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STABILITY ANALYSES OF LAKE PETIT DAM  

1 PURPOSE AND SCOPE 

This calculation package (Package) was prepared by Geosyntec Consultants, Inc. 
(Geosyntec) to document the stability of Lake Petit Dam (Dam) with respect to current 
stability criteria as defined by the Rules and Regulations of the State of Georgia, Rule 
391-3-8-.09.  This Package presents engineering calculations to evaluate seepage and 
slope stability of the Dam under the loading conditions described within the regulations 
described herein.  

1.1 Background and Site Geometry 

Lake Petit Dam is located within the Big Canoe development on Petit Creek, 
approximately 5.8 miles upstream of Marble Hill, Georgia (GA) and is owned and 
operated by Big Canoe Property Owners Association (POA).  The reservoir formed by 
the Dam has a surface area of 107 acres (ac) at a normal pool elevation (El.) of 
1,635.5 feet (ft) North American Vertical Datum of 1988 (NAVD88).  Elevations 
reported in this Package are in relation to NAVD88 unless otherwise noted.  The storage 
of the reservoir is approximately 4,235 ac-ft at normal pool elevation, as confirmed by 
the bathymetric survey conducted in March 2022 which was subsequently approved by 
GA Safe Dams Program (SDP) in August 2022 (Geosyntec 2022).  The Dam has a 
maximum height of 126 ft measured vertically from the downstream toe, a crest length 
of approximately 908 ft, and a crest width of approximately 35 ft. 

The downstream face of the Dam was designed with 2.5H:1V (horizontal to vertical) 
slopes, and with 10-ft wide benches at approximately 20-ft vertical intervals.  The 
upstream face of the Dam was designed with a continuous 3.5H:1V slope. 

The Dam has a trench drain system (i.e., internal drain system) under the downstream 
face and is located at approximate El. 1,520 ft.  The internal drain system discharges 
into an outlet structure (i.e., impact basin) with an invert at El. 1,516.7 ft.  Downstream 
of the Dam are the ballfields, which are estimated to be relatively free-draining 
downstream of the Dam. 

1.2 1998 Evaluation of Stability and Rehabilitation Measures 

In 1998, Geosyntec evaluated the stability of the Dam under static and seismic 
conditions.  As part of the scope of work, Geosyntec conducted a subsurface 
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investigation, installed dam safety instrumentation, and completed a laboratory testing 
program on soil samples of the Dam for strength and material characterization.  Using 
the results of the field and laboratory investigation activities, Geosyntec developed a 
seepage and slope stability model of the Dam to evaluate its performance under normal 
and seismic loading conditions.  The calculated slope stability factors of safety met the 
requirements of the GA SDP for the global steady-state and pseudostatic scenarios.  

1.3 Objective 

The 1998 report was submitted to and reviewed by the GA SDP; however, it was never 
formally accepted as the calculation of record.  The purpose of this Package is to 
document an updated evaluation of the stability of the Dam under the loading conditions 
required by the Rules and Regulations of the State of Georgia, Rule 391-3-8-.09 for 
earthen embankments.  Specifically, this Package documents an evaluation of the 
calculated factor of safety against instability for static and pseudostatic loading with 
steady-state seepage conditions, as well as rapid drawdown analysis. 

The remainder of this Package is organized to present: (i) applicable rules and 
regulations; (ii) methodology; (iii) input data; (iv) analysis results; and (v) conclusions. 

2 APPLICABLE RULES AND REGULATIONS 

2.1 Loading Conditions 

The criteria, defined on “Rule 391-3-8-.09, Standards for the Design and Evaluation of 
Dams”, was considered in the slope stability calculations presented in this Package.  The 
following minimum factors of safety can be considered as acceptable stability for the 
Dam: 

• The calculated static factor of safety under the long-term steady-state seepage 
conditions (i.e., normal pool) must equal or exceed 1.5; 

• The calculated pseudostatic (i.e., seismic or earthquake loading) factor of safety 
under the long-term steady-state seepage conditions must equal or exceed 1.1; 
and 

• The calculated static factor of safety under the rapid drawdown conditions at the 
upstream side of the Dam must equal or exceed 1.3. 
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2.2 Normal Pool 

Normal Pool is defined as the normal maximum operating range of the reservoir.  For 
Lake Petit Dam, the Normal Pool is at El. 1,635.5 ft.  

2.3 Earthquake Loading 

The Engineer Guidelines (2015) for the Safe Dams Program in GA states that a dam 
“shall be able to withstand seismic acceleration defined in the most current map for peak 
acceleration from a 2 percent exceedance in 50 years (i.e., 2475-year return period) 
earthquake.” and “the minimum required seismic acceleration is 0.05g.” 

The methodology utilized for development of the site-specific earthquake loading, 
prepared in accordance with the state regulations, is described in Section 3.2.2. 

2.4 Rapid Drawdown  

The Engineer Guidelines (2015) for the Safe Dams Program in GA states that the Dam, 
specifically the gated structure system, shall be designed to drain two-thirds of the 
reservoir volume at normal pool within 10 days, which constitutes the basis for selection 
of the lower reservoir level for a rapid drawdown analysis.  As stated above, Normal 
Pool for the Dam is El. 1,635.5 ft and the elevation at which one-third of the reservoir 
is still impounded is El. 1,602.0 ft.  

The GA SDP’s rules also reference the rapid drawdown case for a submerged 
downstream toe.  This analysis was not included in this Package because the toe of the 
Dam is not submerged nor is it interpreted to become submerged during the design 
flood.  During a flood event or discharge of the reservoir through the Spillway, it is 
unlikely to inundate the downstream side of the Dam due to the discharge point location 
and local topography of the ballfields and topographic relief downstream of the Dam.  
The Dam’s spillway discharges into Petit Creek at approximately El. 1,514 ft and 
approximately 250 ft downstream of the impact basin.  The next controlled level 
downstream is Lake Sconti Dam, which is approximately one mile downstream and has 
an embankment top elevation and normal pool at approximately El. 1,470.0 ft and 
1,464.0 ft, respectively. 
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2.5 End of Construction  

The GA SDP's rules also reference the end of construction case for stability following 
completion of dam construction.  Stability of the Dam at the end of construction was 
not evaluated, as this dam has been constructed and in service for approximately 50 
years. 

3 METHODOLOGY 

Geosyntec evaluated the stability of the tallest cross-section using limit equilibrium 
calculation procedures to assess the factor of safety.  The pore water pressure for Normal 
Pool was computed with a steady-state seepage analysis.  The sections below outline 
the methodology adopted for analysis.  

3.1 Seepage Analysis 

Seepage analyses were performed using the computer program SEEP/W, version 2019 
(Geo-Slope, 2019a).  SEEP/W uses the finite element method (FEM) for analyzing 
groundwater seepage problems in soil and rock.  SEEP/W is capable of modeling 
saturated and unsaturated flow under steady-state and transient conditions. 

The solution procedure for the FEM seepage model consists of defining the geometry 
by drawing regions that identify distinct lithologic units, assigning material parameters, 
and defining boundary conditions.  The seepage model includes the entire embankment 
cross-section and underlying foundation units.  A global element size of 2 ft was used 
for developing the FEM mesh.  Low-order elements (i.e., three-node triangles and four-
node quadrilaterals) were considered adequate for the FEM seepage model. 

