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ABSTRACT:  The Panama Canal Authority (ACP) is constructing four earth and rockfill dams as part of the Pacific 

Access Channel (PAC) which will connect the Gaillard Cut section of the Panama Canal to the new Pacific Post-

Panamax Locks. For such a monumental project, having international importance, detailed engineering was required. 

Also, the location of the project is such that expert geotechnical engineering was required. The geology at the dam site is 

very complex and the region is also known to be seismically active. 

 

In order to address all these issues, detailed seepage and stability analysis was performed at various sections of the dams. 

The main objective was to confirm the static stability of the proposed dams, evaluate issues associated with seepage 

through the dam and foundation, and calculate yield accelerations for use in dynamic analysis of the dams.  

 

Slope stability and seepage evaluations were performed for various construction and operating stages including end of 

dam foundation excavation, end dam construction, long term seepage, rapid drawdown and Pseudo-static analysis. Geo-

Slope (SEEP/W and SLOPE/W) and UTEXAS4 software were used for the analyses. Analyses were performed at 

various cross-sections which were selected based on geology, dam height, presence of fault, etc. 

 

Using SEEP/W, seepage quantities were estimated and the potential for piping and internal erosion of the embankment 

and foundation material was evaluated. The results of slope stability analysis including rapid drawdown indicated that 

the calculated factors of safety exceed the minimum acceptable values for all analyzed stages. 

 

1. INTRODUCTION  

ACP is currently constructing four earth and rockfill dams 

as a part of Panama Canal Expansion Project. The general 

project layout is presented in Figure 1. The project area is 

known for its complex geology and seismic activity. 

Hence, the project was full of challenges especially from a 

geotechnical engineering standpoint. Since the planning 

phase of the dams, it was imperative that issues related to 

stability and seepage were addressed using state of the art 

engineering practices. The paper addresses such 

evaluations performed for one of the major embankments 

viz. Dam 1E, the longest one. 

 

Fig. 1 General Layout of PAC and Dams 

2.  TYPICAL EMBANKMENT DETAILS 

The proposed Dam 1E is approximately 2.4km long and 

extends from near the northern gates of the Pedro Miguel 

Lock to the northern slope of Fabiana Hill. The design 

consists of a zoned earth and rockfill embankment section 

with crest elevation of 32m and crest width of 30m. 

Inboard slope was planned at 3:1 (H:V) and the outboard 

slope was 3:1 from crest to elevation 16 and 2:1 from 

elevation 16 to foundation surface as shown in Figure 2. 

 

Fig. 2 Typical Section of Dam 1E 
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A layer of riprap was planned for erosion protection of the 

inboard slope. Also a two row (20m deep) grout curtain 

was considered in the design for seepage control through 

the foundation. 

3. ANALYSIS APPROACH AND MATERIAL 

PARAMETERS 

3.1  Analysis Approach 

Slope stability and seepage evaluations were performed 

for several construction and operating stages. The 

analyzed construction stages included: end of dam 

foundation excavation, end of dam construction, recovery 

of water table outboard of the dam following dam 

construction, etc. The operating stages included: long term 

steady state seepage, rapid drawdown, and pseudo-static 

seismic analysis for long term operating conditions. 

Seepage and static stability analyses were performed 

using SEEP/W and SLOPE/W program (Geo-Slope) 

respectively. For seepage analyses, rockfill and riprap 

zones were not considered in the model due to their 

relatively high permeabilities. In order to develop a more 

accurate phreatic surface across the dam core and to avoid 

over estimating flow quantities into unsaturated zones 

above phreatic surface, some materials were modeled 

using saturated-unsaturated conditions. As specified in the 

geotechnical interpretation reports, permeability 

anisotropy was incorporated in the model. The grout 

curtain was also incorporated in the model. 

The slope stability analysis was performed using Spencer 

method of slices. Many trial slip surfaces were analyzed to 

find the one which provides the lowest factor of safety. 

