on their 
characteristics. The environmental staff of ACP shall be trained to identify the type of 
wastes. Waste will be treated as hazardous unless a physical-chemical 
characterization of the waste proves the contrary.  

• For non hazardous wastes, those that are recyclable or re-usable will be identified.   

• Proper and clearly marked containers will be available for collecting and separating the 
waste. The containers shall be labeled with the type of waste they contain. 

• An area for the temporary collection of waste will be adapted for their subsequent 
disposal according to their classification.   

• Table RO-2.1 presents a summary of the solid wastes related to the project operation, 
the quantity foreseen and the possible final disposal. 

Domestic Solid Wastes  

• Includes all wastes that are not directly related to the process of the facilities such food 
waste, paper, cardboard, plastics, glasses, etc. from the administrative buildings. 

• Wastes produced by the unloading of supplies will generate plastic and metallic hoops, 
and packing materials such as wood, cardboard and paper, etc.  

 

RO-2 SOLID WASTE MANAGEMENT  
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MEASURES TO BE TAKEN 
• As part of the Community Relations Program, the organizations that perform some 

type of integrated waste management such as composting, recycling, re-use will be 
identified in the region and supplied with recyclable wastes when possible. The 
remaining wastes will be transported for disposal at an authorized landfill that performs 
satisfactory technical and environmental management. Waste transport will be 
performed frequently in order to avoid proliferation of odors and vectors, such as 
rodents and insects. 

Hazardous Wastes  

Hazardous waster include all wastes directly related to the facility process such as used oil 
and solvents, oily sludge from API separators, used filters, used filters from service 
vehicles, chemicals containers, etc. 

• Used oils and oily sludge will be given to companies that perform environmental 
management of spent oils and oily sludge for re-refining and recycling. 

• Special wastes such as batteries, print cartridges, etc. will be returned to the supplier 
or secondary market recycler.  
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OBJECTIVE 
To develop a water quality monitoring program for Lake Gatun and Chagres waters that 
may be impacted during the facility operations. 

 

MEASURES TO BE TAKEN 
• A summary of the monitoring program during the operation phase is presented in Table 

SO-1.1. 

• All samples will be collected and physical-chemical and bacteriological analysis will be 
conducted under the standards established in the latest edition of ¨Standard Methods 
for the Examination of Water and Wastewater¨ (APHA, AWWA). Table SO-1.2 shows 
the format of field data to be recorded during water quality samplings. 

• Samples will be analyzed within the prescribed holding periods after being collected. 
For the analysis, the services of a laboratory authorized by ANAM will be requested. 

• A quality assurance system shall be implemented, including duplicate and blank 
samples and a chain of custody. 

Gatun Lake and Chagres River  

• Sampling of the water quality in the designated sampling locations for Gatun Lake and 
Chagres River shall be performed every six months, with the objective to identify any 
change in the water quality attributable to the project operation.  

• Monitoring locations shall be the same as those established during the formal EIA 
baseline studies.  In the event that alterations of the normal condition of the lake and 
river are detected, the frequency and number of sampling shall be extended.  

A report including the results of the water quality sampling will be prepared.  These results 
will be compared with the different quality standards, as well as the results obtained during 
the environmental baseline studies.  In the event that modifications involving water quality 
deterioration are observed, the causes shall be determined and the corrective measures 
shall be proposed.  

The format to be used during the lake and river monitoring is shown in Table SO-1.4.  

 

 

SO-1 MONITORING OF THE WATER QUALITY  
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MEASURES TO BE TAKEN 
Effluent from Oily Water Treatment System 

• Water from API separators will be monitored for the parameters presented in Table 
SO-1.4; the location of the monitoring points for the oily water treatment system 
effluent shall be determined at a point downstream from the discharge.  Monitoring will 
be performed monthly or more frequently when malfunction problems are detected. 

• The results obtained from the monitoring will be compared with the quality standards 
established in the Panamanian regulations or the World Bank Guidelines.  

• In case any water quality deterioration is observed, the causes shall be determined 
and the corrective measures shall be implemented.  

 

 

Table SO-1. 1: Summary of the Monitoring Program for Water Quality 

Sampling Water Sampling Parameters 
Sampling 

Frequency 

Gatun Lake/Chagres 
River 

Physical-chemical and bacteriological 
in the water column 

**Every six months 

API Physical-chemical * Monthly 

 

* Monitoring frequency during the first twelve months of the operation will be monthly. 
Subsequently, a new schedule can be set according to the results observed and to the 
judgment of the responsible of the operation (Regulations for Environmental Protection in the 
Hydrocarbons Activities). 

** After the first year, a new schedule can be set according to the results observed and the 
judgment of the person responsible for operations 
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Table SO-1. 2: Format of Field Data  

Variable Description 

Sampling date  

Sampling point  

Sample Identification  

Weather  

Aspect  

Color  

Smell  

Sediments  

Oil film  

Observations about the 
surroundings  
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Table SO-1. 3:  Report Format for Gatun Lake and Chagres River Water Quality 
Monitoring  

Station Quality Standards 
Parameters Unit 

  
Baseline 

Data Panamanian 
Standard1 

World 
Bank  

Physical Parameters 

PH       

Conductivity MS/cm      

TSS mg/L      

TDS mg/L      

Anions 

Bicarbonates mg/L      

Chlorides  mg/L      

Fluorides mg/L      

N-Nitrates mg/L      

Sulfates mg/L      

Total Cyanide  mg/L      

Cations 

Ca mg/L      

Mg mg/L      

Na mg/L      

K mg/L      

Hg mg/L      

Se mg/L      

As mg/L      

Ba mg/L      

Cd mg/L      

Cr mg/L      

Cu mg/L      

Pb mg/L      

Ni mg/L      

Sr mg/L      

Zn mg/L      
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Station Quality Standards 
Parameters Unit 

  
Baseline 

Data Panamanian 
Standard1 

World 
Bank  

Organic Parameters 

Detergents mg/L      

Phenols mg/L      

Oils and Greases mg/L      

TPH mg/L      

Other Parameters 

BOD mg/L    10  

DO   mg/L    4  

Total Coliform NMP/100 mL    20000  

Fecal Coliform NMP/100 mL    4000  
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OBJECTIVE 
Monitoring of the aquatic sediments to ensure that facility operations do not impact 
sediments. 

 

MEASURES TO BE TAKEN 
• Monitoring for the chemical characteristics of the aquatic sediments will be carried out 

using the same sampling locations and frequency that will be established during the 
formal EIA baseline studies (see data sheet SO-2). 

• During sample collection a control and quality assurance system including duplicate 
and blank samples and chain of custody shall be implemented  

• A report indicating the results obtained from the aquatic sediment sampling will be 
submitted to the ACP EHS Manager.  The results will be compared with different 
quality standards as well as with the results obtained during the environmental 
baseline studies.  In case sediment quality deterioration is observed, the causes shall 
be determined and the corrective measures shall be implemented.  

• Sampling of aquatic sediments shall include the analysis of samples from various 
locations downstream of the proposed spillway and the Chargres River discharge 
channel with a frequency of at least once each six months.  Sampling frequency can 
be adjusted upon successive findings if no impacts to 1/2 of the previous frequency 
but not less than once every five years. 

 

Table SO-2.1 presents the format for reporting aquatic sediment characteristics.  

 

 

SO-2 MONITORING OF THE AQUATIC SEDIMENT  
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Table SO-2. 1: Results of Aquatic Sediment Analysis  

Station 
Parameter Unit 

       
* Baseline

Arsenic mg/kg         
Cadmium mg/kg         
Copper mg/kg         

Chromium mg/kg         
Mercury mg/kg         
Nickel mg/kg         
TPH mg/kg         
Lead mg/kg         
Zinc mg/kg         

 

*Average results obtained in the baseline study  
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OBJECTIVE 
To monitor the aquatic ecosystem for ensuring that the facility operations does not impact 
aquatic systems. 

 

MEASURES TO BE TAKEN 
• Samples of aquatic communities will be taken with the aim to identify any change that 

can be attributed to the project operation. 

• The monitoring events will be carried out at the same locations established during the 
formal EIA baseline studies and with the same frequency as the water quality and 
sediment monitoring (See SO-1 and SO-2 data sheets). 

• The parameters to be analyzed will be consistent with those assessed in the 
environmental baseline studies and during the construction stage. 

• During samplings a quality control and assurance system shall be implemented. 

• A reporting indicating the sampling results of the aquatic ecosystem will be submitted. 
These results will be compared with the data obtained in the baseline studies 
regarding density, total number of species, richness of species, and diversity. Special 
attention shall be given to the species that can be used as contamination indicators 
through the study of their density fluctuations. 

• The analysis of the results shall consider the variations of the results due to seasonal 
changes. (Baseline monitoring should be conducted in spring and fall also, to capture 
seasonal variation). 

• If unfavorable modifications are observed, the monitoring coverage shall be extended 
using additional locations. The causes of the impacts shall be determined and 
corrective measures shall be proposed.  In the case that no effects are found the 
sampling frequency will be adjusted at the same rate as SO-3 to no less than once per 
year.   

 

 

 
 

SO-3 MONITORING OF THE AQUATIC ECOSYSTEM  
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OBJECTIVE 
To study the behavior of the shoreline morphology and dynamics in the project area of 
influence and changes produced by the construction and operation of the shoreline 
facilities. 

 

MEASURES TO BE TAKEN 
• The monitoring of the coastline will be conducted twice yearly.  

• The baseline monitoring of the shoreline shall start prior to the construction phase 
works through a topographic survey and installation of reference points (bench marks) 
throughout the section that will be monitored. Transects perpendicular to the coastline 
shall be defined for obtaining profiles in dry and submerged zones. The length of the 
transects will be of at least 100 m in the submerged zone. The survey of the shoreline 
shall consider the effects of inundation on these areas. 

• The profiles for determining the morphological changes of the shoreline shall be 
performed every six months during the construction and operation stages. 

• Additionally, visual inspection of the study area as well as photographic or video 
recordings shall be performed.  

• The results shall be compared with former monitoring results as well as with aerial 
photography of former years where the changes of the shoreline morphology can be 
identified.  

• Accretion and/or erosion rates will be determined based on the monitoring. 

• In case significant changes are identified, which can impact the development of the 
project or the productive activities of the inhabitants of the region, corrective measures 
that could involve the restoration of the shoreline shall be implemented. 

• Reports shall be prepared for the ACP including the monitoring results. 

 

 

 

SO-4 MONITORING OF THE SHORELINE 



    
Appendix G: Wave Height Computations for Gatun Lake 



          
August 30, 2004  

Autoridad del Canal de Panama 
Canal Capacity Projects Division 
Building 601 
Corozal Oeste, Republic of Panama  

Attn.: Mr. José Pascal, Technical Lead and Point of Contact:  

RE:  Contract SAA-126161   Flood Mitigation Program for Gatun Lake   
Draft Memorandum – Proposed Design Wave Heights and 
Overtopping Criteria  

Dear Mr. Pascal: 

This memo documents the approach used to evaluate proposed design wave heights and wave 
overtopping criteria to be used at the Gatun and Pedro Miguel Locks. As ACP is aware, the 
potential risk of wave overtopping is a key consideration in assessing the feasibility of raising 
the Maximum Operating Lake Level (MOLL) of Gatun Lake. Given the severely limiting 
elevations of the existing lock structures at Gatun and Pedro Miguel (elevation of top of lock 
walkway = 27.9 m (91.5 ft), top of lock wall = 28.0 m (92.0 ft.), it is very important that accurate 
design criteria are being applied to the study so the potential impacts of raising the MOLL of 
Gatun Lake is neither under- or overestimated.  Also, for the purposes of this study, the two 
critical elevations considered were 27.9 m (91.5 ft - top of lock walkway) and 28.0 m (92.0 ft – 
top of lock wall).  Recent communications from ACP have stated that certain additional lock 
features may be further limiting, such as the lock pintils, yokes, etc.  However, based on the 
project team’s recent meetings with ACP, it will be assumed that rubber boots and/or other 
features will be designed to prevent or limit inundation to acceptable levels (as at Miraflores 
Locks). 

NEED FOR ADDITIONAL STUDY 

As reported in numerous studies provided by ACP (Green Book, Flood Control Manual), the 
design waves heights at Gatun are estimated to be 0.91 m (3.0 feet), while at Pedro Miguel they 
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are estimated to be 0.34 m (1.1 ft).  Preliminary calculations using the values at Gatun (0.91 m – 
3.0 ft wave) showed that even raising the MOLL by 0.23 m (0.75 ft) would be problematic for 
workers on top of the lock wall.  After reviewing the wind summaries at the Gatun station (which 
show winds predominantly from the north) and the importance of this design criterion to the 
overall study, it was decided that a revisiting of the design wave height to be used at Gatun was 
warranted.  A similar review of the wind data for Pedro Miguel showed that the proposed design 
wave height of 0.34 m (1.1 ft) was reasonable.   

In order to estimate the appropriate design wave height and overtopping design criteria at 
Gatun, it was necessary to hindcast wave data for the location of interest which in turn required 
an analysis of the winds experienced at Gatun.  

WIND CLIMATE 

Historical Observations 

The “Green Book” study by the USACE (USACE, 1979) utilized wind data from gages at Balboa 
Heights, Cristobal, Madden Dam.  Design conditions for Gatun Locks were based on records for 
Cristobal presented in Hydrologic Studies published in 1947 and 1968. Based on the records 
from 1909 to 1947, the highest average wind velocities are experienced in the four month dry 
season (mid December to mid April), when northeast trade winds are predominant. The 
prevailing wind direction at Cristobal was from the north to northwest.  

The USACE defined wind design conditions for wave generation at Gatun Lock by a wind 
velocity of 41 miles per hour (mph) and duration of 41 minutes (Green Book, 1979). However, 
during the period from 1907 to 1946, the mean annual wind velocity was 10 miles per hour 
(mph) with a prevailing wind direction from the north. During the same time period, the 
maximum 30-minute and 1-hour winds were 33 and 31 mph respectively, both prevailing from 
the north.  

Based on the data identified above, it became apparent that the design conditions and criteria 
presented by the USACE did not account for the variability in direction and frequency of winds. 
Thus, the magnitude, duration and direction of winds were evaluated to determine appropriate 
design criteria.  

Records from Gatun (1985 to 2003) 

Wind data presented in 1947 and 1968 reports were not available for further analysis; therefore 
sample data from the ACP station at Gatun for the period from 1985 to 2003 was used for this 
investigation. 
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As identified in the draft existing conditions data report (Moffatt Nichol, April 2004), wind data 
from the ACP Gatun Station was collected for the 19 year period from 1985 to 2003. The 
monthly average instantaneous wind speed (from measurements taken at 20 second intervals) 
was 3.8 mph (1.7 m/s) with the prevailing wind direction consistently from the north to northwest 
for the majority of months. Average monthly winds prevailed from the south to southeast (waves 
generated in this direction would directly impact Gatun Lock) repeatedly during the wet season 
months of September and October from 1995 to 1999.  The highest average monthly wind 
speed, with a corresponding average direction from the south southeast (SSE; 160 degrees), 
was 4.3 knots (1.9 m/s); this was recorded during the month of July 1997.  

Frequency distributions for average hourly and peak instantaneous (peak hourly measured at 
20-second intervals) were developed by ACP for the Gatun station (Tables 1 and 2). Wind roses 
for the average and peak hourly data illustrate the frequency, magnitude, and direction of winds 
at Gatun (Figures 1 & 2).  

Table 1 - Frequency Distribution for Average Hourly Winds @ 20s interval  

Direction Calm 1-3 knots 4-6 knots 7-10 knots 11-16 knots Total 

N – ENE 

 

16.69%

 

16.39%

 

5.26%

 

0.02%

 

38.35%

 

WNW - NNW 

 

3.32%

 

2.00%

 

0.54%

 

0.01%

 

5.86%

 

E 

 

0.97%

 

0.09%

 

0.01%

   

1.06%

 

ESE 

 

1.54%

 

0.15%

 

0.03%

   

1.72%

 

SE 

 

2.67%

 

0.66%

 

0.07%

   

3.40%

 

SSE 

 

2.97%

 

1.15%

 

0.18%

 

0.00%

 

4.30%

 

S 

 

3.50%

 

1.39%

 

0.31%

 

0.01%

 

5.22%

 

SSW 

 

2.75%

 

0.51%

 

0.05%

 

0.00%

 

3.31%

 

SW 

 

1.64%

 

0.39%

 

0.03%

   

2.07%

 

WSW 

 

1.23%

 

0.39%

 

0.04%

   

1.66%

 

W 

 

1.95%

 

1.10%

 

0.32%

 

0.00%

 

3.37%

 

Subtotal E - 
W 

 

19.21%

 

5.83%

 

1.05%

 

0.02%

 

26.10%

 

Total 7.8%

 

50.85%

 

31.85%

 

9.84%

 

0.05%

 

100.00%

 

cumulative 
P < Uobs 

7.8%

 

58.3%

 

90.1%

 

99.9%

 

100.0%
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Table 2 - Frequency Distribution for Peak Hourly Winds @ 20s interval (Knots) 

Direction Calm 1-3 
knots 

4-6 

knots 

7-10 

knots 

11-16 

knots 

17 – 21 

knots 

 
21

 
knots 

Total 

N –ENE 

 

5.71%

 

6.37%

 

11.82%

 

14.69%

 

1.96%

 

0.11%

 

40.66%

 

NNW 

 

0.94%

 

1.71%

 

2.23%

 

1.44%

 

0.07%

 

0.00%

 

6.39%

 

E 

 

0.65%

 

0.44%

 

0.20%

 

0.07%

 

0.00%

 

0.00%

 

1.37%

 

ESE 

 

0.68%

 

0.77%

 

0.38%

 

0.12%

 

0.01%

 

0.00%

 

1.96%

 

SE 

 

0.65%

 

1.33%

 

1.05%

 

0.50%

 

0.02%

 

0.00%

 

3.56%

 

SSE 

 

0.55%

 

1.67%

 

1.59%

 

0.63%

 

0.04%

 

0.00%

 

4.48%

 

S 

 

0.60%

 

2.23%

 

1.73%

 

0.83%

 

0.07%

 

0.01%

 

5.47%

 

SSW 

 

0.48%

 

1.77%

 

1.06%

 

0.27%

 

0.02%

 

0.00%

 

3.60%

 

SW 

 

0.45%

 

1.04%

 

0.64%

 

0.22%

 

0.01%

 

0.00%

 

2.37%

 

WSW 

 

0.42%

 

0.70%

 

0.61%

 

0.27%

 

0.02%

 

0.00%

 

2.03%

 

W 

 

0.58%

 

1.08%

 

1.22%

 

0.81%

 

0.05%

 

0.01%

 

3.73%

 

Subtotal E – W 

 

5.08%

 

11.02%

 

8.49%

 

3.72%

 

0.24%

 

0.03%

 

28.58%

 

Total 0.4%

 

15.6%

 

25.1%

 

29.6%

 

26.3%

 

2.9%

 

0.2%

 

100.00%

 

cum. P < Uobs 0.4%

 

16.0%

 

41.1%

 

70.7%

 

96.9%

 

99.8%

 

100.0%

    

During the period from 1985 to 2003, the average hourly winds were directed from between the 
east-north-east (ENE; 67.5 degrees) and west-northwest (WNW; 292.5 degrees) approximately 
66.5% of the time. Average hourly winds that may result in wave generation from the 
south occurred for only 26.1% of the duration. Winds were calm 7.4% of the time.  

Average hourly recorded wind speeds were less than 3 knots (1.54 m/s) for greater than 58% of 
the period. The maximum wind speed, with a minimum of one hour duration, was between 
11 to 16 knots (5.7 to 8.2m/s).  Average hourly winds observed at this speed (5.7 to 8.2m/s) 
were measured from the east-southeast to the west-southwest for a total of 26 hours for the 19 
year period, less than a 0.02% occurrence. 

Maximum hourly recorded wind speeds were less than 10 knots (11.5 m/s) for greater than 70% 
of the period. The maximum instantaneous wind speed from the south was 33 knots (17 m/s).  

The peak hourly wind speed (20 second interval) exceeded 21 knots (10.8 m/s) less than 
0.2% of the time. Peak hourly winds observed at a speed greater than 10.8 m/s were 
measured from the east-southeast to the west-southwest for a total of 13 hours during the 19 
year period, less than a 0.03% occurrence.
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Figure 1 - Wind Rose Average Hourly Wind Speed at Gatun (1985 to 2003) 
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Figure 2 - Wind Rose Peak Hourly Wind Speed at Gatun (1985 to 2003) 
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WAVE HINDCASTING  

The above wind records from the Gatun station for the period from 1985 to 2003 were then used 
to hindcast wave data at the Gatun Locks. Methods presented in the Automated Coastal 
Engineering Software (ACES) application and the Coastal Engineering Manual (CEM) were 
employed to estimate the wave height for restricted fetches. For both of these methods, wave 
height is estimated as a function of the observed wind velocity, fetch length, and duration using 
empirical methods. Site specific wave data was not available at Gatun Lake for calibration.  

Several major assumptions applicable to the methods applied for estimating wave growth as a 
function of wind speed include: 

 

Energy from the presence of other wave trains is neglected 

 

Relatively constant wind speed and direction prevail and will result in wave heights that 
are constant through time but will vary along fetch  

 

Fixed value of drag 

 

Duration for fetch limited growth to occur was derived assuming a JONSWAP spectrum 

 

Observed wind speeds are corrected for height of observation to 10 m ( from 25 m) and 
also for limited fetch (less than 16 km) following the guidelines in the ACES Manual  

It is important to note that wind transformation from land to water is highly site and 
condition specific, therefore it is recommended that observations be made at the locks to 
calibrate or check the accuracy of the wave height approximations. 

Figure 3 is a fetch diagram for Gatun Lake illustrating the irregular nature of the fetch in the 
vicinity of the Gatun locks. The fetch is restricted by islands located both to the southeast and 
southwest. The maximum fetch is 10.2 km, extending due south.  Wind-induced waves will 
propagate in the direction which the fetch parallel component of the wind velocity vector (Ua) will 
be a maximum.  

A spreadsheet tool was developed to perform the computations using formula identified in the 
ACES Users Manual (USACE, 1992). Deep water restricted fetch conditions were deemed 
appropriate given the relative water depth at the location of interest.  The restricted fetch deep 
water formulas are applied to estimate wave height (H) and period (T) under both duration and 
fetch limited conditions as follows:      
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where: 

g = Acceleration of gravity 

t =  Duration of wind speed 

F = Fetch Length   

cosˆ UU    fetch parallel component of the effective velocity   

angle between the wind direction and the wind-induced wave direction  

Duration required for a wave field to become fetch limited:  

72.0

44.028.0 ˆ
09.51

Ug
t

F
fetch

   

Wave Heights Based on Records from Gatun 1985 to 2003 

Following procedures in the ACES manual, the duration for fetch limited conditions to occur (t 

fetch) was estimated for each bin. For the observed winds varying from 1 to 16 knots the duration 
for fetch limited conditions ranged from 1.5 to 3 hours (Table 3). Fetch limiting duration is a 
function of the wind speed and fetch length; the duration increases in fetch length and 
decreases with higher velocity winds.  
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As identified above, the resultant wind induced wave direction was determined where the fetch 
parallel component (Ua) of the wind velocity vector will be a maximum. Winds blowing from 
between the southeast to southwest (between 135 and 247.5 degrees), will result in wave 
development from the south direction (175 to 185 degrees). 

Table 3 - Fetch limited duration (t fetch) for observed wind speed (Uobs)  

t fetch limited duration for Uobs 

 (seconds)  

                  
Wind 

Direction  

            
Resultant 

Wave 
Direction for 
Fetch Limited 

Waves 
3 knots 6 knots 10 knots 16 knots 

E

 

SSE

 

11081

 

9763

 

8168

 

5305

 

ESE

 

SSE

 

9235

 

8137

 

6807

 

4421

 

SE

 

S

 

20457

 

18025

 

15079

 

9794

 

SSE

 

S

 

18476

 

16279

 

13619

 

8846

 

S

 

S

 

17953

 

15819

 

13234

 

8595

 

SSW

 

S

 

18588

 

16378

 

13702

 

8899

 

SW

 

S

 

20752

 

18285

 

15297

 

9935

 

WSW

 

S

 

26011

 

22918

 

19174

 

12453

 

W

 

SW

 

5322

 

4689

 

3923

 

2548

  

A frequency distribution of wave heights was developed for two scenarios: (a) a duration of one 
hour (3600s) and (b) assuming fetch limited conditions are achieved. Table 4 summarizes the 
frequency distribution of estimated wave heights based on the average hourly wind data for the 
period of 1985 to 2003.  

For an assumed duration of 3600s, the wave growth would be duration limited (t < t fetch) for all 
wave conditions (Table 3). The maximum wave height was estimated to be 0.20 m with a 
corresponding wave period of 1.7 seconds. Maximum wave conditions occurred when 
maximum hourly wind conditions prevailed along the longest fetch (16 knot wind blowing from 
the south across the open water fetch of 10.2 km).  The cumulative frequency of wave height 
less than or equal to 0.05 m was 99.67%, with approximately 74% occurrence of waves being 
directed away from the location of interest or calm conditions prevailing.  
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Assuming fetch limited conditions, the maximum wave height was estimated to be 0.37 m. 
The wave height was estimated to be less than or equal to 0.1 m for 99.44% of the observed 
period.  

In order to define whether or not conditions were duration or fetch limited, a comprehensive 
analysis of data would be required. To be conservative, at this stage of the investigation, fetch 
limited wave heights will be used in this analysis. 

Table 4 - Frequency Distribution of Wave Heights H 

Wave Height  

(m) 

Wave Height  

(ft) 

Duration Limited 

(3600 s) 

Fetch Limited 

Calm - 7.40% 7.40% 

Waves Generated away 
from Site 

- 66.49% 66.49% 

 0.01-0.05   0.03-0.16  25.77% 12.04% 

0.06-0.10  0.20-0.33  0.32% 13.50% 

0.11-0.15  0.36-0.49  0.00% 0.55% 

0.15-0.20  0.52-0.66  0.02% 0.00% 

0.2-0.25  0.69-0.82   - 0.00% 

0.26-0.30  0.85-0.98   - 0.00% 

0.30-0.35  1.02-1.15   - 0.01% 

0.35-0.40  1.18-1.31   - 0.01% 

 

Comparison to Peak Instantaneous Measurements 

The above analysis was based on the average hourly wind velocity measurements. As noted 
previously, instantaneous wind velocity measurements were recorded in excess of 25 knots 
(12.75 m/s), however the duration was limited. The maximum recorded velocity for a 20-s 
interval from the South was 33 knots; using the relationship identified in CEM, an equivalent 
1800-s wind speed is approximately 25 knots.  If it is assumed that a 25 knot wind blowing from 
due south (180 degrees) for a duration of 0.50 hours were to occur, the resulting wave height 
would be 0.26 m. The maximum resultant wave height of the peak instantaneous measurement 
(0.26m) is less than the maximum estimated based on average hourly measurements (0.36m). 
Therefore, the fetch limited average hourly measurements (presented in Table 4) are more 
conservative and will be used in this analysis.  
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Design Criteria & Sensitivity 

To assess the feasibility of raising the elevation of the MOLL of Gatun Lake, both operational 
and structural design criteria need to be examined. It must be illustrated that raising the lake will 
not affect day to day operations or significantly increase the risk of structural failure. Typically, 
operational design criteria are based on significant wave height (Hs), defined by the average of 
the highest 1/3 of the waves in the spectrum. Structural design criteria are established based on 
extreme events.  

Table 5 provides a summary of design scenarios evaluated using the ACES program and 
associated probability of occurrence based on the 19 years of recorded wind velocity. Scenarios 
1,2, and 3 represent wave heights generated based on the average hourly data assuming fetch 
limited conditions. Scenario 4 is based on the peak hourly 20-s measurement data. It is 
conservatively assumed that fetch limiting conditions apply.  

Table 5 - Summary of Estimated Wave Heights and Frequency 

Scenario Wave 
Height 

(m) 

Wave 
Height 

(ft) 

Probability 
Greater Than or 

Equal To H 1 

1. Fetch limited 0.05 0.16 14.06% 

2  Fetch limited 0.10 0.33 0.57% 

3. Fetch limited 0.37 1.21 < 0.01% 

4. Unrestricted Fetch, Uobs= 33 knots,  Duration (0.5 hr), 
F=10.2km 

0.26 0.85 <0.01% 

1 Based on sample data from 1985 to 2003. Does not account for joint probability of water surface 
elevation being at MOLL. 

 

Based on sample data from 1985 to 2003 it appears that for day to day operations, design 
wave heights from 0.01 to 0.05 m are appropriate for waves coming from the south. Wave 
heights on the order of 0.1 m to 0.37 m should be considered for extreme events where 
waves are coming from the south.  These conclusions were verified during interviews 
with ACP personnel who stated that maximum wind wave heights observed during the 
last 20 years at Gatun were approximately 0.31 m (1.0 ft). 

Both sample error and the uncertainty introduced in application of empirical methods should be 
considered in the selection of representative design wave heights. The estimates for wave 
height have a high level of uncertainty. It is recommended that observations be made at the 
locks to calibrate or check the accuracy of the wave height approximations during later phases 
of the design process. 
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Joint Probability 

The estimated frequency identified in Table 5 is independent of the water surface elevation. In 
evaluating wave overtopping and runup it is necessary to also consider the variability in water 
surface elevation. Gatun Lake will be at the MOLL for only a short period immediately after the 
rainy season. For example, during the 19 year period, the estimated maximum wind-induced 
waves would have occurred during the months of July and September (1995 to 1999). The 
target operating elevation for the water surface is 84.7 ft Precise Level Datum (PLD) and 85 ft 
PLD during the rainy months of July and September, respectively (Figure 4).  Therefore, the 
joint probability of occurrence for high wave climate and high water levels would be significantly 
lower than that reported in Table 5, and the assumption of complete independence would 
lead to a very conservative design.  

Rule Curve for Gatun Lake
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Figure 4 - Existing Rule Curve for Gatun Lake 

WAVE RUNUP AND OVERTOPPING 

Wave overtopping is a key design consideration in assessing the feasibility of raising the 
Maximum Operating Lake Level (MOLL) of Gatun Lake. Excessive wave overtopping may 
preclude workers from safely operating on the walkway outside of the lock or may result in 
damage to the structure.   
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Design Criteria 

A literature review was conducted to identify acceptable criteria for average overtopping and 
peak discharge conditions. Average mean overtopping discharge and peak individual wave 
discharge were considered. Table 6 summarizes the range of criteria cited in the references. 
There is a large variance between the criteria cited in the Coastal Engineering Manual (CEM) 
(USACE, Draft 2002) and the Design and Assessment Manual for Wave Overtopping 
(Wallingford Ltd) and the design criteria recommended by Smith et. al(1994). For this 
preliminary assessment, the more stringent criteria were assumed to apply. 