For the materials in the Dam, the hydraulic conductivities were calibrated within the 
range previously defined by Geosyntec (1998) until reaching a reasonable 
representation of the steady-state seepage condition, as interpreted from piezometers 
within the embankment.  Piezometric readings from G-1, G-1B, G-2, P-2, P-4, P-6, and 
P-7 were used to compare the obtained total head from the model and the defined target 
value shown in Table 1.  The target was selected from the mean value of the data ranging 
from 2020 to 2022 plus one standard deviation computed using the Three Sigma Rule 
(Grafarend 2006).  While calibrating the seepage model, more weight was given to the 
piezometers close to the ground surface as they were interpreted to provide a better 
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representation of the phreatic surface; however, this resulted in conservative estimates 
of the total head (i.e., increased head) deeper within the Dam.   

3.1.1 Boundary Conditions 

3.1.1.1 Reservoir Loading Condition  

The Normal Pool reservoir was simulated with a total head boundary condition set at 
El. 1,635.5 ft along the upstream face and reservoir of the Dam. 

3.1.1.2 Far-Field Boundary Condition 

The far-field (downstream) boundary condition for the seepage analyses was set 
approximately 130 ft downstream of the toe of the Dam.  The downstream boundary 
condition was assumed to be equal to El. 1,516.7 ft and defined as a total head boundary 
at the far downstream edge of the seepage model.  This elevation corresponds to the 
invert of the trench drain located at the impact basin.  

3.1.1.3 Internal Drain System 

An internal drain system is located beneath the downstream face of the Dam and collects 
seepage from the embankment which is connected to the downstream toe via pipes 
installed during the original construction.  This internal drain has been modeled as a 
discrete point with a total head boundary condition within cross-section A-A, which is 
shown in Figures 1 and 2.  The total head boundary condition allows seepage to exit the 
model at the location and appropriately represents the internal drain system.  

The total head boundary condition assigned to the internal drain system was 
El. 1,535.0 ft.  This boundary condition was selected based on calibration of the seepage 
model, in which the total head was varied until reaching a reasonable representation of 
the seepage model based on the target values shown in Table 1 for the piezometer 
readings. Based on the evaluation of construction records and the sensitivity analyses, we 
believe the drain is likely functioning and a gradient exists within the Dam towards the 
drain. The surrounding phreatic line is near approximate El. 1,560, so the capacity of the 
drain is likely governed by the hydraulic conductivity of the surrounding clay embankment 
(i.e., strong gradients exist close to the drain, but most seepage bypasses the drain and exits 
downstream). 
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3.2 Slope Stability Analysis 

Limit-equilibrium slope stability analyses were performed using the computer program 
SLOPE/W, version 2019 (Geo-Slope, 2019b).  SLOPE/W is a 2D slope stability 
computer program which can be used to employ limit-equilibrium analysis methods.  
SLOPE/W analyses uses the pore water pressures computed from the seepage analysis 
performed with SEEP/W. 

The method described by Morgenstern-Price (1965) was used to conduct limit-
equilibrium slope stability analyses.  Morgenstern-Price’s method utilizes interslice 
forces which consider both shear and normal interslice forces.  Both moment and force 
equilibrium are satisfied for individual slices as well as the entire soil mass.  

Circular failure surfaces were considered for limit-equilibrium slope stability analyses.  
For circular failure surfaces, ranges of entry and exit locations for potential slip surfaces 
were defined along the analyzed slope.  The search for the critical slip surface was 
performed by initially selecting a large range of entry and exit locations, and then 
refining these ranges once the likely locations of critical entry and exit locations were 
identified.  The entry and exit ranges were divided into 30 increments with four radius 
increments to evaluate potential failure surfaces. 

The minimum sliding mass depth was set at 10 ft in order to avoid results of surficial, 
localized failures that are not likely to impair the overall embankment stability.  These 
surficial failures can typically be corrected by routine maintenance activities and are not 
considered to pose a threat to the safety of the Dam.  Because unsaturated shear strength 
is not assigned in these analyses, the effects of negative pore water pressures on shear 
strength are conservatively ignored. 

3.2.1 Static Slope Stability Evaluation 

Geosyntec performed static slope stability calculations for both downstream and 
upstream slopes, using the drained strength parameters for the defined materials and 
pore water pressures determined from steady-state seepage analyses described above.   

3.2.2 Pseudostatic Slope Stability Evaluation  

The pseudostatic analysis performed herein accounted for a horizontal seismic loading 
on the Dam, for both downstream and upstream slopes.  The analysis was performed 
using the defined undrained strength parameters to account for rapid loading conditions 
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within the cohesive soils and effective stress parameters were used for the free-draining 
materials.  To conduct a pseudostatic analysis, a horizontal seismic coefficient (Ks) was 
computed.  Ks was calculated using the method proposed by Bray and Travasarou 
(2009), an industry-accepted method for analyzing the seismic performance of 
embankments and slopes.  This method utilizes simplified, semiempirical procedures to 
evaluate the performance of the Dam during earthquake loading.   

Seismic coefficient calculations, presented in Attachment 1, are based on the following 
procedure.  

Step 1: Estimate the Fundamental Period 

The initial fundamental period (Ts) of the sliding mass was estimated using the 
following: 

 Ts=2.6H/Vs            (1) 

where H is the average height of the potential sliding mass, and Vs is the average shear 
wave velocity of the sliding mass.  For this Package, the average height of the potential 
sliding mass was taken as the height of the Dam (i.e., 126 ft).  Vs was calculated as 
1,148 ft/s using shear wave velocity tests conducted in boring G-1B (Geosyntec 1998).  
This data is provided in Attachment 2.  The computed Ts for the sliding mass is 0.28 s.  

Step 2: Estimate the Pseudostatic Seismic Coefficient 

The Ks was calculated using the equations and relationships provided by Bray and 
Travasarou (2009): 

 Ks=exp[(-a+b0.5)/0.665]       (2a) 

where variables a and b are calculated using the following relationships: 

 a=2.83-0.566 ln(Sa)       (2b) 

 b=a2-1.33{ln(D)+1.10-3.04ln(Sa)+0.244[ln(Sa)]2-1.5Ts- 0.278(M-7)-ε} 
          (2c) 

where: 
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• Sa  is the 5 percent damped elastic spectral acceleration at the degraded period 
of 1.5Ts of the sliding mass; 

• ε is the normally distributed variable to account for the probability of 
exceedance;  

• M is the earthquake’s moment magnitude; and 

• D is the maximum allowable displacement in centimeters (cm) of the sliding 
mass.  

The site’s design spectra was estimated using the online National Seismic Hazard Model 
(NSHM) Hazard Tool made available by the United State Geological Survey (USGS), 
which presents a Uniform Hazard Response Spectra (UHRS) created from the National 
Seismic Hazard Model (USGS 2018).  The UHRS analysis was performed using a Site 
Class D based on ASCE 7.16 (ASCE 2017) according to the Vs.  Recent guidelines, 
such as ASCE 7.22 (ASCE 2021), provide boundary Site classes depending on the Vs.  
For the Dam, a Site Class C/D was estimated with the most recent guideline; however, 
Geosyntec conservatively adopted Site Class D in order to incorporate more 
conservative estimates of ground shaking at the site.  The Sa at the degraded period 
(1.5Ts) of the Dam is 0.31 g for a Site Class D.  The estimated UHRS is presented in 
Attachment 1. 

