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ABSTRACT  
Gardiner Dam is located on the South Saskatchewan River and is owned and operated by the Water Security Agency 
(WSA). Since construction began in 1958, displacements have been recorded along distinct shear zones within the 
underlying Bearpaw shale formation. These displacements rates have attenuated significantly with time and are now in the 
range of a few millimetres per year. A study is currently underway to develop 3D numerical models using FLAC3D, to 
enhance the current understanding of the dam’s historical geotechnical performance and serve as a predictive tool to help 
assess the potential impacts of future displacements. The selection of the material parameters was completed by 
calibrating the model based on the displacements observed during construction and following reservoir filling. Confidence 
in the model calibration is based on the models’ ability to reasonably match the displacements and settlements of several 
key instruments with respect to direction, magnitude, and timing.  
 
RÉSUMÉ 
Le barrage Gardiner est situé sur la rivière Saskatchewan Sud. Il est détenu et exploité par la Water Security Agency 
(WSA). Dès le début de la construction en 1958, des déformations sont enregistrées le long de zones de cisaillement 
définies, dans les schistes argileux de la formation Bearpaw sous-jacente. Les taux de déformation se sont 
considérablement atténués avec le temps et ils sont maintenant de l’ordre de quelques millimètres par an. Une étude est 
en cours pour développer des modèles numériques 3D, au moyen de FLAC3D, afin d’améliorer la compréhension actuelle 
de la performance géotechnique historique du barrage. Ces modèles serviront aussi d’outils prédictifs pour évaluer les 
impacts potentiels des déformations futures. La sélection des paramètres d’analyse a été effectuée en calibrant le modèle 
par rapport aux déformations observées pendant la construction et après le remplissage du réservoir. La précision de la 
calibration est évaluée en fonction de la capacité du modèle à reproduire, de façon raisonnable, les déformations et 
tassements mesurés par une série d’instruments clés, en termes de direction, d’ampleur et de chronologie. 
 
 
1 PROJECT BACKGROUND 
 
The Gardiner Dam is located on the South Saskatchewan 
River, approximately 100 km south of Saskatoon and about 
25 km downstream of the village of Elbow. Constructed 
between 1958 and 1968, with completion of first filling in 
1967, Gardiner Dam remains one of the largest zoned 
earthfill dams in the world. The dam was constructed by 
Prairie Farm Rehabilitation Administration (PFRA) and is 
currently owned and operated by the Water Security 
Agency, a Saskatchewan Crown Corporation. Gardiner 
Dam supports hydropower development, irrigation, 
recreation, municipal and industrial use, as well as flood 
control. It provides water supply to more than 60% of the 
province’s population, including its two largest cities.  

The dam crest measures approximately 4,960 m in 
length at an elevation 562.36 m above sea level (masl) with 
a maximum embankment height in the order of 64 m.  The 
reservoir full supply level is El.  556.87 masl. As shown on 
Figure 1, the dam comprises four main zoned earth 
embankments, from west to east: 

 

• Coteau Creek Embankment 

• Plateau Embankment 

• Main (or River) Embankment 

• East Abutment Embankment 

 
During construction of the dam, high pore pressures and 
large movements were measured, which prompted several 
redesigns. A team of world-renowned geotechnical 
engineering consultants were retained by PFRA during the 
investigation, design, construction, and performance 
stages including A. Casagrande, W. Johnson, K. Terzaghi, 
and later N. Morgenstern, R. Peck, S. Wilson, and E. 
Klohn.  

To assess the performance of the dam, hundreds of 
instruments were installed to monitor the construction and 
post-construction performance of the foundation. Following 
the assessment of the post-construction performance, the 
team of the abovementioned engineers indicated that more 
information and research were needed to fully understand 
the long-term behaviour of Gardiner Dam. After monitoring 
the performance for over five decades, a study was 
initiated in 2019 to complete a comprehensive stability 
evaluation, deformation analysis, and risk assessment of 
Gardiner Dam to understand the long-term behaviour. 

This paper focuses on the historical performance, 
geology, and model development for the Coteau Creek 
Embankment, however, a parallel assessment of the Main 
and East Embankments is also currently underway by the 
authors. 