Table 6 - Design Criteria for Wave Overtopping 

Average Overtopping Discharge (m3/s/m) Peak 
Overtopping  

 

(m3/m) 

Reference 

Pedestrians Structures Pedestrians 

CEM (USACE, 
Draft 2002) from  
Simm (1991) 

1.0 x 10-4 to 

9 x10-4; dangerous on 
vertical breakwaters 

2x10-3
 ;  start of damage to 

embankment seawalls if 
crest not protected  

3x10-5; start of damage to 
buildings 

- 

Smith et. al. (1994)  1 x 10-2 1.6 

HR Wallingford 
(1999) 

Same as CEM Same as CEM 0.04 

 

Methods 

Overtopping of a structure will occur as a result of waves running up on the face of the lock wall. 
Two empirical approaches were applied to estimate average wave overtopping. A general 
method presented in ACES (1991) was followed that is applicable to both sloping and vertical 
structures. The second method was developed by Allsop et al (1995) and is applicable 
specifically to vertical walls in reflecting wave environments. 

ACES Methods for Estimating Wave Runup and Average Overtopping 

The empirical methods presented for wave runup and overtopping in ACES were derived for 
smooth impermeable structures. Run-up and overtopping are estimated independently for 
monochromatic waves or jointly for irregular waves. Irregular waves are represented by a 
significant wave height and assumed to conform to a Rayleigh distribution; overtopping is 
estimated as a summation of the contribution for individual runups.  
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If runup does not exceed the freeboard, the empirical equation for monochromatic waves will 
yield an overtopping of zero. The irregular wave equations will account for the overtopping 
which may result from larger waves within the distribution. 

Smooth Slope Runup is calculated as follows: 

iCHR

 

The coefficient C  is characterized by the surf parameter  according to the following wave-

structure regime (applicable to conditions at Gatun Lake):  

 

5.3

 

wave conditions that are nonbreaking and are regarded as 
standing or surging waves.  

Recommended expressions for coefficient C  corresponding to this regime are then: 

 

Nonbreaking wave conditions 5.3

   

2375.0

5.0187.3exp
2

181.1
i

c
nb H

C

 

where 

c  crest height of the wave above the still-water level calculated using the Stream Function 

Wave Theory (Dean, 1974)  

Monochromatic Wave Overtopping is Estimated: 

1085.0

3
0

*
0 FR

FR
HgQCQ 

where  

Q       = overtopping rate/unit length of structure  

C     = wind correction factor  

g       = gravitational acceleration  

,*
0Q = empirical coefficients (see SPM (1984) figures) 
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Note: An average value for  as a function of structure 

slope may be approximated by:   

sinln0143.006.0

 

This option is available in the application.     

0H    = unrefracted deepwater wave height    

R      = runup    

F      = ss dh = freeboard    

sh      = height of structure    

sd      = water depth at structure  

Irregular Wave Overtopping is Estimated:  

199

1199

1
i

iQQ    

where    

Q    = volume rate of overtopping caused by irregular waves 

iQ   = volume rate of overtopping caused by one runup on the run-up 

distribution  

      

1085.0

3*
0 FR

FR
HgQC

i

i
so    

soH  = deepwater significant wave height    

iR    = run-up value having exceedance probability p

    

        s
p R

2

ln 1
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p     = 199,...,3,2,1,*005.0 ii 

sR    = runup with a given deepwater significant wave height and period  

Wallingford Ltd Design Manual Methods for Estimating Average Overtopping 

The Wallingford design manual recommends an empirical method derived by Allsop et al 
(1995). The Allsop et al (1995) method differentiates between deep water and shallow water 
waves. In deepwater conditions, the waves are observed to reflect back from the seawall, 
whereas in shallow water the waves are prone to break over the structure. Allsop et al (1995) 
defined a parameter used to determine whether waves will be in reflecting mode:  

h* = (h/Hs)*(2?h)/(gT2))  

where: 

h = water depth 

Hs = significant wave height 

g = acceleration due to gravity 

T = wave period  

If h>0.3, reflecting waves predominate and average wave overtopping may be estimated as 
follows for smooth vertical walls in deep water:  

Q# = 0.05 exp(-2.78 Rc/Hs) 

where: 

Q# = dimensionless discharge, given by Q/(g Hs
3)0.5 

Q = mean overtopping discharge rate per meter of seawall (m3/s/m) for all 
waves in a sample (including Q=0) 

Rc = freeboard    
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ESTIMATES OF WAVE RUNUP AND OVERTOPPING  

Wave runup and overtopping were evaluated for three design scenarios, applying the methods 
discussed above. Scenarios, defined in Table 7, are labeled consistently with Table 5 Summary 
of Estimated Wave Heights and Frequency. It was assumed that the significant wave height for 
a group was equal to the wave height identified in Table 7. As discussed previously, all three 
scenarios may be characterized as extreme events based on the record from 1985 to 2003. 

Table 7 - Description of Scenarios with Estimated Wave Runup  

Scenario  Wave 
Height 

(m)  

Wave 
Height 

(ft)  

Assumed 

Period  

(s)  

Wave 

Runup 

(m)  

Wave 

Runup 

(ft) 

Probability 
Greater 
Than or 

Equal To H1 

2. Restricted Fetch, Uobs= 
16 knots, Fetch limited 

0.10 0.33 1.5  0.11 0.36 0.57% 

3. Restricted Fetch, Uobs= 
16 knots, Fetch limited 

0.37 1.21 2.13 0.42 1.38 < 0.01% 

1 Based on sample data from 1985 to 2003. Does not account for joint probability of water surface    
elevation being at MOLL. 

 

Wave runup on the lock wall was estimated based on the empirical method in ACES program 
(Table 7). The runup is calculated independent of the water surface elevation. The runup for 
Scenario 2 is less than 0.11 m (0.37 ft) and Scenario 3 is estimated to be 0.42 m (1.38 ft).  

Average Wave Overtopping 

Tables 8 & 9 summarize the estimated average wave overtopping for a series of events based 
on the ACES and Wallingford Ltd methods respectively. Overtopping was estimated for a range 
of freeboard conditions from 4 feet to 0.50 feet for each of the scenarios.  

Applying the ACES monochromatic method for estimating wave overtopping results in no 
overtopping if the freeboard is greater than 0.11 m, for Scenario 2 (Table 8). Estimates of wave 
overtopping, using the Wallingford Method, all lie within the range of acceptable tolerance for 
pedestrians and structural integrity for Scenario 4 (H=0.10 m).   The conclusion of no structural 
damage is based on a simple rule of thumb for typical structures found at the waters edge. 

Under Scenario 3 (H=0.37 m), with the application of the ACES method, theoretically there 
would be no wave overtopping for a freeboard greater than or equal 0.42 m (1.38 ft). Following 
the Wallingford Method, average wave overtopping is estimated to exceed the tolerance level 
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for both pedestrian safety at a freeboard less than or equal to 0.31m (1.0 ft) and structural 
damage for a freeboard less than or equal to 0.46m (1.50 ft).   

Table 8 -  Estimated Average Wave Overtopping - ACES method 

Freeboard  Scenario 2 

H=0.10 m 

Scenario 3 

H=0.37 m 

(m) (ft) (m3/m/s) (m3/m/s) 

1.22 4.00 - - 

0.91 3.00 - - 

0.61 2.00 - - 

0.46 1.50 - - 

0.30 1.00 - 4.00E-03

 

0.15 0.50 - 1.80E-02

 

CEM Acceptable Limits: 

Structural damage starts at 2E-03 to 2E-02 m3/s/m 

Pedestrian risk starts between 1.0E-04 to 9E-04 m3/s/m

  

Table 9 -  Estimated Average Wave Overtopping - Wallingford Method  

Freeboard Scenario 2 

H=0.10 m 

Scenario 3 

H=0.37 m 

(m) (ft) (m3/m/s) (m3/m/s) 

1.22 4.00 9.4E-18 3.7E-06 

0.91 3.00 4.5E-14 3.7E-05 

0.61 2.00 2.2E-10 3.6E-04 

0.46 1.50 1.5E-08 1.1E-03 

0.30 1.00 1.0E-06 3.6E-03 

0.15 0.50 7.1E-05 1.1E-02 

CEM Acceptable Limits: 

Structural damage starts between 2E-03 to 2E-02 m3/s/m 

Pedestrian risk starts between 1.0E-04 to 9E-04 m3/s/m 
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Under existing conditions, when the surface water level of Gatun Lake is at the MOLL of 87.5 ft 
PLD, there is 1.2 m (4 ft) of freeboard relative to crest of the walkway at the lock (91.5 ft PLD) 
and 1.37 m (4.5 ft) of freeboard relative to the crest of the lock structure. The average wave 
overtopping, resulting from H=0.37 to H=0.60 m, would be within the acceptable range for both 
pedestrians and structures. 

If the MOLL were raised from 87.5 ft PLD to 90.0 ft PLD there would be 0.46 m (1.5 ft) of 
freeboard between the crest of the walkway at the lock and the water surface at the MOLL; 0.61 
m (2 ft) of freeboard would exist between the MOLL and the crest of the lock structure. Under 
wave conditions of Hs=0.37 to Hs=0.46 m (and water surface at MOLL) overtopping would be 
within the accepted range as prescribed by the Coastal Engineering Manual for structures.  

Based on the above investigations, raising the MOLL of Gatun from 87.5 up to 90 ft PLD 
(allowing 2.0 ft of freeboard to the top of the lock wall), should not result in a high risk of 
structural damage to the lock during low frequency events. Wave overtopping may put 
pedestrians at risk but only during extreme events. 

SUMMARY AND RECOMMENDATIONS 

The design wave heights at Gatun Lake historically used by ACP are estimated to be 0.91 m 
(3.0 ft), while at Pedro Miguel they are estimated to be 0.34 m (1.1 ft).   

Based on an initial review of the wind data at the Gatun station (which show winds 
predominantly from the north), it was determined further investigation of the design wave height 
was merited.  A similar review of the wind data for Pedro Miguel showed that the proposed 
design wave height of 0.34 m (1.1 ft) was reasonable.   

In order to estimate the appropriate design wave height and overtopping design criteria at 
Gatun, wave data was hindcast using the wind record (1985 to 2003) experienced at Gatun 
station. It was determined, that for day to day operations, design wave heights from 0.01 to 0.05 
m are appropriate. Wave heights on the order of 0.1 m to 0.37 m should be considered for 
extreme events.  These results were verified by ACP personnel who reported that the maximum 
wind wave heights at Gatun over the last 20 years were approximately 0.31m (1.0 ft). 

Excessive wave overtopping may preclude workers from safely operating on the walkway 
outside of the lock or may result in damage to the structure. Table 10 summarizes the estimated 
average wave overtopping at a specified stillwater elevation for two design scenarios. Scenario 
4 is representative of a design wave height of 0.10 m which is estimated to be exceeded 0.57% 
of the time. Scenario 5 is representative of a design wave height of 0.37 m which is estimated 
be exceeded less than 0.01% of the time.  Considering that winds from the south usually occur 
when the lake level is lower, the joint probability of high winds from the south when the lake 
level is at the proposed MOLL is even lower. 
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Based on investigations summarized in Table 10, raising the MOLL of Gatun from 87.5 up to 90 
ft PLD, would not result in a unacceptable risk of structural damage to the lock during low 
frequency events. Wave overtopping may put pedestrians at risk but only during extreme 
events. 

The design wave heights and frequency estimates above do not account for the waves that will 
be generated by the approach of ship which has been estimated to be on the order of 0.30 m 
(1.0 ft).  Given the high level of variability and uncertainty associated with wave hindcasting, it is 
conservatively recommended that a design wave height of 0.34 m (1.1ft) be used in the 
evaluation; this is equivalent to the design wave height for Pedro Miguel Locks.  It is further 
recommended that observations be made at the locks to check the accuracy of these proposed 
design wave heights during later design stages. 

Table 10 -  Summary of Estimated Average Wave Overtopping – Wallingford Method 

Stillwater 
Elevation 

Freeboard 
(Relative to Crest 

of Walkway)  

Scenario 2 

H=0.10 m 

Scenario 3 

H=0.37 m 

(ft PLD) (m) (ft) (m3/m/s) (m3/m/s) 

87.5 1.22 4.00 9.4E-18 3.7E-06 

88.5 0.91 3.00 4.5E-14 3.7E-05 

89.5 0.61 2.00 2.2E-10 3.6E-04 

90 0.46 1.50 1.5E-08 1.1E-03 

90.5 0.30 1.00 1.0E-06 3.6E-03 

91 0.15 0.50 7.1E-05 1.1E-02 

Notes:  CEM Acceptable Limits for 

Structural damage starts between 2E-03 to 2E-02 m3/s/m 

Pedestrian risk starts between 1.0E-04 to 9E-04 m3/s/m  

 

CHECK OF BOAT WAKE WAVE HEIGHTS 

In addition to the above wind waves, an analysis was also completed for boat wake waves to 
determine if boat wake waves would exceed wind waves.  Guidance given in PIANC was used 
for the analysis.  For the calculation of boat wake waves, it is important to remember that there 
are two separate types of waves generated by ships.  The first are primary waves which are 
generated at the bow and stern of the boat.  The second are secondary waves which are 
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generated along side of the ship.  The equation for calculating primary wave heights includes 
the following variables: 

 
Vessel Speed 

 

Water Depth 

 

Channel Cross-sectional Area 

 

Cross-sectional Area of Ship Underwater 

The equation for estimating secondary wave heights includes the following variables:  

 

Vessel Speed 

 

Water Depth 

 

Distance from Ship to Point of Interest 

 

Ship Shape Coefficient 

A spreadsheet model was created to calculate estimated boat wake wave heights for both 
primary and secondary waves.  For the primary waves, two different conditions were calculated.  
The first condition consisted of a Panamax ship approaching the knuckle of the lock.  The 
channel width was increased to 45.7 m (150 ft) to account for the angle of the knuckle.  This 
calculation resulted in an estimated primary boat wake wave height of 0.32 m (1.06 ft).  Another 
condition was also modeled to approximate when a Panamax ship is located within the first lock 
being handled by locomotives.  The channel depth is increased to account for the first lock floor 
elevation and the resulting wave height is calculated to be 0.26 m (0.85 ft).  The vessel speed of 
the ship for both of these cases was assumed to be 1.8 knots based on vessel speeds of ~3 ft/s 
observed at the Pedro Miguel locks.  The wave model was also checked against two ships 
observed at Pedro Miguel, and the model results matched observed wave heights fairly well.  
Another case was investigated with tugs approaching the knuckle, but this case resulted in 
lower wave heights.  Please see Table 11 for the model calculations of the controlling 
conditions. 

For secondary wave heights, multiple cases were also run to determine which cases would 
control.  Cases were run for the tugs working alongside the locks with speeds of 5 knots with 
resulting wave heights of 0.06 – 0.08 m (0.20 – 0.26 ft), as well as out in the lake where the tug 
speeds approach 10 knots (based on travel times given in the lockage handbook and ACP 
personnel experience).  For these cases out in the lake, varying distances to shore were 
assumed from 15.2 – 61 m (50 – 200 ft).  The resulting wave heights ranged from 0.37 – 0.59 m 
(1.22 – 1.93 ft).  Please see Table 11 for the model calculations.   
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Based on ACP concerns, propeller wash waves were also investigated.  An exhaustive literature 
search yielded design procedures for only the estimation of maximum velocities behind 
propellers, not wave heights.  However, ACP personnel at the locks stated that waves of 30 – 
40 cm (1 – 1.3 ft) have been observed when ships are headed toward Gatun Lake and the 
propeller is next to the lock gates (worst case). 

Based on the above model calculations and observations, it appears that for day to day 
operations, design boat wake wave heights up to 0.39 m (1.3 ft – propeller wash – worst 
case) may be experienced at the locks.  Therefore, the design wave height to be used at 
the locks should be 0.39 m (1.3 ft).  However, for other structures within the lake, the 
wave heights experienced likely approach 0.59 m (1.93 ft).  

Table 11 -  Summary of Boat Wake Wave Height Calculations 

Estimation of Boat Wake Wave Heights

Based on PIANC,1987 From ACP Lockage Handbook:
Distance in Nautical Miles from Gatun to Pedro Miguel = 27.67 nautical miles
Scheduled Running Time from Gatun to Pedro Miguel = 173 min

Average Speed from Gatun to Pedro Miguel = 9.6 knots

Primary Waves (Front and Back of Ship) Secondary Waves (Side of Ship)

Approaching First Lock @ Knuckle Approaching First Lock @ Knuckle - Tugs Working
h (Channel Depth) = 48 ft h (Channel Depth) = 48 ft

Channel Width  = 150 ft S (Distance From Ship to Point of Interest) = 5 ft
Channel Area (Ac) = 7200 ft^2 Vs (Vessel Speed) = 5 knots

Ship Width = 106 ft alpha (Ship Coefficient) = 1.2
Ship Draft = 43 ft

Ship Blocked Area (As)= 4558 ft^2 Hi = 0.26 ft
As/Ac = 0.63

Vs (Vessel Speed) = 1.8 knots
Within First Lock - Tugs Working

Vs^2/2g = 0.0060 ft h (Channel Depth) = 68 ft
(2*z/h)/((1-As/Ac-z/h)^-2)-1) = 0.0060 ft S (Distance From Ship to Point of Interest) = 5 ft

Vs (Vessel Speed) = 5 knots
z = 1.06 ft alpha (Ship Coefficient) = 1.2

Hi = 0.20 ft
Within First Lock

h (Channel Depth) = 68 ft
Channel Width  = 110 ft Out in Lake - 200 ft Away - Tugs Travelling

Channel Area (Ac) = 7480 ft^2 h (Channel Depth) = 48 ft
Ship Width = 106 ft S (Distance From Ship to Point of Interest) = 200 ft
Ship Draft = 43 ft Vs (Vessel Speed) = 10 knots

Ship Blocked Area (As)= 4558 ft^2 alpha (Ship Coefficient) = 1.2
As/Ac = 0.61

Vs (Vessel Speed) = 1.8 knots Hi = 1.22 ft

Vs^2/2g = 0.0042 ft
(2*z/h)/((1-As/Ac-z/h)^-2)-1) = 0.0042 ft Out in Lake - 100 ft Away - Tugs Travelling

h (Channel Depth) = 48 ft
z = 0.85 ft S (Distance From Ship to Point of Interest) = 100 ft

Vs (Vessel Speed) = 10 knots
alpha (Ship Coefficient) = 1.2

Hi = 1.54 ft

Out in Lake - 50 ft Away - Tugs Travelling
h (Channel Depth) = 48 ft

S (Distance From Ship to Point of Interest) = 50 ft
Vs (Vessel Speed) = 10 knots

alpha (Ship Coefficient) = 1.2

Hi = 1.93 ft
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REVISED ESTIMATES OF WAVE RUNUP AND OVERTOPPING  

Wave runup and overtopping were re-evaluated for multiple design scenarios, applying the 
methods discussed above.  Scenarios were run for wave heights from 0.15 – 0.91 m (0.5 – 3.0 
ft) for lake stillwater levels from 26.67 – 27.74 m (87.5 – 91.0 ft) at 0.15 m (0.5 ft) intervals (and 
also the 0.39 m (1.3 ft) wave at the locks) to bracket any possible solution.  The results can be 
seen in Table 12. 

Table 12 -  Summary of Estimated Runup and Average Wave Overtopping – Wallingford Method  

Summary of Elevation of Estimated Runup 
Stillwater 
(ft PLD) 

H=0.5ft 
(ft PLD) 

H=1.0ft 
(ft PLD) 

H=1.3ft 
(ft PLD) 

H=1.5ft 
(ft PLD) 

H=2.0ft 
(ft PLD) 

H=2.5ft 
(ft PLD) 

H=3.0ft 
(ft PLD) 

87.5 88.0 89.0 89.5 90.5 92.5 95.0 98.0 
88 88.0 89.0 90.0 90.5 92.5 95.0 98.0 

88.5 88.5 89.5 90.5 91.0 93.0 95.5 98.5 
89 89.0 90.0 91.0 91.5 93.5 96.0 99.0 

89.5 89.5 90.5 91.5 92.0 94.0 96.5 99.5 
90 90.0 91.0 92.0 92.5 94.5 97.0 100.0 

90.5 90.5 91.5 92.5 93.0 95.0 97.5 100.5 
91 91.0 92.0 93.0 93.5 95.5 98.0 101.0 

 

Summary of Estimated Average Wave Overtopping  
Stillwater 
(ft PLD) 

Freeboard

 

(m) 
Freeboard

 

(ft) 
H=0.5ft 

(m3/m/s) 
H=1.0ft 

(m3/m/s) 
H=1.3ft 

(m3/m/s) 
H=1.5ft 

(m3/m/s) 
H=2 ft 

(m3/m/s) 
H=2.5ft 

(m3/m/s)

 

H=3ft 
(m3/m/s) 

87.5 1.22 4.00 2.04E-12 3.90E-07 7.53E-06

 

2.92E-05 2.87E-04 1.22E-03 3.36E-03 
88 1.07 3.50 3.30E-11 1.57E-06 2.19E-05

 

7.38E-05 5.75E-04 2.13E-03 5.34E-03 
88.5 0.91 3.00 5.31E-10 6.29E-06 6.39E-05

 

1.86E-04 1.15E-03 3.71E-03 8.49E-03 
89 0.76 2.50 8.56E-09 2.53E-05 1.86E-04

 

4.71E-04 2.31E-03 6.46E-03 1.35E-02 
89.5 0.61 2.00 1.38E-07 1.01E-04 5.42E-04

 

1.19E-03 4.62E-03 1.13E-02 2.15E-02 
90 0.46 1.50 2.22E-06 4.07E-04 1.58E-03

 

3.00E-03 9.26E-03 1.96E-02 3.41E-02 
90.5 0.30 1.00 3.59E-05 1.63E-03 4.60E-03

 

7.59E-03 1.86E-02 3.43E-02 5.42E-02 
91 0.15 0.50 5.78E-04 6.56E-03 1.34E-02

 

1.92E-02 3.72E-02 5.97E-02 8.61E-02 
CEM Acceptable Limits: 
Structural damage starts at 2E-03 to 2E-02 m3/s/m 
Pedestrian risk starts between 1.0E-04 to 9E-04 m3/s/m  

 

Under existing conditions, when the surface water level of Gatun Lake is at the MOLL of 87.5 ft 
PLD, there is 1.2 m (4 ft) of freeboard relative to crest of the walkway at the lock (91.5 ft PLD) 
and 1.37 m (4.5 ft) of freeboard relative to the crest of the lock structure. The average wave 
overtopping, resulting from H=0.37 to H=0.60 m (1.2 – 2 ft), would be within the acceptable 
range for both pedestrians and structures. 

If the MOLL were raised from 87.5 ft PLD to 90.0 ft PLD there would be 0.46 m (1.5 ft) of 
freeboard between the crest of the walkway at the lock and the water surface at the MOLL; 0.61 
m (2 ft) of freeboard would exist between the MOLL and the crest of the lock structure. Under 
wave conditions of Hs=0.37 to Hs=0.46 m (1.2 – 1.5 ft) (and water surface at MOLL) overtopping 
would be within the accepted range as prescribed by the Coastal Engineering Manual for 
structures. As for pedestrian risk, there would be some issues at the top of the lock gate with the 
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lake level raised to 89.5 - 90.0, but another walkway could be used at those times of the year 
when the lake would be at the MOLL.  Pilot operations could also possibly be adjusted as to 
when the ships propeller could be engaged when traveling toward the lake (so that the worst 
case wave would be closer to 0.34 m (1.1 ft) rather than 0.39 m (1.3 ft). 

Based on the above investigations, raising the MOLL of Gatun from 87.5 up to 90 ft PLD 
(allowing 2.0 ft of freeboard to the top of the lock wall), should not result in a high risk of 
structural damage to the lock

 

during low frequency events. Wave overtopping may put 
pedestrians at risk but other walkways could be used when the lake is at the proposed 
MOLL.  As for the other structures within the lake, it would appear that 3.5 ft of freeboard 
is required for pedestrian safety while 2.0 ft of freeboard is required to minimize 
structural damage. 

REVISED SUMMARY AND RECOMMENDATIONS 

The design wave heights at Gatun Lake historically used by ACP are estimated to be 0.91 m 
(3.0 ft), while at Pedro Miguel they are estimated to be 0.34 m (1.1 ft).   

Based on an initial review of the wind data at the Gatun station (which show winds 
predominantly from the north), it was determined further investigation of the design wave height 
was merited.  A similar review of the wind data for Pedro Miguel showed that the proposed 
design wave height of 0.34 m (1.1 ft) was reasonable.   

In order to estimate the appropriate design wave height and overtopping design criteria at 
Gatun, wave data was hindcast using the wind record (1985 to 2003) experienced at Gatun 
station. It was determined, that for day to day operations, design wave heights from 0.01 to 0.05 
m are appropriate. Wave heights on the order of 0.1 m to 0.37 m should be considered for 
extreme events.  These results were verified by ACP personnel which stated that the maximum 
waves experienced at Gatun during the last 20 years were approximately 0.31 m (1.0 ft). 

Based on the calculations completed for estimating boat wakes, it appears that for day to day 
operations, design boat wake wave heights up to 0.39 m (1.3 ft) may be experienced at the 
locks.  However, for other structures within the lake, the wave heights experienced likely 
approach 0.59 m (1.93 ft).  

Therefore, based on the investigations summarized in Table 10 and Table 11, raising the 
MOLL of Gatun from 87.5 up to 90 ft PLD, would not result in an unacceptable risk of 
structural damage to the lock during low frequency events. Wave overtopping may put 
pedestrians at risk but but other walkways could be used when the lake is at the 
proposed MOLL.  As for other structures in the lake, it would appear that 3.5 ft of 
freeboard is required for pedestrian safety while 2.0 ft of freeboard is required to 
minimize structural damage.  It is further recommended that observations should be 
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made at the locks and other areas in the lake to check the accuracy of these proposed 
design wave heights at later design stages.  Given the verification of the above 
calculations by ACP personnel experience, we believe that these estimates are 
reasonable and applicable for a feasibility level design, but as this project proceeds 
additional wave data collection will allow for verification of the design and opinions of 
probable costs associated with the project. 
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In the event that you have any questions or comments concerning this draft memorandum, 
please do not hesitate to call me at 410-563-7300.  

Yours sincerely, 
MOFFATT & NICHOL ENGINEERS  

for 
Michael G Horton, P.E., Vice President 
Project Manager 
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Inventory of Structures 



              
June 21, 2004  

Autoridad del Canal de Panama 
Canal Capacity Projects Division 
Building 601 
Corozal Oeste, Republic of Panama  

Attn.: Mr. José Pascal, Technical Lead and Point of Contact:  

RE:  Contract SAA-126161   Flood Mitigation Program for Gatun Lake   
Draft Memorandum – Inventory of Structures and Facilities  

Dear Mr. Pascal: 

This draft memorandum summarizes the evaluation of the existing structures and facilities that 
will likely be impacted by raising the Gatun Lake maximum operating level, compiled by the 
project team based on the information obtained during the recent site visit and information 
collected prior to this visit.  The information in this report is largely based upon the site visit 
performed from May 4 to 7, 2004 and supplemented by information provided in the 1999 
USACE Study as well as additional information provided to the project team at the kickoff 
meeting.  The fieldwork was necessary to verify and/or obtain the critical elevations of the 
multiple structures and facilities that are likely to be impacted by increasing the Maximum 
Operating Lake Level (MOLL).  This report is designed to identify the structures that will be 
affected by raising the MOLL, in addition to outlining the cost implication to replace or retrofit 
these structures.  Please note that this analysis does not include costs for impacts to the 
proposed Panamax-Plus lock facilities.  It is assumed that any changes/modifications required 
to the proposed locks will be incorporated under that project.  Also, it is assumed that the 
existing locks can be modified with rubber boots and other features so that the critical elevations 
of the existing locks will be the top of the existing walkway at El 27.89 m (91.5 ft) and the top of 
coping 28.04 m (92.0 ft). 

FIELD RECONNAISSANCE STUDY 

As part of this project, Moffatt & Nichol, Golder Associates and ACP personnel performed a field 
reconnaissance study to document the various structures around the lake that might be 
impacted by raising the MOLL.  This task involved utilizing ACP boats and/or vehicles to access 
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the majority of the ACP waterfront structures and various private facilities and villages around 
Lake Gatun.  The field observations took four days to complete and involved visiting the majority 
of the structures and facilities around the lake.  For each structure or facility an overall site 
description with brief details and measurements were obtained, along with photographic 
documentation.  This enabled the project team to obtain and/or verify the critical elevations for 
the various structures and to develop potential replacement or retrofit concepts with 
corresponding opinion of probable costs.  During the investigation inventory logs were 
maintained for each structure to identify general information, location, and critical elevations.   

May 4, 2004 was the first day of the site inventory and involved investigating the structures 
starting at the Pedro Miguel Meteorological and Hydrographic Facility and continuing to various 
ACP and third party structures and facilities located in Paraiso, Gamboa, and up the Chargres 
River to Madden Dam.  The second day, May 5th, involved boarding the boat in Gamboa and 
traveling to the Smithsonian facility on the island of Barro Colorado.  From there, the team 
headed to Gatun to inventory the various ACP and third party structures and facilities around 
the Gatun Locks.  In Gatun, the team boarded a van and traveled toward Fort Sherman to 
estimate the approximate road and bridge elevations and inventory the areas located around 
the proposed spillway site and around French Canal.  The final stop was at the Gatun Locks to 
meet with lock personnel and to verify and locate the critical elevations throughout the facility.  
The third day, May 6th, involved boarding the boat in Gamboa and heading to the Monte Lirio 
Bridge and then continuing to the towns of El Limon, La Providencia, La Represa and finishing 
at the Melia Resort and Mount Hope water intake.  In the afternoon the team traveled by boat to 
the western side of the lake to investigate the towns of Escobal and Cuipo.  On the fourth day, 
May 7th, the team traveled to the La Laguna to investigate the village and water intake structure.  
From La Laguna, the team split up with half continuing west to the villages of La Arenosa and 
La Garterra, while the other half headed back toward the Pedro Miguel Locks to investigated 
Las Cruces landing and inspected the rubber boot protecting the hydraulic arms for the gates at 
the Miraflores Locks.                