The normally distributed variable (ε) is estimated from a normal distribution function 
which accounts for the probability of exceedance of the selected displacement threshold 
(i.e., D).  For example, a 50 percent probability of exceedance represents ε=0, while a 
16 percent probability of exceedance represents ε=1.  In this Package, a 10 percent 
probability of exceedance was selected (i.e., ε=1.32).  

The estimated pseudostatic coefficient is modified based on the moment magnitude of 
the earthquake (M) selected for analysis.  Selection of the magnitude is based upon 
regional sources of ground motions and typically ranges between 6.5 and 7.5. While the 
Site is in a region with relatively low seismic hazards, Geosyntec conservatively 
adopted an earthquake with a moment magnitude 7.0 for analysis and estimation of 
pseudostatic coefficients.  

For embankments, the industry standard for the maximum allowable displacement of 
earthen dams is 60 cm (approximately 2 ft) during seismic events (FEMA 2005).  Based 
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on the Bray and Travasarou (2009) method, the allowable displacement selected herein 
(i.e., D=2 ft) corresponds to a Ks of 0.054.  Multiple analyses were conducted for the 
pseudostatic stability to evaluate the sensitivity of the model to seismic loading, 
specifically for the downstream slope (i.e., most critical slope under an earthquake).  
Initially, the allowable displacement was varied from 10 to 100 cm to compute the Ks 
with the Bray and Travasarou (2009) method.  Additionally, the GA SDP’s minimum 
seismic acceleration of 0.05 g was evaluated as part of the sensitivity analysis.  Then, 
slope stability analyses were performed to determine the factor of safety for each value 
of Ks.  The analysis was also conducted to compute the yield coefficient (Ky) for the 
Dam.  Ky is equal to a horizontal seismic acceleration coefficient that results in a factor 
of safety equal to one (i.e., the acceleration above which produce deformations in a 
Newmark analysis). 

3.2.3 Rapid Drawdown Slope Stability Evaluation  

Rapid drawdown conditions occur when a reservoir level drops rapidly, not allowing 
for relatively impermeable soils within the embankment to drain.  Rapid drawdown 
decreases the stabilizing effect of the reservoir on the slope, while undrained strengths 
still govern slow-draining soils within the embankment, resulting in an extreme loading 
condition on the embankment.  The three-stage procedure described by Duncan et al. 
(1990) is used for the analysis of the rapid drawdown condition: 

• Stage 1: Prior to drawdown, steady-state seepage conditions are used to calculate 
effective consolidation stresses on a failure surface of interest. 

• Stage 2: Following drawdown, stability analysis is performed on the failure 
surface of interest using undrained shear strengths and total-stress analysis.  
Interpolation is used to estimate undrained shear strength based on effective 
principal stress ratios after consolidation and at failure. 

• Stage 3: If drained shear strengths are less than undrained shear strengths, 
stability analysis is performed using drained shear strengths, assuming excess 
pore water pressures induced due to drawdown have dissipated. 

This process may then be repeated for other failure surfaces to determine the critical slip 
surface for sudden drawdown.  SLOPE/W automatically performs the previously 
described stages and reports the critical factor of safety computed for the slope. 
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To conduct the rapid drawdown analysis, two piezometric lines were used: one for the 
pre-drawdown steady-state condition (i.e., at El. 1,635.5 ft) and one for the post-
drawdown steady-state condition (i.e., at El. 1,602 ft), based on the requirement of 
draining two-thirds of the reservoir volume and then the procedure described above was 
implemented.  

3.3 Post-Earthquake Deformations  

The following sections describe the processes Geosyntec used to conduct a screening-
level evaluation of potential for liquefaction and cyclic softening of the soils in the Dam 
and to demonstrate that the available freeboard for the Dam meets GA SDP 
requirements for minimum freeboard in the event of post-earthquake deformation. 

3.3.1 Liquefaction and Cyclic Softening Screening  

Geosyntec used the available shear wave velocity profiles and index properties 
presented in Attachment 2 to estimate the likelihood of liquefaction and cyclic softening 
of soils at the Dam due to an earthquake. Based on a procedure described by Boulanger 
and Idriss (2006), soils can be classified as either ‘sand-like’ or ‘clay-like’ based on the 
expected behavior during an earthquake depending on index properties and fines content 
(FC). For example, a fine-grained soil can exhibit ‘clay-like’ behavior if they have a 
Plastic Index (PI) larger than 7.  Atterberg limits and gradation tests were performed in 
1998 for both the core and the shell of the Dam.  

A criterion developed by Bray and Sancio (2004, 2006) was used to screen for the 
potential of cyclic softening of the ‘clay-like’ soils. Using this procedure, soils with a 
ratio of water content (wc) to liquid limit (LL) less than 0.8 are considered not 
susceptible to cyclic softening.  

A criterion for liquefaction potential of ‘sand-like’ soils established by Andrus and 
Stokoe (2000) was used to screen for the potential of liquefaction of the shell of the 
Dam based on shear wave velocities. This criterion uses overburden stress-corrected 
shear wave velocities to screen for liquefaction potential considering FC and cyclic 
strength ratio (CSR) (which depends on overburden stress and the design earthquake). 
Although this criterion was chosen to screen liquefaction of the ‘sand-like’ soils, all 
available shear wave velocity data for the Dam was used to evaluate liquefaction 
potential of the Dam materials. 
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Overburden stress-corrected shear wave velocity is calculated using the following 
equation described by Sykora (1987), Kayen et al. (1992), and Robertson et al. (1992): 

 𝑉𝑉𝑠𝑠1 = 𝑉𝑉𝑠𝑠 �
𝑃𝑃𝑎𝑎
𝜎𝜎𝑣𝑣𝑣𝑣′
�
0.25

        (3) 

where: 

• 𝑉𝑉𝑠𝑠1 is the overburden-stress corrected shear wave velocity; 

• 𝑃𝑃𝑎𝑎 is atmospheric pressure approximated as approximately 2,116 psf; and 

• 𝜎𝜎𝑣𝑣′  is the initial vertical effective stress at a chosen depth;  

The CSR was calculated using the equations and relationships provided by Seed and 
Idriss (1967): 

 𝐶𝐶𝐶𝐶𝐶𝐶 = 0.65 𝜎𝜎𝑣𝑣
𝜎𝜎𝑣𝑣′

𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚
𝑔𝑔

𝑟𝑟𝑑𝑑       (4a) 

where: 

• 𝜎𝜎𝑣𝑣 is the vertical total stress and 𝜎𝜎𝑣𝑣′  is the vertical effective stress at a chosen 
depth;  

• 𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚
𝑔𝑔

 is the maximum horizontal acceleration as a fraction of gravity; and 

• 𝑟𝑟𝑑𝑑 is the shear stress reduction factor that accounts for the dynamic response of 
the soil profile. This factor can be determined using the equations developed by 
Idriss (1999): 

 𝑟𝑟𝑑𝑑 = 𝑒𝑒𝑒𝑒𝑒𝑒[𝛼𝛼(𝑧𝑧) + 𝛽𝛽(𝑧𝑧)𝑀𝑀]       (4b) 

 𝛼𝛼(𝑧𝑧) = −1.012 − 1.126 sin � 𝑧𝑧
11.73

+ 5.133�    (4c) 