 

 
Figure 1. Gardiner Dam aerial photo 
 
1.1 Historical Performance  
 
In general, the performance of Gardiner Dam has been 
marked by large horizontal displacements concentrated 
along discrete shear zones within the shale foundation. 
Above the shear zone, the displacements are generally 
constant, which suggests that the foundation is sliding 
along the shear plane and little to no straining is occurring 
in the material above. Displacements are typically greatest 
near the crest of the dam and then attenuate downstream. 

 
Figure 2. Displacement response to reservoir fluctuations 
(from Jaspar and Peters 1979) 
 

The displacements observed during construction have 
continued to progress to the present day. However, the 
rates of the on-going displacements throughout the 
Gardiner Dam site have greatly reduced since they were 
first triggered (or reactivated) by construction activity and 
now seem to be related to the fluctuating reservoir level, 
with small, incremental displacements occurring over each 
year as the reservoir elevation is raised to its seasonal 
high. This behaviour is best shown by measurements from 
Slope Inclinometer (SI) 3945 at the Coteau Creek 

Embankment and SI 3999 at the River Embankment, as 
illustrated on Figure 2. In the 10 years following 
construction, displacements per cycle roughly ranged 
between 100 mm/cycle and 30 mm/cycle. These cyclic 
displacements have since attenuated and are generally 
within the order of 2 mm/cycle in the last 20 years. 
 

Pore pressures within the shale at Gardiner Dam 
greatly increased during the construction period and have 
been slowly dissipating since. Throughout construction and 
operation, the pore pressures in the shale have generally 
been highest below the crest and gradually less towards 
the downstream toe. In comparison, pore pressures within 
the fill indicate that steady-state seepage conditions have 
not yet been reached as the downstream portion of the fill 
is not yet saturated. Within the river sand below the Main 
Embankment, the pore pressures are relatively low and 
with little to no fluctuations in magnitude and values 
consistent with the river elevation downstream of the dam. 

 
1.2 Site Geology 
 
In general, the site is underlain at depth by the Bearpaw 
Formation of Upper Cretaceous age. The Bearpaw strata 
consist of varying thicknesses of clay shale (Snakebite 
Member) and poorly cemented, fine-grained sandstone 
(Cruikshank Member near the top of bedrock and 
Ardkenneth Member at depth). The formation is described 
as faulted, tilted, and gently warped. The strata contain 
weak shear planes and bentonite layers, numerous closed 
joints, and a variety of minor partings and local disturbed 
zones. These weak layers occasionally appear to have a 
vertical offset in slump block regions, causing them to be 
locally discontinuous. 

The Bearpaw formation is overlain by an assortment of 
Pleistocene and recent deposits. Alluvial sand exceeding 
33 m in maximum thickness with some silt, gravel, and 
buried slump debris, exists in the South Saskatchewan 
River channel. The Coteau Creek valley and the east valley 
wall of the South Saskatchewan River contain slump debris 
materials that originated from retrogressive failures within 
the Bearpaw clay shale. The boundaries of the Coteau 
Creek valley slumps are shown on Figure 3. 

 

 
Figure 3. Coteau Creek slump zone boundaries (from 
PFRA 1980) 
 

The upper portion of the slump debris consists of glacial 
deposits and slopewash, whereas the lower portion 
consists mainly of shale that was characterized as either 
(a) slightly fractured and disturbed material; or (b) highly 



 

fractured and slickensided material. The slump debris and 
softened clay shale zone locally present at the top of 
bedrock were only partially excavated during dam 
construction. 
 
1.2.1 Shear Zone 
 
Shear zones have been identified below both the Coteau 
Creek Embankment and the Main Embankment and have 
been associated with the ongoing displacements observed 
within the dam foundation. The shear zone has been 
observed below the Coteau Creek Embankment dam 
centerline, extending from the central portion, east towards 
the spillway. From slope inclinometer data, the shear zone 
also extends approximately 600 m downstream from the 
dam crest, as shown in Figure 4. 
 
