
Stability of the North Spur at Muskrat Falls
Comments and Discussion of a Paper by Stig Bernander and Lennart Elfgren

Stig Bernander 
Lennart Elfgren 





Stability of the North Spur at Muskrat Falls

Comments and Discussion of a Paper by Stig Bernander 
and Lennart Elfgren

Stig Bernander 
Lennart Elfgren 

Luleå University of  Technology
Department of Civil, Environmental and Natural Resources Engineering 

Division of Structural and Fire Engineering



Cover picture:

A possible downwards progressive failure may start at the upstream Western slope (to the left) after the water-level in the 
dam has been raised (dark blue area). The enormous horizontal pressure (thin red arrows) will induce a radical change of 
shear deformations in the Ridge soil structure. This constitutes a precarious condition in very sensitive - or metastable - soil 
structures, often leading to massive landslide failure (thick red arrow). In the current case, failure may progress in the 
downstream direction, and finally the whole ridge may slide into the deep downstream river basin (dashed red contour of 
thick arrow). (From http://muskratfalls.nalcorenergy.com with added red arrows)

ISSN 1402-1536
ISBN 978-91-7790-899-9 (pdf)

Luleå 2021

www.ltu.se



  A-0 
 

Preface 
This report presents comments and discussion of a paper presented at the Muskrat Falls 

Symposium, September 28-29, 2018, at the Memorial University. St. John’s, NL, Canada. The 

paper summarizes the neglected risks for a dam breach initiated in the lenses of loosely 

layered material in the North Spur natural ridge dam. The resulting downwards progressive 

failure is relatively unusual in Canada and many people have dismissed it as being 

impossible. 

We thank those who have contributed to the discussion and given us an opportunity to 

better explain the issues at stake. We are also grateful to all those who have continued to 

encourage us in this endeavour.  

 

Mölndal and Luleå in June 2021 

Stig Bernander Lennart Elfgren 
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Stability of the North Spur at Muskrat Falls     

Stig Bernander and Lennart Elfgren 
Luleå University of Technology, Sweden 
stig.bernander@telia.com    lennart.elfgren@ltu.se 
 
 
 

Abstract 
 
The paper presents the geotechnical background to one of the stability problems 
regarding the North Spur dam wall: This land was formed in the regression of the sea 
during and after the last ice age with deposits of multiple layers of silty sands and 
silty sandy clays that formed the valleys and plains that are now above sea level. 
Some of these layers, deposited thousands of years ago in post-glacial times, are 
vulnerable to liquefaction when they are disturbed. These conditions have in the past 
repeatedly caused slides along the banks of the Churchill river. 
   
In the current paper, a specific type of possible progressive failure –the most 
dangerous one in respect of the safety of the North Spur – is discussed. This type of 
landslide development may be caused by the rising water pressure, when - or after - 
the dam is impounded. As will be explained, such a slide could force part of the North 
Spur ridge to slide along a failure surface sloping East-wards into the deep river 
whirlpool downstream of Muskrat Falls.  
   
In the following, we provide a brief overview of the geotechnical background behind 
our concerns, also discussing methods of mitigating the risk of the kind of slope 
failure in question. Hence, we propose measures such as compacting the soil by 
piling or by methods of grouting and drainage. We also suggest the need for an 
expert Advisory Panel to look further into the long-term safety of the North Spur. 
 

Background  

In this section we provide an overview of the main issues concerning the risk of a 
forward progressive failure in the North Spur at Muskrat Falls. 
 
Stig Bernander’s interest in the question of the North Spur’s stability arose in 2013, 
when he took part in an International Workshop on Landslides in Sensitive Clays in 
the City of Quebec in Canada (Bouchard et al., 2013, L´Heureux et al., 2014). He 
was there approached by Mr. Cabot Martin, (Luca Resources Inc, St. John’s), who 
had already raised questions about possible risks related to the planned North Spur 
part of the dam wall at the Muskrat Falls hydroelectric generating facilities in the 
Lower Churchill River in Labrador/NL, Canada. The works were to be carried out by 
Nalcor Energy, a provincial corporation (the client) with the use of SNC-Lavalin 
Group Inc. (SLI) as the main geotechnical consultant. 
 
Bernander was subsequently invited to visit the Muskrat Falls’ area by the Grand 
Riverkeeper Labrador Inc. (The claim recently made by Nalcor CEO Stan Marshall, 

mailto:stig.bernander@telia.com
mailto:lennart.elfgren@ltu.se
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that Bernander has never actually visited the North Spur, is thus totally false, 
(Marshall, 2019)). In fact, Bernander carried out an extensive study of the whole area 
in October 2014 including aerial surveillance by helicopter, ground surveys by car 
and riverbank landings by boat. He also gave two lectures, in St. John’s, on the topic 
of progressive landslide risks, summarizing his earlier works on progressive slope 
failures (Bernander, 1978 - 2011). Dr. Bernander then wrote a report on the possible 
hazards associated with the project (Bernander, 2015). In two additional reports in 
2016 (Bernander, 2016a, b), he provided further critical comments on the Nalcor – 
SLI Engineering Report (Ceballos, 2016, early version 21 Dec 2015) regarding the 
North Spur natural dam wall structural design. He also commented on the 
progressive failure analyses made on the downstream Eastern side of the North Spur 
that had been prepared for Nalcor by SLI (Leahy 2015a, b). 
 
The location of the studied riverbank at Muskrat Falls in Churchill River Valley is 
given in Figure 1, and a view of the Muskrat Falls and the North Spur is shown in 
Figure 2. 
 
 

 

Figure 1. Map of the Northern Hemisphere with Churchill River in Canada and Luleå in 

Sweden marked with red circles. Both regions were covered by ice during the last ice-age 

that ended some ten thousand years ago, and have similar problems with landslides. 
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Figure 2. Muskrat Falls with the North Spur. The Spur ends with a massive protuberant 
granite rock structure close to the falls known as the Rock Knoll. Google Earth Sept 27, 
2014. 
  

Downward progressive failures    

In this section, we present a brief synopsis of the science behind our concerns. 
  
The stability conditions in natural slopes, like the North Spur, are closely related to 
their geological and hydrological history. Slopes of clay (particle size less than 0,002 
mm) and silt (particle size 0.002 to 0,63 mm) are made up of glacial and post-glacial 
marine deposits. These deposits emerged thousands of years ago, after the last 
glacial period. As the glaciers retreated and the land rose, the sea regressed despite 
the simultaneous worldwide rise of sea-water levels. The sediments in the bottoms of 
seas and fjords formed deep layers of clays, silts and sands. These post-glacial 
deposits may today be found high above the present sea level, in what now are 
valleys and plains. The North Spur soils were normally deposited in mildly sloping 
layers, as winter flows alternated with summer spring floods. The deposition and 
ongoing erosion and sliding differed year by year due to the variability in flood flows 
and changing geophysical conditions. This has resulted in layers with mixed 
proportions of clays, silts and sands thus rendering widely varying soil composition 
and shear strength. 
 
As the ground gradually rose above the sea level, the strength properties of the 
deposited soils have slowly changed, but in different ways. Consolidation and 
ongoing creep movement over time have taken place to accommodate increasing 
loads, due to changing hydrological conditions, such as the formation of the Churchill 
River Valley. However, thick water-saturated layers of extremely porous sands, and 
especially very porous silty sands, are – according to Tables 4:1 and 4:3 in Ceballos 
(2016), – richly represented in both the Upper and the Lower Clay formations. Highly 
porous soils of this kind are denoted as being ‘metastable’ because, when subjected 
to additional shear deformation, they radically tend to lose shear resistance, and that 
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often even into a state of liquefaction, see e.g. Terzaghi & Peck (1976), Terzaghi et 
al. (1996). 
The properties of different soil layers in the dam ridge at the site may vary 
considerably from loosely layered highly porous silty sands and clayey silts to clays 
that, to some extent, may be over-consolidated. Yet, and this constitutes a crucial 
issue, many of these layers are vulnerable to liquefaction when they are disturbed as 
is also clearly documented by the many slides that have already occurred on the 
banks of the Churchill River as a result of all these post-glacial processes. 
 
There are three main types of slides that may be of interest in the current context, 

see Figure 3:  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Three types of 
landslide failure:  
(a) Serial retrogressive 
failure with debris flow.  
(b) Forward or downhill 
progressive failure.  
(c) Uphill retrogressive 
slide, often called 
´spread´. 
The figure is based on 
Locat et al. (2011).  
 

 

Type (a) Serial retrogressive slides, usually resulting in massive clay flow. They are 
normally related to the loss of lateral support due to just previously occurred slides of 
any sort. They are common in both Scandinavia and Canada as well as in the 
Churchill River Valley. 

Type (b) Forward or downhill progressive landslides. These are triggered by an uphill 
additional force or instability. These landslides are more common in Scandinavia, 
where the sensitive clays are normally not highly overconsolidated. Yet, Type (b) 
slides may also occur in Canada as, for instance at Saint-Fabien in Québec (2004). 
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Type (c) Uphill retrogressive landslides (in Canada termed ‘spreads’). They are 

common in the highly overconsolidated clays in Eastern Canada but do not seem to 

be a likely risk agent in the Churchill River Valley because of the lack of highly 

overconsolidated soils according to SLI’s own assessments.  