 𝛽𝛽(𝑧𝑧) = 0.106 + 0.118 sin � 𝑧𝑧
11.28

+ 5.142�     (4d) 
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3.3.2 Post-Earthquake Deformation 

A procedure described by Ishihara and Yoshimine (1992) was used to determine 
potential post-earthquake deformations under the assumption that the entire soil mass 
may exhibit strength reduction. Potential deformations can occur even if soils are 
deemed not susceptible to liquefaction and cyclic softening because excess pore water 
pressure will still be generated during an earthquake, which could temporarily reduce 
the strength of the materials producing permanent deformation at the Dam. The Ishihara 
and Yoshimine procedure is typically used to assess volume change due to pore water 
pressure dissipation in saturated sands after a seismic event. The methodology is used 
as a proxy to determine potential volumetric strain of the Dam, as some of the materials 
are expected to exhibit ‘sand-like’ behavior. These assumptions provide a conservative 
estimate for post-earthquake deformation, which can be used to demonstrate that the 
available freeboard at the Dam after post-earthquake densification or reconsolidation 
settlement will be sufficient according to the minimum acceptable freeboard established 
by the GA SDP (i.e., 3 ft).  

4 INPUT DATA 

4.1 Cross-Section Used for Analysis 

One two-dimensional (2D) cross-section was developed for the seepage and slope 
stability analyses of the Dam.  The cross-section A-A is located along the transverse 
centerline of the Dam as shown in Figure 1.  Cross-section A-A is aligned with existing 
piezometers installed at the downstream face of the Dam (i.e., piezometers in boring 
locations G-1, G-1B, G-2, P-2, P-4, P-6, and P-7).   

Figure 2 shows the cross-section adopted for the analysis.  The surface elevations of the 
downstream face were developed from a survey of the Dam conducted in May 2021.  
The slopes of the downstream face were measured to range from 2.2H:1V to 2.5H:1V.  
The steeper slopes were observed close to the toe of the Dam and the crest.  The surface 
elevation of the upstream face of the Dam was developed from a bathymetric survey of 
the reservoir conducted in March 2022.  The overall slope of the upstream face was 
measured as 3.5H:1V. 

The Dam consists of a shell and core with an underlying saprolite and bedrock. The 
ballfields are located at the downstream side of the Dam.  These subsurface conditions 
at the Dam were established using information from the following historic sources: 
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(i) boring logs from the 1998 field investigation conducted by Geosyntec and Piedmont 
Geotechnical Consultants, Inc.; (ii) boring logs from field investigations prior to the 
construction of the Dam.; (iii) topographic map of the area prior to the construction of 
the Dam; and (iv) design drawings for the Dam. 

4.2 Material properties 

Geosyntec estimated material parameters for analysis based upon a review of previously 
defined material parameters (Geosyntec 1998) and laboratory test results.  As part of 
the 1998 field investigation, samples collected from the shell and core of the Dam were 
analyzed in the laboratory for index properties and strengths using isotropic 
consolidated undrained triaxial compression (ICU-TXC) tests.  This data is provided in 
Attachment 2.  Table 2 presents a summary of the material properties selected for the 
evaluations performed herein.  The following subsections present the properties for the 
subsurface conditions at the Dam used in the seepage and slope stability analyses.  

4.2.1 Hydraulic Conductivity 

Dam Shell 

Based on results from the grain size analyses conducted on Dam shell material, the shell 
is a silty sand classified as SM based on the Unified Soil Classification System (USCS).  
The average unit weight (γ) of the shell is 125 pounds per cubic foot (pcf).  A vertical 
hydraulic conductivity (kV) of 1.6 x10−5 ft/s (4.9x10−4 cm/s) and an anisotropy ratio 
(kV/kx) of 0.5 for the Dam shell material were used.  The hydraulic conductivity was 
calibrated from the seepage model to reasonably match the target total heads from the 
piezometers presented in Table 1.  

Dam Core 

Based on results from the grain size analyses conducted on Dam core material collected, 
the core is a sandy silt classified as ML based on the USCS.  A γ=130 pcf, a kV  of 
3.3 x10−6 ft/s (1.0x10−4 cm/s), and an anisotropy ratio of 0.1 for the Dam core material 
were used.  Similar to the shell, the hydraulic conductivity was calibrated from the 
seepage model to reasonably match the total heads from the piezometers.  
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Saprolite 

The upstream saprolite was assumed to be relatively impermeable compared to the Dam 
shell and core.  kV = 3.3 x10−9 ft/s (1.0x10−7 cm/s) for the upstream saprolite material 
was used while the downstream saprolite was modeled with kV = 1.6 x10−6 ft/s 
(4.9x10−5 cm/s).  The anisotropy ratio assumed for the material was 1.0. 

A distinction in the hydraulic conductivity was modeled between the saprolite 
downstream of the core and the saprolite upstream of the core to capture the influence 
of an upstream excavation and cutoff trench. The cutoff trench is not explicitly modeled 
in the geometry; however, the influence of the cutoff trench and upstream excavation 
was modeled by assigning a relatively lower vertical and horizontal hydraulic 
conductivity for the saprolite upstream of the core relative to downstream. 

Ballfield 

In the stability analyses, the ballfield soils have been modeled with γ=125 pcf, 
kV = 1.6 x10−3 ft/s (4.9x10−2 cm/s), and an anisotropy ratio of 1.0.  The hydraulic 
conductivity properties were calibrated based on the seepage model to properly 
represent a free draining material typically for ballfields. 

Bedrock 

In the stability analyses, the bedrock was modeled as impenetrable.  The bedrock was 
assumed to be relatively impermeable compared to the Dam shell and core.  
kV = 3.3 x10−9 ft/s was used for this material.  The assumed hydraulic conductivity is 
supported by the observation that no boils or other indications of upward seepage were 
observed in the tailwater creek below the Dam (Geosyntec 1998). 

4.2.2 Drained and Undrained Strength Parameters 

Dam Shell 

Based on the dam shell ICU-TXC tests, the effective parameters at the ultimate strength 
condition were lower than the peak, with a range for the friction angle from 34 to 37 
degrees (deg). Geosyntec selected effective friction angle (φ') of 34 deg and no cohesion 
(c') for analysis.  
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For the current evaluation, Geosyntec adopted the maximum effective principal stress 
ratio (i.e., maximum obliquity) as the failure criterion for individual laboratory tests 
results and re-interpreted the undrained strength characterization.  Figure 3 presents 
failure points of individual triaxial laboratory tests based on the criterion of maximum 
obliquity.  A linear relationship was used to define the undrained shear strengths for 
both the shell and core.  A total stress friction angle (φ) of 23 deg and a cohesion (c) of 
1,000 psf were selected.  

Dam Core 

The effective stress parameters, φ'=32 deg and c'=0 psf, were selected based on the 
evaluation of the ICU-TXC tests.  The undrained parameters, φ=23 deg and c=1,000 psf, 
were obtained for the core as shown on Figure 3 and described in the previous section.  

Saprolite 

In the stability analyses, the saprolite has been modeled differently at the upstream and 
downstream of the Dam.  The upstream saprolite was modeled as impenetrable, while 
the downstream saprolite was modeled with γ=125 pcf and drained shear strengths of 
φ'=35 deg and c'=0 psf.  These parameters are considered conservative based on the high 
SPT blow counts measured in the material. 