(a) 

 
(b) 

 
Figure 4. Coteau Creek – Dam Cross-Sections (a) Along 
the dam centreline (b) Perpendicular to the dam crest (from 
Jaspar and Peters 1979) 

 
1.3 Calibration Model Objectives 
 
The current modelling work involves developing 
deformation models that are representative of the dam and 
foundation behaviour by calibrating the model parameters 
within the measured limits of the available laboratory and 
field data. This can be achieved by identifying and 
simulating the key deformation mechanisms that are 
associated with the observed historical displacements with 
respect to magnitude, direction, timing, and overall trends 
(i.e. changes to the displacement response over the 
lifetime of the dam). The following deformation 
mechanisms were contemplated and incorporated in the 
deformation models or tested in the laboratory, as required, 
to match the deformation results to the historical 
displacements and to forecast potential future 
displacements: 
 

• Time-dependent displacements under constant 
loading. 

• Gradual dissipation of the excess pore pressures 
generated during construction in addition to the 

progressive displacements due to horizontal 
consolidation (Scammel 2013). 

• Cyclic softening due to the degradation of the shear 
stiffness under cyclic loading. 

• Reduction in the shear strength due to dilution of the 
pore fluid chemistry as the seepage front advances. 

• Climate change effects and/or adjustments to the 
reservoir loading cycle (such as changes in 
irrigation capacities) leading to increased reservoir 
loading due to faster loading rates or higher 
reservoir levels per cycle. 

 
Once the deformation models can reasonably simulate the 
historical behaviour by matching the measured 
performance over the course of construction and reservoir 
loading, they can be used to predict future displacements 
and simulate potential loading scenarios.  
 
2 MODEL BASIS 
 
As part of the model development, documents provided by 
WSA were reviewed and the relevant information was 
incorporated into the models to honour the historical data 
and records that have been collected. This process 
included reviewing, digitizing, and synthesizing hard-copy 
as-built drawings, construction records, contour maps, 
photographs, and borehole logs to develop 3D surfaces of 
the original and pre-dam site topography, construction 
stages, dam internal zonation, and foundation geology. 
The inferred shear zone thickness and elevation from the 
slope inclinometers were used to develop the shear zone 
top and bottom surfaces used in the deformation models. 

Key references such as the PFRA “Red Book” (1980), 
and publications by Jaspar and Peters (1979), 
Morgenstern and Simmons (1980), Rahman and Kilgour 
(2000), Powell (2010), and Scammel (2013) were used to 
gain an appreciation of the site geology and suitable 
material parameters. The inputs used as a basis for the 
deformation models are summarized in the sections below. 
 
2.1 Use of Historical Performance Data for Calibration 
 
2.1.1 Slope Inclinometers 
 
KCB has processed and digitized plots for 73 instruments 
(between 1959 and 1970) using the historic slope 
inclinometer data provided by WSA. More recent 
inclinometer data was also provided by WSA in digital 
format using the database software, Canary Systems. 

Using Equation 1, the measured inclinometer profiles 
provided in directions r1 and r2 were transformed to match 
the x- and y- directions in the deformation models, yielding 
the components Rx and Ry, as illustrated on Figure 5. 
These displacement vectors could then be directly 
compared with the simulated displacements from the 
deformation models to aid in the calibration process. 
 

𝑅⃑ 𝑥,𝑦 = 𝑟1 cos(𝜃1 − 𝜃𝑥,𝑦) + 𝑟2 cos(𝜃2 − 𝜃𝑥,𝑦)    [1] 

 



 

 
Figure 5. Slope Inclinometer x- & y- component 
transformation 
 
2.1.2 Settlement Gauges 
 
Vertical displacements in the deformation models were 
compared with the available settlement gauge data. Below 
the Coteau Creek Embankment, settlement gauge SG 18A 
is located near the center of the dam, below the crest (see 
Figure 6). The results for this instrument have been 
recorded since the beginning of construction in 1959 and 
measurement of vertical displacements have continued to 
present day. 
 

 
Figure 6. Coteau Settlement Gauge (SG 18A) 
 
2.2 Piezometers 
 
There is a total of 73 shale, 18 hard shale, 5 overburden, 
and 22 fill piezometers at the locations noted on Figure 7. 
Twenty-one of the shale piezometers were installed near 
the beginning of construction in 1959 and, therefore, can 
illustrate the pore water response of the foundation to 
construction loading and the subsequent dissipation of 
excess pore water pressures. 
 