 
In the following, the discussion will be focused on slides of Type (b). An analytical 
method of studying the different phases of this type of landslide failure was first 
presented in Toronto, (Bernander 1984). Further studies have been made by e.g. 
Bernander et al. (1984 - 2016), Quinn (2009), Locat et al. (2011, 2013, 2015) and 
Wang & Hawlader (2017).  
 
The resulting residual shear resistance of sensitive clays, and especially that of 
water-saturated ‘metastable’ soils under undrained conditions, is highly dependent on 
the nature (i.e. magnitude and rapidity) of the disturbing agent. This is illustrated in 

Figure 4, where the shear stress  (local force per unit area, e.g. m2) is given as a 

function of the shear deformation  (angular change) for the Upper Silty, Sandy Clays in 

the North Spur. In the figure, the peak shear strength su varies between 35 and 135 
kPa while the residual values suR in the remolded condition is as low as 2 and 3,75 
kPa, as given by SLI, Leahy (2015a) and Ceballos (2016).  As no stress/deformation 
relationships have been provided by SLI, the strain values related to the peak 
resistances were assumed to be 3.75% and 7.5 % respectively, as derived from 
‘back-analyses’ of Scandinavian landslides that have previously occurred in sensitive 
clay formations. The values of the deformation related to the residual shear stress suR 
have been estimated in Figure 4 (Bernander & Elfgren 2017, 2018a, b).  
 

 
 
Figure 4. Variations in the relationships between the shear stress τ (horizontal force per 

area) and the shear strain  (angular deformation) for a small element as the square in the 
top right of the figure. The curves are valid for the Upper Silty Clays in the North Spur 
according to Leahy (2015a) and Ceballos (2016). The blue curves relate to stiff soil layers, 
while red curves relate to weak soil layers. As no deformation properties have been 

presented in the SLI reports, the shear strain values  have been derived by back analyses of 
other slides.  
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Applying the soil properties in Figure 4, the probability for a progressive failure of 
Type (b) is estimated to be inherent – the Safety Factor (SF) being less than 1.  The 
Safety Factor is here defined as the ratio of the resisting force R of the soil to the 
active force N, potentially causing failure, i.e. SF = R/N (Normally in Soil Mechanics a 
reliable safety factor of SF = 1.5 to 1.6 would be considered as a necessary 
requirement.)  

 

 
 

Figure 5. A possible downhill progressive failure of Type (b) would start at the upstream 

Western slope (to the left) when the water- level in the dam is raised (dark blue area). The 

enormous horizontal thrust due to impoundment (red thin arrows) will induce a radical 

change of shear deformations in the Western edge of the Spur soil structure. This constitutes 

a precarious condition in very sensitive - or metastable - soil structures, often leading to 

massive landslide failures (red thick arrow). In the current case, failure may progress in the 

downstream direction, and finally, the whole ridge may slide into the 70 m deep downstream 

river basin (dashed red contour of thick arrow). (From 

http://muskratfalls.nalcorenergy.com with added red arrows). 

 

We believe that Nalcor’s research of the soil conditions at Muskrat Falls has been 

insufficient, as no stress/deformation relationships related to totally undrained soil 

conditions of the saturated very porous soils seem to have been applied in their 

studies. This indicates to us that, as regards stress/deformation properties under 

http://muskratfalls.nalcorenergy.com/
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undrained conditions, the standard of the geotechnical investigations has been very 

poor.  

The importance of these kinds of studies have, for instance, been underlined by the 

Mount Polley Dam failure in British Columbia on August 4, 2014 (Mount Polley, 

2015). The Marino dam failure  (November 5, 2015) in Brazil, and worst of all the 

Brumadinho dam disaster  (January 25, 2019) also in Brazil, show that the LEM 

method is, by far, not able to model progressive slides correctly in metastable and 

sensitive soils. At Brumadinho some 300 workers lost their lives. 

An example of how a progressive failure may be triggered in the North Spur is briefly 

given in Figure 6. 

 

Figure 6. The figure illustrates the possible initiation of a progressive downward failure with a 
depicted deformation at the foot of the upstream Western slope of the North Spur. The 
figure is based on Leahy et al (2017) but to it has been added the force N caused by the 

rising water level and the resulting acting shear stress condition τ (red arrows) that has to be 

balanced by the shear resistance suR (green arrows) in the disturbed soil along a possible 
inclined slip surface (red dotted line). Now, if the residual shear resistance suR – related to 
the  deformations due to the raised water pressure (dashed blue lines) – in any of the 

metastable soil layers falls below the currently active shear stress τ (red arrows) – a 

progressive failure is likely to initiate along the shown inclined slip surface (or along another 
one with less resistance. (Nature will find the weakest link in the chain). During the continued 
progressive failure process, massive kinetic energy is accumulated, eventually forming an 
irresistible effect on the measures for stabilizing the Eastern slope of the spur. 

 

There are also metastable, highly sensitive, soil layers under the Upper Clay, in the in 
the Lower Clay. This signifies that there is potential risk of progressive Type (b) 
failures also in this soil structure, especially since the slope of failure planes may 
there develop much more steeply than in the thinner Upper Clay sediments. This is 
further discussed in Bernander (2017), section 4.2, p.9, and in Bernander-Elfgren 
(2018a), section 2.3, p.12.   
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By way of analogy, one might consider a row of cars parked during the night on an 
icy road sloping downwards. If the top car has smooth tires, it may start sliding at sun 
rise when the temperature rises and the ice melts. It may then hit the next car, 
sending it into a sliding motion. This event may render a domino effect, resulting in a 
long row of cars sliding downward with massively increasing kinetic energy. 

We may, of course, be so fortunate that no ‘slip surface’ actually proves to be weak 
enough to let a failure be initiated during the impoundment of the dam. However, 
waves due to a large upstream landslide may suddenly result in a heavy load 
increase. Massive slides – having occurred many times before – may cause a flood 
wave that will travel down-stream, hitting the North Spur Dam and initiate a failure of 
Type (b).   

Another serious disturbance could be earthquake activity. The study made by Leahy 
(2015b) uses average stress values neglecting the low resistance values in Figure 4. 
Moreover, as it is not known where the weak soil lenses are actually located, there is 
an obvious risk that one of them close to the Western rim may initiate a Type (b) 
downhill progressive failure. 

 

About efforts to enlighten the client, the consultants and the 

authorities 
In this section we describe how hard it can be to get new knowledge accepted. 

Bernander’s work on the stability of the North Spur was the focus of a poster panel at 
the 2nd International Workshop on Landslides in Sensitive Clays in Trondheim in June 
2017 (Bernander et al. 2017, Dury et al. 2017, Thakur et al. 2017). Robin Dury, a 
graduate student at Luleå University of Technology presented his MSc research on 
the risk of progressive failure initiated at the up-stream West side of the natural dam 
wall. Stig Bernander also presented results from a few investigatory analyses of the 
same type of progressive failure based on stress/strain relationships determined by 
back-analysis of large landslides in Scandinavian sensitive clay formations (App. IV 
in Bernander & Elfgren, 2018a)  
 
At the same workshop, a paper on the North Spur stabilization works (Leahy et al. 
2017) was presented by Regis Bouchard, SLI. However, all the SLI results have been 
based on the Limit Equilibrium Mode of analysis (LEM), which has little relevance in 
the current context as it does not consider the softening, disturbed, part of the stress-
strain diagram in Figure 4. During the discussion of the paper, it was pointed out that 
possible downwards progressive failures ought to have been considered.    
 
During the years 2014-2016, when Bernander’s concerns were first raised, the 

response given from SNC-Lavalin, has merely reaffirmed that everything is fine 

regarding the stability of the North Spur. In 2017, Bernander and Elfgren published 

two further reports discussing mitigation measures to prevent dam breach 

(Bernander & Elfgren 2017, Bernander Oct. 2017). These reports were sent to Regis 

Bouchard at SLI and others, and were also published on the web (http://ltu.diva-

portal.org/smash/).Yet, no response was ever received from SLI or Nalcor. 
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Finally, in 2017, Nalcor commissioned a scientific Geotechnical Peer Review Panel 
(GPRP) to investigate the issues raised by Bernander’s and Elfgren’s research, and 
to address their concerns about the safety of the natural dam wall structure.  

However, the peer-review panel did not correctly respond to any of the modern 
Research and Development (R & D)-methods, or even to basic corrective measures 
in the SLI analyses, recommended by Bernander and Elfgren. Instead, they merely 
recapitulated the previous SLI methodology that Bernander and Elfgren had seriously 
questioned. This approach was clearly evidenced by the introduction to the GPRP-
Report (2018). 

Quotation: “The report is based on information made available to the Geotechnical 
Peer Review Panel (GPRP) by SNC-Lavalin Inc. (SLI) and the Client. The GPRP has 
not performed any calculations verifying the accuracy, completeness or validity of the 
results obtained by SLI. The opinion of the GPRP is solely based on a review of 
available data and on the concept and methods used by SLI and the client to assess 
stability issues at the North Spur. Therefore, the GPRP makes no representation 
regarding the accuracy and hereby disclaim any liability in connection therewith.”   