Ballfield 

The drained shear strengths of φ'=32 deg and c'=0 psf were selected based on typical 
values of free draining materials judged to representative of fill common for roadway 
and ballfield construction.  

Bedrock 

Bedrock was assumed to be impenetrable for slope stability computations.  

4.2.3 Index Properties for Liquefaction and Cyclic Softening Screening 

Dam Shell 

Based on results from the grain size analyses conducted on Dam shell material, the shell 
is a silty sand with a FC of 30 to 44 percent. Atterberg Limit tests suggest that the Dam 
shell material is either non-plastic or has a PI of 3. Based on the shear wave velocity 
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profile in boring G-1B, which is predominantly in the shell of the Dam, the Dam shell 
material generally has a shear wave velocity over 800 ft/s. 

Dam Core 

Based on results from the grain size analyses conducted on Dam core material, the core 
is a sandy silt with a FC from 52 to 58 percent and a PI between of 9 and 15.  Water 
content of the Dam core material ranged from 17.5 to 22.0 percent with a LL from 33 
to 45. The 𝑤𝑤𝑐𝑐/𝐿𝐿𝐿𝐿 ratio ranged from 0.49 to 0.53. Based on the shear wave velocity 
profile in boring G-5, which is predominantly in the core of the Dam, the Dam core 
material has a lower shear wave velocity of 400 to 600 ft/s in the unsaturated portion 
but generally has a shear wave velocity over 800 ft/s in the saturated portion of the Dam. 

5 ANALYSIS RESULTS 

The calculated phreatic surface and total head contours from the seepage analysis are 
presented in Attachment 3.  For the steady-state seepage conditions analyzed, the 
calculated total heads were higher than the target values presented in Table 1 at several 
piezometer locations.  The computed higher total heads represent a conservatively 
representative scenario of the Dam’s internal seepage, and the results were considered 
appropriate for the stability analyses.   

5.1 Static Slope Stability Evaluation Results 

The calculated factor of safety for steady-state seepage slope stability analysis are 
summarized in Table 3 and the results are presented in Attachment 4.  The calculated 
factor of safety, for both upstream and downstream slopes, are greater than the minimum 
required value for a long-term steady-state condition.  

5.2 Pseudostatic Slope Stability Evaluation Results 

The calculated factor of safety for steady-state seepage slope stability under seismic 
conditions (i.e., pseudostatic analysis) are summarized in Table 3 and the results are 
presented in Attachment 4.  

For the allowable displacement of 60 cm (i.e., 2 ft), a Ks of 0.054 g caused a factor of 
safety of 1.5 and 2.4 for the downstream and upstream slopes, respectively.  Based on 
the sensitivity analysis, a displacement equal to 100 cm (i.e., approximately 3 ft) 
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resulted in seismic coefficients lower than the state-required seismic acceleration (i.e., 
0.05g) for the design and evaluation of dams.  

Geosyntec also evaluated a more conservative allowable displacement of 10 cm (i.e., 4 
inches).  With an allowable displacement of 4 inches, a Ks equal to 0.14 g was 
calculated, and on the calculated factor of safety was 1.2 for the downstream slope.  

When using the GA SDP’s minimum seismic acceleration of 0.05 g, a pseudostatic 
factor of safety of 1.5 was computed for the downstream slope of the Dam. The 
computed Ky was 0.2 g for a factor of safety equal to one.  Note that the Ky is higher 
than the estimated peak ground acceleration at the site (from the UHRS) of 0.18 g. 
Therefore, the embankment is considered stable under the seismic loading conditions 
evaluated herein. 

5.3 Rapid Drawdown Slope Stability Analysis 

The calculated factor of safety for rapid drawdown condition at cross-section A-A is 
summarized in Table 3 and the results are presented in Attachment 4. 

Assuming a sudden release of two-thirds of the reservoir volume, the calculated factor 
of safety of 2.1 at the upstream slope is greater than the minimum required value of 1.3.  
Therefore, the embankment is considered stable under rapid drawdown loading 
condition considered in this evaluation. 

5.4 Liquefaction and Cyclic Softening Screening-Level Analysis 

Based on the Boulanger and Idriss (2006) procedure, the core of the Dam is expected to 
exhibit ‘clay-like’ behavior, and the shell is expected to behave as a ‘sand-like’ material 
with potentially interbedded ‘clay-like’ materials.  

The ‘clay-like’ soils of the Dam have 𝑤𝑤𝑐𝑐/𝐿𝐿𝐿𝐿 ratios lower than 0.53 and PI of 9 to 15 
and are therefore considered to be not susceptible to cyclic softening based on the Bray 
and Sancio (2004, 2006) criterion. 

The ‘sand-like’ materials were further evaluated to estimate the potential for 
liquefaction using the chart proposed by Andrus and Stokoe (2000) that relates the 
normalized shear wave velocity and the CSR. The CSR was calculated using a 
maximum horizontal acceleration of 0.18 g based on the expected peak ground 
acceleration of the sliding mass and  ranged from 0.11 to 0.13. Attachment 1 includes a 
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table of calculated CSR values. Figure 4 shows the chart by Andrus and Stokoe (2000) 
and the normalized shear wave velocity profile values from borings G-1B and G-5 
within the Dam. As shown in the figure, liquefaction is not expected for the Dam 
because the normalized shear wave velocities are mostly larger than 200 m/s (i.e., 
approximately 656 ft/s) and FC over 20 percent. Note that one data point falls within 
the liquefaction zone; however, this point is not saturated as it is located above the 
phreatic level within the Dam and is therefore not susceptible to liquefaction. 

5.5 Post-Earthquake Deformation Analysis 

The soils which comprise the embankment shell and core are not susceptible to 
liquefaction and cyclic softening and therefore, significant seismic densification and 
post-liquefaction reconsolidation settlement are not anticipated. However, potential 
deformations can occur even if soils are not susceptible to liquefaction as some excess 
pore water pressure may be generated during an earthquake, which would temporarily 
reduce the strength of the materials producing permanent deformation at the Dam.  

The graphical procedure proposed by Ishihara and Yoshimine (1992) was utilized as a 
conservative approach to estimate post-earthquake deformations. Since the soils are not 
susceptible to liquefaction, a factor of safety against liquefaction of 1.1 was adopted. 
Additionally, the lower bound value of the relative density, DR, was assumed for this 
deformation analysis. The estimated volumetric strain following the earthquake is 0.8 
percent. The results are presented in Figure 5. Based on the estimated volumetric strain, 
the vertical settlement is conservatively estimated to be 1 to 2 ft at the crest of the 126-
foot-tall Dam. The current freeboard is 11.5 ft (i.e., dam crest El. 1,647.0 ft. less normal 
pool El. 1,635.5 ft) and therefore, up to 2 ft of settlement will maintain approximately 
9.5 ft of freeboard. 

This screening level evaluation was used to demonstrate that Lake Petit Dam could 
maintain a freeboard larger than the minimum acceptable freeboard of 3 ft according to 
GA SDP in the event of post-earthquake deformations. 

6 CONCLUSION 

Geosyntec performed seepage and slope stability analyses to evaluate and document the 
stability of Lake Petit Dam and predicted performance during an earthquake and 
following a rapid drawdown of the reservoir.  Geosyntec reviewed the existing 
geotechnical and instrumentation data at the Site and updated the geotechnical 
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characterization of the respective geologic and dam units.  Additionally, Geosyntec 
developed seismic loading parameters in accordance with current guidelines for 
conducting pseudostatic analyses and assessed the potential for liquefaction, cyclic 
softening, and post-earthquake deformations. 