SUMMARY OF INFORMATION GATHERED  

The structures that will be impacted with a revised operating lake level consist of the Gatun 
Locks, Pedro Miguel Locks, Gatun Spillway and dam, numerous saddle dams, multiple ACP 
structures and facilities, bridges, water supply intake structures, and other third party facilities 
located along the perimeter of Gatun Lake and its tributaries.   

The primary structures and facilities appurtenant to and potentially affected by any change in 
the operation of Gatun Lake can be grouped according to general types as follows: Locks, 
Spillways, Embankments, Railroads, Highways, Bridges, Water Intake Structures, ACP 
Dredging and Operational Facilities and Miscellaneous Third-party Facilities.  These features 
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are addressed in the following paragraphs and the features requiring modification are detailed 
under each section separately. 

LOCKS 

The upper chambers at Gatun and Pedro Miguel Locks were built on the standard Panama 
Canal footprint having nominal chamber dimensions of 1,000 by 110 ft (304.8 by 33.5 m).  As 
noted in the paper by Hodges, 1915, the freeboard of the terminal locks of the summit level was 
assumed at 5 ft (1.52 m) above high water of Gatun Lake, placing the coping of upper Gatun 
and Pedro Miguel Locks at elevation 92 ft (28.04 m) Mean Sea Level (MSL).  The sill of the 
opening through which the gate-operating strut protrudes is 3.54 ft (1.08 m) below the top of the 
lock wall.  The paper by E.S. Randolph, “Report on Preliminary Office Study on Additional 
Spillway Capacity from Gatun Lake”, and supplemented by the USACE 1979 – Green Book 
gives the following critical elevation for the locks. 

Table 1 – Critical Elevations in Feet for Lock Structures (Taken from Randolph, 1945 and 
USACE, 1979 – Green Book, ACP Field Data) 

Specific Portion of Structure

 

Gatun

 

Pedro Miguel

 

Guard Gate Strut Slots 88.125 88.46 

Walls Under Emergency Dams 89.25 89.25 

Top of Floatwell Chamber 88.08 88.50 

Floor, Upper Regulating Valve Rooms 88.67 89.00 

Upper Chain Fender Bulkheads 89.17 89.47 

Bulkhead in Guard Valve Rooms 87.83 88.25 

Top of Stairway, Guard Valve Rooms 87.33 Not Reported 

Caisson Duct Not Reported 89.50 

Top of Miter Gate 88.4 88.4 

Top of Miter Gate Walkways 91.50 91.50 

Top of Lock Walls and Backfill 92.00 92.00 

Drainage Slots for Mule Rails (invert) 90.9 90.9 

Bottom of Pit Under Locomotive 88.0 Not Reported 
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Along with a rise in lake levels, any lock modifications would also have to be designed for the 
impacts of wave runup.  A detailed study was completed to determine the wave heights, runup, 
and allowable overtopping for each of the locks and can be found in Appendix G.  

As for corrective measures required for the locks to accommodate a rise in the maximum 
operating lake level, the following retrofits were studied. 

 

Installation of Rubber Boots Within Guard Gate Strut Slots (such as is currently installed 
at Miraflores Lock) 

 

Installation of a Vertical Plate on Top of the Existing Miter Gates 

 

Installation of Rubber Flaps Within the Drainage Slots for the Mule Rail 

PROPOSED PANAMAX-PLUS LOCKS 

In addition to the existing locks, modifications to the proposed Panamax-Plus locks will have to 
be incorporated based on the MOLL finally selected.  However, after numerous discussions with 
ACP staff concerning this issue, ACP directed the project team to not incorporate expected 
impacts and additional costs associated with the raising the gates and lock walls required due to 
raising the MOLL against this project. 

SPILLWAYS 

Existing Gatun Spillway 

As stated in the 1999 USACE study, the existing spillway at Gatun Dam is a gated structure 
having a sill elevation of 68.89 ft (21.0 m) MSL.  There are 14 gate bays, each 45 ft (13.7 m) 
wide, closed by vertical lift (Stoney) gates 19 ft (5.8 m) high, and separated by reinforced 
concrete piers, 10 piers 8.5 ft (2.6 m) wide and 3 piers, at the center of the spillway, 15 ft (4.6 m) 
wide.  The stated top of gate elevation in the closed position is 87.89 ft (26.79 m) MSL.  When 
fully raised the gates have a bottom elevation of 91.5 ft (27.89 m) MSL.  A walkway bridge 
spans across the tops of the piers at elevation 115.5 ft (35.2 m) MSL imposing a top restraint on 
the height to which the gates can be raised.  This height is further restricted by the gate 
operating mechanism, consisting of a lifting chain, pulley, and counterweight system with the 
chains attached to the tops of the gates.  

During extreme flooding conditions when the lake elevation exceeds 91.5 ft (27.9 m) MSL, 
spillway releases will become orifice controlled and not free overflow of the spillway.  Previous 
studies have not considered this impact on the spillway release capacity.  Furthermore, 
hydraulic forces on the fully open gates could result in damage to the gates.  This condition will 
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be further evaluated as part of this study and recommendations for possible retrofits will be 
made. 

EMBANKMENTS 

Gatun Dam 

The dam as constructed has a general top elevation of 105 ft (32.00 m) MSL, has side slopes 
varying from 7.67 horizontal on 1 vertical to 11.11 horizontal on 1 vertical in critical areas, is 1.5 
mi (2.40 km) long, and is approximately 2,300 ft (701 m) wide at the widest point of its base.  
However, recent topographic surveys show that certain portions of the crest (both on east and 
west sections) are actually below elevation 98.4 ft (30 m). 

Pedro Miguel Dam 

The dam at Pedro Miguel Lock comprises the southern enclosure for the Gatun Lake.  It was 
constructed from the earth and rock fill removed from the lock pit and extends northward from 
the upper west wingwall of the lock to a hill.  It is practically an extension of the west wingwall of 
the lock.  The top elevation of the dam is at elevation 105 ft (32.0 m) MSL and its total length is 
approximately 1,400 ft (427 m).  

Saddle Dams 

The following is a listing of the saddle dams around Gatun Lake derived from an inventory 
prepared by the PCC.  

Table 3 - Gatun Lake Saddle Dam Inventory 

SADDLE DAM 

NAME

 

Type of 
Saddle 

Dam

 

Crest elevation

 

(ft - m)

 

Top elevation 
of bedrock

 

(ft - m)

 

Length of 
Saddle Dam in 
Its Lowest Part

 

(ft. – m.)

 

Arroyo No. 1 Natural 116.8 -35.6 89.9 - 27.4 351 - 106.98 

Arroyo No. 2 Natural 113.0 - 34.44 74.2 - 22.62 968 - 295.05 

Arroyo No. 3 Natural 116.8 - 35.6 86.0 - 26.21 673 - 205.13 

Arroyo No. 4 Natural 114.8 - 34.99 80.1 - 24.4 312 - 95.1 

Arroyo No. 5 Natural 108.0 - 32.92 65.0 - 19.81 Not mentioned 
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Arroyo No. 6 Natural 114.8 - 34.99 73.2 - 22.31 377 - 114.91 

Barro No. 1 Natural 142.1 - 43.31 123.0 - 37.49 Not mentioned 

Barro No. 2 Natural 104.0 -31.7 Unknown Not mentioned 

Barro No. 31/ Natural 104.0 - 31.7 Not mentioned Not mentioned 

Canoa No. 1 Natural 119.1 - 36.3 114.8 - 34.99 968 - 295.05 

Canoa No. 2 Natural 119.1 - 36.3 Unknown Not mentioned 

Canoa No. 3 Natural 119.1 - 36.3 Not mentioned Not mentioned 

Caño No. 1 Natural 114.8 - 34.99 81.0 - 24.69 328 - 99.97 

Caño No.2 Man-made 114.8 - 34.99 76.8 - 23.41 328 - 99.97 

Caño No. 3 Man-made 114.0 - 34.75 77.1 - 23.5 Not mentioned 

Caño No. 42/ Man-made 105.0 - 32.0 77.1 - 23.5 Not mentioned 

Caño No. 5 Natural 93.2 - 28.4 74.8 - 22.8 Not mentioned 

Caño No. 6 Natural 97.8 - 29.8 49.9 - 15.21 Not mentioned 

Egronal Natural 128.9 - 39.29 120.1 - 36.61 148 - 45.11 

Escobal No. 1 Natural 114.8 - 34.99 89.9 - 27.4 230 - 70.1 

Escobal No. 23/ Natural 114.8 - 34.99 84.0 - 25.6 Not mentioned 

Escobal No. 3 Natural 114..8 - 34.99 83.0 - 25.3 Not mentioned 

Lagarto No. 14/ Natural 105.0 - 32.0 89.9 - 27.4 Not mentioned 

Lagarto No. 24/ Natural 104.0 - 31.7 89.9 - 27.4 Not mentioned 

Lagarto No. 35/ Natural 114.0 - 34.75 85.0 - 25.91 49.2 - 15.0 
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1/ People around this saddle have cut a trench over 15 ft (4.6 m) deep through the 
saddle for access to and from the lake. 

2/ This saddle dam has a filter on the downstream slope to protect it against piping.  
This filter was made in 1987.  There are also three iron pipes for water level 
measurements in the downstream slope. 

3/ At the top of the saddle there are some homes. 

4/ Some houses have been built on this saddle dam and the main road from Escobal to 
Gatun crosses the saddle dam. 

5/ There is a house in this saddle dam. 

  

As for the embankments, Cano No.5 and No. 6 are the most susceptible to increased water 
levels in Gatun Lake.  Cano No. 5 will almost certainly have to be raised and possibly Cano No. 
6.  These sites should be visited during the upcoming field trip to further investigate and verify 
what measures would have to be completed.  

Unfortunately, time constraints did not allow visits to these sites during the field trip in May.  
However, given that no problems have been reported with the saddle dams under current 
conditions, it was assumed that 5.7 ft of freeboard would be adequate for the saddle dams.  
Therefore, for the purposes of this study, it was assumed that the saddle dams would have to 
be raised to provide 5.7 ft of freeboard.  A cost of US$15 cu.m was assumed to be adequate for 
raising the saddle dams based on other studies in Panama.  

WATER INTAKE STRUCTURES 

GATUN LAKE HYDROPOWER INTAKE STRUCTURE 

The Gatun Lake Hydroelectric plant lies between the lock and dam and consists of six (6) 
Francis type turbine units.  The units vary in size and each are served by a 10 ft (3.05 m) 
diameter penstock with the top of the intake at elevation 73.5 ft (922.40 m) MSL.  Intake and 
control for each penstock is located in a gate structure located immediately at the north end of 
the Gatun Spillway.  Each penstock is gated at its inlet and has a draft vent pipe immediately 
inside the face of the concrete intake structure.  The vent pipes are 3 ft (.914 m) in diameter and 
their inlets are centered at elevation 91.5 ft (27.89 m) MSL.  The gate house which rests atop 
the intake structure has its floor at elevation 95 ft (28.96 m) MSL.  The vent pipes for the water 
intake structure will likely have to be raised for this project.  
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MOUNT HOPE 

The Mount Hope potable water intake facilities may require some modification.  The tower’s 
concrete floor is at elevation of 91.7 ft (27.95 m) MSL and will likely not be affected too greatly.  
However, the intake tower has a top elevation of 90.5 ft (27.58 m) MSL and will likely require 
some modification.  The steel walk bridge leading to it would also require modification to 
maintain critical operational equipment access if this is a major concern.  Photograph 1 in 
Appendix A shows the lower deck elevation of the Paraiso Water Intake. 

PARAISO 

The Paraiso potable water intake facilities is in good condition, but will most likely require some 
modification to accommodate a higher MOLL.  The tower’s concrete floor elevation is at 
91.0 ft (27.74 m) MSL with the centerline of the discharge pipe located at elevation 93.08 ft 
(28.37) MSL.  There is a steel sheet pile bulkhead delineating the waterfront perimeter of the 
facility, with the top at elevation 90.5 ft (27.58 m) MSL, and a timber pier at elevation 89.3 ft 
(27.22 m) MSL.  The entry level to the pump station is around elevation 91.0 ft (27.74 m) MSL.  
Photograph 2 in Appendix A shows the lower deck elevation of the Paraiso Water Intake. 

GAMBOA 

The Gamboa potable water intake facilities is in good condition, but will most likely require some 
modification to accommodate a higher MOLL.  The tower’s concrete floor elevation is 94.0 ft 
(28.65 m) MSL and the grated walkway around the base of the tower is at EL 88.3 ft (26.91 m) 
MSL.  The stone bulkhead that delineates the waterfront is at EL 88.3 ft (26.91 m) MSL.  The 
stone bulkhead and walkway around the base of the tower will most likely need to be raised.  
Photograph 3 in Appendix A provides an elevation view of the Gamboa Water Intake. 

LA REPRESA 

The La Represa water intake is in good condition, with the main deck at elevation 102.4 ft 
(31.21 m) MSL with the centerline of the discharge pipe located at approximately 98.0 ft (29.87 
m) MSL.  Most likely this structure will not require retrofitting or raising to accommodate a higher 
MOLL.  Photograph 4 in Appendix A provides an elevation view of the La Represa Water Intake. 

LA LAGUNA 

ACP personnel indicated that the La Laguna Water Intake facility was built in 2002.  The 
structure is in excellent condition with the top of intake floor at elevation 94.9 ft (28.93 m) with 
the centerline of the discharge pipe located at elevation 96.4 ft (29.38 m) MSL  The floor of the 
pump house building is at approximately elevation 100 ft (30.48 m) MSL.  Most likely this 
structure will not require retrofitting or raising to accommodate a higher MOLL.  Photograph 5 in 
Appendix A provides an elevation view of the La Laguna Water Intake. 
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PANAMA CANAL RAILROAD 

According the to 1999 USACE Report, the Panama Canal Railroad runs approximately 47 
mi (75.6 km) through the Panamanian Isthmus from Colon in the north to Panama City in the 
south.  Its route closely follows the alignment of the Panama Canal.  During the construction of 
the Panama Canal approximately 93,224,000 CY (71,277,460 M3) of material were deposited 
into the railroad embankments.  The railway runs through or immediately adjacent to Gatun 
Lake and Miraflores Lake for approximately half its length.  According to the 1999 USACE 
report, the railway elevation at bridge crossings in Gatun Lake are 98 ft (29.87 m) MSL with a 
low steel elevation of 92 ft (28.04 m) MSL.  Therefore, the railroad is approximately 
4.5 ft (1.37 m) above the existing maximum operating lake level.   

However, the 1945 Randolph Report states that the critical grade across Gatun valley at 93.75 
feet.   Also, the ACP Flood Control Manual states that the railroad fill at Monte Lirio is at 92.00 
feet.  During the field investigation, the project team found that the low chord elevation was 91.2 
ft while the top of the railway fill near the bridge was approximately 97.0 ft.  The Panama Canal 
Railroad recently completed a large project where the majority of the railway in Gatun Lake was 
raised by one to two feet.  Based on the latest drawings, the lowest elevation along the track is 
now 94.7 ft. 

It was also reported that one section of the rail bed was subject to waves pushing rocks up onto 
the track.  However, it appears that the problem is more of a function of the rock being 
undersized for the ship wash being experienced at this site.  Based on Hudson’s stability 
criterion and the average rock size reported by PCR, it would take a wave of at least 4.5 ft. 

Given that the lowest portion of the current railroad is close to Gatun but in a location that does 
have an appreciable fetch from the North, a revised wave hindcast and runup and overtopping 
analysis was completed.  It was found that the railway in the most vulnerable location requires 
approximately 5.5 ft of freeboard to minimize damage to the ballast.  This increased freeboard 
was also added after discussions with PCR which had real concerns about the stability of the 
ballast under higher water levels.  It is felt that this analysis is likely conservative but should be 
used at this feasibility level of analysis.  Costs for raising the track and power lines and 
lengthening equalization culverts were based upon data provided by PCR and past experience 
in Panama.   

BRIDGES 

Based on the recent site inspection and supplemented by the 1945 Randolph Report, the 
following bridges in Table 4 will likely be impacted by increasing the MOLL.   
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Table 4 – Critical Elevations in Feet for Other Bridges  

Bridge

 
Controlling Critical Elevation

 
Gamboa (bottom of steel) 94.0 

Monte Lirio (bottom of steel) 91.2 

 

The Monte Lirio Bridge is a bascule railroad bridge consisting of steel girders supported on 
concrete piers.  The Gamboa Bridge supports the Panama Railroad and a single lane of vehicle 
traffic.  The bridge consists of steel girders supported on concrete piers, and spans over the 
Chargres River.  Depending on the final selected MOLL, the Gamboa and Monte Lirio Bridges 
may have to be replaced to accommodate the project.  Currently only small craft can pass under 
the Monte Lirio bridge.  Therefore if the MOLL is raised as little as 2 feet, the bridge will prevent 
any passage under, thus isolating the northern section of Gatun Lake from boat traffic.  
Likewise, there will be very little room to pass under the Gamboa Bridge, possibly preventing 
certain vessels from traveling up the Chargres River.  The higher water levels also increase the 
susceptibility to trapping debris at the lower girder elevation.  The debris will place substantial 
lateral loading on the bridge, particularly during flood events.  Photographs 6 and 7 in Appendix 
A provide elevation views of the Monte Lirio Bridge and Gamboa Bridge, respectively.  

ACP DREDGING AND OTHER OPERATIONAL FACILITIES 

ACP has numerous dredging piers, fuel barge piers, tug and launch landings, and other 
operational facilities around Gatun Lake that will likely be impacted by the project.  Typically the 
facilities are in satisfactory to good condition, however many will most require modifications to 
accommodate a higher MOLL.  A summary of these facilities and the controlling critical 
elevations can be found in Table 5. 

Table 5 – Critical Elevations for ACP Dredging and Other Operational Facilities Which 
Have Fixed Docks (Obtained During Recent Site Investigation and Supplemented by the 

USACE 1999 Report)  

Facility

 

Top of Dock Elevation

 

Pedro Miguel Met & Hyd Station  89.8 

Las Cruces Landing 88.9 

Paraiso Launch Landing 90.5 
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Paraiso Tug Landing 90.2 

Siri Landing, Gamboa 90.0 

Gamboa Tug Landing 91.0 

Gamboa Launch Landing 89.0 

Gamboa Boat Slips/Landing 88.3 

Dredging Division Main Dock 93.0 

Atlas Landing 93.0 

Tender/Tug Landing 93.0 

Hydrographic Survey Pier, Gamboa 88.3 

Gamboa Fuel Barge Landing 89.8 

Marginal Fueling Wharf 90.8 

Dock 45, Gatun 89.4 

Mitre Gate Repair Pier 89.4 

Gatun Diving Facility Pier 92.4 

Gatun Tug Landing 89.5 

Gatun Launch Landing 89.5 

Gatun Water Bus Landing 88.5 

Gatun Fuel Barge Landing 89.4 

Gatun Small Boat Pier 88.9 

 

It is very likely that many of these fixed dock facilities will have to be raised or retrofitted in order 
to accommodate the project.  During the site visit more specific information was collected in 
order to provide a more accurate level of the project impact and cost required to retrofit each 
one.  Representative photos of some of the facilities identified above are provided in 
Photographs 8 through 15 in Appendix H. 

Additionally, floating docks are located at Las Cruces Landing, Hydrographic Survey Pier in 
Gamboa, and next to the Fuel Barge Landing in Gatun.  The guide piles or lateral support 
mechanisms for these docks define their critical elevations.  However, since these docks are 
design to fluctuate with the water level, only minor retrofits will be required to enable them to 
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accommodate the higher MOLL.  Photograph 16 in Appendix H shows the floating docks at Las 
Cruces Landing. 

MISCELLANEOUS FACILITIES 

In addition to the ACP facilities located around the lake, there are numerous third party 
structures and boat docks that will be impacted by the project.  While many of the structures are 
either small houses near the water or boat docks for residential use, there are larger structures 
around some of the local resorts, villages and at the Smithsonian research center on Barro 
Colorado.  A summary of the larger facilities and the controlling critical elevations can be found 
below in Table 6.  

Table 6 – Critical Elevations for Third Party Structures Which Have Fixed Docks 
(Obtained During Recent Site Investigation)  

Facility

 

Top of Dock Elevation

 

Private Boat Landing at Gamboa Resort 88.3 

Public Boat Landing in Gamboa 88.8 

Gamboa Resort Outdoor Facilities 90.8 

Gamboa Resort Storage Building 87.8 

Smithsonian Landing near Gamboa 90.8 

Smithsonian Facility Main Pier – Barro 
Colorado 

88.8 

Smithsonian Facility Floating Piers – Barro 
Colorado 

90.7 

Tourist Pier in Gatun 93.9 

Timber Pier/Floating Docks at Melia Resort 88.9 

 

One area of concern is at the Gamboa Resort.  It appears that much of the park and 
recreational area behind the hotel is around elevation 91 ft (27.7 m).  The size of this area is 
approximately 10 acres (40,000 square meters) and would be flooded if the MOLL is increased 
more than 3 feet.  Possible remedies would be to raise the existing grade, which would be quite 
expensive.  A less expensive alternative would involve installing a dike around the shoreline 
perimeter to prevent flooding the area.   
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In addition to the larger facilities, the team also investigated multiple villages to determine the 
potential impact on houses, schools, and public facilities.  The villages included Santa Rosa, 
Escobal, El Limon, Cuipo, La Providencia, La Represa, La Arenosa, La Garterra, and La 
Laguna.  An inventory of the various houses or facilities at each village is available on the GIS 
Database.  Representative photos of some of the structures and villages identified above are 
provided in Photographs 17 through 26 in Appendix A. 

COST EVALUATION OF RAISING THE MAXIMUM OPERATING LAKE LEVEL 

In order to determine the structures and facilities that will require retrofitting or replacing to 
accommodate the increase MOLL, it is necessary to determine the controlling MOLL for each 
structure.  The criteria were determined based on the potential wind waves and boat wake 
waves and the associated wave run-up for each region throughout Gatun Lake and its 
tributaries.  In comparing potential wind waves versus boat wakes, it was found that the boat 
wake wave heights would control.  For the purposes of this analysis, it was assumed that a boat 
wake wave height of 2 ft. would be experienced often enough, to merit designing for.  For this 
wave condition, it was found that any structure that is less than 2 foot higher in elevation than 
the MOLL will likely require major retrofitting or replacing (based on wave overtopping and 
damage criteria).  It was determined that structures that are between 2 to 3.5 feet higher than 
the MOLL will likely require minor retrofitting to accommodate wave overtopping for pedestrian 
risk.  Again, it is important to note that this analysis does not consider impacts to the proposed 
Panamax-Plus locks.  It is assumed that the proposed locks will be retrofitted/modified to 
accommodate a MOLL up to 90.0 ft and a maximum flood level of 92.0 ft. 

Due to the magnitude and complexity of determining an opinion of probable cost for retrofitting 
or replacing each individual structure located throughout Gatun Lake, it was necessary to 
develop estimate square footage costs for the various structures.  In addition, each structure 
was categorized into one of the following structure types: Water Intake Structure, Bridge, 
Bulkhead/Marginal Wharf, Timber Pier, Concrete Pier, Floating Pier, Pavement/Grade, Building, 
House, Miscellaneous Structure.  For each structure a unit cost was assigned for a major retrofit 
or replacement.  The unit cost for each structure was developed using historical averages based 
on structures of the various types.  These costs were supplemented by utilizing the RSMeans 
Building Construction Cost Data Manual, 2004.  This manual provides accurate cost data 
compiled by thousands of contractors and suppliers.  Table 7 below provides a range of unit 
costs for each type of structure.      
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Table 7 – Opinion of Probable Cost Ranges for Major Retrofit or Replacement of the 

Various Structure Types on Gatun Lake (2004)  

Structure Type

 
Approximate Unit Cost

 

Water Intake Structure $100 to $120 per square foot 

Bridge $80 to $120 per square foot 

Bulkhead/Marginal Wharf $1000 to $2000 per linear foot 

Timber Pier $40 to $70 per square foot 

Concrete Pier $60 to $120 per square foot 

Floating Pier Varies 

Pavement/Grade $10 to $20 per square foot 

Building $35 to $70 per square foot 

House $20 to $50 per square foot 

Miscellaneous Structure Varies 

 

The range of costs for the major retrofit or replacement is variable for multiple reasons.  A major 
retrofit may include one of the following: raising the deck of pier structures, increasing the height 
of an existing bulkhead, increasing the height of the guide pile for a floating pier, providing a 
dike type structure around a facility on grade, or possibly jacking up an existing building or 
house.  Replacement alternatives involve demolishing the existing structure and constructing a 
new facility in its place.  The operational needs of each facility will dictate the feasibility and 
need for certain retrofits or replacements.  For example, certain piers and wharves have 
mooring hardware, berthing hardware, access ladders, gangways, and guide piles that are 
sensitive to changes in the water level.  Therefore, an in-depth condition assessment and 
analysis will be required for each structure to determine if there is adequate structural capacity 
to warrant a major retrofit option or if the structure should be completely replaced.  It is also 
necessary to factor in the cost for demolition, which generally equals approximately 25% of the 
construction cost.    

With regards to the minor retrofit it is necessary to evaluate each structure on an individual 
basis.  The intent is to provide some means of waterproofing to prevent excessive infiltration of 
water around the facility.  This may be difficult for timber piers, since water can penetrate from 
four sides and from below.  The operational needs of each facility will determine if a minor repair 
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is a viable solution or whether another approach is required.  With this in mind, the cost for the 
minor retrofit only provides a rough order of magnitude cost and cannot be broken down to an 
individual structure type.  Many structures can be protected from periodic splashing and waves 
by means of a concrete curb or some type of framed structure.  It was estimated that this would 
cost about $75 to $200 per linear foot, depending on the complexity of the structure. 

For evaluating the cost implication for raising the MOLL for Gatun Lake, a simple cost curve has 
been developed as seen in Figure 2, to illustrate the opinion of probable cost for retrofitting or 
replacing the existing structures at varying MOLL.  The MOLL on the curve ranges from 
elevation 87.5 ft (26.67 m) MSL to 90.0 ft (27.43 m) MSL, incremented at 6 inch (0.15 m) 
intervals. 

Figure 2 – Approximate Opinion of Probable Cost to Retrofit or Replace Existing 
Structures Versus MOLL 
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 Figure 1- Structures Affected by 27-m Gatun Lake Operating Level  Source:  PMCC Report, 1999; Golder, 2004 
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SUMMARY RECOMMENDATIONS 

As can be seen from the above information, there are many types of structures that will be 
impacted by the raising of the Gatun Lake Maximum Operating Water Level.    

In the event that you have any questions or comments concerning this draft memorandum, 
please do not hesitate to call me at 410-563-7300.  