This is understandable. Considering that all SLI stability analyses have been based 

on the Limit Equilibrium Mode (LEM), their results, as has already repeatedly been 

stressed, has little relevance in the current context.   

As regards possible progressive failures of Type (b) – related to the massive 

hydraulic pressure on the Western slope – the GPRP did not even comment on the 

obvious error in the SLI analyses, namely the fact that they were solely based on 

horizontal failure planes. Moreover, this hydraulic pressure cannot just vanish but 

will be transmitted to the metastable soils near the Western rim - either directly by the 

‘cut-off wall’ or by seepage friction.    

Conclusively we maintain that, the GPRP panel did not either address – or even refer 

to Bernander’s report of October 23, 2017 titled:” Summing up of North Spur 

stability issues”, This document deals with, refutes and explains many of the main 

issues that had been brought up by the Geotechnical Peer Review Panel (GPRP, 

2018).      

The consultant SLI has continued to disregard modern R&D approaches in its 
construction report (Ceballos 2019), and in its post-construction assessment, see 
Rattue (2018) and Bouchard (2019).   
 
We have also expressed our concerns in letters to the Hon. Ms. Siobhan Coady, 
Minister at the Department of Natural Resources in the Government of Newfoundland 
and Labrador, Canada, (Bernander & Elfgren, 2019a). Serious criticism regarding the 
assessment of the North Spur stability has also been made public by Mr. James L 
Gordon, hydropower consultant (Gordon, 2019), through the Uncle Gnarley Blogspot 
(http://unclegnarley.blogspot.com/) and in the hearings of the Commission of Inquiry 
Respecting the Muskrat Falls Project, (https://www.muskratfallsinquiry.ca/). 
  
We are of course aware that you cannot teach new tricks to old dogs and that a 
paradigm shift takes time. Yet, it constitutes a failure to mankind when disasters such 
as the Brumadinho dam failure (Brazil Jan. 2019) are needed before new R&D-
methodology is taken for granted.  

http://unclegnarley.blogspot.com/
https://www.muskratfallsinquiry.ca/
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Possible mitigation measures  

In this section, options to avoid possible downhill progressive disasters of Type (b) 

are summarized. 

Our analysis suggests that the properties of metastable soils and sensitive clays in 
the soil layers of the North Spur structure represent a significant risk of a Type (b) 
forward downhill progressive landslide failure. We suggest that certain measures 
should be put into effect in order to lessen the hazards of post-flooding dam 
breakage. Methods for investigating the soils, and establishing valid geotechnical 
Safety Factors, which have already been proposed by Bernander (2016b) include 
testing, compaction, grouting and drainage, see Bernander (2017), Bernander & 
Elfgren (2018a-c, 2019a, b).   

 
Yet, given the currently prevailing conditions at Muskrat Falls, the most effective and 
practically possible mitigation measure appears to be drainage or careful (long-term) 
compaction of critical water-saturated metastable soil layers, as well as seams of 
highly sensitive clays. This would ensure that the shear resistance in sensitive layers 
would increase - roughly speaking in the way friction will increase in a motor if the oil 
were removed.   
 

Conclusion 

The crucial and main point of our criticism is that the analyses presented in the SLI 

reports have been based on the Limited Equilibrium Mode of analysis (LEM), which in 

terms of modern Research & Development is totally irrelevant for the types of soil 

making up the North Spur. No dependable factors of safety (SF) based on undrained 

soil conditions have been established simply because of the lack of tests defining 

valid stress/deformation relationships. Furthermore, the decisive effect on slope 

stability of inclining failure surfaces has in some assessments been totally 

disregarded.   

Yet, even if the water level, related to the intended impoundment, were to be attained 

without failure, the effects of drastically raised flood levels due to up-river landslides 

in the future must be correctly investigated. The effects of seismic tremor must also 

be determined. In both of these cases, the Limited Equilibrium Mode of analysis, and 

corresponding stress/strain relationships, may not be applied when calculating valid 

factors of safety. The world history of structures on foundations of metastable soils is 

full of disastrous events. 

Since no up-to-date analyses of the stability of the North Spur has been provided, 
neither by Nalcor/SNC-Lavalin nor by the Geotechnical Peer Review Panel, our 
conclusion is that an independent group of experts, appointed by government, should 
be entrusted with this important task.   
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B1.1 Mail to Hon Siobhan Coady, November 11, 2019   

 
Stability of the North Spur at Muskrat Falls, NL, Canada 

From  Lennart.Elfgren@ltu.se   Mon 2019-11-11 22:3  

To       NRMinister@gov.nl.ca;  admin@muskratfallsinquiry.ca 

 

Dear Honorable Siobhan Coady, Minister,  

Department of Natural Resources, Newfoundland, Canada, 
 
We are happy to learn that the North Spur Dam is still standing. However, its stability 
is fragile, and it may break for any unexpected load as e. g. a local landslide further 
up the river. 
 
We would thus, once again, as an act of insurance, urge you to appoint an 
independent group of experts to look into the long-term stability of the dam and - if 
necessary - to propose suitable mitigation methods. 
 
We enclose an edited version of our contribution to the Muskrat Falls Symposium, 
arranged at Memorial University on September 28-29, 2018. 
We have there tried to explain our concerns as clear as possible and hope you will 
understand the severity of the question.  
 
Best regards, 
Stig Bernander    Lennart Elfgren 
 
Lennart Elfgren, Tekn. Dr., LIVA, Senior Professor i Konstruktionsteknik / Structural Engineering   
Inst. för Samhällsbyggnad och naturresurser, SBN / Dept. of Civil, Environmental and Natural 
Resources Engineering 
Luleå tekniska universitet, LTU / Luleå University of Technology, SE-971 87 Luleå, Sweden 
Tel +46 920 49 36 60; +46 706 891 360 (med röstbrevlåda / with voice recorders) 
Fax +46 920 492 818; https://www.ltu.se/staff/e/elfgren; Email  lennart.elfgren@ltu.se  

 

Copy:   stig.bernander@telia.com   DianeNorris@gov.nl.ca;  MelissaNippard@gov.nl.ca;  

keithwhite@gov.nl.ca;  michaelking@gov.nl.ca;  tanyanoseworthy@gov.nl.ca;KirkRogers@gov.nl.ca; 

Regis.Bouchard@snclavalin.com;  Alvaro.Ceballos@snclavalin.com;  Greg.Snyder@snclavalin.com; 

Denise.Leahy@snclavalin.com;Anthony.Rattue@snclavalin.com;  Stan.Marshall@nalcorenergy.com; 

Gilbert.Bennett@nalcorenergy.com;  e.info@nalcorenergy.com;  ariane.locat@gci.ulaval.ca;   

Serge.Leroueil@gci.ulaval.ca;  bipul@mum.ca;  jean-sebastien.lheureux@ngi.no; 

david.vardy01@bellaliant.net;  rebnfl@gmail.com; sullivand@nf.sympatico.ca  geoff@buddenlaw.com  

muise.jason@gmail.com  madan.rana@gmail.com mdykeman@nf.sympatico.ca  ronaldp@nl.rogers.com  

will@buddenlaw.com  curquhart@swdlaw.cajim-gordon@sympatico.ca  gerry.amey@cbc.ca  

stphncrckr@gmail.com  robin.dury@hotmail.fr; 

Steinar.Nordal@ntnu.no;  anders.gylland@multiconsult.no;  Pete.Quinn@bgcengineering.ca;   

Sven.Knutsson@ltu.se    Axelssonkennet@gmail.com;   jan.olofsson@skanska.se    

Hans.Hedlund@skanska.se;  perevert@pebgeoteknik.se;   drawrite@gmail.com   Tommy.Edeskär@ltu.se  
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Dr. Lennart Elfgren, Senior Professor 
Dr. Stig Bernander, Adjunct Professor Emeritus 

Government of Newfoundland and Labrador 
Department of Natural Resources 

Office of the Minister 

JUL 3 1 2020 

Department of Civil, Environmental and Natural Resources Engineering 
Lulea University of Technology 
SE 97187, Lulea, Sweden 
Lennart. Elfqren @ltu.se 
stig. bernander@telia.com 

Dear Dr. Elfgren and Dr. Bernander: 

RE: Stability of the North Spur at Muskrat Falls, NL, Canada 

Thank you for your correspondence and technical report entitled "Stability of the North 
Spur at Muskrat Falls". 

The North Spur was identified as an important part of the project since it was first 
conceived in the 1960s. Since then, more than 50 engineering documents, studies and reports 
have been completed to inform the design, construction and assessment of the North Spur as 
posted on the Muskrat Falls website at https://muskratfalls.nalcorenerqy.com/newsroom/reports/. 
This documentation reflects the history of the technical work undertaken with respect to the 
geotechnical conditions, design and construction. 