The calculated factors of safety exceed the minimum required values for all load cases 
as described herein and meets the slope stability criteria established within the GA SDP 
Guidelines.  There are currently no known issues or concerns from a slope stability 
perspective.  

The screening level evaluation of liquefaction potential concluded that the Dam is 
unlikely to experience liquefaction or cyclic softening. However, under the assumption 
that the entire soil mass of the Dam experiences a strength reduction, a conservative 1 
to 2 ft of settlement could occur at the crest, reducing freeboard to 9.5 ft, which 
demonstrates that Lake Petit Dam could maintain a freeboard larger than the minimum 
acceptable freeboard of 3 ft according to GA SDP in the event of seismic-induced 
deformations. 
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Table 1 – Piezometer Target Values for Model Calibration 
 

Data 
Analysis Mean Std. Dev. Target1 

P-2A 1626.2 0.5 1626.7 
P-2B 1611.1 0.9 1611.9 
P-2C 1596.1 0.6 1596.7 
P-4A 1588.5 2.8 1591.3 
P-4B 1573.0 2.1 1575.1 
P-4C 1570.6 1.4 1571.9 
P-6A 1555.1 0.9 1556.0 
P-6B 1538.9 0.8 1539.8 
P-6C 1554.2 1.0 1555.1 
P-7A 1536.1 0.5 1536.6 
P-7B 1522.6 0.4 1523.0 
P-7C 1527.6 0.4 1528.0 

G-1A Shallow 1598.4 1.9 1600.3 
G-1A Deep 1579.5 1.6 1581.0 

G-1B 1585.3 1.3 1586.6 
G-2 Shallow 1570.5 2.7 1573.2 

G-2 Intermediate 1559.9 1.5 1561.4 
G-2 Deep 1553.4 0.8 1554.2 

 
Notes: 

1. Target total head for the piezometers was selected as the Mean + 1 standard deviation 
of the piezometers’ measured data over the last three years, which represents the upper 
range of 68% of the data using the Three Sigma Rule (Grafarend 2006). 

 



 
 

 

Table 2 – Summary of Selected Geotechnical Parameters 
 

Material 
Type 

Total Unit 
Weight 

Effective Shear 
Strength 

Parameters 

Undrained Shear 
Strength Parameters Hydraulic Conductivity 

γ c' φ' c φ kh kv kv / kh (pcf) (psf) (deg) (psf) (deg) (ft/s) (ft/s) 

Bedrock Impenetrable 3.3E-09 3.3E-09 1.0 

Ballfield 125 0 32 - - 1.6E-03 1.6E-03 1.0 

Dam Core 130 0 32 1,000 23 3.3E-05 3.3E-06 0.1 

Dam Shell 125 0 34 1,000 23 3.3E-05 1.6E-05 0.5 

Saprolite D/S 125 0 35 - - 1.6E-06 1.6E-06 1.0 

Saprolite U/S Impenetrable 3.3E-09 3.3E-09 1.0 

 
Acronyms: 

D/S: Downstream 
U/S: Upstream 

 



 
 

 

Table 3 – Summary of Calculated Factors of Safety for Slope Stability  
 

Loading Condition Required Minimum 
Factor of Safety1 

Calculated  
Factor of Safety2 

Steady-State Seepage 
Stability 

(Downstream) 
1.5 1.6 

Steady-State Seepage 
Stability (Upstream) 1.5 2.5 

Steady-State Seepage 
Pseudostatic Stability 

(Downstream) 
1.1 1.5 (D=60 cm) 3 

Steady-State Seepage 
Pseudostatic Stability 

(Upstream) 
1.1 2.4 (D=60 cm) 3 

Rapid Drawdown 
(Upstream) Stability 1.3 2.1 

 
Acronyms: 

None. 
Notes: 

1. Required minimum factor of safety are from the GA SDP Rules for Dam Safety, Rule 
391-3-8-.09. 
2. Results of stability analysis for the loading conditions are presented in Attachment 2. 
3. The pseudostatic slope stability for the upstream slope was computed for an allowable 
displacement of 60 cm for a Ks equal to 0.054 g.  

 



 
 

 

Table 4 – Summary of Soil Characteristics for Liquefaction Potential Screening   
 

Boring 
Laboratory 

Test 
Number 

Material 
Water 

Content, 
𝒘𝒘𝒄𝒄 (%) 

Liquid 
Limit, LL 

𝒘𝒘𝒄𝒄/𝑳𝑳𝑳𝑳 
 

Plasticity 
Index, PI 

Percent 
Fines (%) 

Sand-
Like or 

Clay-Like 

G-4 A Dam Shell 25.9 NP -- NP 30 Sand-Like 

G-1B E Dam Shell 19.8 33 0.60 3 44 Sand-Like 

G-1B F Dam Shell 16.5 NP -- NP 36 Sand-Like 

G-1B G Dam Core 20.7 41 0.50 9 52 Clay-Like 

G-5 H Dam Core 17.5 33 0.53 9 52 Clay-Like 

G-5 J Dam Core 22.0 45 0.49 15 58 Clay-Like 

 
Acronyms: 

None. 
Notes: 

1. Clay-like and sand-like designations using Boulanger and Idriss (2006). 
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STEADY-STATE SEEPAGE ANALYSIS
LAKE PETIT DAM

Figure
2

PROJECT NO. TN9418

Notes:
Trench drain is located at elevation 1520 ft.; however, the trench drain is 
modeled with a total water head set at 1535 ft. to account for the efficiency 
of the trench drain.

DATE: FEBRUARY 2023



STEADY-STATE SEEPAGE ANALYSIS
LAKE PETIT DAM

Figure
3

PROJECT NO. TN9418

Notes:
Representative undrained shear strength, c = 1000 psf and φ = 23 deg.

DATE: FEBRUARY 2023



LIQUEFACTION SCREENING 
CRITERIA

LAKE PETIT DAM

Figure
4

PROJECT NO. TCG10217

Notes:
Background graphic from Andrus and Stokoe (2000)
Single point plotting in liquefaction zone is in 
unsaturated portion of the Dam and is therefore not 
expected to liquefy

DATE: MAY 2024



POST-EARTHQUAKE 
DEFORMATIONS 
LAKE PETIT DAM

Figure
5

PROJECT NO. TCG10217

Notes:
Graphic from Ishihara and Yoshimine (1992)

DATE: MAY 2024

Assumptions:

• Entire Dam soil mass experiences post-earthquake 
strength reduction

• Factor of safety against liquefaction at least 1.1 since 
liquefaction is not anticipated to occur

• Dam Height: 126 ft

Using graphical procedure:

Post-liquefaction volumetric strain  ≈  0.8%
Settlement = 126 ft (0.008) ≈ 1 ft



 
 

 

ATTACHMENT 1 
Site Seismic Evaluation 



Written by and Date:
Computation Title:

Project Title: 
Project No.:

EOA; 02/18/2023
Average Shear Wave Velocity Calculation

New Seepage Collection System and Stability
TN9418 Task No: 03/02

Shear Wave 
Velocity
(ft/sec)