Yours sincerely, 
MOFFATT & NICHOL ENGINEERS  

for 
Michael G Horton, P.E., Vice President 
Project Manager   



    
_________________________________________________________________ 

Representative Photos of Structures 
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PHOTOGRAPH 1 – Mount Hope Intake                  

PHOTOGRAPH 2 – Paraiso Water Intake  
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PHOTOGRAPH 3 – Gamboa Water Intake                    

PHOTOGRAPH 4 – La Represa Water Intake  



ACP – Contract SAA-126161:  Flood Mitigation Program for Gatun Lake 

Appendix H – Photos for Inventory of Structures and Facilities  Page 3 

    

PHOTOGRAPH 5 – La Laguna Alta Water Intake                     

PHOTOGRAPH 6 – Monte Lirio Bridge  
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PHOTOGRAPH 7 –Gamboa Bridge                          

PHOTOGRAPH 8 –Pedro Miguel Meteorological and Hydrographic Facility 
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PHOTOGRAPH 9 – Paraiso Tug and Launch Landing                  

PHOTOGRAPH 10 – Siri Landing, Gamboa 
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PHOTOGRAPH 11 – Gamboa Tug Landing                  

PHOTOGRAPH 12 – Gamboa Boat Slip Landing 
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PHOTOGRAPH 13 – Gatun Mitre Gate Pier for Dock 45                 

PHOTOGRAPH 14 – Gatun Tug Landing 
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PHOTOGRAPH 15 – Gatun Landing                 

PHOTOGRAPH 16 – Floating Docks at Las Cruces Landing 
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PHOTOGRAPH 17 – Private Boat Landing at Gamboa Resort              

PHOTOGRAPH 18 – Public Boat Landing at Gamboa   
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PHOTOGRAPH 19 – Yacht Club at Gatun               

PHOTOGRAPH 20 – Smithsonian Facility – Barro Colorado   
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PHOTOGRAPH 21 – Small Hut near La Providencia               

PHOTOGRAPH 22 – Buildings and Pier in the Village of Cuipo  



ACP – Contract SAA-126161:  Flood Mitigation Program for Gatun Lake 

Appendix H – Photos for Inventory of Structures and Facilities  Page 12 

      

PHOTOGRAPH 23 – ANAM’s Dock and Building                

PHOTOGRAPH 24 – Boat House and Building in El Limon  
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PHOTOGRAPH 25 – Building in the Village of La Arenosa                

PHOTOGRAPH 26 – Buildings on Shore in the Village of La Laguna 



    
_________________________________________________________________ 

Costs of Modifications  



SUMMARY OF IMPACTS FOR MOLL PROJECT - OPINION OF PROBABLE COSTS

PEDRO MIGUEL Distance from Structure's Critical Elevation to MOLL <= 4 feet Minor Retrofit
PEDRO MIGUEL Distance from Structure's Critical Elevation to MOLL<= 2 feet Major Retrofit/Replacement

GATUN Distance from Structure's Critical Elevation to MOLL <= 4 feet Minor Retrofit
GATUN Distance from Structure's Critical Elevation to MOLL<= 2 feet Major Retrofit/Replacement

Date_Insp Time_Insp Facil_Name Struct_Des Str_CritEl Str_SuArea Cost for Major Retrofit Cost for Minor Retrofit Type of Structure Area 87.5 88 88.5 89 89.5 90
5/4/2004 8:35 AM Pedro Miguel Met. & Hyd. Boat Dock Facility Top of dock 89.8 55250 2,867,500$                        170,000$                          Bulkhead/Marginal Wharf A $170,000 $2,867,500 $2,867,500 $2,867,500 $2,867,500 $2,867,500
5/4/2004 9:11 AM Paraiso - Launch Landing Landing 90.6 5208 595,800$                           45,000$                            Bulkhead/Marginal Wharf A $45,000 $45,000 $45,000 $595,800 $595,800 $595,800
5/4/2004 9:11 AM Paraiso - Launch Landing Electric Sub Station & Circuit Board, 20' back of structure90.6 25,000$                             5,000$                              A $5,000 $5,000 $5,000 $25,000 $25,000 $25,000
5/4/2004 9:11 AM Paraiso - Launch Landing Staff building 100.1 A $0 $0 $0 $0 $0 $0
5/4/2004 9:30 AM Paraiso - Tug Landing Top of deck 90.3 7536 828,600$                           51,000$                            Bulkhead/Marginal Wharf A $51,000 $51,000 $828,600 $828,600 $828,600 $828,600
5/4/2004 9:50 AM Next to (north of) Paraiso Landing 94.8 A $0 $0 $0 $0 $0 $0
5/4/2004 9:51 AM Paraiso Low lift pumps Timber Pier around Concrete tower (Cantilever Support from Tower)89.3 432 37,800$                             Timber Pier A $37,800 $37,800 $37,800 $37,800 $37,800 $37,800
5/4/2004 9:51 AM Paraiso Low lift pumps Top of SSP 90.6 200,000$                           50,000$                            Bulkhead/Marginal Wharf A $50,000 $50,000 $50,000 $200,000 $200,000 $200,000
5/4/2004 9:51 AM Paraiso Low lift pumps Deck of intake structure 91.0 600 212,500$                           25,000$                            Water Intake Structure A $25,000 $25,000 $25,000 $212,500 $212,500 $212,500
5/4/2004 9:51 AM Paraiso Low lift pumps Floor of Pump House 91.0 600 300,000$                           75,000$                            Water Intake Structure A $75,000 $75,000 $75,000 $300,000 $300,000 $300,000
5/4/2004 10:25 AM Gamboa Raw Water Pump Station Top of stone bulkhead 88.3 277 62,500$                             20,000$                            Building A $62,500 $62,500 $62,500 $62,500 $62,500 $62,500
5/4/2004 10:25 AM Gamboa Raw Water Pump Station Top of access walkway grating 88.3 278 8,150$                               8,150$                              Misc Structure A $8,150 $8,150 $8,150 $8,150 $8,150 $8,150
5/4/2004 10:25 AM Gamboa Raw Water Pump Station Bottom EL of pump house 88.3 250,000$                           50,000$                            A $250,000 $250,000 $250,000 $250,000 $250,000 $250,000
5/4/2004 10:25 AM Gamboa Raw Water Pump Station Top of tower deck 94.0 400 400,000$                          

 

50,000$                           

 

Water Intake Structure A $0 $0 $0 $0 $0 $0
5/4/2004 10:25 AM Gamboa Raw Water Pump Station Pump house 94.0 A $0 $0 $0 $0 $0 $0
5/4/2004 10:30 AM RR/vehicle bridge - Gamboa Bridge Water pipe 93.1 A $0 $0 $0 $0 $0 $0
5/4/2004 10:30 AM RR/vehicle bridge - Gamboa Bridge Bottom of girder 94.0 5,724,000$                        Bridge A $0 $0 $0 $0 $0 $0
5/4/2004 10:30 AM RR/vehicle bridge - Gamboa Bridge Top of RR tie 96.8 A $0 $0 $0 $0 $0 $0
5/4/2004 10:30 AM RR/vehicle bridge - Gamboa Bridge Road 98.8 A $0 $0 $0 $0 $0 $0
5/4/2004 11:00 AM Gamboa Raw Water Pump Station Top of deck/bridge 95.3 5,000$                               2,000$                              A $0 $0 $0 $0 $0 $0
5/4/2004 11:12 AM Private boat landing for Gamboa Resort Top of concrete on shore 88.3 10080 526,200$                           50,000$                            Bulkhead/Marginal Wharf A $526,200 $526,200 $526,200 $526,200 $526,200 $526,200
5/4/2004 11:12 AM Private boat landing for Gamboa Resort Restaurant deck 96.8 A $0 $0 $0 $0 $0 $0
5/4/2004 11:22 AM Public boat landing Top of deck 88.8 1200 150,000$                           18,000$                            Concrete Pier A $150,000 $150,000 $150,000 $150,000 $150,000 $150,000
5/4/2004 11:22 AM Public boat landing Boat house 94.8 1000 15,000$                             3,000$                              House A $0 $0 $0 $0 $0 $0
5/4/2004 11:30 AM Boat houses Deck EL 88.8 2,000$                               A $2,000 $2,000 $2,000 $2,000 $2,000 $2,000
5/4/2004 11:30 AM Gamboa Resort Hotel General park area 90.8 4,000,000$                        800,000$                          Shoreline Protection/Dike A $800,000 $800,000 $800,000 $4,000,000 $4,000,000 $4,000,000
5/4/2004 11:30 AM Gamboa Resort Hotel Gazeebo 90.8 100 A $0 $0 $0 $0 $0 $0
5/4/2004 11:30 AM Gamboa Resort Hotel Tennis courts 92.8 A $0 $0 $0 $0 $0 $0
5/4/2004 11:30 AM Gamboa Resort Hotel Outdoor pavilion 92.8 4000 A $0 $0 $0 $0 $0 $0
5/4/2004 11:30 AM Gamboa Resort Hotel Pond for storm water A $0 $0 $0 $0 $0 $0
5/4/2004 11:45 AM Hotel Recreation Area Warehouse and shop area, 3 buildings 40'x20' 87.8 2400 120,000$                           5,000$                              Building A $120,000 $120,000 $120,000 $120,000 $120,000 $120,000
5/4/2004 11:45 AM Hotel Recreation Area Large closed building, 60'x40' shelter 89.8 2400 120,000$                           5,000$                              Building A $5,000 $120,000 $120,000 $120,000 $120,000 $120,000
5/4/2004 12:00 PM Houses and shelter, Embera 4 houses 94.8 4000 80,000$                             2,500$                              A $0 $0 $0 $0 $0 $0
5/4/2004 12:00 PM Houses and shelter, Embera 1 house 104.8 A $0 $0 $0 $0 $0 $0
5/4/2004 12:00 PM Houses and shelter, Embera 8 houses 104.8 A $0 $0 $0 $0 $0 $0
5/4/2004 12:15 PM Santa Rosa houses 5 houses 92.8 4500 90,000$                             3,000$                              House A $0 $0 $0 $0 $3,000 $3,000
5/4/2004 12:15 PM Santa Rosa houses 3-4 houses 94.8 3600 72,000$                             2,500$                              House A $0 $0 $0 $0 $0 $0
5/4/2004 12:15 PM Santa Rosa houses 6-8 houses 99.8 7200 144,000$                           5,000$                              House A $0 $0 $0 $0 $0 $0
5/4/2004 12:30 PM Siri Landing, Gamboa Small John boat landing 87.8 200 6,000$                               -$                                  A $6,000 $6,000 $6,000 $6,000 $6,000 $6,000
5/4/2004 12:30 PM Siri Landing, Gamboa Top of deck 90.1 2400 165,600$                           165,600$                          Timber Pier A $165,600 $165,600 $165,600 $165,600 $165,600 $165,600
5/4/2004 12:30 PM Houses north of Santa Rosa 3 houses 94.8 3000 60,000$                             2,000$                              A $0 $0 $0 $0 $0 $0
5/4/2004 12:30 PM Houses north of Santa Rosa 1 house 99.8 A $0 $0 $0 $0 $0 $0
5/4/2004 12:45 PM Water intake Wall for pump 99.8 A $0 $0 $0 $0 $0 $0
5/4/2004 12:50 PM Transisthmian Highway Bridge 144.8 A $0 $0 $0 $0 $0 $0
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Top of Launch Landing 89.0 610 70,150$                             4,500$                              Concrete Pier A $70,150 $70,150 $70,150 $70,150 $70,150 $70,150
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Top of Tug Landing 91.0 3564 409,860$                           27,600$                            Concrete Pier A $27,600 $27,600 $27,600 $409,860 $409,860 $409,860
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Aphalt pavement 93.0 100,000$                           25,000$                            Pavement/Grade A $0 $0 $0 $0 $25,000 $25,000
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Ambulance clinic (2 Story) 93.0 2000 160,000$                           16,000$                            A $0 $0 $0 $0 $16,000 $16,000
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Substation 93.0 611 25,000$                             2,500$                              Substation A $0 $0 $0 $0 $2,500 $2,500
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Open grate gangway 144 2,160$                               -$                                  A $2,160 $2,160 $2,160 $2,160 $2,160 $2,160
5/4/2004 1:00 PM Met & Hyd Station 99.8 A $0 $0 $0 $0 $0 $0
5/4/2004 1:05 PM Madden Dam Wall for hydropower walkway 94.8 A $0 $0 $0 $0 $0 $0
5/4/2004 1:05 PM Madden Dam Rock wall 94.8 A $0 $0 $0 $0 $0 $0
5/4/2004 1:24 PM Gamboa Launch Landing Top of deck 88.3 2340 585,000$                           93,600$                            Concrete Pier & Building A $585,000 $585,000 $585,000 $585,000 $585,000 $585,000
5/4/2004 1:40 PM Inlet area around dredging area, Gamboa To top of wall and deck 93.0 A $0 $0 $0 $0 $0 $0
5/4/2004 1:40 PM Inlet area around dredging area, Gamboa Concrete Dredging Wharf 93.0 4,000,000$                        150,000$                          Concrete Pier A $0 $0 $0 $0 $150,000 $150,000
5/4/2004 1:40 PM Inlet area around dredging area, Gamboa SSP wall 93.0 500,000$                           150,000$                          Bulkhead A $0 $0 $0 $0 $150,000 $150,000
5/4/2004 2:00 PM Area inside boat slips and SSP wall, Gamboa SSP wall 93.0 500,000$                           150,000$                          Bulkhead A $0 $0 $0 $0 $150,000 $150,000
5/4/2004 2:15 PM Hydrographic Survey Pier Top of deck 88.3 879 65,925$                             65,925$                            Timber Pier A $65,925 $65,925 $65,925 $65,925 $65,925 $65,925
5/4/2004 2:26 PM Fuel Barge Pier, Gamboa Front deck elev at bollards 89.8 -$                                   A $0 $0 $0 $0 $0 $0
5/4/2004 2:26 PM Fuel Barge Pier, Gamboa Back top of deck elev. 90.8 2800 280,000$                           100,000$                          Concrete Pier A $100,000 $100,000 $100,000 $280,000 $280,000 $280,000
5/4/2004 2:44 PM Marginal Fueling Wharf Top of deck 90.8 2000 300,000$                           40,000$                            Bulkhead/Marginal Wharf A $40,000 $40,000 $40,000 $300,000 $300,000 $300,000
5/4/2004 3:07 PM Marginal Fueling Wharf Top of deck 88.3 400 30,000$                             2,500$                              Concrete Pier A $30,000 $30,000 $30,000 $30,000 $30,000 $30,000
5/4/2004 3:15 PM Gamboa Smithsonian Pier Top of grade at picnic area 90.8 75,000$                             20,000$                            Pavement/Grade A $20,000 $20,000 $20,000 $75,000 $75,000 $75,000
5/4/2004 3:15 PM Gamboa Smithsonian Pier Concrete pier 93.0 540 43,200$                             10,000$                            Concrete Pier A $0 $0 $0 $0 $10,000 $10,000
5/4/2004 3:15 PM Gamboa Smithsonian Pier Floating dock 1000 A $0 $0 $0 $0 $0 $0

MOLL (in Feet MSL)



5/4/2004 Lighting Facilities ~ 15 A $0 $0 $0 $0 $0 $0
5/5/2004 9:30 AM Nav. Aids 89 1,000,000$                        Navigational Aids A $1,000,000 $1,000,000 $1,000,000 $1,000,000 $1,000,000 $1,000,000
5/5/2004 10:00 AM Smithsonian Institute Dock Fixed to Left of Principal Dock 88.8 200 10,000$                             1,500$                              Concrete Pier A $10,000 $10,000 $10,000 $10,000 $10,000 $10,000
5/5/2004 10:00 AM Smithsonian Institute Motor Workshop and Fuel Station 88.8 100 7,500$                               1,500$                              Covered Boat House A $7,500 $7,500 $7,500 $7,500 $7,500 $7,500
5/5/2004 10:00 AM Smithsonian Institute Carpentry Workshop and Office 89.0 2400 120,000$                           2,500$                              House A $120,000 $120,000 $120,000 $120,000 $120,000 $120,000
5/5/2004 10:00 AM Smithsonian Institute Dock Where Small Boats Kept 90.7 50,000$                             5,000$                              Floating Pier A $5,000 $5,000 $5,000 $50,000 $50,000 $50,000
5/5/2004 10:00 AM Smithsonian Institute Top of main pier deck 93.4 1870 187,000$                           26,800$                            Concrete Pier A $0 $0 $0 $0 $0 $26,800
5/5/2004 10:00 AM Smithsonian Institute - Gigantic Peninsula Fixed Dock 88.8 50,000$                             5,000$                              A $50,000 $50,000 $50,000 $50,000 $50,000 $50,000
5/5/2004 10:00 AM Smithsonian Institute - Gigantic Peninsula Generator Shed 87.8 200 10,000$                             2,500$                              A $10,000 $10,000 $10,000 $10,000 $10,000 $10,000
5/5/2004 10:00 AM Smithsonian Institute - Gigantic Peninsula Dormitory House 91.5 2000 100,000$                           2,500$                              A $0 $2,500 $2,500 $2,500 $100,000 $100,000
5/5/2004 10:40 AM Dock 45, Gatun Concrete slab 89.4 5775 144,375$                           Pavement/Grade B $144,375 $144,375 $144,375 $144,375 $144,375 $144,375
5/5/2004 10:40 AM Dock 45, Gatun SSP bulkhead, no cap with concrete slab behind 89.4 525 787,500$                           105,000$                          Bulkhead/Marginal Wharf B $787,500 $787,500 $787,500 $787,500 $787,500 $787,500
5/5/2004 10:40 AM Dock 45, Gatun Domed warehouse 92.4 1000 35,000$                             15,000$                            Building B $0 $0 $0 $15,000 $15,000 $15,000
5/5/2004 10:52 AM Mitre Gate Repair Pier Pier 89.4 12000 2,250,000$                        60,000$                            Concrete Pier w/ overhang B $2,250,000 $2,250,000 $2,250,000 $2,250,000 $2,250,000 $2,250,000
5/5/2004 10:52 AM Mitre Gate Repair Pier Large covered structure with RR system inside leading to water, poor condition89.9 1800 54,000$                             Building B $0 $54,000 $54,000 $54,000 $54,000 $54,000
5/5/2004 10:52 AM Mitre Gate Repair Pier Timber deck, piles and bracing 89.9 2070 103,500$                           103,500$                          Timber Pier B $103,500 $103,500 $103,500 $103,500 $103,500 $103,500
5/5/2004 10:52 AM Mitre Gate Repair Pier Asphalt road 90.9 45,000$                             45,000$                            Pavement/Grade B $45,000 $45,000 $45,000 $45,000 $45,000 $45,000
5/5/2004 10:52 AM Mitre Gate Repair Pier 4 warehouses about 15' from covered building, poor condition90.9 3600 126,000$                           10,000$                            Building B $10,000 $10,000 $10,000 $126,000 $126,000 $126,000
5/5/2004 10:52 AM Mitre Gate Repair Pier 2 warehouses 92.9 1800 63,000$                             5,000$                              Building B $0 $0 $0 $0 $5,000 $5,000
5/5/2004 10:52 AM Mitre Gate Repair Pier 2 warehouses about 15' from covered building, poor condition92.9 1800 63,000$                             5,000$                              Building B $0 $0 $0 $0 $5,000 $5,000
5/5/2004 11:08 AM Diving Facility, Gatun Top of deck 92.4 1446 144,600$                           23,200$                            Concrete Pier B $0 $0 $0 $23,200 $23,200 $23,200
5/5/2004 11:08 AM Diving Facility, Gatun 3 Dolphins 92.4 40,000$                             -$                                  Misc Structure B $0 $0 $0 $0 $0 $0
5/5/2004 11:08 AM Diving Facility, Gatun 1 story building 96.9 100,000$                           10,000$                            Building B $0 $0 $0 $0 $0 $0
5/5/2004 11:08 AM Diving Facility, Gatun 2 story building 97.4 200,000$                           10,000$                            Building B $0 $0 $0 $0 $0 $0
5/5/2004 11:25 AM Tourist pier Fixed walkway 93.9 30,000$                             -$                                  Building B $0 $0 $0 $0 $0 $0
5/5/2004 11:25 AM Tourist pier Misc. structures 94.9 50,000$                             -$                                  Building B $0 $0 $0 $0 $0 $0
5/5/2004 11:25 AM Tourist pier Floating pier -$                                   B $0 $0 $0 $0 $0 $0
5/5/2004 11:40 AM Launch Landing Elec. Substation 89.5 25,000$                             2,500$                              Substation B $25,000 $25,000 $25,000 $25,000 $25,000 $25,000
5/5/2004 11:40 AM Launch Landing Building (Shop) 89.5 5130 320,625$                           34,200$                            Building B $320,625 $320,625 $320,625 $320,625 $320,625 $320,625
5/5/2004 11:40 AM Launch Landing Office Building 89.5 3672 229,500$                           12,000$                            Building B $229,500 $229,500 $229,500 $229,500 $229,500 $229,500
5/5/2004 11:40 AM Launch Landing Concrete pile supported platform 89.5 100 15,000$                             -$                                  Concrete Pier B $15,000 $15,000 $15,000 $15,000 $15,000 $15,000
5/5/2004 11:40 AM Launch Landing Launch landing/conc. Pier - covered 89.5 5709 1,070,438$                        100,000$                          Concrete Pier B $1,070,438 $1,070,438 $1,070,438 $1,070,438 $1,070,438 $1,070,438
5/5/2004 11:40 AM Launch Landing Fuel tank 95.9 20,000$                             1,500$                              Misc Structure B $0 $0 $0 $0 $0 $0
5/5/2004 11:50 AM Tugs/Water bus, Gatun Concrete pier 89.5 9600 960,000$                           60,000$                            Concrete Pier B $960,000 $960,000 $960,000 $960,000 $960,000 $960,000
5/5/2004 11:50 AM Tugs/Water bus, Gatun Two Story Building 91.9 18000 1,125,000$                        25,000$                            Building B $0 $0 $25,000 $25,000 $25,000 $1,125,000
5/5/2004 12:00 PM Equipment yard, Gatun B $0 $0 $0 $0 $0 $0
5/5/2004 12:02 PM Fuel Pier Asphalt pavement 88.4 4140 41,400$                             -$                                  Pavement/Grade B $41,400 $41,400 $41,400 $41,400 $41,400 $41,400
5/5/2004 12:02 PM Fuel Pier Fuel pier 89.4 736 92,000$                             18,400$                            Concrete Pier B $92,000 $92,000 $92,000 $92,000 $92,000 $92,000
5/5/2004 12:02 PM Fuel Pier Walkway 91.9 736 14,720$                             2,500$                              Pavement/Grade B $0 $0 $2,500 $2,500 $2,500 $14,720
5/5/2004 12:05 PM Loading pier Pier 88.9 200 25,000$                             12,000$                            Concrete Pier B $25,000 $25,000 $25,000 $25,000 $25,000 $25,000
5/5/2004 12:05 PM Loading pier 2 Mooring posts 91.9 20,000$                             -$                                  Misc Structure B $0 $0 $0 $0 $0 $20,000
5/5/2004 12:40 PM Roadway to Fort Sherman Roadway near Fort Sherman 86.9 B $0 $0 $0 $0 $0 $0
5/5/2004 12:40 PM Bridge over French Canal Water pipe 96.4 B $0 $0 $0 $0 $0 $0
5/5/2004 12:40 PM Bridge over French Canal Top of roadway 98.9 14850 1,782,000$                        1,782,000$                       Bridge B $0 $0 $0 $0 $0 $0
5/5/2004 3:00 PM Down stream of dam B $0 $0 $0 $0 $0 $0
5/5/2004 3:30 PM Bridge over existing spillway Top of Bridge to Spillway Floor 102.4 B $0 $0 $0 $0 $0 $0
5/5/2004 4:00 PM Gatun locks Electric motors B $0 $0 $0 $0 $0 $0
5/5/2004 4:00 PM Gatun locks Chain fender bulkhead B $0 $0 $0 $0 $0 $0
5/5/2004 4:00 PM Gatun locks Transformer room B $0 $0 $0 $0 $0 $0
5/5/2004 4:00 PM Gatun locks Bottom of valve chamber B $0 $0 $0 $0 $0 $0
5/6/2004 11:00 AM Monte Lirio Bridge Top of concrete 90.2 B $0 $0 $0 $0 $0 $0
5/6/2004 11:00 AM Monte Lirio Bridge Bottom of girder 91.2 8750 1,640,625$                        -$                                  Bridge B $0 $0 $0 $0 $1,640,625 $1,640,625
5/6/2004 11:00 AM Monte Lirio Bridge Two pipes, 9' deep girder 91.2 B $0 $0 $0 $0 $0 $0
5/6/2004 11:00 AM Monte Lirio Bridge RR on levy 97.0 B $0 $0 $0 $0 $0 $0
5/6/2004 11:00 AM Monte Lirio Bridge Base of Rail 98.4 B $0 $0 $0 $0 $0 $0
5/6/2004 11:35 AM Town of El Limon Covered boat house 88.9 5,000$                               -$                                  Covered Boat House B $5,000 $5,000 $5,000 $5,000 $5,000 $5,000
5/6/2004 11:35 AM Town of El Limon 2 timber piers 88.9 320 6,400$                               -$                                  Timber Pier B $6,400 $6,400 $6,400 $6,400 $6,400 $6,400
5/6/2004 11:35 AM Town of El Limon Concrete pier 89.9 200 4,000$                               -$                                  Concrete Pier B $0 $4,000 $4,000 $4,000 $4,000 $4,000
5/6/2004 11:35 AM Town of El Limon Larger house 90.9 12,000$                             1,500$                              House B $1,500 $1,500 $1,500 $12,000 $12,000 $12,000
5/6/2004 11:35 AM Town of El Limon 1 house 91.9 225 6,750$                               1,000$                              House B $0 $0 $1,000 $1,000 $1,000 $6,750
5/6/2004 11:35 AM Town of El Limon Most houses 94.9 B $0 $0 $0 $0 $0 $0
5/6/2004 11:35 AM Town of El Limon Water intake 94.9 B $0 $0 $0 $0 $0 $0
5/6/2004 12:30 PM La Provedencia Concrete bulkhead 88.9 2,500$                               1,000$                              Bulkhead B $2,500 $2,500 $2,500 $2,500 $2,500 $2,500
5/6/2004 12:30 PM La Provedencia Thatched roof hut 91.9 1,000$                               -$                                  House B $0 $0 $0 $0 $0 $1,000
5/6/2004 12:30 PM La Provedencia Bottom of new house 94.9 35,000$                             -$                                  House B $0 $0 $0 $0 $0 $0
5/6/2004 1:25 PM La Represa Water Intake Bottom of slab, 6'-8" slab 102.4 600 350,000$                           20,000$                            Water Intake Structure B $0 $0 $0 $0 $0 $0
5/6/2004 2:30 PM Water intake for Melia Resort Top of floor with intake 87.9 144 7,500$                               1,500$                              Water Intake Structure B $7,500 $7,500 $7,500 $7,500 $7,500 $7,500
5/6/2004 2:30 PM Water intake for Melia Resort Timber pier 87.9 150 6,500$                               2,000$                              Timber Pier B $6,500 $6,500 $6,500 $6,500 $6,500 $6,500
5/6/2004 2:30 PM Melia Resort Top of timber dock 88.9 100 4,000$                               1,500$                              Timber Pier B $4,000 $4,000 $4,000 $4,000 $4,000 $4,000
5/6/2004 2:30 PM Melia Resort Top of boat house 94.9 100 5,000$                               2,500$                              Boat House B $0 $0 $0 $0 $0 $0
5/6/2004 2:50 PM Large 2 story house and out-building Out-building/cabin 89.9 500 15,000$                             2,000$                              House B $2,000 $15,000 $15,000 $15,000 $15,000 $15,000
5/6/2004 2:50 PM Large 2 story house and out-building 2 story house on stilts 94.9 2500 150,000$                           5,000$                              House B $0 $0 $0 $0 $0 $0
5/6/2004 3:00 PM Mt. Hope intake Concrete intake 89.5 75,000$                             6,500$                              Water Intake Structure B $75,000 $75,000 $75,000 $75,000 $75,000 $75,000
5/6/2004 3:00 PM Mt. Hope intake Unknown conc. Structure 90.4 35,000$                             1,500$                              Water Intake Structure B $1,500 $1,500 $35,000 $35,000 $35,000 $35,000
5/6/2004 4:45 PM Misc. houses at Escobal 1 concrete pier, poor cond. 87.9 200 3,000$                               500$                                 House B $3,000 $3,000 $3,000 $3,000 $3,000 $3,000



5/6/2004 4:45 PM Misc. houses at Escobal 1 timber pier, fair cond. 87.9 300 4,500$                               500$                                 House B $4,500 $4,500 $4,500 $4,500 $4,500 $4,500
5/6/2004 4:45 PM Misc. houses at Escobal 1 hut, poor cond. 89.9 144 2,160$                               500$                                 House B $500 $2,160 $2,160 $2,160 $2,160 $2,160
5/6/2004 4:45 PM Misc. houses at Escobal 2 CMU houses, fair cond. 99.9 150 3,750$                               500$                                 House B $0 $0 $0 $0 $0 $0
5/6/2004 5:00 PM Saddle Dam (see photos) B $0 $0 $0 $0 $0 $0
5/6/2004 5:03 PM Lower Met & Hyd station Floor of concrete structures 90.9 200 5,000$                               2,000$                              Building B $2,000 $2,000 $2,000 $5,000 $5,000 $5,000
5/6/2004 5:03 PM Lower Met & Hyd station Building structure 109.9 1500 45,000$                             -$                                  Building B $0 $0 $0 $0 $0 $0
5/6/2004 5:15 PM Cuipo - Misc. structures/houses Covered concrete pier, fair cond. 88.9 400 10,000$                             1,500$                              Concrete Pier B $10,000 $10,000 $10,000 $10,000 $10,000 $10,000
5/6/2004 5:15 PM Cuipo - Misc. structures/houses 4 huts 88.9 900 9,000$                               750$                                 House B $9,000 $9,000 $9,000 $9,000 $9,000 $9,000
5/6/2004 5:15 PM Cuipo - Misc. structures/houses Timber pier 88.9 1,000$                               250$                                 Timber Pier B $1,000 $1,000 $1,000 $1,000 $1,000 $1,000
5/6/2004 5:15 PM Cuipo - Misc. structures/houses 5 large houses 90.9 1875 28,125$                             2,000$                              Building B $2,000 $2,000 $2,000 $28,125 $28,125 $28,125
5/6/2004 5:15 PM Cuipo - Misc. structures/houses Bath house 90.9 3,000$                               500$                                 House B $500 $500 $500 $3,000 $3,000 $3,000
5/6/2004 5:15 PM Cuipo - Misc. structures/houses Water intake structure, CMU 92.9 64 4,000$                               500$                                 Water Intake Structure B $0 $0 $0 $0 $500 $500
5/6/2004 5:15 PM Cuipo - Misc. structures/houses Shed 94.9 300 1,500$                               500$                                 House B $0 $0 $0 $0 $0 $0
5/6/2004 5:15 PM Cuipo - Misc. structures/houses 2 houses behind 94.9 2000 40,000$                             1,500$                              B $0 $0 $0 $0 $0 $0
5/6/2004 5:15 PM Cuipo - Misc. structures/houses Timber pier 94.9 1,000$                               -$                                  Timber Pier B $0 $0 $0 $0 $0 $0
5/6/2004 5:15 PM Cuipo - Misc. structures/houses Misc. buildings 104.9 B $0 $0 $0 $0 $0 $0
5/6/2004 5:15 PM Cuipo - Misc. structures/houses Main water building 109.9 1,000$                               -$                                  Building B $0 $0 $0 $0 $0 $0
5/7/2004 12:15 PM La Laguana Village and Park area Covered boat house and pier 87.9 5,000$                               500$                                 Covered Boat House B $5,000 $5,000 $5,000 $5,000 $5,000 $5,000
5/7/2004 12:15 PM La Laguana Village and Park area Boat storage 88.9 3,000$                               500$                                 Covered Boat House B $3,000 $3,000 $3,000 $3,000 $3,000 $3,000
5/7/2004 12:15 PM La Laguana Village and Park area Private intake timber pier (4'x20') and floating dock 88.9 80 5,000$                               500$                                 Timber Pier B $5,000 $5,000 $5,000 $5,000 $5,000 $5,000
5/7/2004 12:15 PM La Laguana Village and Park area Covered boat house 89.9 5,000$                               500$                                 Covered Boat House B $500 $5,000 $5,000 $5,000 $5,000 $5,000
5/7/2004 12:15 PM La Laguana Village and Park area Thatched roof hut 89.9 1,000$                               250$                                 House B $250 $1,000 $1,000 $1,000 $1,000 $1,000
5/7/2004 12:15 PM La Laguana Village and Park area 1 small house 89.9 8,000$                               1,000$                              House B $1,000 $8,000 $8,000 $8,000 $8,000 $8,000
5/7/2004 12:15 PM La Laguana Village and Park area Misc. huts ~4 91.9 1,000$                               -$                                  House B $0 $0 $0 $0 $0 $1,000
5/7/2004 12:15 PM La Laguana Village and Park area Main building 92.9 40,000$                             5,000$                              Building B $0 $0 $0 $0 $5,000 $5,000
5/7/2004 12:15 PM La Laguana Village and Park area 2 story house 99.9 25,000$                             2,500$                              House B $0 $0 $0 $0 $0 $0
5/7/2004 12:20 PM Laguna Alta Water Intake Out-building 90.9 400$                                  -$                                  Building A $0 $0 $0 $400 $400 $400
5/7/2004 12:20 PM Laguna Alta Water Intake Low steel 93.4 A $0 $0 $0 $0 $0 $0
5/7/2004 12:20 PM Laguna Alta Water Intake Top of intake floor 94.9 600 250,000$                           25,000$                            Water Intake Structure A $0 $0 $0 $0 $0 $0
5/7/2004 12:20 PM Laguna Alta Water Intake Centerline discharge pipe 96.4 A $0 $0 $0 $0 $0 $0
5/7/2004 12:20 PM Laguna Alta Water Intake Pump house building 99.9 A $0 $0 $0 $0 $0 $0
5/7/2004 2:15 PM Las Cruces Landing Floating piers 88.4 4266 A $0 $0 $0 $0 $0 $0
5/7/2004 2:15 PM Las Cruces Landing Existing grade/conc. Slab 88.9 3000 612,000$                           80,000$                            Bulkhead/Marginal Wharf A $612,000 $612,000 $612,000 $612,000 $612,000 $612,000
5/7/2004 2:15 PM Las Cruces Landing Floating dock guide pile system 89.9 432 50,000$                             3,500$                              Floating Pier A $3,500 $50,000 $50,000 $50,000 $50,000 $50,000
5/7/2004 2:15 PM Las Cruces Landing Guide pile system 91.2 15,000$                             2,500$                              Floating Pier A $0 $2,500 $2,500 $2,500 $15,000 $15,000
5/7/2004 2:15 PM Las Cruces Landing Large Boat Shelter 91.9 3600 75,000$                             25,000$                            Building A $0 $0 $25,000 $25,000 $25,000 $75,000
5/7/2004 2:15 PM Las Cruces Landing SSP wall 91.9 50,000$                             2,000$                              Bulkhead/Marginal Wharf A $0 $0 $2,000 $2,000 $2,000 $50,000
5/7/2004 2:15 PM Las Cruces Landing Fuel tank slab 94.9 6,000$                               1,500$                              Misc Structure A $0 $0 $0 $0 $0 $0
5/7/2004 2:15 PM Las Cruces Landing Building 99.9 45,000$                             3,500$                              Building A $0 $0 $0 $0 $0 $0
5/7/2004 2:15 PM Las Cruces Landing Shed 99.9 150 A $0 $0 $0 $0 $0 $0
5/7/2004 3:45 PM Mira Flores Locks B $0 $0 $0 $0 $0 $0
5/7/2004 3:00 PM La Arenosa CMU Building 86.9 8,000$                               1,000$                              Building B $8,000 $8,000 $8,000 $8,000 $8,000 $8,000
5/7/2004 3:00 PM La Arenosa 2 Houses 88.9 2000 40,000$                             1,000$                              House B $40,000 $40,000 $40,000 $40,000 $40,000 $40,000
5/7/2004 3:00 PM La Arenosa CMU House 89.9 5,500$                               1,000$                              House B $1,000 $5,500 $5,500 $5,500 $5,500 $5,500
5/7/2004 3:00 PM La Arenosa 2 Houses 90.9 2000 40,000$                             1,000$                              House B $1,000 $1,000 $1,000 $40,000 $40,000 $40,000
5/7/2004 3:00 PM La Arenosa Small School 92.9 125,000$                           1,500$                              Building B $0 $0 $0 $0 $1,500 $1,500
5/7/2004 3:00 PM La Arenosa 5+ Houses 96.9 5000 100,000$                           3,000$                              House B $0 $0 $0 $0 $0 $0
5/7/2004 5:00 PM La Garterra Grande Multiple Tin Sheds 94.9 1,000$                               500$                                 Building B $0 $0 $0 $0 $0 $0
5/7/2004 5:00 PM La Garterra Local Water Intake 99.9 5,000$                               2,000$                              Water Intake Structure B $0 $0 $0 $0 $0 $0
5/7/2004 5:00 PM La Garterra Multiple Houses 96.9 6000 120,000$                           1,000$                              House B $0 $0 $0 $0 $0 $0

Land and Relocation Costs (from Environmental) $393,050 $441,169 $441,569 $1,127,959 $1,141,939 $1,163,759
Saddle Dam (Cano #5) 93.2 100000 $0 $21,237 $42,475 $63,712 $84,950 $106,187
Gatun Locks $0 $700,000 $1,575,000 $1,916,250 $1,916,250 $1,916,250
Pedro Miguel Locks $0 $700,000 $1,575,000 $1,916,250 $1,916,250 $1,916,250
Gatun Lake Intake Structure (Vent Pipes) $0 $25,000 $50,000 $75,000 $100,000 $125,000
Panama Canal Railroad B $0 $0 $0 $0 $600,000 $1,350,000

$12,034,623 $16,482,389 $19,145,626 $26,052,039 $28,986,381 $31,069,209



    
Appendix I: Tailwater Analysis of Chagres River     



      
August 26, 2004  

Autoridad del Canal de Panama 
Canal Capacity Projects Division 
Building 601 
Corozal Oeste, Republic of Panama  

Attn.: Mr. José Pascal, Technical Lead and Point of Contact:  

RE:  Contract SAA-126161   Flood Mitigation Program for Gatun Lake   
Draft Memorandum – Analysis of Tailwater Conditions at the 
Chagres River  

Dear Mr. Pascal: 

This memo documents the approach and results of modeling to determine tailwater conditions 
at the Chagres River under varying flow conditions.  As part of the feasibility assessment for 
raising the Maximum Operating Lake Level (MOLL) of Gatun Lake, potential impacts of 
increased discharge from the Gatun Dam were evaluated using the HEC-RAS computer model.  
Discharges ranging from 50,000 cfs (1,416 cms) to 600,000 cfs (16,990 cms) were modeled and 
the resulting water level elevations were compared with the existing topography.   