2.2.1 Pore Water Pressure Distribution  
 
The pore water pressure distributions in the models were 
assigned based on the measured piezometric data 
collected during the construction and operation of Gardiner 
Dam. Interpolation of the pore pressure between the 
reading locations was calculated per the procedure 
developed by De Alencar (1988). An example of the 

piezometric data at the end of construction is provided in 
Figure 8. 
 

 
Figure 7. Coteau Creek Piezometers 
 

 
Figure 8. Piezometer Readings at End of Construction 
 
Given that the key soil units within and below Gardiner 
Dam have significantly different pore water pressure 
responses, the interpolation for each soil unit was 
completed separately based on only the piezometers 
founded within that soil unit (e.g., shale, river sand, dam fill, 
etc.). The interpolation algorithm is as follows: 

 
1. An initial pore water pressure distribution is 

applied throughout the model based on the 
average Bbar distribution calculated from the 
piezometer data. 

2. The pore water pressure at each piezometer 
location is updated based on the measured pore 
water pressure at that point and the correction 
factor is calculated from the ratio between the 
initial and measured values. 

3. At every other point in the model (mesh grid 
points/vertices), a correction factor is applied 
based on a weighted average that considers the 



 

relative distances of the four closest piezometers 
to that given point and the calculated error at 
those piezometer locations. 

 
Sample results of this interpolation algorithm are presented 
on Figure 9. As noted on the figure, the pore pressure 
within the shale unit was interpolated based on the data at 
each piezometer node (representing a single piezometer 
tip). 

For each construction stage, the pore water pressures 
were updated based on the available piezometric readings 
collected at the end of each intermediate construction 
stage or reservoir loading stage in the models. Given the 
nature of the interpolation function, significant effort was 
expended to evaluate the quality of the piezometric data 
used in the model and identify and remove erroneous data 
that was likely due to reading or equipment errors rather 
than changes in the in-situ conditions.  

 

 
Figure 9. Pore Pressure Interpolation from Piezometric 
Data 
 
3 CALIBRATION METHODOLOGY 
 
3.1 General Model Set-up 
 
The 3D deformation models were run as effective stress 
analyses with the initial pore water pressures assumed to 
be hydrostatic with the water table at the original ground 
surface. As per the PFRA (1980), an initial stress 
distribution of K0 = 1.5 was applied to all foundation units 
during the stress initialization stage (i.e. the stage prior to 
dam construction in the model) to simulate the ground 
conditions prior to the Gardiner Dam excavation and 
construction works. The model boundaries were offset a 
minimum of 100 m from the boundary of the dam to reduce 
potential boundary effects. Roller boundary conditions 
were applied to the vertical sides of the models and the 
base of the model was fully fixed. Roller boundaries permit 
movement along the plane that represents the side of the 
model but not in the direction normal to that plane. 
 
3.2 Calibration Procedure 
 
Calibration of the deformation model was completed in 
three main stages: 
 

1. Calibration to laboratory data (element tests) 
2. Calibration to construction loading (3D 

deformation model) 
3. Calibration to reservoir loading (3D deformation 

model) 

Calibration and validation of the deformation model 
parameters and results were completed by comparing the 
simulated displacements in the element tests and 3D 
models to the measured data from: 

 

• Laboratory tests – CIU triaxial tests, cyclic triaxial 
tests, and constant load triaxial tests; 

• Slope Inclinometers – Inclinometer profiles and 
cumulative displacement plots; 

• Settlement gauges; and 

• Movement Lines (linear groups of rebar pins 
installed along the surface of the dam to measure 
relative displacements). 

 
The calibration methodology consisted of using the 
parameters derived from the laboratory data as the initial 
parameters for the 3D deformation models. Further 
calibration of the shear zone strengths was completed 
using the 3D models by comparing the simulated 
deformations to the measured displacements during 
construction and adjusting the parameters in a systematic 
manner as required until a reasonable match was 
achieved. The reservoir loading and creep parameters 
were then applied to the model at the end of construction 
and additional calibration was completed, as required, to 
match the reservoir loading response to the historical 
performance data.  
 