Slip surfaces included circular, piece wise linear or 

combination of curved and linear segments. Also an 

anisotropic function was utilized to model variations of 

the material cohesion and friction angle with respect to the 

base inclination angle along a given slip surface. 

Pseudo-static seismic stability analyses were performed 

using UTEXAS4 to estimate yield acceleration values to 

input into seismic deformation analysis. The analysis was 

performed by applying a horizontal body force to each 

slice to simulate the earthquake loading.  

3.2  Material Parameters 

A Mohr-Coulomb model was used to characterize 

material shear strength. The rockfill and riprap strength 

was modeled using a variable friction angle function. 

Unconsolidated-undrained shear strength was used for the 

dam core for stability evaluation during construction 

stages. For rapid drawdown and pseudo-static analyses, 

total and effective strength envelopes were used for the 

dam core to develop the strength parameters for the multi-

stage computations.  

Shear strength parameters, permeability and unit weight 

values for foundation and embankment materials are 

summarized in attached Tables 1a and 1b, respectively. 

4. DESCRIPTION OF ANALYSIS AND RESULTS 

4.1  Selection of Dam Sections 

In order to identify the most critical sections for analysis 

purposes, a number of cross-sections were cut along the 

dam alignment. Four cross-sections were selected for 

analyses based on the following considerations: geology, 

dam height, presence of Pedro Miguel Fault, presence of 

highly weathered rock and/or bedrock units slopping 

towards Miraflores Lake. The selected cross-sections 

incorporate subsurface conditions developed from 

available boring information, including surfaces for the 

top of residual soil, weathered rock, and sound rock. A 

typical model developed for the analyses is presented as 

Figure 3. 

 

Fig. 3 Static Stability and Seepage Analysis – Typical Model 

4.2  Analysis Results 

A series of steady-state seepage analyses were performed 

with SEEP/W at selected cross sections to establish the 

location of the phreatic surface and to estimate seepage 

quantities. Results of the SEEP/W seepage modeling for 

long term conditions for a typical section are presented in 

Figure 4. 

 

Fig. 4 Long Term Steady State Seepage Analysis 
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Based on the seepage analyses it was estimated that the 

total seepage quantity would be about 430 gallons per 

minute (gpm). For assessment of the potential for piping 

and internal erosion, hydraulic gradients were evaluated 

along the interface of the blanket drain system and along 

the foundation materials. The model calculated a 

relatively small maximum gradient of about 0.35 for the 

four sections evaluated. 

Static slope stability of the dam was evaluated for critical 

construction and operating conditions ranging from end of 

foundation excavation to long term, steady state seepage 

conditions. The results are summarized in Table 2. A 

typical analyses is presented as Figure 5. 

 

Fig. 5 Long Term Steady State Static Stability Analysis 

Yield acceleration coefficients obtained with UTEXAS4 

pseudo static analysis for evaluated 4 sections. Table 3 

summarizes the range in yield acceleration coefficients ky, 

which was used for dynamic analysis of the dam. 

5. CONCLUSIONS 

The results of the SEEP/W analyses indicated relatively 

small seepage quantities through and beneath the dam. 

The seepage quantity was estimated to be around 430gpm 

during long term steady-state conditions. The results also 

indicated that the dam section is adequate to control 

piping and internal erosion of the embankment and 

foundation materials.  

The results of slope stability analyses indicated that the 

calculated safety factors exceed minimum acceptable 

values for all stages of dam construction and long term, 

operating conditions. It was concluded that the excavation 

slopes should not be steeper than 2.5:1 to avoid slope 

instability during foundation excavation. The calculated 

safety factor for rapid drawdown condition also met the 

minimum required value.  

Yield acceleration coefficients were obtained with 

UTEXAS4 pseudo static analysis for the four sections 

evaluated. The yield acceleration coefficients ky were used 

for dynamic analysis of the dam. 
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Table-1 Material Properties 

 
 

 

Table-2 Summary of Static Stability Analyses Results 

 

Table-3 Yield Acceleration Coefficient ky 

 