The estimated probable maximum flows for Gatun Dam at increased lake levels range from 
336,755 cfs (9,536 cms) to 514,536 cfs (14,570 cms).  At these levels, the model results show 
that the existing Mindi Dike and Mojinga Swamp are significantly overtopped.  Estimates of the 
maximum water surface elevations at these locations approach 50 ft (15.2 m) and 40 ft (12.2 
m), respectively.  For the Canal Operational Flood, the downstream flows range from 248,467 
cfs (7,036 cms) to 285,000 cfs (8,070 cms).  At these discharges, the maximum water surface 
elevations approach 29 ft (8.8 m) at Mindi Dike and 24 ft (7.3 m) at Mojinga Swamp. 

PREVIOUS STUDIES  

E. S. Randolph completed a preliminary study of additional spillway capacity from Gatun Lake in 
1945 (Randolph, 1945).  The report included development of backwater curves based on 
measured high water data for multiple spill events ranging from a 6-gate release of 73,300 cfs 
(2075 m3/s) to a 13-gate release of 168,000 cfs (4757 m3/s).  These releases occurred from 
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1931 to 1944.  In addition to the curves developed using measured data, Randolph used cross-
section surveys to develop a theoretical backwater curve for a release of 300,000 cfs (8495 
m3/s).  Based on his analysis, Randolph recommended increasing the elevation of the existing 
Mindi Dike to elevation 35 ft (10.7 m) and construction of a dike across Mojinga Swamp at 
elevation 26 ft (7.9 m) to allow for the increased flow. 

In addition to the Randolph (1945) report, ACP provided a detailed map of the lower Chagres 
river valley, with revisions dated October 9, 1944.  This map was developed by the Panama 
Canal Section of Surveys and presented topography at a number of river sections as well as 
measured flood elevations for an 11-gate release, a 13-gate release, and a 14-gate release at 
Gatun Dam.  The 13-gate and 14-gate spill events were also examined by Randolph (1945), 
who stated that flows for these events were 168,000 cfs (4757 m3/s) and 136,000 cfs (3851 
m3/s), respectively.  Data from the 11-gate and 14-gate events were limited to the area of the 
Mindi Dike, while measured water elevations at various locations from the sea to the spillway 
were provided for the 13-gate release of 168,000 cfs (4757 m3/s). 

HEC-RAS MODEL 

HEC-RAS is an integrated package of hydraulic analysis programs, developed by the U.S. Army 
Corps of Engineers (USACE) Hydraulic Engineering Center.  The model is designed to perform 
one-dimensional hydraulic calculations for a full network of natural and constructed channels.  
The system is capable of modeling subcritical, supercritical, and mixed flow regime water 
surface profiles.  Required model input includes cross-section topography, flow data, and 
boundary conditions.  For the present analysis, subcritical, steady-state computations were 
employed. 

CHAGRES RIVER TOPOGRAPHY 

Topographic data were compiled from various surveys provided by ACP as well as topographic 
maps.  A bathymetric survey of the Chagres River was available, and cross sections including 
the bank topography were surveyed at five transects by ACP.  In addition to these data, a 
survey of Gatun Road as well as portions of the Canal and Limón Bay was provided.  In areas 
where no survey data were available, elevations were scaled from topographic maps of the 
area.  Eleven representative cross-sections were developed as shown in Figure 1.  In addition 
to these cross-sections, two cross-sections were interpolated between stations 6.00 and 9.38 in 
order to refine the model during calibration. 

As a result the ACP survey, it was determined that the Mindi Dike was in place as shown on 
previously supplied construction documents, with a crest elevation of approximately 25 ft (7.6 
m).  The approximate location of the Mindi Dike is shown on Figure 1.  The dike proposed by 
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Randolph (1945) south of the Mojinga Swamp was not encountered during the ACP survey and 
it has not been incorporated into the present modeling. 

 

Figure 1. Chagres River, representative topographic cross-sections.   
Stationing shown is in kilometers from the sea.  

HEC-RAS MODEL CALIBRATION  

The mapped water surface elevations detailed on the Map of the Lower Chagres River Valley 
(Panama Canal Section of Surveys, 1944) for the 13-gate release of 168,000 cfs (4757 m3/s) 
were used to calibrate the HEC-RAS model.  Distances from the sea were scaled from the map 
for each water surface elevation measurement to develop a water surface profile for the event. 
Manning’s “n” values for the river channel and overbank areas were set in the HEC-RAS model 
at each river section based on land cover as noted on the 1944 map, the geologic description of 
Randolph (1945), existing site photographs, and guidance from Chow (1951).  Expansion and 
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contraction coefficients were adjusted at river bends.  Various downstream boundary conditions 
were examined, with a fixed downstream water surface elevation providing the closest match to 
the measured data.  This boundary condition holds the offshore water elevation to a fixed value 
of 0.0 PLD.    

Figure 2 presents the final calibrated HEC-RAS model results plotted with the mapped water 
surface elevations along the Chagres River for the 13-gate release of 168,000 cfs (4757 m3/s).  
The elevations of the Mindi Dike (approximately 25 ft or 7.6 m) and the Mojinga Swamp 
(approximately 1 ft or 0.3 m) are shown as well, for reference.  While the model diverges slightly 
from the mapped elevations near the river mouth, it replicates the flood profile well over the 
remainder of the river reach.   
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Figure 2. Model results compared with mapped high water marks for the 13-gate release 
of 168,000 cfs (4757 m3/s) from November 27 to December 1, 1944. 
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HEC-RAS MODEL TESTING 

Randolph (1945) includes backwater curves developed for gate spill events in the 1930s and 
1940s.  These curves were developed using measured high water marks following spills of large 
volume.  On November 7-8, 1931 a 12- gate spill of 152,000 cfs (4304 m3/s) was recorded.  The 
curve for this event was used to test the calibration of the HEC-RAS model.    

Figure 3 presents the HEC-RAS model results for the 1931 12-gate spill as well as the data 
from Randolph (1945).  The model results diverge from the reported high water marks in the 
portions of the reach nearest the spillway.  It is not certain what caused the increase in water 
level elevation reported at approximately 37,000 ft from the sea.  Additional hydraulic effects not 
included in the modeling may have contributed to the increased water surface elevations, or 
water level elevations may have been misreported.   
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Figure 3. Model results compared with measured high water marks reported by Randolph 
(1945) for the 12-gate release of 152,000 cfs (4304 m3/s) in November 7-8, 1931.  
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As an additional check of the results, a map of the flooding conditions at Mojinga Swamp during 
the November 7-8, 1931 event was examined.  This map is included as Figure 4.   

  

Figure 4.  Map of flood conditions at Mojinga Swamp during  
the 12-gate release of November 7-8, 1931.  

As shown, flooding occurred across the swamp with depths recorded at 7.3 ft (2.2 m) over the 
banks.  The model results show water surface elevations across the Mojinga Swamp area 
ranging from approximately 8 ft to 12 ft (2.4 m to 3.7 m) PLD.  The bank elevations are not 
presented on the map in Figure 3, however, if the bank elevations are assumed to be 
approximately 1-4 feet PLD as observed during field visits, the model results are well-correlated 
to the observed flooding.  The model is considered to be sufficiently calibrated for preliminary 
estimates of the water surface elevations due to the potential increase in flows resulting from 
increases in the MOLL of Gatun Lake. 
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MODELING RESULTS 

The calibrated HEC-RAS model was used to compute water surface profiles for flows ranging 
from 50,000 cfs (1416 m3/s) to 600,000 cfs (16,990 m3/s) to capture all ranges of flow expected 
to be experienced.  Results for all flow conditions are included in Figures 5, 6, and 7.  The Mindi 
Dike and Mojinga Swamp areas are also shown at the respective elevations for those sections 
of the river reach. 
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Figure 5.  HEC-RAS modeling results for flows ranging  
from 50,000 cfs (1416 m3/s) to 200,000 cfs(5663 m3/s)  
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Figure 6.  HEC-RAS modeling results for flows ranging  
from 200,000 cfs (5663 m3/s) to 400,000 cfs(11,327 m3/s)  
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Figure 7.  HEC-RAS modeling results for flows ranging  
from 400,000 cfs(11,327 m3/s) to 600,000 cfs(16,990 m3/s)  

The estimated probable maximum flows for Gatun Dam at increased lake levels range from 
336,755 cfs (9,536 cms) to 514,536 cfs (14,570 cms).  At these levels, the model results show 
that the existing Mindi Dike and Mojinga Swamp are significantly overtopped.  Estimates of the 
maximum water surface elevations at these locations approach 50 ft (15.2 m) and 40 ft (12.2 
m), respectively.  For the Canal Operational Flood, the downstream flows range from 248,467 
cfs (7,036 cms) to 285,000 cfs (8,070 cms).  At these discharges, the maximum water surface 
elevations approach 29 ft (8.8 m) at Mindi Dike and 24 ft (7.3 m) at Mojinga Swamp.  Table 1 
shows the estimated flow conditions for varying lake levels.  These flows are based on 
maintenance of the operating criteria currently in place.   

Since the design criteria dictated that the dikes be designed to accommodate only the Canal 
Operational Flood, the resulting maximum water surface elevations (rounded to the nearest 
foot) were recorded.  At these flow levels (250,000 – 285,000 cfs), as shown in Figure 6, the 
Mindi Dike is overtopped and substantially raised elevations occur at the Mojinga Swamp.  The 
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Gatun Road would also be expected to flood.  At these discharges, the maximum water surface 
elevations approach 29 ft (8.8 m) at Mindi Dike and 24 ft (7.3 m) at Mojinga Swamp.  

Table 1.  Flow Routing Estimates for Gatun Lake 

Lake Level 
(ft) 

Maximum Release 
During PMF (cfs) 

Maximum Release 
During Canal 

Operational Flood 
(cfs) 

Maximum WSEL 
During Canal 

Operational Flood 
@ Mindi (ft) 

Maximum WSEL 
During Canal 

Operational Flood 
@ Mojinga (ft) 

87.5 336,755 248,467 28 24 

88.0 370,003 285,000 29 24 

88.5 404,254 285,000 29 24 

89.0 439,841 285,000 29 24 

89.5 476,620 285,000 29 24 

90.0 514,536 285,000 29 24 

 

SUMMARY AND RECOMMENDATIONS 

The one-dimensional hydraulic modelling suite HEC-RAS was used to develop tailwater 
conditions for increased release flow at Gatun Dam.  The model was calibrated using data from 
a 13-gate release of 168,000 cfs (4757 m3/s) which occurred November 27 to December 1, 
1944, and was mapped by the Panama Canal Section of Surveys (1944).  The calibrated model 
was used to compute results for a release of 152,000 cfs (4304 m3/s).  These results were then 
compared to the backwater curve reported by Randolph (1945) for a release of that magnitude, 
based on measured water surface elevations.  Results showed reasonable correlation and the 
model was then used to compute water surface elevation profiles for varying flow releases from 
Gatun Dam.   

The estimated peak discharges for the existing and new spillways during the Canal Operational 
Flood at increased lake levels range from 248,467 cfs (7,036 cms) to 285,000 cfs (8,070 cms).  
At these discharges, the maximum water surface elevations approach 29 ft (8.8 m) at Mindi 
Dike and 24 ft (7.3 m) at Mojinga Swamp.   

It is recommended that alternatives for flow containment be examined.  The most probable 
solution is elevation of the existing Mindi dike to an elevation of 34 ft (10.4 m) and possibly the 
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construction of a dike at the Mojinga Swamp to elevation 29 ft (8.8 m) depending on the risk that 
ACP is willing to accept concerning washout of Gatun Road.   
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In the event that you have any questions or comments concerning this draft memorandum, 
please do not hesitate to call me at 410-563-7300.  

Yours sincerely, 
MOFFATT & NICHOL ENGINEERS  

for 
Michael G Horton, P.E., Vice President 
Project Manager  
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Flood Mitigation Program for Gatun Lake 
Workshop on Draft Final Report 

November 23, 2004, Panamá 

 

Agenda: 

0800 to 0815 ..............................................Introduction to the Study (Jose Pascal) 

0830 to 0845 .....................................Overview of Draft Final Report (Consultants) 

0845 to 0915 .........................................Questions & Answer session on Overview 

Technical Sessions (with Q&A sessions) 

 0945 to 1015 ...................................................Existing Spillway Assessment 

 1015 to 1100 .............................................................New Spillway Concepts 

 1100 to 1145 .....................................................Environmental Assessments 

 1200 to 1230 .............................................................................. MOLL Study 

 

 

Session Moderator ....................................................................... José Pascal, IPC 

  Study Technical Point of Contact 

 

Consultants ....................................................................................Moffatt & Nichol 

  Golder Associates Inc. 

  Christensen Associates Inc. 
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11  SSEESSSSIIOONN  11  ––  SSTTUUDDYY  OOVVEERRVVIIEEWW  
Presentations by Michael Horton, John Christensen, Benny Susi, Johnny Martin 

1.1 Presentation 

See Appendix B 

 

1.2 Q&A session on Study Overview 

 

What is total cost of all projects? 

 Existing Spillway Rehabilitation..................................................... $30 million 

 New Spillway................................................................................. $89 million 

 Structures modifications for max MOLL ....................................... $30 million 

 TOTAL .......................................................................................$150 million 

Original Spillway was designed for 87 ft and not 85 ft Lake Level.  This will change 
Spillway capacity.  
Comment noted.  Original paper by Sherman states capacity was 140,000 cfs at 85 ft. 
However, please note that the existing spillway rating curves (up to elevation 95 ft) were 
used in the design of the capacity required for the new spillway.possible under flood 
conditions. 

Could a secondary containment area be built at Mindi dike area to control discharge 
channel flooding? 

Yes, but preferable and more economic to control flooding at main spillway and provide 
sufficient capacity in discharge channel.  Also, primary concerns are cross currents from 
discharge flows into the French excavation and the Gatun navigation approach channel, 
which is now occurring at Gamboa from Madden Lake discharge. 

What would cost if Mindi dike be? Was it included in the cost estimate? 

Approximately $3.0 million.  It was not included in the cost estimate. 

Wave heights in Locks are a concern. Heights quoted in report seem low. What was the 
basis for the computations? 

Data on wave heights is anectodal, from observations and computed using PIANC and 
other sources as presented in the Report.  Agreed that surge due to gate openings and 
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vessel movement in Locks requires additional analysis.  This is a key element of the 
selection of the Optimum MOLL. 

Were the backwater effects evaluated when operating two spillways at the same time? 

Some preliminary evaluations were made and are in the Report.  Concerns exist over 
the capacity of the Rio Chagres channel which has not experience flows greater than 
200,000 cfs since the original construction of the Canal.  Improvements and increase in 
the capacity of the discharge channel would be warranted. 

What was the difference between the results obtained from the HEC-5 and HEC-
RESSIM models.  

Main difference was that the water shortages indicated by the daily runs using the HEC-
5 model are greater than the monthly runs.  However, HEC-5 has an apparent problem 
under Windows XP that prevents extended time series daily runs.  HEC-RESSIM has 
this capability.  Also, USACE are no longer supporting HEC 5.  Consultants believe that 
difference in monthly and daily results are due to “leveling” of the monthly shortages and 
the difference may or may not be significant.  However, it is recommended that ACP now 
switch to HEC-RESSIM, regardless. 

What do the figures in the cost estimate represent from the Monte Carlo simulation, are 
they the mean or maximum? 

The tables in the report and shown in the presentation represent the 80 percentile costs 
based on the bell curve developed by the cost model. 

Are the water demands used in the Yield analysis simply for M&I use? 

No, demands were taken from ACP projections of Lockages with and without Post 
Panamax Locks plus M&I usage.  Runs were made for combinations of Lockages and 
M&I under each scenario and also extended to 2030 and 2060 to test benefits. 

Under Post Panamax scenario, Minimum Lake elevation will be 82.0 ft.  Why did 
consultant use 79.5 in the analyses? 

This was the figure given to the consultant at the time of preparation of the study and 
reflects the expectations at August 2004.  However, system reliability runs were also 
made at 81.5 ft and above, and are presented in the report. 

If MOLL increased, the minimum Lake elevation will also be increased.  Is this evaluated 
in the Report? 

Minimum Lake elevation is essentially an ACP decision and should not impact the study 
results significantly.  Also, please see the response to the previous comment. 

The upgrade costs to the Lock Gates for  MOLL increases seem too low? 



 

Workshop Record Page 4 November 23, 2004 

Main impact will be on first sets of gates at Gatun and Pedro Miguel.  Costs were then 
factored down for lower sets.  However, agreed that more evaluation of costs would be 
useful.  Ongoing work at Miraflores gates should provide good basis for cost estimates. 

Do the cost estimates for Gate modifications include maintenance and operational cost 
increases? 

None of the presented costs include increased operation and maintenance costs.  
However the additional maintenance requirements and concerns are addressed in the 
Report.  

Would it be better to include the new spillway in the Trinidad Dam project. 

Possibly.  However, Trinidad Dam is a major and future project that has not been 
approved nor does it have an agreed completion date.  Given the urgent need for 
additional spillway capacity, the consultants considered that the preferred location for the 
spillway is at the Gatun Dam site. 

What provisions are included or recommended regarding the stability of the existing 
Gatun Dam during the excavation and construction of the New Spillway. 

A number of alternatives were evaluated from ground improvements, grout curtains to 
secant walls.  The concept presented in the Draft Report includes the construction of a 
secant wall on both sides of the spillway to isolate the work from the existing dam. 

Did the consultants look at alternative locations for the new spillway west of the 
recommended site? 

Yes.  However, the field studies and existing information indicate that the rock is of 
poorer quality and the depth of weathering is greater to the northwest of the 
recommended location.  This is not to say that the location cannot be adjusted once 
more detailed geotechnical data is obtained, but the siting is not expected to change 
significantly. 

End of Q & A on the Overview Session  

22  FFIIRRSSTT  TTEECCHHNNIICCAALL  SSEESSSSIIOONN  ––  EEVVAALLUUAATTIIOONN  OOFF  EEXXIISSTTIINNGG  
SSPPIILLLLWWAAYY  

 (John Christensen, Harry Jackson (CEI Associates Inc.) 

2.1 Presentation 

See Appendix C 
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2.2 Q& A on first technical session 

The existing spillway has a berm to protect the intake channel.  Was this taken into 
account in the stability and other analyses? 

The existence of the berm was known.  However, it was not taken into account in the 
sliding analyses in order to test the stability using a conservative approach. 

Comment:  While 85 ft is the designated  “normal “ Lake elevation, it is not the maximum 
and the Lake has been taken to 86 – 87 ft.  Hence 85 ft is not really the normal 
elevation. 

Normal was as defined in the Sherman paper on the construction of the Spillway.  
However it was recognized that the lake has often been taken to higher elevations and 
perhaps the concept of “normal” may need to be redefined. 

Comment:  Flood last week exceeded the December 2000 flood quoted in the Report.  
The downstream bridge at the existing spillway was closed for seven hours during the 
discharge process. 

Noted.  This illustrates the concerns expressed re: the PMF and design floods. 

Did the consultant consider other gate types for the existing spillway? 

Yes.  Radial gates, flap gates were considered.  However neither work well with the 
curvature of the spillway crest and the existing spillway piers spillway.. 

Did the consultant evaluate hydraulically operated gate mechanisms for the replacement 
gates? 

Yes.  Manufacturers proposals for supply of gates and hoists were based on utilizing 
motor driven drum hoists and multi-part wire cables.  Hydraulic hoists could be feasible if 
preferred by ACP.  The length of the pistons and cylinders above the gates would be 
significant   ( 45 feet +/-) manufacturers’ 

The back water impacts on the downstream communities and land area are important 
considerations when the spillway(s) are discharging in a PMF condition.  What 
provisions are made for this problem? 

The PMF is a catastrophic event that will cause flooding over an extended area and 
closure of the Canal for a period of time.  While there will be flooding in the Mindi Dike, 
Mojinga and other areas, this will be just one element of major flooding over a much 
greater area. 

Acknowledged that the Rio Chagres discharge channel has not experienced flows in 
excess of 200,000 cfs since the spillway was built. 
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33  SSEECCOONNDD  TTEECCHHNNIICCAALL  SSEESSSSIIOONN  ––  NNEEWW  SSPPIILLLLWWAAYY  PPRROOJJEECCTT  
(John Christensen (CAI), Johnny Martin (Moffatt & Nichol) 

3.1 Presentation 

See Appendix D 

 

3.2 Q&A on Second Technical Session 

What criteria were used to set the spillway crest elevation at 53 ft? 

Peak tailwater computed was at 46 feet and crest should be above this level.  Next 
concern is the depth of the upstream channel to avoid excavation.  53 ft is a trade off 
between the two and may be adjusted at final design stage.  Also the radial gates allow 
a lower crest elevation than vertical gates.  However, at this feasibility level 53 ft.  
provides a balance between costs and tailwater conditions. 

 

Did you adjust the existing spillway capacity and tailwater elevations to take into account 
operation of both spillways at the same time? 

Yes. The combined operation will not impact the discharge capacity of the existing 
spillway. 

Is stratification a problem with the spillway capacity analyses? Other studies have shown 
that operation of the existing spillway may help mitigate salinity intrusion within the Lake 
under future operating conditions. 

No, this is not a design concern.  It appears that the stratification issue would be more of 
an operational issue depending on which spillway would be used primarily. 

Did you include the cost of  a set of stop logs or bulkhead gates for maintenance? 

The cost estimate did not include these items.  They will be included in the final report.
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44  TTHHIIRRDD  TTEECCHHNNIICCAALL  SSEESSSSIIOONN  ––  EENNVVIIRROONNMMEENNTTAALL  IIMMPPAACCTTSS  
AASSSSEESSSSMMEENNTT  

(Benny Susi, Golder Associates Inc.) 

4.1 Presentation 

See Appendix E 

 

4.2 Q&A on Third Technical Session 

 

Did the evaluation take into account the UXO sites at Fort San Lorenzo and in the 
project area? 

These were seen during the reconnaissance visits and are well defined and marked, but 
not in the new spillway or MOLL adjustment areas. However it would be useful to make 
note of them in the Report. 
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55  FFOOUURRTTHH  TTEECCHHNNIICCAALL  SSEESSSSIIOONN  ––  MMOOLLLL  SSTTUUDDYY  
Johnny Martin (M&N) 

5.1 Presentation 

See Appendix E 

 

5.2 Q&A on Fourth Technical Session 

Why was 79.5 taken as the minimum Lake Operating elevation in the Draft Restriction 
analyses? 

This elevation was agreed with ACP staff at August meeting on Interim study 
conclusions.   

Comment:  There are concerns over the reliability of the daily information that would be 
used for the HEC RESSIM analyses.  Care is required in the interpretation and use of 
this data. 