Depth
(ft) Material Description

Shear Wave Velocity 
by Layer

(Denominator of EQ 
20.4-1)*

-- 0 -- --
648 2.5 SILT 0.00386
816 7.5 SILT 0.00613
957 12.5 SILT and fine to medium sand 0.00522

1333 17.5 SILT and fine to medium sand 0.00375
1074 22.5 SILT and fine to medium sand 0.00466
1105 27.5 SILT and fine to medium sand 0.00452
1466 32.5 SILT and fine to medium sand 0.00341
805 37.5 SILT and fine to medium sand 0.00621

1025 42.5 SILT and fine to medium sand 0.00488
1447 47.5 SILT and fine to medium sand 0.00346
1140 52.5 SILT, very fine sand and gravel 0.00439
1293 57.5 SILT, very fine sand and gravel 0.00387
1178 62.5 SILT, very fine sand and gravel 0.00424
1846 67.5 SILT, very fine sand and gravel 0.00271
1342 72.5 SILT, very fine sand and gravel 0.00373
882 77.5 SILT, very fine sand and gravel 0.00567

1324 82.5 SILT, very fine sand and gravel 0.00378
1501 87.5 SILT, very fine sand and gravel 0.00333
1471 92.5 SILT, very fine sand and gravel 0.00340
1305 96.5 SILT 0.00307
1422 100.5 SILT 0.00281

Low: 648 ft/sec
Max: 1846 Data Source:

Average (v̅s)*: 1148 ft/sec
Median: 1293 ft/sec

Depth: 100.5 ft

Notes:
*Average Shear Wave Velocity, EQ 20.4-1, page 204, ASCE 7-16.

Average Shear Wave Velocity Calculation

1) The values for the shear wave velocity and depth have been exported from the Law 
1998 report, boring G-1B.
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Written by and Date:
Computation Title:

Project Title: 
Project No.:

EOA; 02/18/2023
Average Shear Wave Velocity Calculation

New Seepage Collection System and Stability
TN9418 Task No: 03/02

2) Based on the Average Shear Wave Velocity (v̅s) the site would be classified as Stiff 
Soil (Class D). Please see Table 20.3.1 (ASCE 7-16) for Site Classification based on the 
average shear wave velocity.
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Written by and Date:
Title:

Project Title: 
Project No.:

EOA; 02/18/2023
Uniform Hazard Response Spectra

New Seepage Collection System and Stability
TN9418 Task No: 03/02

2475 (2% in 50)
0.184 g

Spectral Period
(s)

Ground 
Motion

(g)
0.01 0.198
0.02 0.285
0.03 0.334
0.05 0.412

0.075 0.443
0.1 0.460
0.15 0.436
0.2 0.405
0.25 0.380
0.3 0.352
0.4 0.314
0.5 0.290
0.75 0.240

1 0.201
1.5 0.136
2 0.101
3 0.062
4 0.043
5 0.033

7.5 0.020
10 0.013

Notes:
1) Data Source: NSHM (USGS 2018).

Intensity Measure Type (IMT):
Peak Ground Acceleration (PGA):

Uniform Hazard Response Spectra Data

Site Location

Sheet 1 of 1



Written by and Date:
Title:

Project Title: 
Project No.:

EOA; 02/18/2023
Seismic Coefficient Calculations

New Seepage Collection System and Stability
TN9418 Task No: 03/02

Step 1:
Calculation of Initial Fundamental Period (Ts)

Pseudostatic Analysis in 1D or 2D:
1D: The case of a relatively wide potential sliding mass that is shaped like a trapezoid where:

TS = 4H/VS

H = 126 ft <- Height of Dam. 
VS = 1148 ft/sec <- Average shear wave velocity. 

TS = 0.439 s
2D: The case of a triangular-shaped sliding mass that largely has a 2D response, where:

TS = 2.6H/VS

H = 126 ft <- Height of Dam. 
VS = 1148 ft/sec <- Average shear wave velocity. 

TS = 0.285 s

Step 2:
Calculation of the Seismic Coefficient (Ks)

KS = exp[(-a + b0.5)/0.665]
a = 2.83 - 0.566 ln(Sa)

Sa at 1.5TS

1.5Ts = 0.428
Sa = 0.306948

Spectral Ground Motion
0.4 0.313671
0.5 0.289592

0.428 0.306948
a = 3.498
b = a2 - 1.33{ln(D)+ 1.10 - 3.04ln(Sa) + 0.244[ln(Sa)]

2 - 1.5Ts - 0.278(M - 7) - ε}
a = 3.498

D = 20 cm <- Maximum Allowable Displacement.
Sa = 0.306948
Ts = 0.285 s
M = 7 <- Magnitude (M) = 7 moderate event;  M = 9 major event.
ε = 1.32

b = 3.889
KS = 0.101

Notes:
Input values/data.
Output results. 

3) For the Pseudostatic Analyses, the following parameters are used when calculating the seismic 
coefficients: H, Vs, Ts, Sa, M, and ε.

<- Normally distributed random variable with zero mean 
and standard deviation of 0.66 for 86th percentile, and 
1.32 for 95th percentile.

3) Sa at a degraded 1.5Ts procured from the NSHM Hazard Tool (USGS, 2018).

Seismic Coefficient Calculation

<- Due to the geometry of the dam and 2D response expected, this 
T s  value is used.

<- Linear interpolation between 0.4 
and 0.5 Spectral Periods.

1) The seismic coefficients used in the Pseudostatic Analyses were calculated using a simplified 
semiempirical predictive procedure (Bray & Travasarou, 2009). 
2) The example seismic coefficient calculation presented above was conducted with the assumption of a 
maximum allowable displacement of 20 cm (approximately 7.9 inches).

Sheet 1 of 2.



Written by and Date:
Title:

Project Title: 
Project No.:

EOA; 02/18/2023
Seismic Coefficient Calculations

New Seepage Collection System and Stability
TN9418 Task No: 03/02

D 
(cm) Ks

100 0.038
75 0.047
60 0.054
30 0.081
20 0.101
10 0.140

4) A summary table with calculated seismic coefficients for D = 100, 75, 60, 30, 20, and 10 cm is 
presented below. 
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Written by and Date:
Computation Title:

Project Title: 
Project No.:

KRB; 05/16/2024
Cyclic Strength Ratio Calculation

New Seepage Collection System and Stability
TCG10217 Task No: 03/02

Shear Wave 
Velocity
(ft/sec)

Depth
(ft)

Overburden-Corrected 
Shear Wave Velocity

(ft/s)

Shear Stress 
Reduction Factor

rd

Cyclic Strength 
Ratio

648 2.5 1035 1.000 0.117
816 7.5 990 0.983 0.115
957 12.5 1022 0.964 0.113

1333 17.5 1309 0.941 0.110
1074 22.5 1004 0.917 0.113
1105 27.5 1004 0.891 0.120
1466 32.5 1298 0.864 0.124
805 37.5 696 0.837 0.126

1025 42.5 868 0.809 0.127
1447 47.5 1201 0.781 0.127
1140 52.5 929 0.754 0.125
1293 57.5 1036 0.727 0.124
1178 62.5 929 0.702 0.122
1846 67.5 1434 0.678 0.120
1342 72.5 1028 0.656 0.118
882 77.5 667 0.636 0.116

1324 82.5 988 0.618 0.114
1501 87.5 1107 0.601 0.112
1471 92.5 1072 0.587 0.110
1305 96.5 943 0.578 0.109
1422 100.5 1018 0.569 0.108

1344 2.5 2147 1.000 0.117
539 7.5 654 0.983 0.115
457 12.5 488 0.964 0.113
822 17.5 807 0.941 0.110

1436 22.5 1343 0.917 0.113
854 27.5 776 0.891 0.120

1316 32.5 1165 0.864 0.124
1313 37.5 1136 0.837 0.126
949 42.5 803 0.809 0.127

1223 47.5 1015 0.781 0.127
1021 52.5 832 0.754 0.125
1484 57.5 1189 0.727 0.124
908 62.5 716 0.702 0.122

Low: 0.108
Max: 0.127

Notes:

Cyclic Strength Ratio Calculation

1) The values for the shear wave velocity and depth have been exported from the Law 1998 report, 
borings G-1B and G-5.