As Minister of Natural Resources, my mandate includes ensuring effective governance 
and oversight of Nalcor, including the Muskrat Falls Project. The Department of Natural 
Resources understands that appropriate authorities for designing and building the North Spur 
stabilization works were followed under the applicable legislations including the Energy 
Corporation Act, the Electrical Power Control Act, 1994; the Environmental Protection Act, and 
the Engineers and Geoscientists Act, 2008. Furthermore, numerous independent third party 
engineering and geotechnical experts have reviewed the design work and methodology and found 
no issues of concern. However, given that management and technical expertise for execution of 
the Muskrat Falls Project rests with Nalcor, I forwarded your concerns to the company for 
response. Nalcor's engineer of record completed a careful review and I received the attached 
report addressing the points you have raised. 

It is also important to note that in the final report from the Commission of Inquiry 
Respecting the Muskrat Falls Project, the Honourable Richard D. LeBlanc, Commissioner, stated, 
"Numerous reports and reviews have been conducted to assess the adequacy of the North Spur 
stabilization work that Nalcor carried out. The Commission reviewed these reports and 
assessments and found that Nalcor and GNL have given an appropriate level of consideration to 
the safety and stability of the North Spur, and that the work carried out on it is adequate and 
reasonable based on industry standards." 

P.O. Box 8700, St. John's, NL, Canada A 1 B 4J6 709 729 2920 i 709 729 0059 www.gov.nl.ca 
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I want to thank you for your continued interest in the North Spur and your efforts to
increase understanding in that area.

Sincerely,

SIOSHANCOADY,

Minister

Attachment

c. Regis Bouchard, SNC Lavalin
Alvaro Ceballos, SNC Lavalin
Greg Snyder, SNC Lavalin
Denise Leahy, SNC Lavalin
Anthony Rattue, SNC Lavalin
Stan Marshall, Nalcor Energy
Gilbert Bennett, Nalcor Energy
Ariane Locat, Université Laval
Serge Leroueil, Université Laval
Bipul Hawlader, Memorial University
Jean-Sebastien L’Heureux, Norwegian Geotechnical Institute
David Vardy, Muskrat Falls Concerned Citizens’ Coalition
Ron Penney, Muskrat Falls Concerned Citizens’ Coalition
Des Sullivan, Muskrat Falls Concerned Citizens’ Coalition
Roberta Frampton Benefiel, Grand Riverkeeper Labrador Inc.
Jim Gordon, P.Eng (Retired)
Robin Dury
Madan Rana, NL Hydro (Retired)
Sven Knutsson, Lulea University of Technology
Tommy Edeskar, Lulea University of Technology
Jan Laue, Lulea University of Technology
Hans Mattsson, Lulea University of Technology
Kennet Axeisson, Lulea University of Technology
Roland Pusch, Lulea University of Technology
Anders Kullingsjo, Skanska
Hans Hedlund, Skanska
Jan Olofsson, Skanska
Jarl Bernander, Skanska
Per-Evert Bengtsson, Swedish Geotechnical Institute
Steinar Nordal, Norwegian University of Science and Technology
Anders Gylland, Multiconsult (Norway)
Pete Quinn, BGC Engineering
Mark Dykeman, P.Eng
Geoff Budden, Budden & Associates
Will Hiscock, Budden & Associates
Caitlin Urquhart, Smyth Woodland Del Rizzo Barrett
Gerry Amey, CBC
Stephen Crocker, MUN
Jason Muise, Muskrat Falls Oversight Committee
Tanya Noseworthy, DNR
Keith White, DNR

P.O. Box 8700, St. John’s, NL, canada A1B 4J6 709 729 2920 709 729 0059 vw.gov.nt.ca
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10 February 2020

Department of Natural Resources

7th Floor, Natural Resources Building

50 Elizabeth Avenue

P.O. Box 8700

St. John's, NL A1B 4J6

Attention: Honorable Siobhan Coady

Minister of Natural Resources

RE: NORTH SPUR

Dear Minister Coady,

H. Stanley Marshall
President and
thief Executive Officer

This letter is in response to your correspondence dated 19 November 2019.

Nydro Place. 500 Columbus Drive.

P,O. Box 12800. St. John'S, NL

Canada A1B OC9

t. 709.737.1440 f. 709.737.1782

nalcarenergy.com

As per your request, attached you will find a detailed response to the commentary made by Dr. Bernander

and Prof Elfgren with respect to the stability of the North Spur.

Should any further clarific tion be required, please do not hesitate to contact me.

Regards,

/,D

arshall
President &CEO

copy: Gilbert Bennett
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SLI-Lavalin Inc. 

1801 McGill College Avenue, 12th Floor 

Montreal, Quebec, Canada, H3A 2N4 

  514.393.1000     514.876.9273 

2 February 2020 

SLI REFERENCE No.: 505573-0000-30CC-I-1550 
LC Ref. No:  S011-L010-200-170330-00323 

Lower Churchill Management Corporation 
350 Torbay Road, Suite 2 
St. John’s, NL, A1A 4E1 CANADA 

Attention: Scott O’Brien 

Subject: Lower Churchill, Phase 1 Development 
Agreement LC-G-002 
Engineering Procurement and Construction Management (EPCM) Services 
Muskrat Falls – North Spur Design Commentary Bernander/Elfgren 

Dear Scott: 

This letter addresses the commentary made by Dr. Bernander and Prof. Elfgren with respect 

to the stability of the North Spur and the designs work undertaken by SNC-Lavalin Inc (SLI). 

Attached to this letter is a memo with a detailed technical review of Dr. Bernander and Prof. 

Elfgren’s latest correspondence on this subject, along with a concordance document 

presenting point by point commentary on their paper attached to the letter from the Minister 

to Nalcor dated 11-Nov-2019. 

Bernander/Elfgren raise five key points in their conclusions.  In this letter, I will provide a 

layperson interpretation of each point, and the reader can refer to the attachments for the 

detailed technical interpretation.  The key points by Bernander/Elfgren are as follows: 

1. SLI used a method of analysis that is inappropriate;

2. SLI did not undertake valid testing of the materials in the North Spur;

3. SLI did not analyze the slope stability considering a downhill progressive failure

landslide on an inclined plane;

4. SLI did not consider the possibility of a large wave generated by a landslide in the

reservoir; and

5. SLI did not consider the impact of an earthquake on North Spur stability.

The following sections present specific comments to refute each of these points. 

1. SLI used a method of analysis that is inappropriate:

This is not correct.  The methods used by SLI are appropriate to the applications for

which they were used.  As Engineer of Record for the Project, SLI is familiar with

developments in the geotechnical field and is responsible for selecting the appropriate

method.  The selection and application of the methods of analysis have been reviewed

 LTR-CH0008001-0384   
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by various independent experts and were deemed to be appropriate.  The 

Geotechnical Peer Review Committee (GPRC) stated “that the overall approach, 

concepts and methods used for checking the stability and integrity of the North Spur 

follow the current standards and state of the art practice.” 

2. SLI did not undertake valid testing of the materials of the North Spur:

This is not correct.  SLI undertook extensive geotechnical investigations at the North

Spur and collected samples for the tests required to provide information for design and

stabilization calculations.  This included tests providing appropriate information on

stress and deformation of the materials.  The test program and results were reviewed

by independent experts, including the Independent Engineer and the Advisory Board

and deemed to be appropriate.

3. SLI did not analyze the slope stability considering downhill progressive failure

landslide on an inclined plane:

This is not correct.  SLI undertook a progressive landslide study considering all types

of failure and trigger mechanisms.  This included downhill progressive failures as

suggested by Bernander/Elfgren.  It was found that downhill failure was not a realistic

event considering the material properties and trigger mechanisms at the North Spur.

Field observations show that the inclined eastward sloping plane used by

Bernander/Elfgren in their analysis does not exist.

4. SLI did not consider the possibility of a large wave generated by a landslide in

the reservoir:

This is not correct.  SLI undertook a Landslide Generated Wave Study to examine the

waves generated by potential large landslides upstream of the North Spur.  This

examined the effect of large landslides (up to 36 million cubic metres in size). The

information from this study was used in the design of all structures including the North

Spur.  It should be noted that by the time the wave train reached the site, there would

only be 3 or 4 significant waves (up to 1.8 m high) generated by a landslide.  This is a

very short event and would not have time to affect the pore pressures in the underlying

soil layers of the North Spur.  Also, the North Spur is designed for a water level

resulting from a Probable Maximum Flood, which would be considerably higher (over

6 m high) than that resulting from a landslide.

5. SLI did not consider the impact of an earthquake on North Spur stability.

This is not correct.  SLI commissioned an earthquake expert, Dr. Gail Atkinson, to

undertake an earthquake study specifically for the Muskrat Falls site and the results of

this study were used in the design of the North Spur and all other structures for the
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facility.  The design is for a 1 in 10,000-year earthquake, as required by the Canadian 

Dam Association (CDA) guidelines.  

It should be noted that SLI has extensive experience in the design of many types of dams in 

many types of foundation conditions and soil properties, both in Canada and around the world. 

It is one of the largest engineering companies in Canada and has access to considerable 

resources in the analysis and design of dams.  SLI’s Lead Geotechnical Engineer, Regis 

Bouchard, has over 40 years of experience in Geology and Geotechnical Engineering, and is 

highly respected in his field, having been awarded a Fellowship in the Canadian Geotechnical 

Society; he has over 35 published papers. 