Noted. 
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Appendix A 
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Jorge de la Guardia Oficina de Desarrollo de Programa JdelaGuardia@pancanal.com
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José del C. González MRLP-PO

Reece Shaw PAC rshaw@pancanal.com

Franklin Guardia ESM-PAC foguardia@pancanal.com
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Carlos Vargas IPI cvargas@pancanal.com

Rogelio A. Gordón IPIM rgordon@pancanal.com

Cesar Kiamco IPC ckiamco@pancanal.com

Johnny Martin Moffatt & Nichol jmartin@moffattnichol.com

Harry Jackson Christensen Associates Inc. hjackson@caiworld.com

Benny Susi Golder Associates Inc. bsusi@golder.com

Michael Horton Moffatt & Nichol mhorton@moffattnichol.com

John Christensen Christensen Associates Inc. jchristensen@caiworld.com
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Agenda for TodayAgenda for TodayAgenda for Today

12000930Technical Sessions

11201050Environmental Assessment

12001130MOLL Evaluation

10401010New Spillway Concepts

10000930Existing Spillway Assessment

Break

09150845Q&A on Overview

08450815Study Overview

FinishStart 
TimeSession

Objectives of this StudyObjectives of this StudyObjectives of this Study

• Evaluate the Stability & Capacity of the 
Existing Spillway

• Recommend Alternatives to Mitigate 
Potential for Flooding

• Evaluate structural, environmental, 
hydraulic and cost implications of 
increase(s) in MOLL

Study OutlineStudy OutlineStudy Outline

• Analysis of Existing Spillway

• Preliminary Design of New Spillway

• Gatun Lake MOLL Study

• Environmental Assessments

• Socio Economic Evaluations

• MOLL Benefits Assessments

• Summary and Recommendations
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Existing SpillwayExisting SpillwayExisting Spillway

• 91 Years old
• Hydro-electric plant
• Gated Structure 808 ft long x 105.5 ft high
• Crest has 14 bays x 42 ft each

Hydraulic AssessmentHydraulic AssessmentHydraulic Assessment

• Flood Control Facilities should be adequate 
to pass the Probable Maximum Flood (PMF)

• Studies have shown that current PMF has a 
duration of 6 days and peak inflow of 
847,000 cfs

• Current PMF routing with starting Lake 
elevation of 88 ft and peak at 92.55 ft has 
peak outflow of 329,000 cfs

Conclusions - CapacityConclusions Conclusions -- CapacityCapacity

• Reported that spillway inadequate to meet 
100 year flood event

• USACE Criteria require that spillway safely 
pass PMF inflow

• Any increase in MOLL will exacerbate 
capacity concerns

• Dam/Spillway meet stability & sliding criteria
• Vertical Lift gates need replacement
• Gates are vulnerable to seismic event
• No reinforcement in Piers
• Gallery Flooding renders gates non-

functional

Spillway AssessmentSpillway AssessmentSpillway Assessment
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RecommendationsRecommendationsRecommendations

• Additional Capacity required
• Gates should be replaced with Vertical lift 

Fixed wheel gates and operators
• New Operators should have motor and 

gear at top of hoist attachment
• New gates should be taller for MOLL 

increase
• Walkway should be raised
• Pier remediation required

Suggested Gate ModificationsSuggested Gate ModificationsSuggested Gate Modifications

Cost Estimate
Gates & Operating System
Cost EstimateCost Estimate
Gates & Operating SystemGates & Operating System

Description Unit Quantity Unit Price Amount 
(US$)

Mobilization LS 1 939,681 $939,681
Remove Gates & Hoists EA 14 22,780 $318,922
Chip Guide Slots CM 210 481 $100,909
Stage 2 Concrete CM 210 587 $123,333
Supply Gates & Hoists EA 14 803,356 $11,246,980
Install Gate Guides SET 14 33,636 $470,908
Install Gates & Hoists EA 14 280,302 $3,924,234
Hoist Platform TN 200 3,203 $640,691
Walkway Bay 14 10,678 $149,495
Electrical LS 1 704,760 $704,760
Misc. Mechanical LS 1 560,605 $560,605

Subtotal $19,180,517
Contingency 20% $3,884,055

Subtotal $23,064,572
Engineering, CM, Administration 19% $4,266,946

$27,331,518Estimated Project Cost (80 Percentile Value)

Cost Estimate
Piers Rehabilitation
Cost EstimateCost Estimate
Piers RehabilitationPiers Rehabilitation

Description Unit Quantity Unit Price Amount

Pier Rehabilitation

Mobilization LS 1 $348,864.68 $348,865

Drill for dowels M 486 $158.57 $77,067

Reinforced Concrete CM 850 $697.73 $593,070

Drill for Tendons M 1640 $279.09 $457,710

Install Tendons M 1640 $266.41 $436,905

Subtotal $1,913,618

Contingency 16% $306,179

Subtotal $2,219,797

Engineering, CM, Administration 14% $314,471

$2,534,268Estimated Project Cost (80 Percentile value)
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Implementation PlanImplementation PlanImplementation Plan

• Testing and Upgrade of piers now
• Emergency repairs on individual gates can 

continue
• Implementation of Gates rehabilitation 

would be 2010-2012

New Spillway ProjectNew Spillway ProjectNew Spillway Project

Location Analyses
Concepts

Environmental Assessment
Costs

Typical Hydrograph RoutingTypical Hydrograph RoutingTypical Hydrograph Routing
HYDROGRAPH ROUTING - PMF STORM (PEAK=847,000 CFS-WITH EXISTING SPILLWAY 

AND LOCK CULVERTS)
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Expand Existing Spillway?Expand Existing Spillway?Expand Existing Spillway?
• The effective hydraulic length of the spillway 

crest is shorter than the actual length due to the 
hydraulically inefficient shape of the “piers”

• Replacement with Flap gates not practical due to 
the curvature of the crest

• Expansion or modification of the existing spillway 
is not a practical solution



5

PMF Hydraulic Requirements
(both spillways PMF event)

PMF Hydraulic RequirementsPMF Hydraulic Requirements
(both spillways PMF event)(both spillways PMF event)

# Gates Req.
(m) (ft) for New Spillway (m) (ft) (cms) (cfs) (cms) (cfs) (cms) (cfs)

26.67 87.5 2 28.04 92.0 9,536    336,755  7,267   256,624  2,269     80,131    
26.82 88.0 3 28.01 91.9 10,477  370,003  7,218   254,897  3,259     115,106  
26.97 88.5 4 28.01 91.9 11,447  404,254  7,218   254,897  4,229     149,357  
27.13 89.0 5 28.01 91.9 12,455  439,841  7,218   254,897  5,237     184,944  
27.28 89.5 6 28.01 91.9 13,496  476,620  7,218   254,897  6,279     221,723  
27.43 90.0 7 28.04 92.0 14,570  514,536  7,267   256,624  7,303     257,912  

Peak New Spill. QMOLL Peak Flood Elev. Peak Total Q Peak Ex. Spill. Q

Spillway Capacity for Canal 
(Canal operational Flood)
Spillway Capacity for Canal Spillway Capacity for Canal 
(Canal operational Flood)(Canal operational Flood)

# Gates Req.
(m) (ft) for New Spillway (m) (ft) (cms) (cfs) (cms) (cfs) (cms) (cfs)

26.67 87.5 2 26.70 87.6 7,036    248,467  5,209   183,965  1,826     64,502    
26.82 88.0 3 26.82 88.0 8,070    285,000  5,386   190,208  2,684     94,792    
26.97 88.5 4 26.97 88.5 8,070    285,000  5,610   198,116  2,460     86,884    
27.13 89.0 5 27.13 89.0 8,070    285,000  5,837   206,139  2,233     78,861    
27.28 89.5 6 27.28 89.5 8,070    285,000  6,068   214,276  2,003     70,724    
27.43 90.0 7 27.43 90.0 8,070    285,000  6,301   222,525  1,769     62,475    

Peak New Spill. QMOLL Peak Flood Elev. Peak Total Q Peak Ex. Spill. Q

• Maximum lake elevation for the Canal Operational 
flood is very little higher than the starting MOLL

• Significant spillway capacity is now provided to 
release inflows as quickly as they come into the 
Lake

Sites 
Evaluated
Sites Sites 
EvaluatedEvaluated

Topographic ComparisonTopographic ComparisonTopographic Comparison

REGION SITE 
LENGTH 

(KM) 

APPROX LENGTH 
OF EXCAVATION 

(KM) 

APPROX MAXIMUM 
EXCAVATION DEPTH 

(M) 
Gatun     

 West Abutment 0.4 0.2 20 
 Spillway Hill 0.5 0.3 15 

 East Abutment 1.8 0.3 15 
Sabanita (Nuevo Colon) Canoa 2.6 0.7 75 

West Gatun     

 Rio Piña 17.2 12.3 100 
 Rio Arrieros 24.9 2.9 50 

 
Rio Caño 
Quebrado 

27.5 2.0 10 
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Sites RankingSites RankingSites Ranking

West Gatun  
Spillway A lternative

West Gatun  
Spillway Alternative

Spillway Hill
Spillway A lternative

Spillway Hill
Spillway A lternative

East Gatun  
Spillway A lternative

East Gatun  
Spillway Alternative
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1.1. GatunGatun Dam SitesDam Sites
2.2. Western SitesWestern Sites
3.3. CanoaCanoa

The west abutment 
is favored from 
navigational, 
geological, & 
engineering 
standpoints

Geotechnical ConditionsGeotechnical ConditionsGeotechnical Conditions
• ACP Data & 2004 Investigations
• Three major soil types in Dam

– Dry Fill
– Residual Soils
– Saprolite/Weathered Rock

• Bedrock – Clayey Siltstone low permeability
• Potential Fault West of Spillway

• Conclusions
– Gatun Siltstone suitable for spillway support
– Weathered rock & soils suitable for chute and stilling basin 

(settlement)

Spillway LocationSpillway LocationSpillway Location New SpillwayNew SpillwayNew Spillway
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Preliminary Design ConceptPreliminary Design ConceptPreliminary Design Concept Gates ConceptGates ConceptGates Concept

Key Design FeaturesKey Design FeaturesKey Design Features

• Concrete Gravity Structure 110 m long x 22 m 
high with a Hydraulic length of 89.6 m 

• 7 x 42 ft m bays, crest elevation 16.15 m (53 ft)
• 7 x 11.6 m high Tainter (radial) Gates
• Electric Motor Gate Hoists on top of Piers
• Road Bridge 20-50 m from upstream face
• Concrete Lined Discharge Chute
• Concrete Lined Stilling Basin

Environmental & 
Socio-Economic Assessments
Environmental & Environmental & 
SocioSocio--Economic AssessmentsEconomic Assessments

• Establish Baseline Conditions
• Assessment of Potential Impacts
• Present Mitigation Measures
• Cost Estimates for Mitigation

• Assessments covered  both New Spillway 
and MOLL adjustments, many of which 
overlap
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Assessment MethodologyAssessment MethodologyAssessment Methodology

• Based on available data + recce. Visits
• Direct Impact (DIA) and Indirect (IIA) 

concept used to classify areas
• Construction & Operation Impacts Assessed
• Change Indicators using Leopold approach
• Ranking System was adopted

Ranking ValuesRanking ValuesRanking Values

1Direct

2Local

3Regional

Geographic Extent (E)

1Reversible at short-term0.4-0.1Low

2Reversible at medium-term0.9-0.5Medium

3Irreversible1High

Reversibility (R)Probability of Occurrence (Po)

1Temporary1Low

2Periodic2Medium

3Permanent3High

Frequency (F)Magnitude (M)

1Short-Term0Neutral

2Medium-Term1Positive

3Long-Term-1Negative

Duration (Du)Type (C)

Highly negative -10.1T
o-15

Moderately negative -5.1T
o-10

Slightly negative -.1T
o-5

NEUTRAL00

Positive+.1T
o15

Color CodePredicted Effect

Ranks of Value

Spillway
Impacts 
Construction
Phase

SpillwaySpillway
Impacts Impacts 
ConstructionConstruction
PhasePhase

Highly negative -10.1T
o-15

Moderately 
negative -5.1T

o-10

Slightly 
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o-5

NEUTRAL00
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CodePredicted Effect

Ranks of Value
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New 

Spillway 

Maintenance 
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Spillway and 
Structures 

Closure of 
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CodePredicted Effect
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New 
Spillway
Cost 
Estimate
(80% 
Confidence 
Values)

New New 
SpillwaySpillway
Cost Cost 
EstimateEstimate
(80% (80% 
Confidence Confidence 
Values)Values)

Item Quantity Unit Unit Cost Amount

Site work

Mobilization 1 Lot 3,411,042.07 3,411,042$          
Site Clearing 7 ha 17,055.21 110,859$             
Road Relocation 1 Lot 111,978.65 111,979$             
Dewatering and care of the river 1 Lot 3,411,042.07 3,411,042$          
Temporary Cofferdams 3,801 sq m 551.28 2,095,413$          
Dredge Excavation - Spoil 331,700 cu.m 3.72 1,234,301$          
Dredge Excavation - Rock 32,533 cu.m 13.20 429,598$             
Excavation - Overburden 264,600 cu.m 4.51 1,194,299$          
Excavation - Rock 365,800 cu.m 11.37 4,159,197$          
Backfill 50,525 cu.m 10.34 522,251$             
Riprap 107,500 cu.m 21.36 2,296,424$          

Subtotal 18,976,406$        
Structures

Approach Channel Walls 6,696 sq.m 1,447.11 9,689,840$          
Foundation Preparation 20,000 sq.m 5.17 103,365$             
Grouting and Drainage 1 Lot 227,402.80 227,403$             
Concrete - Ogee 14,120 cu.m 155.05 2,189,269$          
Concrete - Floor Slabs 23,800 cu.m 186.06 4,428,153$          
Concrete - Walls 33,500 cu.m 206.73 6,925,449$          
Concrete - Piers 6,468 cu.m 413.46 2,674,257$          
Reinforcement 4,526 tonne 1,602.16 7,251,359$          
Trunnion Anchorage 67 tonne 15,520.24 1,039,856$          
Embedded Steel 95 tonne 9,550.92 907,337$             
Embedded Stainless Steel 26 tonne 19,535.97 507,935$             
Spillway Access Bridge 340 sq.m 747.67 254,209$             
Highway Bridge 1,343 sq.m 1,085.33 1,457,962$          

Subtotal 37,656,394$        
Mechanical/Electrical

Radial Gates - Supply 557 tonne 15,150.71 8,438,947$          
Hoists (80 Tonne Cap) 7 ea 157,631.49 1,103,420$          
Shipping 7 ea 84,759.23 593,315$             
Installation 7 ea 264,872.58 1,854,108$          
Miscellaneous Metal 1 All. 55,300.23 55,300$               
Misc. Mechanical/Electrical 1 All. 516,824.56 516,825$             

Subtotal 12,561,914$        

Subtotal - Construction Cost 69,194,714$        
Contingency 17% 11,936,088$        

Subtotal 81,130,802$        
Engineering, CM, Admin 10% 8,113,080$          

Estimated Cost of Project (80 percentile Value) 89,243,882$        

Implementation ScheduleImplementation ScheduleImplementation Schedule

Gatun Lake MOLL StudyGatunGatun Lake MOLL StudyLake MOLL Study Evaluation MethodologyEvaluation MethodologyEvaluation Methodology

• Water Yield Analyses
• Lake shore facilities inventory
• Evaluate Impact on Existing & New 

Spillways
• Classify physical & environmental impacts
• Compute cost associated with each MOLL
• Examine Benefits
• Determine Optimum MOLL
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MOLL OptionsMOLL OptionsMOLL Options

• Present MOLL is 87.5 ft PLD
• Elevation of Lock Walls is 92.0 ft
• Estimated Max wave from wind = 0.37 m 

(Gatun locks – south wind)
• Prop wash in Locks is a concern
• Alternative MOLLs evaluated in 0.5 ft 

intervals
• USACE Study recommended MOLL @ 89 ft

First ConclusionFirst ConclusionFirst Conclusion

• The structures inventory indicates that the 
existing locks would be the limiting factor 
from a cost standpoint

• With a coping elevation of 28.04 m (92.0 ft) 
and 26.88 m (88.2 ft) for the guard gate 
strut slot opening for the miter gates, 
almost any rise in maximum water level 
within the Lake will require modifications 
to the existing locks.

Projected 
Water 
Demand

Projected Projected 
Water Water 
DemandDemand

    
Baseline

(1993-
1997) 

2010 2020 2020  
with PP 20302 20302  

with PP 

Municipal & Industrial Demand 
Gatun Lake Cms 3.5 5.1 5.9 5.9 6.6 6.6 
 Cfs 122 181 208 208 234 234 
  MGD 79 117 134 134 151 151 

  Lockages 
per day1 1.44 2.12 2.44 2.44 2.75 2.75 

Madden Lake Cms 5.3 7.8 9.0 9.0 10.1 10.1 
 Cfs 187 276 318 318 357 357 
  MGD 120 178 204.94 205 230 230 

  Lockages 
per day1 2.19 3.24 3.73 3.73 4.19 4.19 

Total M & I Cms 8.8 13.0 14.9 14.9 16.8 16.8 
 Cfs 309 457 526 526 592 592 
  MGD 199 295 339 339 382 382 

  Lockages 
per day1 3.6 5.4 6.2 6.2 6.9 6.9 

Lockage Demand 
 Cms 84.4 80.4 88.2 84.8 88.2 88.4 
  Cfs 2978 2839 3112 2992 3112 3120 
  MGD 1922 1832 2008 1931 2008 2013 

  Lockages 
per day1 34.9 33.3 36.5 35.1 36.5 36.6 

TOTAL M & I and Lockages 
 Cms 93.2 93.4 103.1 99.7 104.9 105.2 
  cfs 3287 3296 3638 3518 3703 3712 
  MGD 2121 2126 2347 2270 2389 2395 

  Lockages 
per day1 38.6 38.7 42.7 41.3 43.4 43.5 

1 Equivalent Lockage is based on 55MG/lockage 
2 2030 water diversion to locks is assumed to be equivalent to 2025 ACP projections. 

Water Yield Analysis ResultsWater Yield Analysis ResultsWater Yield Analysis Results

99.20%

99.30%

99.40%

99.50%

99.60%

99.70%

99.80%

99.90%

100.00%

Existing Conditions 2010 2020 w/ PP 2020 2030 2030 w/ PP

Demand Level

R
el

ia
bi

lit
y 

(P
er

ce
nt

 T
im

e 
D

em
an

d 
is

 S
at

is
fie

d)

MOLL 90.0 ft
MOLL 89.5 ft
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MOLL 88.0 ft
Baseline (MOLL 87.5 ft)

Demand Daily Lockages

38.6 38.7 41.3 42.7 43.4 43.5
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Water yield Analysis MOLL 90ftWater yield Analysis MOLL 90ftWater yield Analysis MOLL 90ft
Gatun Lake Water Surface Elevation Time Series

January 1948 - December 1999
2030 With PP Scenario
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23.16 m

Draft Restriction Projections
(months over 52 yr period)

Draft Restriction ProjectionsDraft Restriction Projections
(months over 52 yr period)(months over 52 yr period)

00000079.5 ft

88555481.5 ft27.43 m (90.0 ft)

00000079.5 ft

108684481.5 ft27.28 m (89.5 ft)

11000079.5 ft

11118105581.5 ft27.13 m (89.0 ft)

11010079.5 ft

131310126781.5 ft26.97 m (88.5 ft)

11110079.5 ft

161612147781.5 ft26.82 m (88.0 ft)

11110079.5 ft26.67 m (87.5 ft)

20201317111181.5 ftBaseline Cond.

2030 w/ 
PP2030

2020 w/ 
PP20202010BASEElevationScenario

Structures InventoryStructures InventoryStructures Inventory ACP & Third Party StructuresACP & Third Party StructuresACP & Third Party Structures

Las Cruces Landing

Monte Lirio Bridge
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FF-4

FF-3

FF-2

FF-1

Terrestrial and aquatic 
flora and fauna BIOLOGICAL

SU-4

SU-3

SU-2

SU-1

Soil

H-2

H-1
Water

R-1Noise

A-1Air

PHYSICAL

Reconstr
uction

Retro
fit of 
Locks

Retrofit of 
Saddle 
Dams

Construction 
of 

Infrastructur
e and 

Utilities

Site 
Preparat

ion

Transporta
tion and 

Mobilizatio
n

Construction

PROJECT PHASE

INDICATORCOMPONENTENVIRONMENT

Environmental Impact 
Assessment
Construction Phase

Environmental Impact Environmental Impact 
AssessmentAssessment
Construction PhaseConstruction Phase

Highly negative -10.1T
o-15

Moderately 
negative -5.1T

o-10

Slightly negative -.1T
o-5

NEUTRAL00

Positive+.1T
o15

Color 
CodePredicted Effect

Ranks of Value

Construction Phase – MOLL (contd)

AR-1Cultural

E-4

E-3

E-2

E-1

Economic

S-6

S-5

S-4

S-3

S-2

S-1

Social

SOCIAL

Environmental

Impacts

Operation Phase

AR-1Cultural

E-4

E-3

E-2

E-1

Economic

S-6

S-5

S-4

S-3

S-2

S-1

Social

SOCIAL

FF-4

FF-3

FF-2

FF-1

Terrestrial and 
aquatic flora and 
fauna

BIOLOGICAL

SU-4

SU-3

SU-2

SU-1

Soil

H-2

H-1
Water

R-1Noise

A-1Air

PHYSICAL

Maintenance 
of the 

Spillway and 
Structures

Operating Gatun
at Maximum 

Level

Operation

PROJECT PHASE

INDICATORCOMPONENTENVIRONMENT Locks & Gate ModificationsLocks & Gate ModificationsLocks & Gate Modifications

• Substantial modifications required for the 
existing Locks:
– Solid vertical plate on top of the lock gate
– Possible parapet to limit wave runup
– Mechanisms for the modular walkway modified 

with water-tight seals & self-lubricating
– Rubber piece to protect the quoin, etc. 
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Locks & Gates ModificationsLocks & Gates ModificationsLocks & Gates Modifications Estimated Costs
Locks & Gate Modifications
Estimated CostsEstimated Costs
Locks & Gate ModificationsLocks & Gate Modifications

• Plate and Walkway Retrofits                   US$50k/gate
• Rubber Piece for Quoin - US$20k/ gate
• Rubber Boots, Steel Plate, Ventilation    US$50k/ gate
• Seals and Cover for Hydraulic Ram         US$10k/ gate
• Flaps for Mule Track Drainage Holes       US$500 each

$30,246,222 $1,112,013 $11,149,369 $16,087,340 $1,897,500 90.00

$27,997,152 $945,770 $10,342,999 $14,810,883 $1,897,500 89.50

$24,883,794 $766,755 $7,820,894 $14,398,645 $1,897,500 89.00

$18,007,010 $531,384 $3,170,279 $12,825,348 $1,430,000 88.50

$16,001,874 $369,485 $3,135,379 $11,947,010 $550,000 88.00

0000087.50

TotalMitigationThird Party 
Structures

Other ACP 
FacilitiesLocks & GatesMOLL

(ft)

Summary of CostsSummary of CostsSummary of Costs Selection of Optimum MOLLSelection of Optimum MOLLSelection of Optimum MOLL

• Depends on: 
– Capital costs
– Operations and maintenance issues
– Environmental impacts
– Socio economic factors 
– Economic benefits

• Prioritizing or weighting of factors is 
strategic decision of ACP  
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Economic Benefits AssessmentEconomic Benefits AssessmentEconomic Benefits Assessment

• Benefits include
– Increased revenues - deeper draft during the dry 

season
– Avoidance of capital dredging
– Avoidance of shortfalls of water as M&I & lockage 

demand grows
– Improved system reliability
– Increased Canal capacity with the new locks

Summary of Updated  Benefits
(Using USACE approach)
Summary of Updated  BenefitsSummary of Updated  Benefits
(Using USACE approach)(Using USACE approach)

$38,620,000$3,308,000$2,498,000$2,646,000$2,308,000$1,706,000$1,612,000(90.0 ft)

$31,347,000$2,757,000$2,073,000$2,197,000$1,900,000$1,677,000$1,609,000(89.5 ft)

$24,598,000$2,187,000$1,645,000$1,643,000$1,485,000$1,473,000$1,510,000(89.0 ft)

$17,261,000$1,708,000$1,291,000$1,067,000$1,041,000$1,053,000$1,121,000(88.5 ft)

$8,680,000$1,079,000$810,000$535,000$686,000$715,000$762,000(88.0 ft)

$0$0$1,000$0$1,000$0$0Base
(87.5 ft)

2060 
Panamax-

Plus

2030 
Panamax-

Plus
2030

2020 
Panamax-

Plus
20202010BASEScenario

Conclusions - BenefitsConclusions Conclusions -- BenefitsBenefits
• The USACE method is no longer applicable 

as a selection tool for optimum MOLL

• It is recommended that an expanded 
benefits analysis includes financial 
implications of draft restriction and 
deferred capital dredging costs.

• A new definition of system reliability is 
recommended, based on draft restrictions 
as well as overall supply

Optimum MOLLOptimum MOLLOptimum MOLL

• 27.13 m (89.0 ft) meets current reliability 
standards & water demands with Post 
Panamax to 2020

• 28.04 m (90.0 ft) meets demand to 2030  
• A reasonable target elevation is between 

89.0 and 90.0 ft.
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Study Conclusions (1)Study Conclusions (1)Study Conclusions (1)

• Existing Spillway
– Gatun dam is “large size”, “high hazard” structure 
– Recommended design flood is the Probable 

Maximum Flood (PMF)
– Spillway has insufficient capacity to meet the PMF
– Requires upgrading to meet modern dam safety 

requirements
– Piers/gates vulnerable to seismic event
– Estimated cost of retrofit is US$30 million
– Retrofit (gates) should follow new spillway 

construction

Study Conclusions (3)Study Conclusions (3)Study Conclusions (3)

• New Spillway
– Most promising site is left (west) side of the dam
– Recommend design for MOLL of 90 ft.
– Gated overflow spillway with 7 gates (MOLL 90 ft)
– Gates twice as high as existing
– Radial gates recommended
– Estimated cost is US$89 million

Completion by mid 2010

Study Conclusions (4)Study Conclusions (4)Study Conclusions (4)
• Environmental Impacts

– Construction impacts are generally slightly to 
moderately negative

– Operations impacts are positive to slightly negative

• Socio Economic Impacts
– Construction impacts are generally positive to 

slightly negative
– Operations impacts are positive to neutral

• Cultural & Archeological Impacts
– Slightly negative but Resource survey required

Next StepsNext StepsNext Steps
• Pier testing for reinforcement
• Update PMF & Routing
• Hydraulic modeling (physical & computer)
• Geophysical & Geotechnical Studies
• Prepare EIA
• Refine wave & surge climate
• Redefine System Reliability Criterion
• Switch to HEC RESSIM model
• Expand economic benefits of MOLL
• Final Design Studies



 

Workshop Record Page 11 November 23, 2004 

 

Appendix C 

Presentation – Evaluation of Existing Spillway 



1

SESSION 2 SESSION 2 
EXISTING SPILLWAYEXISTING SPILLWAY

Existing SpillwayExisting SpillwayExisting Spillway

• 91 Years old
• Gated Control Structure 808 ft. long & 

105.5 ft. high
• Concrete gravity ogee structural section 

with 14 “Stoney” vertical lift gates
• Steep chute to discharge channel

Other FeaturesOther FeaturesOther Features

• Hydro-electric plant draws water from short 
approach channel

• Road bridge on piers across discharge channel
• Stilling basin at exit of discharge channel to Rio 

Chagres Existing 
Spillway
Existing Existing 
SpillwaySpillway
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Cross 
Section of 
Spillway

Cross Cross 
Section of Section of 
SpillwaySpillway

Spillway Piers AssessmentSpillway Piers AssessmentSpillway Piers Assessment

Existing Stoney GatesExisting Existing StoneyStoney GatesGates Gates & Operating GalleryGates & Operating GalleryGates & Operating Gallery
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Original Design CriteriaOriginal Design CriteriaOriginal Design Criteria

• Gatun Lake at 85 ft. during normal 
conditions (wet season)

• Storage above this level reserved for Flood 
Control

• Design Capacity 140,000 cfs at 85 ft

ConcernsConcernsConcerns

• Capacity was marginally adequate to 
handle large floods

• ACP Flood Control Plans include use of 
Lock Culverts and Gates

• Madden Dam constructed in 1936 to 
improve flood control

Hydraulic AssessmentHydraulic AssessmentHydraulic Assessment

• Flood Control Facilities should be adequate 
to pass the Probable Maximum Flood (PMF)

• Studies have shown that current PMF has a 
duration of 6 days and peak inflow of 
847,000 cfs

• Current PMF routing with starting Lake 
elevation of 88 ft. and peak at 92.55 ft. has 
peak outflow of 329,000 cfs

PMF AnalysesPMF AnalysesPMF Analyses
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Conclusions - CapacityConclusions Conclusions -- CapacityCapacity
• Additional capacity needed to meet dam 

safety criteria
• Reported that spillway inadequate to meet 

100 year flood event
• USACE Criteria require that spillway safely 

pass PMF inflow
• Any increase in MOLL will exacerbate 

capacity concerns
• Age and design of Stoney gates is a concern

Stability AnalysesStability AnalysesStability Analyses
• Under current dam safety criteria, Gatun Dam 

and Reservoir are classified as “Large Size” & 
“High Hazard”

• Spillway meets overall sliding & overturning 
criteria to a MOLL of 90.0 ft.

• Can also meet these criteria for a PMF routed 
lake level of 92.0 ft.

• Under Level I & II Earthquake conditions, 
stability criteria can be met.

• Our analyses agree with ACP findings.

Analysis of Spillway PiersAnalysis of Spillway PiersAnalysis of Spillway Piers

• ACP documents indicate no reinforcement 
in Piers

• Alternative remediation methods include 
post tensioned steel tendons and 
stiffening struts

• Finite element seismic analysis is 
recommended

• Non destructive testing of piers also 
warranted

Gates and Operating SystemGates and Operating SystemGates and Operating System

• Vertical lift gates need replacement
• Gates, counterweights and operators are 

vulnerable to seismic event
• Gallery flooding could render gates non-

functional
• Loss or malfunction of one or more gates 

could cause catastrophic damage
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Other ConcernsOther ConcernsOther Concerns

• Scour at the end of the discharge channel
• Potential overtopping of walls
• Safety of road bridge
• Potential impacts of asymmetric flow due 

to gate failure or debris

RecommendationsRecommendationsRecommendations

• Additional capacity required
• Pier remediation required
• Gates should be replaced with Vertical lift 

Fixed wheel gates and operators
• New operators should be top mounted 

hoists
• New gates should be taller for MOLL 

increase with higher lift
• Walkway should be relocated

Suggested Gate ModificationsSuggested Gate ModificationsSuggested Gate Modifications Cost EstimateCost EstimateCost Estimate

• Monte Carlo cost simulation technique 
used

• Estimates represent 80 percentile cost 
expectation

• No allowances for inflation to project 
implementation date

Frequency Chart

Certainty is 99.40% from -Infinity to $2,817,837 US$

.000

.007

.013

.020

.026

0

6.5

13

19.5

26

$2,003,217 $2,206,872 $2,410,527 $2,614,182 $2,817,837

1,000 Trials    993 Displayed

Forecast: Pier Rehab Total Cost



6

Cost Estimate
Gates & Operating System
Cost EstimateCost Estimate
Gates & Operating SystemGates & Operating System

Description Unit Quantity Unit Price Amount 
(US$)

Mobilization LS 1 939,681 $939,681
Remove Gates & Hoists EA 14 22,780 $318,922
Chip Guide Slots CM 210 481 $100,909
Stage 2 Concrete CM 210 587 $123,333
Supply Gates & Hoists EA 14 803,356 $11,246,980
Install Gate Guides SET 14 33,636 $470,908
Install Gates & Hoists EA 14 280,302 $3,924,234
Hoist Platform TN 200 3,203 $640,691
Walkway Bay 14 10,678 $149,495
Electrical LS 1 704,760 $704,760
Misc. Mechanical LS 1 560,605 $560,605

Subtotal $19,180,517
Contingency 20% $3,884,055

Subtotal $23,064,572
Engineering, CM, Administration 19% $4,266,946

$27,331,518Estimated Project Cost (80 Percentile Value)

Cost Estimate
Piers Rehabilitation
Cost EstimateCost Estimate
Piers RehabilitationPiers Rehabilitation

Description Unit Quantity Unit Price Amount

Pier Rehabilitation

Mobilization LS 1 $348,864.68 $348,865

Drill for dowels M 486 $158.57 $77,067

Reinforced Concrete CM 850 $697.73 $593,070

Drill for Tendons M 1640 $279.09 $457,710

Install Tendons M 1640 $266.41 $436,905

Subtotal $1,913,618

Contingency 16% $306,179

Subtotal $2,219,797

Engineering, CM, Administration 14% $314,471

$2,534,268Estimated Project Cost (80 Percentile value)

Implementation PlanImplementation PlanImplementation Plan

• Emergency repairs on individual gates 
should continue

• Pier reinforcement needed ASAP
• Gate replacement best accomplished after 

new spillway capacity is in place
• Expected implementation of gate 

rehabilitation would be 2010-2012

ConclusionsConclusionsConclusions

• Gatun dam is “large size”, “high hazard” structure 
• Recommended design flood is the Probable Maximum 

Flood (PMF)
• Spillway has insufficient capacity to meet the PMF
• Requires upgrading to meet modern dam safety 

requirements
• Gate operators are vulnerable to seismic event
• Estimated total cost of retrofit is US$30 million
• Pier rehabiliation should begin ASAP
• Gate upgrade should follow new spillway
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Next StepsNext StepsNext Steps

• Non destructive testing of piers
• Finite element analysis of piers
• Design pier reinforcement system
• Hydraulic model of operation under higher 

tailwater
• Design gate replacement  for retrofit of 

existing obsolete gates
• Monitor scour hole downstream of apron
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SESSION 3 SESSION 3 
NEW SPILLWAYNEW SPILLWAY

New Spillway ProjectNew Spillway ProjectNew Spillway Project

Design Basis
Location Analyses

Concepts
Costs

Conclusions & Recommendations
Next Steps

Design BasisDesign BasisDesign Basis

• Flood Control Facilities should be adequate 
to pass the Probable Maximum Flood (PMF)

• Studies have shown that current PMF has a 
duration of 6 days and peak inflow of 
847,000 cfs

• Current PMF routing with starting Lake 
elevation of 88 ft and peak at 92.55 ft has 
peak outflow of 329,000 cfs

Design MethodologyDesign MethodologyDesign Methodology
• A routing model was developed to replicate the 

routing results of the existing spillway, lock 
culverts and Locks for the PMF flood (design 
event).