Boring G-1B

Boring G-5

Sheet 1 of 1



 
 

 

ATTACHMENT 2 
Geotechnical Data





Shear Wave Velocity Profile





Summary of Standard Penetration
Test,  Triaxial Shear Test, and 

Index Property Test Results









Boring Logs





































Summary of Triaxial Compression  
Testing Results, Particle Size Distribution, 

and Physical Properties















































































 
 

 

ATTACHMENT 3 
Seepage Analysis Results 



STEADY-STATE SEEPAGE ANALYSIS
LAKE PETIT DAM

Figure
2-1

PROJECT NO. TCG10217

Legend:
     Approximate location of piezometric instruments.
     Approximate location of trench drain, El. 1,520 ft.
Notes:
Cross-Section A-A
Steady-State Seepage Analysis
Normal Pool Reservoir
Headwater El. = 1,635.5 ft

DATE: MAY 2024

.

Trench Drain Invert,
El. 1,516.7 ft



 
 

 

ATTACHMENT 4 
Slope Stability Analysis Results 

 



Steady-State Seepage Stability Results



STEADY-STATE SEEPAGE STABILITY 
ANALYSIS OF DOWNSTREAM SLOPE

LAKE PETIT DAM

Figure
3-1

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Steady-State Seepage Stability Analysis of Downstream Slope
Normal Pool Elevation
Headwater Elev. = 1,635.5 ft

DATE: FEBRUARY 2023



Figure
3-2

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Steady-State Seepage Stability Analysis of Upstream Slope
Normal Pool Elevation
Headwater Elev. = 1,635.5 ft

DATE: FEBRUARY 2023

STEADY-STATE SEEPAGE STABILITY 
ANALYSIS OF UPSTREAM SLOPE

LAKE PETIT DAM



Steady-State Seepage Pseudostatic 
Stability Results



PSEUDOSTATIC SLOPE STABILITY 
ANALYSIS OF DOWNSTREAM SLOPE 

(Ks=0.038 g)
LAKE PETIT DAM

Figure
3-3

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Pseudostatic Analysis of Downstream Slope
The pseudostatic analysis was performed with a seismic coefficient Ks of 
0.038 g for an allowable displacement of 100 cm. 

DATE: FEBRUARY 2023



PSEUDOSTATIC SLOPE STABILITY 
ANALYSIS OF DOWNSTREAM SLOPE 

(Ks=0.047 g)
LAKE PETIT DAM

Figure
3-4

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Pseudostatic Analysis of Downstream Slope
The pseudostatic analysis was performed with a seismic coefficient Ks of 
0.047 g for an allowable displacement of 70 cm. 

DATE: FEBRUARY 2023



PSEUDOSTATIC SLOPE STABILITY 
ANALYSIS OF DOWNSTREAM SLOPE 

(Ks=0.050 g)
LAKE PETIT DAM

Figure
3-5

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Pseudostatic Analysis of Downstream Slope
The pseudostatic analysis was performed with a seismic coefficient Ks of 
0.050 g, which is GS SDP minimum required seismic acceleration.

DATE: FEBRUARY 2023



PSEUDOSTATIC SLOPE STABILITY 
ANALYSIS OF DOWNSTREAM SLOPE 

(Ks=0.054 g)
LAKE PETIT DAM

Figure
3-6

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Pseudostatic Analysis of Downstream Slope
The pseudostatic analysis was performed with a seismic coefficient Ks of 
0.047 g for an allowable displacement of 60 cm. 

DATE: FEBRUARY 2023



PSEUDOSTATIC SLOPE STABILITY 
ANALYSIS OF DOWNSTREAM SLOPE 

(Ks=0.054 g)
LAKE PETIT DAM

Figure
3-7

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Pseudostatic Analysis of Downstream Slope
The pseudostatic analysis was performed with a seismic coefficient Ks of 
0.047 g for an allowable displacement of 60 cm. 

DATE: FEBRUARY 2023



PSEUDOSTATIC SLOPE STABILITY 
ANALYSIS OF DOWNSTREAM SLOPE 

(Ks=0.081 g)
LAKE PETIT DAM

Figure
3-8

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Pseudostatic Analysis of Downstream Slope
The pseudostatic analysis was performed with a seismic coefficient Ks of 
0.081 g for an allowable displacement of 30 cm. 

DATE: FEBRUARY 2023



PSEUDOSTATIC SLOPE STABILITY 
ANALYSIS OF DOWNSTREAM SLOPE 

(Ks=0.101 g)
LAKE PETIT DAM

Figure
3-9

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Pseudostatic Analysis of Downstream Slope
The pseudostatic analysis was performed with a seismic coefficient Ks of 
0.101 g for an allowable displacement of 20 cm. 

DATE: FEBRUARY 2023



PSEUDOSTATIC SLOPE STABILITY 
ANALYSIS OF DOWNSTREAM SLOPE 

(Ks=0.140 g)
LAKE PETIT DAM

Figure
3-10

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Pseudostatic Analysis of Downstream Slope
The pseudostatic analysis was performed with a seismic coefficient Ks of 
0.140 g for an allowable displacement of 10 cm. 

DATE: FEBRUARY 2023



PSEUDOSTATIC SLOPE STABILITY 
ANALYSIS OF DOWNSTREAM SLOPE 

(Ks=0.160 g)
LAKE PETIT DAM

Figure
3-11

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Pseudostatic Analysis of Downstream Slope
The pseudostatic analysis was performed with a seismic coefficient Ks of 
0.160 g, which is GS SDP minimum required factor of safety of 1.1.

DATE: FEBRUARY 2023



PSEUDOSTATIC SLOPE STABILITY 
ANALYSIS OF DOWNSTREAM SLOPE 

(Ks=0.200 g)
LAKE PETIT DAM

Figure
3-12

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Pseudostatic Analysis of Downstream Slope
The pseudostatic analysis was performed with a seismic coefficient Ks of 
0.200 g, which was performed to identify the yield coefficient Ky. 

DATE: FEBRUARY 2023



Rapid Drawdown Stability Results



RAPID DRAWDOWN SLOPE STABILITY 
ANALYSIS OF UPSTREAM SLOPE

LAKE PETIT DAM

Figure
3-13

PROJECT NO. TN9418

Notes:
Cross-Section A-A
Rapid Drawdown Analysis of Upstream Slope
Analysis assumes a sudden release of two-thirds of the reservoir volume, 
from El. 1,635.5 to 1,602 ft. 

DATE: FEBRUARY 2023
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