3.3 Element Test Calibration 
 
An element test is a simulation of a laboratory test using a 
single element in numerical modelling software, such as 
FLAC3D. Boundary conditions and loading are applied 
based on the test parameters to simulate the conditions 
during the laboratory test. Using this model, the material 
parameters can be calibrated by comparing the model 
response to the observed behaviour of the soil sample. 
Element tests were conducted for the historical triaxial tests 
(CIU and CID), constant load creep tests, and cyclic triaxial 
tests. The purpose of these element tests was to develop 
parameters for the shale units for constitutive models that 
could simulate the behaviour of the shale under different 
loading conditions including: construction loading, long-
term loading (time-dependent response), and cyclic 
loading due to reservoir fluctuations. 
 
3.3.1 Construction Loading 
 
The Hyperbolic (referred to as Cap-Yield-Simplified in 
FLAC3D) constitutive model is based on a Mohr-Coulomb 
shear failure criterion but can also capture the decrease in 
stiffness of soils when subjected to shear loading, as 
opposed to the Mohr-Coulomb model where the soil 
stiffness is always kept constant. The hyperbolic model 
also accounts for the effect of soil dilatancy, has a Mohr-
Coulomb shear envelope, and is capable of reproducing 
either strain-hardening or strain weakening behavior, as 
applicable to the expected material response. In the 
deformation models, the hyperbolic constitutive model was 
assigned to the intact and sheared shale foundation and 
dam fill unitsFigure 10￼. This model is also consistent with 



 

the historical laboratory tests that have been completed for 
the Bearpaw shale samples. 

 
Figure 10. Historical Triaxial Test Calibration – Hyperbolic 
 
3.3.2 Long-Term Loading 
 
For modelling the time-dependent, long-term loading 
response associated with the post-construction stages of 
the analyses, the Burgers-Mohr model was used. This 
constitutive model is a combination of the Burgers model 
and Mohr-Coulomb. Below the yield stress, the Burgers 
model controls the material response. This model is 
composed of a Kelvin model and a Maxwell model 
connected in series. The classic Maxwell model assumes 
that the rate of strain is proportional to the stress. 
Viscoelastic materials exhibit both viscous and elastic 
behaviour, which can be represented by a spring in series 
with a damper. The Kelvin component is the spring and 
damper attached in parallel. Once the yield stress is 
reached, the failure criterion associated with the Mohr-
Coulomb parameters are applied. During the reservoir 
loading phase, this model was applied to all areas because 
it is necessary for all materials to be assigned a creep-type 
constitutive model in FLAC when simulating creep in the 
analysis. For units which were not expected to experience 
any creep, a very high viscosity was assigned, effectively 
causing them to be modelled as Mohr-Coulomb. The 
material parameters for this constitutive model were 
developed by calibrating the response of an element test 
to the constant load creep test. The resulting calibration 
match is shown on Figure 11. 
 

 
Figure 11. Time-Dependent Response Calibration – 
Burgers-Mohr 
 
3.3.3 Cyclic Loading 
 
As part of the development of the 1980 deformation model 
for Gardiner Dam, Morgenstern and Simmons postulated 
that the ongoing incremental displacements observed 
during reservoir loading may be attributed to the ratio 

between the loading and unloading stiffness (caused by 
reservoir raising and lowering, respectively) and the 
gradual degradation of the shear stiffness during each 
progressive reservoir loading cycle. To investigate this 
potential loading response, three cyclic triaxial tests were 
completed, two on intact samples and one on a pre-
sheared sample (to represent the shear zone response). 
The results of these tests indicate that the unloading to 
loading stiffness ratio was approximately 1.3 – 1.5 and that 
the shear stiffness of the material decreased during the 
initial loading stages, but that this trend attenuated in the 
long-term, as per Figure 12. This response is very similar 
to the overall displacement trends at Gardiner Dam, with 
larger cyclic displacements during the first 10 years after 
construction and much smaller displacements 
(~2 mm/cycle) in the last 20 years. 
 