• This was then modified to test design 
characteristics for the new spillway

• Model was calibrated against HEC 1 model results 
tabulated in Green Book.  Good consistency was 
obtained

• Stage-storage data was developed by ACP
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Output from Routing ModelOutput from Routing ModelOutput from Routing Model
SINGLE RESERVOIR ROUTING EXISTING LOCK CULVERTS

Use (Y or N) ? Y
ROUTING TIME STEP Lock Culvert Outflow = 54,000       cfs

deltat = 60 min Elev When Engaged = 88.0           ft
EXISTING LOCKS

INFLOW HYDROGRAPH Use (Y or N) ? N
See Routing Page - Taken from Green Book Lock Outflow = 160,000     cfs

Elev When Engaged = 88.0           ft
STAGE-STORAGE EXISTING SPILLWAY

Ks = 4128319000 Cw = See Routing Page - Taken From Green Book
b = 1.02624997 L = See Routing Page - Taken From Green Book

Zo = 77 ft Zcr = 68.89 ft
NEW SPILLWAY - CHRISTENSEN

INITIAL WATER LEVEL # of gates = 0
Zi = 87.98 ft Cw = 3.61

L = 40.57 ft
WATER LEVEL FOR SPILLWAY CAPACITY TO CONTROL Zcr = 53 ft

Zc = 88 ft

COMPUTED RESULTS
   Norm Surf Area = 161.84 acres
     Max Surf Area = 163.33 acres
          Peak Stage = 92.57 ft

       Peak Outflow = 329,631                     cfs

Typical Hydrograph RoutingTypical Hydrograph RoutingTypical Hydrograph Routing
HYDROGRAPH ROUTING - PMF STORM (PEAK=847,000 CFS-WITH EXISTING SPILLWAY 

AND LOCK CULVERTS)
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Expand Existing Spillway?Expand Existing Spillway?Expand Existing Spillway?
• The effective hydraulic length of the spillway 

crest is shorter than the actual length due to the 
hydraulically inefficient shape of the “piers”

• Replacement with flap gates not practical due to 
the curvature of the crest and concerns about 
reliability

• Expansion or modification of the existing spillway 
is not a practical solution

Sizing CriteriaSizing CriteriaSizing Criteria

• Design flood is PMF with maximum lake 
elevation of 92.0 ft.

• Hydraulic rating curve based on USBR & 
USACE methods

• Width of each bay = 42 feet
• Radial gate 42 ft. wide by 38 ft. high
• Spillway crest set at El. 53.0 ft.
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Hydraulic Requirements for New 
Spillway
Hydraulic Requirements for New Hydraulic Requirements for New 
SpillwaySpillway

# Gates Req.
(m) (ft) for New Spillway (m) (ft) (cms) (cfs) (cms) (cfs) (cms) (cfs)

26.67 87.5 2 28.04 92.0 9,536    336,755  7,267   256,624  2,269     80,131    
26.82 88.0 3 28.01 91.9 10,477  370,003  7,218   254,897  3,259     115,106  
26.97 88.5 4 28.01 91.9 11,447  404,254  7,218   254,897  4,229     149,357  
27.13 89.0 5 28.01 91.9 12,455  439,841  7,218   254,897  5,237     184,944  
27.28 89.5 6 28.01 91.9 13,496  476,620  7,218   254,897  6,279     221,723  
27.43 90.0 7 28.04 92.0 14,570  514,536  7,267   256,624  7,303     257,912  

Peak New Spill. QMOLL Peak Flood Elev. Peak Total Q Peak Ex. Spill. Q

Hydrograph Routing
New & Existing Spillway
Hydrograph RoutingHydrograph Routing
New & Existing SpillwayNew & Existing Spillway

HYDROGRAPH ROUTING - PMF STORM (PEAK=847,000 CFS-WITH EXISTING AND NEW 
SPILLWAYS)
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Flood AnalysisFlood AnalysisFlood Analysis Conclusions – Flood AnalysisConclusions Conclusions –– Flood AnalysisFlood Analysis
• Dec. 2000 event = 15 - 20 yr Flood = 0.25 PMF
• 0.33 PMF event discharge = 0.25 PMF + 30%
• 0.5 PMF event discharge = 0.25 PMF x 2.0
• Current PMF flood is 4 x 15 year event
• Concluded

– 0.33 PMF Event should be used to define Canal 
Operational Flood limiting condition

– Prudent to review PMF at design phase
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Flood AnalysesFlood AnalysesFlood Analyses

Event (cms) (cfs) (cu. m) (cu. ft)
Dec 2000 3,398         120,000     645,850,637      22,808,000,000      
1/4 PMF 6,088         215,000     632,287,771      22,329,031,877      
1/3 PMF 8,070         285,000     838,148,905      29,598,949,233      
1/2 PMF 12,799       452,000     1,225,020,765   43,261,200,000      

PMF 23,984       847,000     2,490,919,729   87,966,000,000      

Peak Flood Discharge Cumulative Flood Volume

COMPARISON OF DEC 2000 HYDROGRAPH AGAINST 1/3 PMF AND 1/4 PMF HYDROGRAPHS
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New Spillway Capacity AnalysisNew Spillway Capacity AnalysisNew Spillway Capacity Analysis
# Gates Req.

(m) (ft) for New Spillway (m) (ft) (cms) (cfs) (cms) (cfs) (cms) (cfs)
26.67 87.5 2 26.70 87.6 7,036    248,467  5,209   183,965  1,826     64,502    
26.82 88.0 3 26.82 88.0 8,070    285,000  5,386   190,208  2,684     94,792    
26.97 88.5 4 26.97 88.5 8,070    285,000  5,610   198,116  2,460     86,884    
27.13 89.0 5 27.13 89.0 8,070    285,000  5,837   206,139  2,233     78,861    
27.28 89.5 6 27.28 89.5 8,070    285,000  6,068   214,276  2,003     70,724    
27.43 90.0 7 27.43 90.0 8,070    285,000  6,301   222,525  1,769     62,475    

Peak New Spill. QMOLL Peak Flood Elev. Peak Total Q Peak Ex. Spill. Q

• Maximum lake elevation for the Canal Operational 
flood is very little higher than the starting MOLL

• Significant spillway capacity is now available to 
release the inflows as quickly as they come into 
the Lake

Location OptionsLocation OptionsLocation Options

• Discharge of 
flood flows to 
the Caribbean 
side is more 
consistent with 
existing 
hydrology and 
the natural 
environment

Sites EvaluatedSites EvaluatedSites Evaluated

• Canoa
• West of Dam (3)
• Gatun Dam (3)

Caribbean
Sea

Caribbean
Sea

Gatun LakeGatun Lake

Rio Chagres

Rio  Chagres
Rio  P ina

Rio  P ina

Rio  Arrieros

Rio  Arrieros

Rio Cano Quebrado

Rio Cano Quebrado

R io Cano Quebrado

Rio Cano Quebrado

COLONCOLON

EscobalEscobal

SabanitaSabanita
CativaCativa

PinaPina

CuipoCuipo

Rio Cano QuebradoRio Cano Quebrado

Rio ArrierosRio Arrieros

Rio PinaRio Pina

West GatunWest Gatun

Spillway HillSpillway Hill

East GatunEast Gatun

CanoaCanoa

LEGEND

Spillway  Structure
Spillway Channel

Elevation (m)
200
160
140
120
100
80

60
40
25
20
15
10
5
0

N

S

W E

0 5 km



5

Canoa SiteCanoaCanoa SiteSite

SabanitaSabanita

Canoa
Spillway Site

Canoa
Spillway Site

N

S

W E

0 1 km

Profile - Canoa Spillway Alternative

Meters

5/19/2004
Christensen Associates Inc.

152 346 494 638 757 905 1110 1354 1723 2100 2424
-0 -0

95 95

50 50

10 10
20 20
30 30
40 40

60 60
70 70
80 80

Gatun
Lake

Las Minas
Bay

Legend

Spillway Structure
Spillway Channel
Elevations (m)

200
160
140
120
100
80
60
40
25
20
15
10
5
0

Sites West of DamSites West of DamSites West of Dam

642 2156 3552 4926 6535 7973 9326 11231 13188 15033
0 0

123 123

100 100

15 15
30 30

50 50

70 70

Caribbean
Sea

887 2435 3864 5574 7414 9117 10900 12589 14585 16720 18488 20290 22111 23771 25464
-0 -0

36 36

20 20

887 2425 3841 5551 8145 9749 11833 13664 16009 17708 19752 21751
-0 -0

67 67

50 50

20 20

5/19/2004
Christensen Associates Inc.

Meters

Meters

Meters

Profile - Rio Pina Spillway Alternative

Profile - Rio Arrieros Spillway Alternative

Profile - Rio Cano Quebrado Spillway Alternative

Rio Cano Quebrado
Spillway Alternative
Rio Cano Quebrado
Spillway Alternative

Rio Pina
Spillway Alternative

Rio Pina
Spillway Alternative

Rio Arrieros
Spillway Alternative

Rio Arrieros
Spillway Alternative

R io Pina

Rio Pina

Rio Arrie ros

Rio A rrie ros

Rio Cano Q uebrado

Rio Cano Quebrado

Rio Cano Quebrado

Rio Cano Quebrado

EscobalEscobal

PinaPina

Caribbean
Sea

Caribbean
Sea

Gatun LakeGatun Lake

N

S

W E

0 5 km

Gatun
Lake

Gatun
Lake

Gatun
Lake

Caribbean
Sea

Caribbean
Sea

Gatun Dam SitesGatunGatun Dam SitesDam Sites

159 500100 200 300 400
-0 -0

34 34

10 10

20 20

5/19/2004
Christensen Associates Inc.

West Gatun
Spillway Alternative

West Gatun
Spillway Alternative

Spillway Hill
Spillway Alternative

Spillway Hill
Spillway Alternative

East Gatun
Spillway Alternative

East Gatun
Spillway Alternative

Ga
tu

n
Dam

Gat
un

Da
m

Gat
un

Dam

Ga
tu

n
Dam

Gatun Spillway

Gatun Spillway

Gatun LocksGatun Locks

N

S

W E

0 1 km

Meters

Meters

Meters

Profile - East Gatun Spillway Alternative

Profile - Spillway Hill Spillway Alternative

Profile - West Gatun Spillway Alternative

100 200 300
0 0

41 41

10 10

20 20

30 30

500100 200 300 400 600 700 800
0 0

33 33

10 10

20 20

Legend
Spillway Structure
Spillway Channel

Elevations (m)
200

160
140

120
100

80

60
40

25

20
15
10

5

0

Gatun
Lake

Rio
Chagres

Rio
Chagres

Rio
Chagres

Gatun
Lake

Gatun
Lake

Topographic ComparisonTopographic ComparisonTopographic Comparison

REGION SITE 
LENGTH 

(KM) 

APPROX LENGTH 
OF EXCAVATION 

(KM) 

APPROX MAXIMUM 
EXCAVATION DEPTH 

(M) 
Gatun     

 West Abutment 0.4 0.2 20 
 Spillway Hill 0.5 0.3 15 

 East Abutment 1.8 0.3 15 
Sabanita (Nuevo Colon) Canoa 2.6 0.7 75 

West Gatun     

 Rio Piña 17.2 12.3 100 
 Rio Arrieros 24.9 2.9 50 

 
Rio Caño 
Quebrado 

27.5 2.0 10 
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Hydrologic ComparisonHydrologic ComparisonHydrologic Comparison

REGION SITE DRAINAGE AREA 
(SQ. MI.) 

APPROX. 
NATURAL 
CHANNEL 
CAPACITY 

(CFS) 

APPROX. 
NATURAL 
CHANNEL 

BOTTOM WIDTH 
(FT) 

Gatun     

 West Abutment 1301 (1289+12.4) 233,000 3600 

 Spillway Hill 1301 233,000 3600 

 East Abutment 1301 233,000 3600 

Sabanita Cañoa 2 358 5.5 

West Gatun     

 Rio Piña 21.6 3,870 60 

 Rio Arrieros/Rio Providencia 21.0/40.0 3,760/7,160 58/110 

 Rio Caño Quebrado 93.8 16,800 260 

Population
Impacts
Canoa

PopulationPopulation
ImpactsImpacts
CanoaCanoa

Sites RankingSites RankingSites Ranking
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The west abutment 
is favored from 
navigational, 
geological, & 
engineering 
standpoints

Design Options ConsideredDesign Options ConsideredDesign Options Considered

×Ungated Spillway
×Emergency Fuse Plug or Fuse Gate Spillway
×Side Channel Spillway
×Tunnel Spillway

Gated Spillway
Radial Gates 
Concrete Lined Stilling Basin
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Field Investigations by ACP - 2004Field Investigations by ACP Field Investigations by ACP -- 20042004

• Topographical
– Spillway Site
– Lower Rio Chagres

• Geotechnical
– 14 Soil & Rock Borings
– Piezometers Installed
– Rock Permeability Tests
– Lab tests on soil and rock samples

Geotechnical ConditionsGeotechnical ConditionsGeotechnical Conditions
• Three major soil types in Dam

– Dry Fill
– Residual Soils
– Saprolite/Weathered Rock

• Bedrock – Clayey Siltstone low permeability
• Potential Fault West of Spillway

• Conclusions
– Gatun Siltstone suitable for spillway support
– Weathered rock & soils suitable for chute and stilling basin 

(settlement)

Geologic ProfileGeologic ProfileGeologic Profile Spillway LocationSpillway LocationSpillway Location
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New Spillway ConceptNew Spillway ConceptNew Spillway Concept Excavation ConcernsExcavation ConcernsExcavation Concerns

• Stability of Existing Dam
• Seepage
• Options (temporary or permanent)

– Grout Curtain
– Drainage Curtain Downstream
– Secant Pile Wall
– Soil Improvements
– Dewatering
– Sheet Pile Walls

Key Design FeaturesKey Design FeaturesKey Design Features

• Concrete gravity structure 363 ft. long x 72 ft. 
high

• 7 x 42 ft. wide bays crest elevation 53 ft
• 7 x 38 ft. high radial gates
• Electric gate hoists on top of piers
• Road bridge 20-50 m from upstream face
• Concrete lined discharge chute
• Concrete lined stilling basin

Temporary Excavation MeasuresTemporary Excavation MeasuresTemporary Excavation Measures
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Preliminary Design ConceptPreliminary Design ConceptPreliminary Design Concept Gates ConceptGates ConceptGates Concept

Schematic of Stilling BasinSchematic of Stilling BasinSchematic of Stilling Basin Tailwater Conditions AssessmentTailwaterTailwater Conditions AssessmentConditions Assessment
• Using The Calibrated HEC-RAS Model, Tailwater

Conditions Were Also Estimated For The Canal 
Operational Flood To Determine Water Surface 
Elevations At Mindi Dike And The Mojinga Swamp

Lake Level 
(ft) 

Maximum Release 
During PMF (cfs) 

Maximum Release 
During Canal 

Operational Flood 
(cfs) 

Maximum WSEL 
During Canal 

Operational Flood 
@ Mindi (ft) 

Maximum WSEL 
During Canal 

Operational Flood 
@ Mojinga (ft) 

87.5 336,755 248,467 28 24 

88.0 370,003 285,000 29 24 

88.5 404,254 285,000 29 24 

89.0 439,841 285,000 29 24 

89.5 476,620 285,000 29 24 

90.0 514,536 285,000 29 24 
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Tailwater AssessmentTailwaterTailwater AssessmentAssessment
New 
Spillway
Cost 
Estimate
(80% 
Confidence 
Values)

New New 
SpillwaySpillway
Cost Cost 
EstimateEstimate
(80% (80% 
Confidence Confidence 
Values)Values)

Item Quantity Unit Unit Cost Amount

Site work

Mobilization 1 Lot 3,411,042.07 3,411,042$          
Site Clearing 7 ha 17,055.21 110,859$             
Road Relocation 1 Lot 111,978.65 111,979$             
Dewatering and care of the river 1 Lot 3,411,042.07 3,411,042$          
Temporary Cofferdams 3,801 sq m 551.28 2,095,413$          
Dredge Excavation - Spoil 331,700 cu.m 3.72 1,234,301$          
Dredge Excavation - Rock 32,533 cu.m 13.20 429,598$             
Excavation - Overburden 264,600 cu.m 4.51 1,194,299$          
Excavation - Rock 365,800 cu.m 11.37 4,159,197$          
Backfill 50,525 cu.m 10.34 522,251$             
Riprap 107,500 cu.m 21.36 2,296,424$          

Subtotal 18,976,406$        
Structures

Approach Channel Walls 6,696 sq.m 1,447.11 9,689,840$          
Foundation Preparation 20,000 sq.m 5.17 103,365$             
Grouting and Drainage 1 Lot 227,402.80 227,403$             
Concrete - Ogee 14,120 cu.m 155.05 2,189,269$          
Concrete - Floor Slabs 23,800 cu.m 186.06 4,428,153$          
Concrete - Walls 33,500 cu.m 206.73 6,925,449$          
Concrete - Piers 6,468 cu.m 413.46 2,674,257$          
Reinforcement 4,526 tonne 1,602.16 7,251,359$          
Trunnion Anchorage 67 tonne 15,520.24 1,039,856$          
Embedded Steel 95 tonne 9,550.92 907,337$             
Embedded Stainless Steel 26 tonne 19,535.97 507,935$             
Spillway Access Bridge 340 sq.m 747.67 254,209$             
Highway Bridge 1,343 sq.m 1,085.33 1,457,962$          

Subtotal 37,656,394$        
Mechanical/Electrical

Radial Gates - Supply 557 tonne 15,150.71 8,438,947$          
Hoists (80 Tonne Cap) 7 ea 157,631.49 1,103,420$          
Shipping 7 ea 84,759.23 593,315$             
Installation 7 ea 264,872.58 1,854,108$          
Miscellaneous Metal 1 All. 55,300.23 55,300$               
Misc. Mechanical/Electrical 1 All. 516,824.56 516,825$             

Subtotal 12,561,914$        

Subtotal - Construction Cost 69,194,714$        
Contingency 17% 11,936,088$        

Subtotal 81,130,802$        
Engineering, CM, Admin 10% 8,113,080$          

Estimated Cost of Project (80 percentile Value) 89,243,882$        

Cost Range for New SpillwayCost Range for New SpillwayCost Range for New Spillway

Frequency Chart

.000

.007

.015

.022

.029

0

7.25

14.5

21.75

29

$77,968,611 $82,175,920 $86,383,229 $90,590,538 $94,797,847

1,000 Trials    994 Displayed

Forecast: Total - New Spillway

Implementation StepsImplementation StepsImplementation Steps
• Confirm Magnitude of PMF event
• Environmental Field Studies & EIS
• Detailed Geotechnical Evaluations
• Permeability Testing of soils
• Physical & Hydraulic Modeling
• Materials Source evaluations
• Update Cost Estimates & Value Engineering
• Final Technical Studies & Designs
• Bidding, contracting & procurement
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Implementation ScheduleImplementation ScheduleImplementation Schedule Conclusions & RecommendationsConclusions &Conclusions & RecommendationsRecommendations

• Design
– Location - West side of the dam
– Elevation - future MOLL of 90 ft.
– Gated overflow spillway with 7 gates (MOLL 90 ft)
– Radial gates  - twice as high as existing Stoney

Gates

• Cost Estimate
– US$89 million

• Schedule
– Project Completion by Q2-2010

Next StepNext StepNext Step

• Hydrology
– Recommend that the PMF and routing through 

Madden/Gatun be updated
• Hydraulic Modeling

– Approach channel
– Stilling Basin
– Lower Rio Chagres

• Geotechnical
– Geophysical
– Additional drilling for final siting
– Material sources

• Environmental
– Environmental Impact Assessment Report
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SESSION 4 SESSION 4 –– ENVIRONMENTALENVIRONMENTAL
ASSESSMENTSASSESSMENTS

New Spillway ProjectNew Spillway ProjectNew Spillway Project

ObjectivesObjectivesObjectives

• Evaluate existing environmental & socio-economic 
conditions of the study area.

• Assessment of Potential impacts, both positive and negative 
from project implementation.

• Present mitigation measurements to the population and 
environment. 

• Cost for mitigation presented in earlier presentations
• Assessments covered  both New Spillway and MOLL 

adjustments, many of which overlap.

MethodsMethodsMethods
• Evaluated existing conditions using available data, 

reports, information provided by ACP, site 
reconnaissance visits.

• Direct Impact Area (DIA) & Indirect Impact Area 
(IIA) used to classify areas.

• Construction and operation impacts assessed.
• Change indicators using modified Leopold.
• Ranking System was adopted
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Methods (cont’d)Methods (contMethods (cont’’d)d)

• Impacts were ranked by Type, Geographic Extent, 
Length, Magnitude, Probability of Occurrence, 
Frequency, and Reversibility.

• The ranks were used to assign a value to each 
interaction.

Spillway Location OptionsSpillway Location OptionsSpillway Location Options

Discharge of flood 
flows to the 
Caribbean side is 
more consistent 
with existing 
hydrology & the 
natural 
environment

Sites EvaluatedSites EvaluatedSites Evaluated

• Canoa
• West of Dam (3)
• Gatun Dam (3)
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Sites west of 
Gatun Dam
Sites west of Sites west of 
GatunGatun DamDam
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New Spillway LocationNew Spillway LocationNew Spillway Location Change IndicatorsChange IndicatorsChange Indicators

Change Indicators (cont’d)Change Indicators (contChange Indicators (cont’’d)d) Change Indicators (cont’d)Change Indicators (contChange Indicators (cont’’d)d)
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Change Indicators (cont’d)Change Indicators (contChange Indicators (cont’’d)d)

Change 
Indicators 
(cont’d)

Change Change 
Indicators Indicators 
(cont(cont’’d)d)

Ranking ValuesRanking ValuesRanking Values

1Direct

2Local

3Regional

Geographic Extent (E)

1Reversible at short-term0.4-0.1Low

2Reversible at medium-term0.9-0.5Medium

3Irreversible1High

Reversibility (R)Probability of Occurrence (Po)

1Temporary1Low

2Periodic2Medium

3Permanent3High

Frequency (F)Magnitude (M)

1Short-Term0Neutral

2Medium-Term1Positive

3Long-Term-1Negative

Duration (Du)Type (C)

Highly negative -10.1To-15

Moderately negative -5.1To-10

Slightly negative -.1To-5

NEUTRAL00

Positive+.1To15

Color CodePredicted Effect

Ranks of Value
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PROJECT PHASE 
Operation 

NVIRONMENT COMPONENT INDICATOR 
Operating 

New Spillway 

Maintenance 
of the 

Spillway and 
Structures 

Closure of 
Operations 

and 
Abandonment 

Air A-1    

Noise R-1    

H-1    
Water 

H-2    

SU-1    

SU-2    

SU-3    

PHYSICAL 

Soil 

SU-4    

FF-1    

FF-2    

FF-3    
BIOLOGICAL 

Terrestrial and 
aquatic flora and 
fauna 

FF-4    

S-1    

S-2    

S-3    

S-4    

S-5    

Social 

S-6    

E-1    

E-2    

E-3    
Economic 

E-4    

SOCIAL 

Cultural AR-1    

Impacts 
Evaluation
Operations 
Phase

Impacts Impacts 
EvaluationEvaluation
Operations Operations 
PhasePhase

Summary of ImpactsSummary of ImpactsSummary of Impacts
• Air Quality

– Const. Temp moderately negative
– Ops. Neutral

• Noise
– Const. Temp moderately negative
– Ops. Slightly negative

• Soils & Landforms
– Const. Slight to highly negative
– Ops.  Significant and long term

• Water Resources
– Const. Moderately negative (turbidity)
– Ops. Slightly negative

Summary of Impacts (Contd.)

Flora and Fauna  

Construction  - slightly to highly negative impacts.

- Temporarily increased mortality from traffic.

- Permanent habitat loss in spillway footprint. Est. 

loss of 4.12 hectares of wetland

- Temporary alteration in benthic and plankton 
communities due to turbidity.

- Potential loss of habitat from changes in 
morphology of Chagres River.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)
• Flora and Fauna

Operation – impacts are neutral to slightly negative.

- Potential for vegetation scouring and       
morphological changes of Chagres during storm 
releases causing loss or creation of habitat.

- Maintenance may temporarily impact aquatic 
communities.

- Closure or abandonment may result in habitat 
reclamation.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)
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Social – neutral to moderately negative impacts.

- Potential alteration of local customs due to 
arrival of new people from other areas. 

- Disruption of populations near travel routes 
while construction materials are being 
shipped.

- Interruption of normal traffic patterns while 
construction materials are being shipped.

- Restricted access to fishing and recreational 
areas during construction and operation.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)
Economic –

Construction – mostly positive impacts.

- Capital investment of approx $90 million.

- Increase in tax revenue from purchase of 
equipment and supplies.

- Greater demand for goods and services.

- Creation of construction and related jobs.

- Potential income loss from non-shipping 
sources, such as tourism and fishing.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)

Economic –

Operation – generally positive impacts.

- Will alleviate concerns related to the capacity of 
the existing spillway under extreme storm 
conditions.  Closure of the canal due to damage 
from overtopping of Gatun and Pedro Miguel Lock 
Structures could have severe economic impacts  
on Panama’s economy and global trade.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)

• Cultural – Neutral to slightly negative impacts.

- No impacts to archaeological resources expected 
from construction or operation.

- Phase 1 Archeological Resources Surveys 
recommended for all new construction areas prior to 
earthmoving.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)
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MOLL StudyMOLL StudyMOLL Study

Evaluation MethodologyEvaluation MethodologyEvaluation Methodology

• Lake shore facilities inventory
• ACP structures & installations
• Third party installations

• Evaluate impact on existing & new spillways
• Classify physical & environmental impacts
• Compute cost associated with each MOLL
• Examine benefits
• Determine optimum MOLL

Environmental and Socio-Economic Impacts 
AnalysisA

• Process same as described earlier.

• 90 ft MOLL used for Environmental evaluation.

Analysis of ImpactsAnalysis of ImpactsAnalysis of Impacts
• Evaluate the existing environmental and socio-

economic conditions of the study area.

• Assessment of Potential impacts, both positive and 
negative from project implementation.

• Present mitigation measurements to the population 
and environment. 

• Cost for mitigation presented in earlier presentations

• Assessments covered  both New Spillway and MOLL 
adjustments, many of which overlap.

ObjectivesObjectivesObjectives



9

Structures InventoryStructures InventoryStructures Inventory ACP & Third Party StructuresACP & Third Party StructuresACP & Third Party Structures

Las Cruces Landing

Monte Lirio Bridge

Panama Canal Railroad

Smithsonian Center

Mount Hope Water Intakes

Gamboa Bridge ACP InstallationsACP InstallationsACP Installations
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Ranking ValuesRanking ValuesRanking Values

1Direct

2Local

3Regional

Geographic Extent (E)

1Reversible at short-term0.4-0.1Low

2Reversible at medium-term0.9-0.5Medium

3Irreversible1High

Reversibility (R)Probability of Occurrence (Po)

1Temporary1Low

2Periodic2Medium

3Permanent3High

Frequency (F)Magnitude (M)

1Short-Term0Neutral

2Medium-Term1Positive

3Long-Term-1Negative

Duration (Du)Type (C)

Highly negative -10.1T
o-15

Moderately negative -5.1T
o-10

Slightly negative -.1T
o-5

NEUTRAL00

Positive+.1T
o15

Color CodePredicted Effect

Ranks of Value

FF-4

FF-3

FF-2

FF-1

Terrestrial and aquatic flora 
and fauna BIOLOGICAL

SU-4

SU-3

SU-2

SU-1

Soil

H-2

H-1
Water

R-1Noise

A-1Air

PHYSICAL

Reconstru
ction

Retrofi
t of 

Locks

Retrofit of 
Saddle Dams

Construction of 
Infrastructure 
and Utilities

Site 
Preparatio

n

Transportation 
and Mobilization

Construction

PROJECT PHASE

INDICATORCOMPONENTENVIRONMENT

Environmental Impact Assessment
Raised MOLL – Construction Phase
Environmental Impact AssessmentEnvironmental Impact Assessment
Raised MOLL Raised MOLL –– Construction PhaseConstruction Phase

AR-1Cultural

E-4

E-3

E-2

E-1

Economic

S-6

S-5

S-4

S-3

S-2

S-1

Social

SOCIAL

Impacts Assessment
Construction Phase (cont’d)
Impacts AssessmentImpacts Assessment
Construction Phase (contConstruction Phase (cont’’d)d)

AR-1Cultural

E-4

E-3

E-2

E-1

Economic

S-6

S-5

S-4

S-3

S-2

S-1

Social

SOCIAL

FF-4

FF-3

FF-2

FF-1

Terrestrial and aquatic 
flora and faunaBIOLOGICAL

SU-4

SU-3

SU-2

SU-1

Soil

H-2

H-1
Water

R-1Noise

A-1Air

PHYSICAL

Maintenance of 
the Spillway and 

Structures

Operating Gatun at 
Maximum Level

Operation

PROJECT PHASE

INDICATORCOMPONENTENVIRONMENT

Impacts 
Assessment
Operations 
Phase

Impacts Impacts 
AssessmentAssessment
Operations Operations 
PhasePhase
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• Air Quality –slightly to moderately negative 
impacts during demolition/retrofit.  Operational 
impacts are neutral.

• Noise – slightly to moderately negative impacts 
during demolition/retrofit.  Operational impacts 
will be similar to existing canal and spillway 
operation.

Summary of ImpactsSummary of ImpactsSummary of Impacts

• Soils and Landforms – neutral to moderately 
negative impacts. Potential impacts include: 

- incremental loss of land area; 

- modification of shoreline topography; and, 

- increase in potential for erosion.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)

• Water Resources – neutral to moderately negative 
impacts.

- increased turbidity during retrofit/demolition.

- potential for accelerated sedimentation.

- potential leaching of soil contaminants.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)

• Flora and Fauna – neutral to moderately negative 
impacts.