The supporting Senior Geotechnical Engineer, Anthony Rattue, has almost 50 years of 

experience almost entirely in dams across Canada and in several other countries.  He is 

currently a member of the Dam Safety Committee of the Canadian Dam Association. 

As Engineering Manager for the project, I have over 35 years of experience and have 

worked on more than 200 dams in Atlantic Canada and British Columbia.  I have served on 

the Board of Directors for the Canadian Dam Association Board and for the Association of 

Professional Engineers and Geoscientist of New Brunswick.  I am a Fellow of Engineers 

Canada and received the 2017 APEGNB Individual Award for Technical Excellence. 

As shown in the above statements, the assertions by Bernander/Elfgren are not only incorrect 

but also misleading. The Geotechnical Peer Review Panel (GPRP) and other independent 

reviews by recognized world experts have concluded that SLI has properly addressed all 

concerns about the North Spur and that the design is appropriate and safe. 

As part of their review, the GPRP stated “with respect to the mitigation and remedial measures 

at the North Spur, the GPRP finds that the analyses of the cut-off walls presented by Dury 

and Dr. Bernander are based on several incorrect assumptions and that the results are 

therefore not realistic.”  

We are of course committed to supporting the Lower Churchill Management Corporation in all 

aspects relating to our design and participation in this Project. We equally appreciate your 

support in refuting these false and misleading allegations by Bernander/Elfgren as we take 

such allegations seriously and consider them to be an unwarranted attack on our credibility 

as members of the engineering profession. 

B3-3



Power 

We trust that this letter provides you with the reassurance you require with respect to the design 

work carried out by SLI for the North Spur, and, as previously stated in our letter of 02-Aug-2019, 

we confirm that the North Spur design has been carried out in conformance with the 

recommendations of the Canadian Dam Safety Guidelines and we fully stand behind our 

design.   

Please contact me if you require any further information. 

SLI-LAVALIN INC. 

Greg Snyder, FEC, P.Eng. 
Engineering Manager, Muskrat Falls 
PROJECT DELIVERY TEAM 
Lower Churchill Project 

c.c.: R. Power, G. Bennett, S. Mousseau, M. Tremblay, C. Rigny
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MEMO 

TO: Greg Snyder DATE: 29-Jan-2020

CC: Scott O’Brien 
Ron Power 
Gilbert Bennett 
Regis Bouchard 
Christophe Rigny 

DOC 
NO. 

505573-0000-30CC-1-1549 

FROM: Anthony Rattue REF: MEM-CH0008001-0005 

SUBJECT: Response to Bernander/Elfgren comments to Minister on North Spur 

1. Introduction

SNC-Lavalin Inc. (SLI), the designer of the stabilization works on the North Spur of the 
Muskrat Falls hydro-electric project, has been requested to respond to certain questions 
relating to the potential for progressive landslides in the North Spur. 

The Department of Natural Resources of the Province of Newfoundland and Labrador 
has received correspondence from Mr. Stig Bernander and Prof. Lennart Elfgren, of the 
Lulea University of Technology in Sweden, which alleges that the design of the works 
does not take into consideration the potential for such slides in the manner or with the 
methods that they consider to espouse “new knowledge”. 

The identification of the phenomenon of Progressive Landslides is not new.  Indeed, the 
concept of progressive failure was described by Terzaghi and Peck in 1948 and is also 
covered in Terzaghi, Peck and Mesri (1996).  Skempton in 1964 used the following 
words to describe the failure mode; “if for any reason a clay is forced to pass the peak at 
some particular point within its mass, the strength at that point will decrease. This action 
will throw additional stress on to the clay at some other point, causing the peak to be 
passed at that point also. In this way a progressive failure can be initiated and, in the 
limit, the strength along the entire length of a slip surface will fall to the residual value.” 

The essential point to be gleaned from the above is that there may be an initiating event 
at a specific location which could set in motion the reduction of strength within the soil 
mass to a weaker state.  The question therefore is whether conditions within the North 
Spur and the applied loads are such as to lead to the residual strength state across the 
soil mass.  In the subsequent sections of this communication, SLI. will present responses 
to several specific subjects referred to in the Bernander/Elfgren correspondence and 
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demonstrate that the design does in fact follow the state-of-practice in the design of the 
works. 

2. Identification of sensitive soils

The first step is the recognition that soil types associated with progressive landslides 
exist in the North Spur.  From the early studies in the 1960’s, the presence of sensitive 
clays was recognized.  By “sensitivity”, the characteristic of the material to strain soften is 
defined by the ratio between the undrained shear strength of intact material to the 
undrained strength of remoulded material.  It is a characteristic of clays and specifically 
of marine clays deposited in a brackish or saline water environment with subsequent 
leaching of salt by fresh water.  Indeed, the upper silty clay layer has been characterized 
as such with an average value for sensitivity of 10, i.e. a very sensitive clay, but not 
exceptional for eastern Canada.  The lower clay layer has undergone less of a leaching 
process and, though still classed as sensitive, is not as brittle as the upper clay within the 
“stratified drift” horizon.  Moreover, the liquidity index is greater than unity, which is 
another indicator that if deleterious stress and deformation conditions were to occur, the 
material is potentially subject to progressive landslides. 

The intact strength is a function not only of the composition (proportion of clay to silt and 
sand) and the minerology, but also of the pre-existing stress state.  Below the centre of 
the North Spur, the current stress is about the same as historical overburden stress 
levels and therefore is in a normally consolidated state.  On the upstream and 
downstream slopes where erosion has removed material, but no previous shearing has 
taken place, the material is over-consolidated and possesses a proportionately higher 
strength ratio.  This excludes the slide debris from 1978 which is indeed weaker. 

There is no doubt that the North Spur is potentially subject to progressive landslides; the 
November 1978 slide is a demonstration of this.  SLI is well aware of this fact and the 
design of the stabilization works had to be done in this context. 

3. Soil Testing

One of the allegations of Bernander et al. is that the soils investigation programs were 
poor and that there was a lack of testing to adequately define the stress/deformation 
relationships.  In fact, there have been numerous and extensive geotechnical 
investigations of the North Spur, starting in 1964.  The data collection and testing 
programs have been designed by experienced geotechnical consultants and have been 
reviewed by outside experts.  During these previous investigation works, there were 
several tests performed to establish the stress/deformation relationship. Namely: 

• 10 Isotropically-Consolidated Undrained (CIU) triaxial tests on intact soil, plus one
on remolded soil;

• 11 Isotropically-Consolidated Drained (CID) triaxial tests on intact soil, plus one
on remolded soil;
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• 7 direct shear tests;

These tests were performed by certified geotechnical laboratories at the Norwegian 
Geotechnical Institute and at AMEC’s laboratory in St. John’s.  The test results permit the 
definition of the “effective stress parameters” of the silty-clay as well as the “undrained 
strength” parameters. 

SLI has confidence in the results of these tests to permit the technical analysis to be 
carried out and to prepare the design for the stabilization works. 

4. Stability of slopes

Much critical thought, testing, and analysis has been carried out by researchers in 
Europe and North America on the mechanisms of slope failure in clays.  Although the 
Muskrat Falls project involves the construction of several significant components, the 
North Spur is a natural feature.  No additional fill was placed at the top of the slopes and 
no activity such as deep densification was undertaken.  The issue is the stability of 
natural slopes.  The papers by Tavenas and Leroueil (1981), and Lefebvre (1981) 
provide insight into the factors controlling the stability and the means to conduct 
appropriate analyses. 

In the geotechnical industry, there has been considerable discussion of late on the need 
to consider undrained strength in the behaviour of structures such as tailings dams for 
which there have been several unfortunate serious incidents over the past few years.  
Bernander et al. mention the cases of Mount Polley, B.C. (2014), Samarco (2015) and 
Brumadinho, (2019), Brazil.  These cases bear no similarity to the North Spur as they 
involve either the construction of embankments on natural foundation soils, such that the 
stresses exceed the pre-consolidation pressure, that results in deformation and collapse 
of the soil structure, or of embankments being constructed of uncompacted and 
unconsolidated materials.  Pore pressures cannot be predicted for such cases and the 
“undrained strength” approach is required. 

As described in the citations above (Tavenas et al. and Lefebvre), and contrary to the 
mining dam failures, the pore pressure regime in a natural slope can be measured, 
established by numerical simulations or otherwise predicted.  This permits the use of the 
“effective stress” approach in the analysis of the initial slopes. 

5. Method of analysis

Bernander et al. declare that the Limit Equilibrium Method (LEM) is irrelevant for the soil 
types of which the North Spur is constituted.  This is an incorrect statement, as the 
choice of the method of calculation depends as much on the mechanism of potential 
slope failure and the geometry of the sliding mass. For the failure surface analyzed in the 
thesis by Dury, and shown in the correspondence from Bernander, a single monolithic 
sliding mass is postulated that is activated by the hydrostatic thrust of the reservoir.  
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Indeed for such a case, the LEM method cannot be used because of strain compatibility 
issues. 