 
Figure 12. Cyclic Loading Response Calibration – Cyclic 
Triaxial 
 
3.4 Construction and Reservoir Loading Stages 
 
The first phase of the 3D deformations models considers 
the loading applied during construction. For the Coteau 
Creek Embankment model, the construction period was 
subdivided into construction stages based on the available 
as-built records from drawings and fill placement records. 
Typically, the fill placement records only specified the 
thickness of fill placed along a section of the dam; 
therefore, the overall 3D extents of the fill placement were 
interpreted based on the design surfaces for various 
"contracts" along the dam. Simulated displacements at the 
end of each of these construction stages were compared 
to the cumulative measured displacements on or near the 
same date. Pore water pressures for each construction 
stage were assigned based on the measured pore water 
pressure at the end of the construction stage. Each 
construction stage was solved to equilibrium, which 
represents the total displacements expected based on the 
applied loads, independent of time. 

The second phase of the modelling involved simulating 
the response of the dam to the reservoir loading. Each 
reservoir loading stage represents either a full reservoir 
raising or lowering sequence. To simulate the response to 
long-term constant loading attributed to the weight of the 
dam, the constitutive model for all materials was switched 
to Burgers-Mohr. The shear zone was assigned creep 
parameters based on the calibration to laboratory data and 
all other units were assumed to not exhibit creep behaviour 
and were assigned very large viscosities (η = 1025) to 
prevent creep from occurring. The model was also run in 
"creep time," which means that the model is run versus 



 

time (rather than solving to a steady-state or equilibrium 
condition), thus allowing the model to simulate the time-
dependent response to loading. 

In the models, the reservoir was assigned as a pressure 
on the surface of the model to represent the associated 
surcharge load due to the weight of the water. The 
reservoir elevation was gradually increased or decreased 
over several days, as per the reservoir elevation records, 
to simulate both the loading and the rate of loading in the 
model. 

 
4 CALIBRATION RESULTS 
 
The construction loading stages of the models were 
calibrated to the measured data by adjusting the strength 
of the shear zone below the dam. All other parameters 
adopted were based on values from previous studies or 
calibrated from the laboratory test results and not 
calibrated in the 3D deformation model. 

For the shear zone, a uniform strength was initially 
applied throughout the model; however, it was found that 
varying the friction angle spatially yielded a better match to 
the observed behaviour. For both the Coteau, and River 
and East models, the shear zones were subdivided into 
sections based on the local geological conditions and the 
preliminary calibration results. By applying different friction 
angles ranging from 5° to 10° to each of these regions, a 
better overall match to the measured displacement data 
was obtained. Calibration of the models included 
consideration of the resultant displacement magnitude, 
displacement direction, and the shape of the inclinometer 
profile, when available (in the historical inclinometer 
profiles (prior to 1970) the displacements above the shear 
zone were typically inconsistent or not measured). 

Aside from the material parameter adjustments, a 
review of the overall pore water pressure distribution and a 
detailed interrogation of the piezometric data was also 
completed to improve the match between the model and 
the historical SI results. This included: 
 

• Removing erroneous readings (e.g., 
uncharacteristic sudden increases or decreases in 
the readings); 

• Adjusting the classification of piezometers based on 
their behaviour (e.g., piezometers classified as 
shale that did not exhibit a sharp increase in excess 
pore water pressure during construction and were 
located near the boundary between the shale and 
the river sand); and  

• Back-projecting piezometric readings for 
piezometers that historically measured high pore 
water pressures but were not initialized during the 
construction loading phase. 

 
Validation of the material stiffnesses and construction 
loading sequence was also completed by comparing the 
vertical model displacements to the settlement gauges, 
which were installed near the beginning of construction. 
Generally, it was found that simulated vertical deformations 
reasonably matched the instrumentation data, as 
presented on Figure 13, when the stiffnesses derived from 
the triaxial tests were applied. This included the shear 

zone, which required a vertical stiffness that was 
comparable to the stiffness of the surrounding intact shale. 
The settlement gauge data was also used to verify the 
construction sequencing by serving as an indicator of when 
loads were applied at a particular location. 
 

 
Figure 13. Settlement Gauge – Displacement Comparison 
 

During the preliminary construction phase models, 
displacements at several of the SIs did not match well to 
the measured results. Typically, the overall trend 
calculated in the model was reasonable; however, the 
magnitude was too high or too low. For example, near SI 
3801 in Coteau, the simulated horizontal displacements 
were 400 mm above the measured resultant, but upstream 
at SI 3945, the displacements were 50 mm below the 
measured resultant value (see Figure 14 for SI locations). 
As well, displacements along the abutment were also much 
higher than measured with differences of around 500 mm. 
To improve the calibration, the friction angle was either 
increased or decreased until the simulated displacements 
matched those measured at most of the SIs. Effective 
residual friction angles of 5°, 7°, and 10° were applied in 
three separate regions, delineated based on the site 
geology and model performance. In general, the base of 
the historical slump zones was assigned weaker strengths, 
while shoulder areas were strengthened. 