- Habitat loss and displacement of species due to 
saddle dam retrofit.

- Reconstruction of structures at higher elevation 
may result in loss of  secondary forest habitat.

- Increase in depth likely to cause changes in 
shoreline vegetation, which may have varying 
impacts on faunal populations.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)
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• Social -neutral to slightly negative

- Potential alteration of demographic composition. 
More individuals moving into substandard 
housing near the Canal.

- Potential alteration of local customs due to 
influx of labor from other areas during 
construction phase.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)

• Social - continued

- Disruption of communities near transportation 
routes during construction phase.

- Interruption of normal traffic flows during 
construction phase.

- Restricted access to some fishing and 
recreational areas during construction and 
operation.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)

Social – continued

- Impacts to ACP and Third Party Infrastructure

- Numerous ACP and Third-Party Structures 
will require retrofit or reconstruction.

- An estimated 26 residential structures would 
be impacted.  

- Estimated cost of relocation settlements for 
Third-party impacts is over $1 million.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)

• Economic

Construction- mostly positive impacts.

- Estimated capital investment of $25 million.

- Increase in jobs.

- Increase in taxes and royalties from salaries, etc.

- Potential temporary decrease in income derived 
from non-shipping sources, such as tourism and 
fishing.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)
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• Economic

Operation – generally positive impacts.

- Increase in toll revenues and fees associated with 
incremental increase in reliability of canal to 
operate without draft restrictions.

- Increase in demand for goods and services due to 
incremental increase in business activity 
associated with increased reliability of Canal.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)

• Cultural – neutral to slightly negative impacts.

- No impacts to archaeological resources 
anticipated. 

- Phase 1 Archaeological Resource Surveys are 
recommended in all new construction areas prior 
to earthmoving.

Summary of Impacts (cont’d)Summary of Impacts (contSummary of Impacts (cont’’d)d)

• Guidelines for use during construction and operation 
to protect the biological and human environment:

- social management - health and safety

- education and training - monitoring

- waste management - contingency plan

- management of operation activities

• Monitoring Program based on inspections & 
audits

Environmental Management Plan 
New Spillway and MOLL

Environmental Management Plan 
New Spillway and MOLL
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SESSION 5 SESSION 5 
MOLL ANALYSESMOLL ANALYSES

OptionsOptionsOptions
• Present MOLL is 87.5 ft PLD
• Elevation of lock walls is 92.0 ft
• Estimated max wave from wind = 1.2 ft 

(Gatun Locks – south wind)
• Prop wash in locks is a concern
• Agreed max. MOLL was set at 90 ft PLD
• Alternative MOLLs evaluated in 0.5 ft 

intervals
• USACE study recommended MOLL @ 89 ft

Rule Curve for Gatun LakeRule Curve for Rule Curve for GatunGatun LakeLake
Rule Curve for Gatun Lake
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87.5
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Evaluation MethodologyEvaluation MethodologyEvaluation Methodology

• Water yield analyses
• Lake shore facilities inventory

• ACP structures & installations
• Third party installations

• Evaluate impact on existing & new spillways
• Classify physical & environmental impacts
• Compute cost associated with each MOLL
• Examine benefits
• Determine optimum MOLL
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First ConclusionFirst ConclusionFirst Conclusion

• The structures inventory indicates that the 
existing locks would be the limiting factor 
from a cost standpoint

• With a coping elevation of 92.0 ft and 88.2 
ft for the guard gate strut slot opening for 
the miter gates, almost any rise in 
maximum water level within the lake will 
require modifications to the existing locks

Second ConclusionSecond ConclusionSecond Conclusion
• Wave effects are a key factor in ACP 

worker safety and potential for damage or 
flooding of galleries

• Original wave analyses were conservative
• Maintenance of 2.0 ft of freeboard 

recommended to allow for waves and 
surge

• 3.5 ft of freeboard is recommended for 
other structures around Lake

Estimated Vessel Wake HeightsEstimated Vessel Wake HeightsEstimated Vessel Wake Heights
Estimation of Boat Wake Wave Heights

Based on PIANC,1987 From ACP Lockage Handbook:
Distance in Nautical Miles from Gatun to Pedro Miguel = 27.67 nautical miles
Scheduled Running Time from Gatun to Pedro Miguel = 173 min

Average Speed from Gatun to Pedro Miguel = 9.6 knots

Primary Waves (Front and Back of Ship) Secondary Waves (Side of Ship)

Approaching First Lock @ Knuckle Approaching First Lock @ Knuckle - Tugs Working
h (Channel Depth) = 48 ft h (Channel Depth) = 48 ft

Channel Width  = 150 ft S (Distance From Ship to Point of Interest) = 5 ft
Channel Area (Ac) = 7200 ft^2 Vs (Vessel Speed) = 5 knots

Ship Width = 106 ft alpha (Ship Coefficient) = 1.2
Ship Draft = 43 ft

Ship Blocked Area (As)= 4558 ft^2 Hi = 0.26 ft
As/Ac = 0.63

Vs (Vessel Speed) = 1.8 knots
Within First Lock - Tugs Working

Vs^2/2g = 0.0060 ft h (Channel Depth) = 68 ft
(2*z/h)/((1-As/Ac-z/h)^-2)-1) = 0.0060 ft S (Distance From Ship to Point of Interest) = 5 ft

Vs (Vessel Speed) = 5 knots
z = 1.06 ft alpha (Ship Coefficient) = 1.2

Hi = 0.20 ft
Within First Lock

h (Channel Depth) = 68 ft
Channel Width  = 110 ft Out in Lake - 200 ft Away - Tugs Travelling

Channel Area (Ac) = 7480 ft^2 h (Channel Depth) = 48 ft
Ship Width = 106 ft S (Distance From Ship to Point of Interest) = 200 ft
Ship Draft = 43 ft Vs (Vessel Speed) = 10 knots

Ship Blocked Area (As)= 4558 ft^2 alpha (Ship Coefficient) = 1.2
As/Ac = 0.61

Vs (Vessel Speed) = 1.8 knots Hi = 1.22 ft

Vs^2/2g = 0.0042 ft
(2*z/h)/((1-As/Ac-z/h)^-2)-1) = 0.0042 ft Out in Lake - 100 ft Away - Tugs Travelling

h (Channel Depth) = 48 ft
z = 0.85 ft S (Distance From Ship to Point of Interest) = 100 ft

Vs (Vessel Speed) = 10 knots
alpha (Ship Coefficient) = 1.2

Hi = 1.54 ft

Out in Lake - 50 ft Away - Tugs Travelling
h (Channel Depth) = 48 ft

S (Distance From Ship to Point of Interest) = 50 ft
Vs (Vessel Speed) = 10 knots

alpha (Ship Coefficient) = 1.2

Hi = 1.93 ft

Average Water DemandAverage Water DemandAverage Water Demand

3098.81875.31223.5Average

3028.61835.21193.4Dec

3058.61825.21233.5Nov

3048.61805.11243.5Oct

3028.61875.31153.3Sep

3118.81875.31243.5Aug

3098.81885.31213.4Jul

3158.91885.31273.6Jun

3088.71915.41173.3May

3179.01905.41273.6Apr

3138.91905.41233.5Mar

3148.91885.31263.6Feb

3088.71855.21233.5Jan

cfscmscfscmscfscms

TotalMaddenGatunMonth

297884.4Average

296283.9December

284280.5November

296884.1October

278478.9September

285981.0August

282079.9July

281679.8June

297184.2May

310688.0April

321091.0March

319990.7February

320390.8January

(cfs)(cms)

Lockage Water UseMonth

LOCKAGES M&I
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Projected 
Water 
Demand
- Based On 

Aug 2004 
Projections

Projected Projected 
Water Water 
DemandDemand
-- Based On Based On 

Aug 2004 Aug 2004 
ProjectionsProjections

    
Baseline

(1993-
1997) 

2010 2020 2020  
with PP 20302 20302  

with PP 

Municipal & Industrial Demand 
Gatun Lake Cms 3.5 5.1 5.9 5.9 6.6 6.6 
 Cfs 122 181 208 208 234 234 
  MGD 79 117 134 134 151 151 

  Lockages 
per day1 1.44 2.12 2.44 2.44 2.75 2.75 

Madden Lake Cms 5.3 7.8 9.0 9.0 10.1 10.1 
 Cfs 187 276 318 318 357 357 
  MGD 120 178 204.94 205 230 230 

  Lockages 
per day1 2.19 3.24 3.73 3.73 4.19 4.19 

Total M & I Cms 8.8 13.0 14.9 14.9 16.8 16.8 
 Cfs 309 457 526 526 592 592 
  MGD 199 295 339 339 382 382 

  Lockages 
per day1 3.6 5.4 6.2 6.2 6.9 6.9 

Lockage Demand 
 Cms 84.4 80.4 88.2 84.8 88.2 88.4 
  Cfs 2978 2839 3112 2992 3112 3120 
  MGD 1922 1832 2008 1931 2008 2013 

  Lockages 
per day1 34.9 33.3 36.5 35.1 36.5 36.6 

TOTAL M & I and Lockages 
 Cms 93.2 93.4 103.1 99.7 104.9 105.2 
  cfs 3287 3296 3638 3518 3703 3712 
  MGD 2121 2126 2347 2270 2389 2395 

  Lockages 
per day1 38.6 38.7 42.7 41.3 43.4 43.5 

1 Equivalent Lockage is based on 55MG/lockage 
2 2030 water diversion to locks is assumed to be equivalent to 2025 ACP projections. 

USACE Reliability MethodUSACE Reliability MethodUSACE Reliability Method

• Long term
• Looks at total shortage of requirements
• Estimated 99.8% over 52 year period
• Does not consider short term draft restrictions
• New runs set minimum lake level for reliability @ 

79.5 ft

X 100%

Water Yield Analyses Results
(Using USACE Reliability Method)

Water Yield Analyses ResultsWater Yield Analyses Results
(Using USACE Reliability Method)(Using USACE Reliability Method)

99.76%99.77%99.89%99.81%100.00%100.00%90 ft

99.72%99.72%99.85%99.77%100.00%100.00%89.5 ft

99.68%99.68%99.81%99.73%99.98%99.98%89 ft

99.64%99.65%99.77%99.69%99.93%99.94%88.5 ft

99.60%99.60%99.73%99.65%99.90%99.91%88 ft

99.52%99.53%99.69%99.59%99.82%99.83%Baseline Conditions 
(87.5 ft)

2030 
Post –

Panamax
2030

2020 
Post –

Panamax
20202010BASEScenario               

(Defined by MOLL)

Water Yield Analysis ResultsWater Yield Analysis ResultsWater Yield Analysis Results

99.20%

99.30%

99.40%

99.50%

99.60%

99.70%

99.80%

99.90%

100.00%

Existing Conditions 2010 2020 w/ PP 2020 2030 2030 w/ PP

Demand Level
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y 
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e 
D
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d 
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fie

d)

MOLL 90.0 ft
MOLL 89.5 ft
MOLL 89.0 ft
MOLL 88.5 ft
MOLL 88.0 ft
Baseline (MOLL 87.5 ft)

Demand Daily Lockages

38.6 38.7 41.3 42.7 43.4 43.5
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Evaluation of Draft RestrictionsEvaluation of Draft RestrictionsEvaluation of Draft Restrictions
Gatun Lake Water Surface Elevation Time Series

January 1948 - December 1999
Existing Conditions
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Water Yield Analysis MOLL 90ftWater Yield Analysis MOLL 90ftWater Yield Analysis MOLL 90ft
Gatun Lake Water Surface Elevation Time Series

January 1948 - December 1999
2030 With PP Scenario
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24.38 m
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Draft Restriction Projections (Months)Draft Restriction Projections (Months)Draft Restriction Projections (Months)

00000079.5 ft

88555481.5 ft27.43 m (90.0 ft)

00000079.5 ft

108684481.5 ft27.28 m (89.5 ft)

11000079.5 ft

11118105581.5 ft27.13 m (89.0 ft)

11010079.5 ft

131310126781.5 ft26.97 m (88.5 ft)

11110079.5 ft

161612147781.5 ft26.82 m (88.0 ft)

11110079.5 ft26.67 m (87.5 ft)

20201317111181.5 ftBaseline Cond.

2030 w/ 
PP2030

2020 w/ 
PP20202010BASEElevationScenario

Projected System ReliabilityProjected System ReliabilityProjected System Reliability

90.00%

91.00%

92.00%

93.00%

94.00%

95.00%
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97.00%

98.00%

99.00%

100.00%

Existing
Conditions

2010 2020 w/ PP 2020 2030 2030 w/ PP 2060
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MOLL 90.0 ft
MOLL 89.5 ft
MOLL 89.0 ft
MOLL 88.5 ft
MOLL 88.0 ft
Baseline (MOLL 87.5 ft)

Demand Daily Lockages

38.6 38.7 41.3 42.7 43.4 43.5 62.6



5

HEC 5 & HEC RESSIM ComparisonHEC 5 & HEC RESSIM ComparisonHEC 5 & HEC RESSIM Comparison

1 Based on the assumption of 55 Million Gallons per lockage
2 Assuming Current Conditions of 34.9 Lockages/Day

48.797.1Days2

17003388Lockage Shortage 1

97%94.5%% Reliability

Monthly Time StepDaily Time StepMeasurement Parameter

Conclusions – Water YieldConclusions Conclusions –– Water YieldWater Yield

• Significant system reliability benefits from 
raised MOLL occur when Canal is at 
capacity

• Reliability assessment should incorporate 
draft restrictions and economic impacts

• Operating rule curves should be re-
examined

• The HEC 5 model should be abandoned in 
favor of the newer HEC RESSIM 
application to examine daily runs

Structures InventoryStructures InventoryStructures Inventory

Locks 
& 
Gates

Locks Locks 
& & 
GatesGates
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ACP & Third Party StructuresACP & Third Party StructuresACP & Third Party Structures

Las Cruces Landing

Monte Lirio Bridge

Panama Canal Railroad Smithsonian Center

Mount Hope Water Intakes

Gamboa Bridge

ACP InstallationsACP InstallationsACP Installations Cost Impact SpreadsheetCost Impact SpreadsheetCost Impact Spreadsheet
SUMMARY OF IMPACTS FOR MOLL PROJECT - OPINION OF PROBABLE COSTS

PEDRO MIGUEL Distance from Structure's Critical Elevation to MOLL <= 4 feet Minor Retrofit
PEDRO MIGUEL Distance from Structure's Critical Elevation to MOLL<= 2 feet Major Retrofit/Replacement

GATUN Distance from Structure's Critical Elevation to MOLL <= 4 feet Minor Retrofit
GATUN Distance from Structure's Critical Elevation to MOLL<= 2 feet Major Retrofit/Replacement

Date_Insp Time_Insp Facil_Name Struct_Des Str_CritEl Str_SuArea Cost for Major Retrofit Cost for Minor Retrofit Type of Structure Area 87.5 88 88.5 89 89.5 90
5/4/2004 8:35 AM Pedro Miguel Met. & Hyd. Boat Dock Facility Top of dock 89.8 55250 2,867,500$                        170,000$                          Bulkhead/Marginal Wharf A $170,000 $2,867,500 $2,867,500 $2,867,500 $2,867,500 $2,867,500
5/4/2004 9:11 AM Paraiso - Launch Landing Landing 90.6 5208 595,800$                           45,000$                            Bulkhead/Marginal Wharf A $45,000 $45,000 $45,000 $595,800 $595,800 $595,800
5/4/2004 9:11 AM Paraiso - Launch Landing Electric Sub Station & Circuit Board, 20' ba 90.6 25,000$                             5,000$                              A $5,000 $5,000 $5,000 $25,000 $25,000 $25,000
5/4/2004 9:11 AM Paraiso - Launch Landing Staff building 100.1 A $0 $0 $0 $0 $0 $0
5/4/2004 9:30 AM Paraiso - Tug Landing Top of deck 90.3 7536 828,600$                           51,000$                            Bulkhead/Marginal Wharf A $51,000 $51,000 $828,600 $828,600 $828,600 $828,600
5/4/2004 9:50 AM Next to (north of) Paraiso Landing 94.8 A $0 $0 $0 $0 $0 $0
5/4/2004 9:51 AM Paraiso Low lift pumps Timber Pier around Concrete tower (Cantile 89.3 432 37,800$                             Timber Pier A $37,800 $37,800 $37,800 $37,800 $37,800 $37,800
5/4/2004 9:51 AM Paraiso Low lift pumps Top of SSP 90.6 200,000$                           50,000$                            Bulkhead/Marginal Wharf A $50,000 $50,000 $50,000 $200,000 $200,000 $200,000
5/4/2004 9:51 AM Paraiso Low lift pumps Deck of intake structure 91.0 600 212,500$                           25,000$                            Water Intake Structure A $25,000 $25,000 $25,000 $212,500 $212,500 $212,500
5/4/2004 9:51 AM Paraiso Low lift pumps Floor of Pump House 91.0 600 300,000$                           75,000$                            Water Intake Structure A $75,000 $75,000 $75,000 $300,000 $300,000 $300,000
5/4/2004 10:25 AM Gamboa Raw Water Pump Station Top of stone bulkhead 88.3 277 62,500$                             20,000$                            Building A $62,500 $62,500 $62,500 $62,500 $62,500 $62,500
5/4/2004 10:25 AM Gamboa Raw Water Pump Station Top of access walkway grating 88.3 278 8,150$                               8,150$                              Misc Structure A $8,150 $8,150 $8,150 $8,150 $8,150 $8,150
5/4/2004 10:25 AM Gamboa Raw Water Pump Station Bottom EL of pump house 88.3 250,000$                           50,000$                            A $250,000 $250,000 $250,000 $250,000 $250,000 $250,000
5/4/2004 10:25 AM Gamboa Raw Water Pump Station Top of tower deck 94.0 400 400,000$                           50,000$                            Water Intake Structure A $0 $0 $0 $0 $0 $0
5/4/2004 10:25 AM Gamboa Raw Water Pump Station Pump house 94.0 A $0 $0 $0 $0 $0 $0
5/4/2004 10:30 AM RR/vehicle bridge - Gamboa Bridge Water pipe 93.1 A $0 $0 $0 $0 $0 $0
5/4/2004 10:30 AM RR/vehicle bridge - Gamboa Bridge Bottom of girder 94.0 5,724,000$                        Bridge A $0 $0 $0 $0 $0 $0
5/4/2004 10:30 AM RR/vehicle bridge - Gamboa Bridge Top of RR tie 96.8 A $0 $0 $0 $0 $0 $0
5/4/2004 10:30 AM RR/vehicle bridge - Gamboa Bridge Road 98.8 A $0 $0 $0 $0 $0 $0
5/4/2004 11:00 AM Gamboa Raw Water Pump Station Top of deck/bridge 95.3 5,000$                               2,000$                              A $0 $0 $0 $0 $0 $0
5/4/2004 11:12 AM Private boat landing for Gamboa Resort Top of concrete on shore 88.3 10080 526,200$                           50,000$                            Bulkhead/Marginal Wharf A $526,200 $526,200 $526,200 $526,200 $526,200 $526,200
5/4/2004 11:12 AM Private boat landing for Gamboa Resort Restaurant deck 96.8 A $0 $0 $0 $0 $0 $0
5/4/2004 11:22 AM Public boat landing Top of deck 88.8 1200 150,000$                           18,000$                            Concrete Pier A $150,000 $150,000 $150,000 $150,000 $150,000 $150,000
5/4/2004 11:22 AM Public boat landing Boat house 94.8 1000 15,000$                             3,000$                              House A $0 $0 $0 $0 $0 $0
5/4/2004 11:30 AM Boat houses Deck EL 88.8 2,000$                               A $2,000 $2,000 $2,000 $2,000 $2,000 $2,000
5/4/2004 11:30 AM Gamboa Resort Hotel General park area 90.8 4,000,000$                        800,000$                          Shoreline Protection/Dike A $800,000 $800,000 $800,000 $4,000,000 $4,000,000 $4,000,000
5/4/2004 11:30 AM Gamboa Resort Hotel Gazeebo 90.8 100 A $0 $0 $0 $0 $0 $0
5/4/2004 11:30 AM Gamboa Resort Hotel Tennis courts 92.8 A $0 $0 $0 $0 $0 $0
5/4/2004 11:30 AM Gamboa Resort Hotel Outdoor pavilion 92.8 4000 A $0 $0 $0 $0 $0 $0
5/4/2004 11:30 AM Gamboa Resort Hotel Pond for storm water A $0 $0 $0 $0 $0 $0
5/4/2004 11:45 AM Hotel Recreation Area Warehouse and shop area, 3 buildings 40'x 87.8 2400 120,000$                           5,000$                              Building A $120,000 $120,000 $120,000 $120,000 $120,000 $120,000
5/4/2004 11:45 AM Hotel Recreation Area Large closed building, 60'x40' shelter 89.8 2400 120,000$                           5,000$                              Building A $5,000 $120,000 $120,000 $120,000 $120,000 $120,000
5/4/2004 12:00 PM Houses and shelter, Embera 4 houses 94.8 4000 80,000$                             2,500$                              A $0 $0 $0 $0 $0 $0
5/4/2004 12:00 PM Houses and shelter, Embera 1 house 104.8 A $0 $0 $0 $0 $0 $0
5/4/2004 12:00 PM Houses and shelter, Embera 8 houses 104.8 A $0 $0 $0 $0 $0 $0
5/4/2004 12:15 PM Santa Rosa houses 5 houses 92.8 4500 90,000$                             3,000$                              House A $0 $0 $0 $0 $3,000 $3,000
5/4/2004 12:15 PM Santa Rosa houses 3-4 houses 94.8 3600 72,000$                             2,500$                              House A $0 $0 $0 $0 $0 $0
5/4/2004 12:15 PM Santa Rosa houses 6-8 houses 99.8 7200 144,000$                           5,000$                              House A $0 $0 $0 $0 $0 $0
5/4/2004 12:30 PM Siri Landing, Gamboa Small John boat landing 87.8 200 6,000$                               -$                                  A $6,000 $6,000 $6,000 $6,000 $6,000 $6,000
5/4/2004 12:30 PM Siri Landing, Gamboa Top of deck 90.1 2400 165,600$                           165,600$                          Timber Pier A $165,600 $165,600 $165,600 $165,600 $165,600 $165,600
5/4/2004 12:30 PM Houses north of Santa Rosa 3 houses 94.8 3000 60,000$                             2,000$                              A $0 $0 $0 $0 $0 $0
5/4/2004 12:30 PM Houses north of Santa Rosa 1 house 99.8 A $0 $0 $0 $0 $0 $0
5/4/2004 12:45 PM Water intake Wall for pump 99.8 A $0 $0 $0 $0 $0 $0
5/4/2004 12:50 PM Transisthmian Highway Bridge 144.8 A $0 $0 $0 $0 $0 $0
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Top of Launch Landing 89.0 610 70,150$                             4,500$                              Concrete Pier A $70,150 $70,150 $70,150 $70,150 $70,150 $70,150
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Top of Tug Landing 91.0 3564 409,860$                           27,600$                            Concrete Pier A $27,600 $27,600 $27,600 $409,860 $409,860 $409,860
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Aphalt pavement 93.0 100,000$                           25,000$                            Pavement/Grade A $0 $0 $0 $0 $25,000 $25,000
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Ambulance clinic (2 Story) 93.0 2000 160,000$                           16,000$                            A $0 $0 $0 $0 $16,000 $16,000
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Substation 93.0 611 25,000$                             2,500$                              Substation A $0 $0 $0 $0 $2,500 $2,500
5/4/2004 12:55 PM Tug and Launch Landing, Gamboa Open grate gangway 144 2,160$                               -$                                  A $2,160 $2,160 $2,160 $2,160 $2,160 $2,160
5/4/2004 1:00 PM Met & Hyd Station 99.8 A $0 $0 $0 $0 $0 $0
5/4/2004 1:05 PM Madden Dam Wall for hydropower walkway 94.8 A $0 $0 $0 $0 $0 $0
5/4/2004 1:05 PM Madden Dam Rock wall 94.8 A $0 $0 $0 $0 $0 $0

MOLL (in Feet MSL)
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Impacts Cost BaseImpacts Cost BaseImpacts Cost Base

VariesMiscellaneous Structure

$20 to $50 per square footHouse

$35 to $70 per square footBuilding

$10 to $20 per square footPavement/Grade

VariesFloating Pier

$60 to $120 per square footConcrete Pier

$40 to $70 per square footTimber Pier

$1000 to $2000 per linear footBulkhead/Marginal Wharf

$80 to $120 per square footBridge

$100 to $120 per square footWater Intake Structure

Approximate Unit CostStructure Type

Locks & Gates ModificationsLocks & Gates ModificationsLocks & Gates Modifications

• Substantial modifications required for the 
existing Locks :
– Solid vertical plate on top of the lock gate - up 

to 91.5' 
– Possible parapet to limit wave runup
– Mechanisms for the modular walkway modified 

with water-tight seals & self-lubricating
– Rubber piece to protect the quoin, etc. from 

inundation and allow water level to be raised 
without leakage  

Locks & Gates ModificationsLocks & Gates ModificationsLocks & Gates Modifications

Locks & Gate 
Modifications
Locks & Gate Locks & Gate 
ModificationsModifications
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Estimated Costs
Locks & Gates Modifications
Estimated CostsEstimated Costs
Locks & Gates ModificationsLocks & Gates Modifications

• Plate and Walkway Retrofits                   US$50k/gate
• Rubber Piece for Quoin - US$20k/gate
• Rubber Boots, Steel Plate, Ventilation    US$50k/gate
• Seals and Cover for Hydraulic Ram         US$10k/gate
• Flaps for Mule Track Drainage Holes       US$500 each

$1,897,50090.00

$1,897,50089.50

$1,897,50089.00

$1,430,00088.50

$550,00088.00

$087.50

Locks & Gates Estimated 
Retrofit/Replacement Costs

MOLL
(ft)

$16,087,34090.00

$14,810,88289.50

$14,398,64589.00

$12,875,34788.50

$11,947,01088.00

$9,100,27387.50

Other ACP Facilities Estimated 
Retrofit/Replacement Costs

MOLL
(ft)

Summary of Costs
(ACP Structures & Facilities)
Summary of CostsSummary of Costs
(ACP Structures & Facilities)(ACP Structures & Facilities)

• Modifications to Third Party Structures

• Summary of Costs
$11,149,36990.00

$10,342,99989.50

$7,820,89489.00

$3,170,27988.50

$3,135,37988.00

$2,934,35087.50

Initial Construction CostMOLL
(ft)

$30,246,222 $1,112,013$11,149,369$16,087,340$1,897,50090.00

$27,997,151 $945,770$10,342,999$14,810,882$1,897,50089.50

$24,883,794 $766,755$7,820,894$14,398,645$1,897,50089.00

$18,007,010 $531,384$3,170,279$12,875,347$1,430,00088.50

$16,001,874 $369,485$3,135,379$11,947,010$550,00088.00

$0$0$0$0$087.50

TotalMitigationThird Party 
Structures

Other ACP 
FacilitiesLocks & GatesMOLL

(ft)

Summary of CostsSummary of CostsSummary of Costs Selection of Optimum MOLLSelection of Optimum MOLLSelection of Optimum MOLL

• Depends on: 
– Capital costs
– Operations and maintenance issues
– Environmental impacts
– Socio economic factors 
– Economic benefits

• Prioritizing or weighting of factors is 
strategic decision of ACP  
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Economic Benefits AssessmentEconomic Benefits AssessmentEconomic Benefits Assessment

• Benefits include
– Increased revenues - deeper draft during the dry 

season
– Avoidance of capital dredging
– Avoidance of shortfalls of water as M&I & lockage 

demand grows
– Improved system reliability
– Increased Canal capacity with the new locks

USACE Benefits (1999 study)USACE Benefits (1999 study)USACE Benefits (1999 study)
• Basis of Assessment

– Additional volume of water for navigation
– Reliability of water supply for navigation
– Reliability for M & I supply 
– Hydropower

• Concerns
– Took benefits of water in excess of demand
– Uses outdated reliability computation
– Does not consider new Locks
– Did not evaluate negative benefits of draft 

restrictions

Summary of Updated Benefits
(Using Modified USACE approach)
Summary of Updated BenefitsSummary of Updated Benefits
(Using Modified USACE approach)(Using Modified USACE approach)

$38,620,000$3,308,000$2,498,000$2,646,000$2,308,000$1,706,000$1,612,00027.43 m 
(90.0 ft)

$31,347,000$2,757,000$2,073,000$2,197,000$1,900,000$1,677,000$1,609,00027.28 m 
(89.5 ft)

$24,598,000$2,187,000$1,645,000$1,643,000$1,485,000$1,473,000$1,510,00027.13 m 
(89.0 ft)

$17,261,000$1,708,000$1,291,000$1,067,000$1,041,000$1,053,000$1,121,00026.97 m 
(88.5 ft)

$8,680,000$1,079,000$810,000$535,000$686,000$715,000$762,00026.82 m 
(88.0 ft)

$0$0$1,000$0$1,000$0$0
Base -

26.67 m 
(87.5 ft)

2060 
Panamax-

Plus

2030 
Panamax-

Plus
2030

2020 
Panamax-

Plus
20202010BASEScenario

Conclusions - BenefitsConclusions Conclusions -- BenefitsBenefits
• The USACE method is no longer applicable 

as a selection tool for optimum MOLL

• It is recommended that an expanded 
benefits analysis includes financial 
implications of draft restriction and 
deferred capital dredging costs

• A new definition of system reliability is 
recommended, based on draft restrictions 
as well as overall supply
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Preliminary ConclusionsPreliminary ConclusionsPreliminary Conclusions

• A MOLL of 89.0 ft meets current reliability 
standards thru 2020 (with Post-Panamax) 

• A MOLL of 90.0 ft meets (approximately) 
current reliability standards thru 2030 
(with Post-Panamax)  

• A reasonable target elevation is between 
89.0 and 90.0 ft

Study Conclusions (1)Study Conclusions (1)Study Conclusions (1)

• Existing lock elevations are limiting factor
• Wave impacts at the locks are a key concern
• System reliability criterion should be revised
• HEC-5 model should be updated to HEC-

RESSIM
• Expand Economic Benefits of MOLL

Study Conclusions (2)Study Conclusions (2)Study Conclusions (2)
• Selection of Optimum MOLL

– To provide current level of reliability thru 
2030, MOLL of at least 27.13 m (89.0 ft) and 
up to 28.04 m (90.0 ft) should be considered

– Further evaluation is required to evaluate 
benefits and MOLL selection criteria

Next StepsNext StepsNext Steps

• Refine wave & surge climate
• Develop alternative reliability criterion
• Update HEC-5 model to HEC-RESSIM
• Expand economic benefits study
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