SLI have used two methods of analysis and for specific applications.  A finite element 
analysis has been applied to evaluate the stresses and strains in an overall cross-section 
of the North Spur.  The LEM has been used to analyse only the initial slope stability.  
Progressive uphill landslides such as those that have been documented (AMEC 2008) in 
the Churchill River valley, begin with an initial toe instability that exposes a steep scarp 
which may be unstable.  The process thus continues with successive slides until enough 
material is built up at the toe to buttress the final back-scarp.  This mechanism is shown 
in Figure 1. 

Figure 1 : Flowslide in sensitive clay (Locat et al, 2011) 

It is for the individual sliding mass (1) that the LEM method has been applied and, 
contrary to the claim by Bernander, the type of soil does not preclude this type of 
application.  For the LEM analyses, large strain or post peak values of the effective 
strength parameters have been adopted as it is recognized that creep plays a role in the 
long-term stability of slopes in clay as well described in the references cited above.  The 
use of peak strength parameters is inappropriate and have not been used by SLI.  
However, neither is it appropriate to use residual strength values that correspond to large 
localized displacements as used by Bernander and Elfgren in their presentation at 
Memorial University in 2018. 

To examine the potential for progressive failure, a finite element analysis has been used 
to determine the stress regime in the entire soil mass.  Shear stress on a horizontal plane 
through the known silty-clay horizons is compared to the undrained shear strength typical 
of the values measured by the cone penetration test (CPT).  The analysis, performed for 
the most critical section, can be visualized from Figures 2 and 3. 

This is the type of analysis that Bernander et al. see as being necessary.  However, the 
hypothesized sloping plane proposed by Bernander does not exist in reality, and can be 
disregarded.  The sedimentary strata are horizontal due to the nature of the deposition of 
the strata which has been confirmed by field investigations.  It should be noted that the 
image used by Bernander was derived from a figure showing the stratigraphy as 
interpreted prior to the 2013 site investigations and has not been updated to take into 
account information from geotechnical investigation post 2013.  Moreover the image is 
shown at an exaggerated V:H scale which presents a misleading view of the Spur. 
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Furthermore, in the communications from Bernander, the sample calculations include the 
assumption that only the residual strength (SuR) is available along the entire sliding 
surface from upstream to downstream.  This is kinematically inadmissible as significant 
shearing is required to reduce the strength to the residual value. 

Bernander et al. state that the hydrostatic pressure generated by the reservoir will apply 
a force sufficient to reduce the Factor of Safety for the global soil mass to unacceptably 
low values.  This assertion is incorrect.  Not only is the hydrostatic thrust partially offset 
by the existing pore pressures in the North Spur but the thrust serves to reduce the pre-
impoundment shear stresses that are an artefact of the upstream slope.  With reference 
to Figure 2 of this report, it is seen that: 

1. Prior to reservoir impounding, the existence of the upstream slope produces a
shear stress on a horizontal plane that is oriented in the upstream direction (a
positive value in the sign convention of the analysis).  The “before stabilization
works” value is shown in red and the “after stabilization works” value in black.
The slope flattening reduces the stress.

2. Reservoir filling generates a force and, consequently, a change in stress in the
opposite direction, effectively reducing the net value.  However, this net
resultant value remains positive i.e. towards the upstream.  The Factor of
Safety for the upstream slope therefore increases and the clay cannot be
reduced to the residual strength state by this application of water pressure.
The possibility of a downhill progressive slide is therefore precluded.

3. The downstream slope is unaffected by the reservoir filling if the pore
pressures in the soil mass do not change.  This constitutes the focus of the
monitoring effort during and subsequent to impounding.  SLI has
demonstrated that only the uphill progressive landslide is kinematically
possible and has taken the appropriate measures in the design of the
stabilization works to preclude this eventuality.

6. Landslide Generated Waves

The impact of a tsunami type wave generated by in-reservoir landslides envisaged by 
Bernander et al. will also have limited effect on the overall North Spur stability.  
Furthermore, the Probable Maximum Flood (PMF) inflow for which the works have been 
designed would lead to much higher water levels (about 6 m at the North Spur) and of 
longer duration (about 2 weeks) than a tsunami wave such as that produced by the 
Edwards Island slide that occurred in 2010 (AMEC, 2010 and SLI, 2013).  The Edwards 
Island slide generated, at Edwards Island, a wave of 4.5 m but this would be significantly 
attenuated by the time it reached the North Spur to less than 1 m.  Even a very large 
slide (10 times the site of the Edwards Island Slide) would only produce waves up to 
1.8 m at the North Spur.  Pore pressures in the downstream part of the Spur will not be 
affected by such short duration upstream waves. 
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Figure 3 illustrates the results of the analyses both on the 20 m plane and the -10 m 
plane in the lower clay. It should be noted that absolute values, ignoring the 
upstream/downstream sign convention, are shown in Figure 3. Similar conclusions are 
drawn for both cases. That is to say that stress values are inferior to strengths, and that 
the reservoir pressure has no significant negative effect. 

7. Potential Earthquake Activity 

The communication from Bernander et al. also raises the issue of seismic tremors and 
the potential impact on the stability of the North Spur. This loading case has indeed and 
of course been studied by SLI. Labrador is part of the Canadian Shield, and as such is in 
a region of low seismic activity. A site-specific study was carried out by the seismic 
specialist Dr. Gail Atkinson and was used to provide the design ground motions. The 
earthquake effect is not a dominant component of design as the dynamic studies have 
demonstrated. 

8. Conclusion 

The critical review performed by Bernander et al. may be well-intended but misses some 
important elements of the North Spur configuration, of the design intent, of the analytical 
process, and of the intended monitoring programme during the post-impoundment and 
operational phases of the Muskrat Falls project. The potential for progressive landslides 
has been recognized and dealt with in the design of the stabilization works. 

We trust that the forgoing amply presents the position taken by SLI in the execution of 
the design and the project construction. We are at your disposal to provide additional 
explanations or to furnish additional data as may be deemed necessary. 

Anthony Rattue, P.Eng. 
Senior Geotechnical Engineer 

SNC-LAVALIN INC. 
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Reference used in Comment Spreadsheet on Letter from Bernander/Elfgren to 

Minister Coady, 13-Nov-2019 

1. Muskrat Falls Development. A report to the British Newfoundland Corporation

Limited. Acres Canadian Bechtel. November 1965.

2. Internal Report. Triaxial Compression Test on a Naturally-Cemented Sensitive

Clay from Labrador, Canada. Norwegian Geotechnical Institute (NGI). October

1966.

3. Muskrat Falls Development. Geotechnical Review of 1965 layout. A report to the

Gull Island Power Company Limited. Lower Churchill Consultants. June 1976.

4. Muskrat Falls Power Development and 345 kV Transmission Intertie to Churchill

Falls, Vol. I, II, III and IV: Engineering report and appendices. SNC-Lavalin

Newfoundland Ltd. 1980.

5. Muskrat Falls Dewatering System, Engineering Assessment, Report No.

11.99.18, SNC-Lavalin Newfoundland Ltd. March 1982.

6. Muskrat Falls Hydroelectric project, Dewatering System Assessment and

Rehabilitation, Report No. P11759.01, Acres International Limited, St. John’s,

Newfoundland. February 1997.

7. Muskrat Falls, Standpipe Piezometer Installation Program Report, Report No.

P11759.02, Acres International Limited. St. John’s, Newfoundland. February

1998.

8. The Lower Churchill Project, MF 1260- Assessment of Existing Pumpwell

System, Hatch Engineering. July 2008.

9. The Lower Churchill Project, MF 1271- Evaluation of Existing Wells, Pumps and

Related Infrastructure in the Muskrat Falls Pumpwell System, Hatch Engineering.

March 2010.

10. Landslide-Generated Waves in the Muskrat Falls Reservoir Report. Lower

Churchill Project. SNC-LAVALIN Inc. June 2013.

11. Geotechnical Investigations Report 2013. Field Investigations North Spur, AMEC,

Environment and Infrastructure. November 2013.

B3-17



12. Atkinson, G., 2014.  Earthquake Hazard Analysis: Muskrat Dam site, Lower

Churchill, Labrador. Draft Report to SNC-LAVALIN Inc. May 2014.

13. Idriss, I. Appendix 4 to SNC-Lavalin Report, Review of Seismic Performance of

the North Spur, Lowe Churchill Project. December 2014.

14. Engineering Report. North Spur Stabilization Works. Dynamic Analysis Study,

Phase II. SNC-LAVALIN Inc. December 2015.

15. North Spur Stabilization Works Progressive Failure Potential Report. SNC-

LAVALIN Inc. December 2015.

16. Geotechnical Investigations Report 2015. North Spur Field Investigations, Cone

penetration testing – Muskrat Falls, Labrador – AMEC, Environment and

Infrastructure. December 2015.

17. Leahy, D., Bouchard, R. and Leroueil, S. Potential Landsliding at the North Spur,

Churchill River Valley, International Workshop on Landslide in Sensitive Clay,

Trondheim, Norway. June 2017.

18. Lower Churchill Project. Phase 1. Engineering Services, Muskrat Falls. R. Dury

thesis on North Spur. Letter to M. Scott O’Brien, P. Eng. Title, by SNC-LAVALIN

Inc. July 2017.