The initial pore water pressure distribution in the model 
was also adjusted to improve the calibration results. In 
Coteau, the piezometers are generally aligned along a 
central section of the dam and do not extend parallel to the 
crest, as shown in Figure 8. Since the data points are not 
well distributed, the pore water interpolation resulted in 
lower pore pressures near the spillway and abutment. To 
improve the overall distribution, an initial pore water 
pressure distribution was applied to the model based on 
the trend from the existing piezometers and then the results 
were further adjusted during the interpolation process. 

By varying the spatial distribution of the shear zone 
strength, the simulated displacements reasonably matched 
the slope inclinometer measured displacements upstream 
and downstream of the Coteau Creek Embankment, per 
Figure 14. Sample results showing the slope inclinometer 
profile and cumulative displacement comparisons are also 
included in Figure 15 and Figure 16, respectively. 

 



 

 
Figure 14. Shear Zone Residual Friction Angle Distribution 
and SI Displacement Comparison 
 

 
Figure 15. Slope Inclinometer Profile – Displacement 
Comparison 
 

 
Figure 16. Slope Inclinometer – Cumulative Displacement 
(Resultant) Comparison 
 
5 CONCLUSIONS AND NEXT STEPS 
 
Many of the key material parameters have been calibrated 
based on the results of the laboratory testing, element 
testing, and 3D model calibration. By honouring the 
available data in the deformation model and reasonably 
matching the measured displacements in terms of 
magnitude, direction, and timing, we can have confidence 
in the validity of the deformation model and its future 
predictions. Once an acceptable model equivalence has 
been achieved for all models, these models can be used to 
simulate various scenarios, such as: 
 

• Future performance assuming the current reservoir 
loading remains constant; 

• Future performance assuming the current reservoir 
loading remains unchanged but with steady state 
seepage conditions being achieved; 

• Impact of dam displacements on structural 
elements such as the spillway and auxiliary works; 
and 

• Deformation response to changes in the reservoir 
loading regime (e.g., faster loading rate, higher 
reservoir elevations, longer FSL durations, etc.). 

 
6 ACKNOWLEDGEMENTS 
 
The authors of this paper would like to thank the Gardiner 
Dam review panels for their valuable insights throughout 
the course of this project based on their extensive 
experience. The KCB internal review panel consists of Bill 
Chin and Bryan Watts, and the project External Review 
Panel includes Dr. Norbert Morgenstern and Anthony 
Rattue. 
 
7 REFERENCES 
 
De Alencar, J.A. 1988. Deformation of Dams on Sheared 

Foundations. University of Alberta. 
Itasca Consulting Group, Inc. 2018. FLAC3D Version 

7.00.137 [computer software] 
Jaspar, J.L. and N. Peters. 1979. Foundation Performance 

of Gardiner Dam. Canadian Geotechnical Journal. 
16(4): 758-88. 

Morgenstern, N.R. and J.V. Simmons. 1980. A 
Deformation Analysis of Gardiner Dam, South 
Saskatchewan River Project, Report to Chief Engineer, 
Prairie Farm Rehabilitation Administration, Regina, 
Saskatchewan, September 1980. University of Alberta. 

Prairie Farm Rehabilitation Administration (PFRA). 1980. 
The Design and Construction of Gardiner Dam and 
Associated Works. Ottawa: The Service. [Red Book] 

Powell, J.S. 2010. Geotechnical Characterization of the 
Bearspaw Shale. Queen’s University. 

Rahman, M.G. and D.A. Kilgour. 2000. Gardiner Dam - 
Three Decades of Performance Monitoring. Canadian 
Dam Association 3rd Annual Conference, Regina, 
Saskatchewan. 1:212-24. 

Scammell, J.W. 2013. Evaluation of Gardiner Dam's 
Ongoing Movement. University of Saskatchewan. 