19. Hawlader, B.C., Leroueil,S., L’Heureux, J.S., and .Locat, A., Geotechnical Peer

Review of Dr. S. Bernander’s report and Analysis of the North Spur. February

2018

20. Engineering Report, Post Construction Assessment. Lower Churchill Project.

SNC-LAVALIN Inc, September 2018.

21. Ceballos, A., Bouchard, R. and Snyder, G. Construction of the North Spur

Cement-Bentonite Slurry Cut-Off Walls. Canadian Dam Association Conference.

Quebec, Canada. October 2018.

22. Bouchard, R., Snyder, G. and Ceballos, A. Stabilization of the North Spur at

Muskrat Falls, Construction and Behaviour. Canadian Dam Association

Conference. Quebec, Canada. October 2018.

23. Bouchard, R., Rattue, A., Reid, J. and Snyder, G. The North Spur story: two

years later. International Conference on Large Dam ICOLD). Ottawa, Canada.

June 2019.
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24. Lunne, T., Robertson, P.K. and Powell, J.J.M., Cone Penetration Testing in

Geotechnical Practice. 1st Edition. Blackie Academic and Professional. 1996

25. Terzaghi, K., Peck, R.B. and Mesri, G., Soils Mechanics in Engineering Practice.

3rd Edition. John Wiley and Son Editor.1997

26. Lefebvre, G., Landslides, Investigation and Mitigation special report No 247.

Transportation Research Board. National Research Council. Chapter 24. 1996

27. Bernander, S. Progressive Landslides in Long Natural Slopes. Licentiate Thesis.

2000

28. Bernander, S., Progressive Landslides in Long Natural Slopes. Doctoral Thesis.

2013.

29. Engineering Report, North Spur Stabilization Works, Design Report. SNC-Lavalin

2016

30. Engineering Report. North Spur Stabilization Works, Construction Report. SNC-

Lavalin. 2017
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Mölndal and Luleå, June 18th, 2021        
 
 
Honourable Andrew Parsons, QC 
Minister of Industry, Energy and Technology 
Government of Newfoundland and Labrador, P.O. Box 8700, St. John’s, NL, Canada AIB 4J6 
andrewparsons@gov.nl.ca 
 
 
Dear Minister Parsons:   

       We congratulate you on your reappointment as Minister of Industry, Energy and 
Technology including the task of effective oversight and management of the Muskrat Falls 
project. We have earlier been in correspondence with Minister Coady, who sent us a letter 
of July 31, 2020, including appendices from Nalcor and SNL-LAVALIN (SLI), as an answer to 
our mail from November 11, 2019. We apologize for this late answer but as our concerns are 
far from being resolved we ask you to investigate the matter.  

       We appreciate the efforts Minister Coady and her staff have made to oversee and 
understand the stability of the North Spur and the support given in the final report from the 
Commission of Inquiry Respecting the Muskrat Falls Project, the Honourable Richard D. 
LeBlanc, Commissioner. However, we would also like to cite the following remarks from the 
report under the heading “A key matter of concern: The North Spur” (Vol 3, p 373): 

       “That said, I am not in a position to fully determine which of the conflicting opinions on 
the stability of the North Spur is correct.”   ---   “the science and investigations that relieved 
worries within GNL and Nalcor have not adequately been communicated to the public. I leave 
it to GNL and Nalcor to determine how best to dispel the concerns that continue to be 
expressed about the stability and safety of the North Spur.”  ---  ” I cannot make any findings 
about the conflicting science that exists about dam stability”.  

       We have now studied and responded to the reports that were forwarded to us from 
Nalcor and SLI. Unfortunately, they have still not been able to relieve our worries for the 
stability and safety of the North Spur. We enclose our responses and try below to summarize 
our concerns. 

(1) The failure surface will be inclined (not horizontal) - SLI claims non-existence of the 
possible surfaces we have indicated. This displays SLI’s lacking understanding of what an 
extensive progressive slope failure (or an extensive spread) is all about. No failure surfaces 
exist from the beginning. The slip surface to be, will develop along the plane, which has the 
weakest resistance to failure. This plane is thus defined in the process of progressive failure 
analysis. In the current context, this plane is bound to be steeply inclined. 

mailto:andrewparsons@gov.nl.ca
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       SLI erroneously restrict themselves to studying failures only along slip surfaces identical 
to horizontal porous soil layers, thereby wrongly excluding all risk related to massive weight 
of soil on steeply sloping failure planes. This could possibly be a reasonable approach under 
totally dry soil conditions but is not acceptable in water-saturated soils like clays, or 
silty/sandy soils with tendency to spontaneous liquefaction.  
 
(2) Deformations are more important than stresses - Regarding the possibility of an 
extensive progressive slope failure related to impoundment, SLI demonstrates that they also 
disregard the essence of ‘up to date’ analyses of extensive progressive slope failures.  
       The impact of the enormous water pressure force due to the impoundment cannot just 
be evaluated by studying its effects on the stress situation in the superficial west-side slope 
layers. The immense force due to water pressure will radically change the direction of shear 
stresses - as well as deforming the strain softening soil material far ahead - thus effectively 
increasing the forces in the first phase (Phase I, static) of a potentially extensive progressive 
landslide – a condition possibly leading to the next phase (Phase II, dynamic) of an extensive 
progressive landslide that, in the current case, would be disastrous.  
 
(3) SLI has used outdated methods of analysis – SLI mostly uses 50-year-old linear elastic 
methods relying on the experience of engineers without any apparent up-to-date knowledge 
regarding extensive progressive slope failures (or extensive spreads), while we apply modern 
non-linear methods taking deformations and due strain-softening of the soil materials into 
account. 
       Yet, even in the old-time practises, to which SLI has referred in their responses to our 
criticism of their modes of slope failure analysis, the study was always based on the 
investigation of various possible failure planes. However, the Safety Factor (SF) was then 
based on the possibility of mobilizing full shear resistance along the entire slip surface – a 
failure mode denoted ‘the Limit Equilibrium Mode’ of analysis (LEM for short).  
 
(4) No valid safety assessment (Safety Factor, SF) - Furthermore, no extensive slope failure 
(or spread) has ever been correctly predicted – or explained in hindsight – using the out-
dated LEM approach. Nor will LEM ever be a useful future tool in the current context. 
       This implies that the true risk of an extensive progressive slope failure in terms of a valid 
Safety Factor (SF) has not been established by SLI. Normally, in Soil Mechanics, SF ≥ 1.5. 
       SLI’s faulty approach to analysing the possibility of an extensive progressive landslide 
means that they have not been able to establish a valid Safety Factor (SF), which is an 
absolute general requirement in all kinds of structural design.  
 
(5) Tentative studies indicate the dam to be unsafe - It should be mentioned that tentative 
studies - based on the modern principles of progressive failure analysis - regarding the North 
Spur stability were made by Stig Bernander and Robin Dury. Yet, as relevant data for 
undrained soil conditions were not available in the Nalcor/SLI reports, these studies were 
based on data from back-analyses of extensive landslides occurred in Scandinavia. However, 
as the soil structures and the general physical conditions in North Spur are different from 
those of the Scandinavian landslides, we have not considered these results being fully 
applicable in the current context.   
       Considering that the thickness of soil layers likely to liquefy spontaneously in both the 
Upper and the Lower Clay formations are not well specified, it is of course difficult to define 
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the correct mean shear strength along a potential failure surface. The dam may, even with 
the present water level, already be on the verge of failure with a safety factor little higher 
than SF = 1 (i.e. the value representing the state of failure). A small load increase, for 
instance due to an upstream landslide, minor earthquake activity, or pump failures, may 
then render a safety factor below 1 and a failure may be initiated.  
 
(6) Remedial option - In the current situation, the only remedial option is to partially drain 
the soil layers with marked tendency to spontaneous liquefaction. This may be done by 
installing ‘long term’ pump-wells deep into the porous layers of silty sands, both in the 
Upper and the Lower Clay formations. The field with pumps should cover the area involved 
in a potential triggering zone. Back-analyses of Scandinavian landslides indicate that, in this 
case, such a zone may extend 50 to 100 meters from the western rim of sloping natural soil 
beneath the cover of erosion protection. This is a more extensive program than what has 
been installed according to published reports. 
       In this context, we want to emphasize that our criticism regarding vital points in SLI’ s 
geotechnical analyses does not imply that we have - in any way - been opposed to the 
Muskrat Dam Project as such. From an environmental point of view, the project should 
generate massive amounts of so called ´Green Electric Energy’. 
       Our sincere hope is of course that no critical future event will ever take place. Our sole 
concern has been the fact that - in many respects - reliable up-to-date geotechnical analysis 
is missing in the SLI reports. Most of their analyses have, as already stated, been based on 
the – in the current context totally invalid – Limit Equilibrium Mode (LEM). 
 

(7) Summary: Please, do it right - So, we would like to reiterate our proposal to appoint an 
independent group – or at least one independent, competent, open-minded 
engineer/scientist – to investigate the matter. The task should not be like the one given to 
the Geotechnical Peer Review Panel (GPRP) appointed by Nalcor. The GPRP merely affirmed 
that the client had made an acceptable job based on (out-dated) practises among Soil 
Mechanical Engineering Consultancies.  
       Instead, the independent panel should be given the task of deciding, in accordance with 
the latest R & D science, as to whether the North Spur will remain permanently stable, and if 
not, what remedial measures are then required to ensure its long-term stability. 
       We understand that you have many pressing demands to prioritise. However, the cost of 
an investigation is very small compared to the cost of a catastrophic dam breach initiated by 
failure along planes being much steeper than the almost horizontal silty/sandy layers in the 
North Spur.  
 
Best regards, 
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C2. Answer to Nalcor, Jennifer Williams, President and CEO.  
 
Luleå and Mölndal, Sweden, June 18, 2021 

 

 

Jennifer Williams, President and Chief Executive Officer 
Nalcor Energy 
Hydro Place, 500 Columbus Drive 
P. O. Box 12800 St. John’s, NL 
Canada A18 0C9 
 

 

Dear Ms Jennifer Williams: 

 

Many thanks for the letter from your predecessor, Mr H. Stanley Marshall, of February 10, 
2020, to Minister Siobhan Coady, with appended material. She has been kind enough to 
forward it to us. 
 
We have now studied it. Please find our comments in the enclosed letter to Minister Parsons 

with appendices concerning NALCOR and SNC-LAVALIN Inc. We apologize for the long time 

that has passed but hope it will give you the possibility to look at the matters with fresh 

eyes. 

 

Best regards 

 

Stig Bernander   Lennart Elfgren 
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C3. Answers to SNC-LAVALIN Inc (SLI) 

C3.1 Greg Snyder, Engineering Manager, Muskrat Falls 
 

Mr Greg Snyder, FEC, P.Eng, 
Engineering Manager, Muskrat Falls, Project Delivery Team, Lower Churchill Project 
SLI-Lavalin Inc., 1801 McGill College Avenue, 12th Floor, Montreal, Quebec, Canada H3A 2N4 
Lower Churchill Management Corporation, 350 Torbay Road, Suite 2, St. John’s, NL, Canada A1A 4E1 

 

Dear Greg Snyder,  

Many thanks for your letter to Scott O’Brien of February 2, 2020, Memo LTR-CH0008001-

038, with attachments regarding the North Spur Design, forwarded to us by Minister Coady.  

Please, find below our comments to the five points in your letter and to the questions of 

competence you discuss. Separately, comments are presented on the MEMO by Anthony 

Rattue and to your concordance document (Spreadsheet) presenting point by point 

commentary to our Symposium Paper.  

 

1. SLI used a method of analysis that is inappropriate 

Proving the stability of the North Spur in terms of a valid geotechnical Safety Factor (SF) - 

normally set at 1,5 in Soil Mechanics - is an extremely complicated issue. However, almost all 

the critical statements compounded in your SLI Memo/Letter are not valid.  

Reading the Memo, a person - well acquainted with modern geotechnical Research and 

Development (R & D) - will find old geotechnical conceptions and outdated rules and 

practices from more than some 70 to 80 years ago instead of the results of geotechnical R & 

D reported during the past four decades - i.e., since the ‘early 1980-ies’. 

This is primarily related to the fact that practically all the geotechnical analyses regarding the 

North Spur presented by SNC-LAVALIN Inc. (SLI) are based on the so-called Limit Equilibrium 

Method of analysis (LEM), where no softening of the soil is considered, see Figure 1 below. 
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Figure 1.   The Limit Equilibrium Method (LEM) relationship between shear stress and shear 
deformation is illustrated by the horizontal blue dotted curve.  Typical real stress/strain 
developments in sensitive deformation-softening soils are illustrated by the red line with 
lower values for higher deformations. They are the critical ones, which have not been studied 
by SLI. 

In the LEM method, you use the rising curve to the left in Figure 1 for the relationship 

between the stress  and the deformation .  When you reach the top for   = s for the 

deformation f, you assume that the curve keeps horizontal  (plastic analysis). However, for a 

softening material, as a loose silt layer, the curve turns downwards, and the load-carrying 

capacity grows smaller and smaller. When this happens, a brittle progressive failure may 

initiate and there may be nothing to stop it.  The problem is that the value of s varies for 

different soil lenses and there are some with very low values of s.  These layers are not 

studied in the LEM method, where you carefully stay below s using only better soil layers 

with a higher capacity. 

Yet, although modern ways of mathematical analyses were lacking, it was known also to 

many mid-20th century scientists in Soil Mechanics, that LEM analysis could not readily be 

applied to sensitive clays and water saturated loose (highly porous) silty sandy soils - i.e. 

precisely the types of soils richly presented in SLI’s own soil investigations, Terzaghi & Peck, 

(1948, 1976),  

Shortly speaking, it is today a well-known fact to most up to date geotechnical scientists that 

extensive progressive slope failures, as well extensive retrogressive landslides (spreads), can 

neither be predicted, nor explained in hindsight by applying LEM analysis.  

This is due to the crucial fact that an extensive progressive slope failure (and an extensive 

retrogressive spread) is triggered by the deformations in sensitive soils caused by the 

additional load effect. 

However, the continued development of a possibly extensive landslide will depend on 

conditions further downslope (or upslope in spreads) such as soil structure. soil sensitivity, 

soil porosity, in situ states of stress, time factors, the rate of the application of the additional 

load effect, the slope of potential failure planes etc.  
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Modern modes of analyses of slope stability have, for instance, shown that if a certain 

initiating load is applied during the time of say a month - an extensive slide will take place - 

whereas if exactly the same load is applied at a slower paste, during e.g., 2 months’ time, no 

slide may be registered. This enormous difference in factual consequences due to time 

effects can never be predicted or explained in hindsight using the LEM approach.   

The fact that the rapid raise of the upstream water level has not, so far, resulted in any 

extensive progressive landslide is thus not related to a correct predictive analysis by SLI, 

since no valid analyses – based on the true soil conditions in the Upper and the Lower Clay 

fotmations – were ever made.  

Sadly this is not an unnormal course of events as landslides keep on occurring, all over the 

world, even when consulting engineers are doing their best to prevent such failures. This is 

partly due to the fact that text-book methods, standards and legislation are way behind, 

which also may explain why the GPRP could give their blessings to the old-fashened methods 

used by SLI.   

2. SLI did not undertake valid testing of the materials in the North Spur 

It is true that SLI has undertaken extensive geotechnical investigations at the North Spur. 

What we object to is that hardly any deformation properties have been published. In the 

MEMO by Rattue, 30 tests are mentioned but they are only on strong soils. We have still not 

been able to find any deformation values for the critical low-strength soil lenses in the Spur.  

SLI has also kept repeating that our back-calculated values are not correct without giving any 

indications of what correct values may look like. What we have found, is that some early 

samples from the North Spur do show similar results as what we have assumed, see Figure 2 

in our comments to your Spreadsheet.        

3. SLI did not analyse the slope stability considering a downhill progressive failure 

landslide on an inclined plane 

In SLI’s analysis of the effects of upstream loading, it only considers horizontal failure 

surfaces in specific sensitive soil layers that are taken to be horizontal. But as is shown in 

Tables 2-1 and 2-2 in the Nalcor/SLI Engineering Report, Ceballos (2016), both the Upper and 

the Lower Clay formations contain layers of highly porous silty soils (with Liquidity Indices  

1< LI < 2) as well as intermittent layers of normally consolidated deformation-softening clays. 

In landsides, the soil poroperties along a potential horizontal faulure surface may of course 

be of interest but this does not mean that the shear stresses, due to the immense vertical 

load on sloping potential failure surfaces, may be disregarded.  

In order to establish a valid Safety Factor (SF) related to possible water pressure on the 

western part of the North Spur, it is absolutely necessary to consider sloping failure surfaces 

cutting through the disparate soil layers both in the Upper and the Lower Clay formations.  

Extensive progressive falure may possiblbly be caused by a rapid rise of the dam water level 

or by earhquake activity.  
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In Figure 6 in our comments to your Spreadsheet, we show an example where SLI indicates 

sloping layers of soil. So, it is untrue when you state that all layers are horizontal. And even if 

they were, that would not stop a progrssive failure surface to cut through several layers in its 

search for the one with the least resistance.  

The fact that no slope failure has taken place during the impoundment process is thus just a 

case of sheer chance as no valid true safety factor, based on modern geoechnical. R & D, has 

been defined by SLI for thise cases of loading. 

(It may be noted in this context that the low saftety factors (SF), calculated by Bernander 

and Dury (Bernander et al, 2017 and Dury, 2017) were estimated on strain-softening 

properties based on back-analyses of extensuve lamdslides occurred in Scandinavia, as no 

reliiable undrained test deformation results for the North Spur soil structure had been 

presented by SLI.) 

4. SLI did not consider the possibility of a large wave generated by a landslide in the 

reservoir 

We agree that SLI has considered the possibility of large waves generated by landslides. 

However, due to the possible very small safety factor discussed above, it is enough with a 

minor load increase – as from a wave or an earthquake – to trigger a progressive failure. 

5. SLI did not consider the impact of an earthquake on North Spur stability 

We are aware that the effects of some specific Earthquake activities have been studied by 

SLI. However, both the Upper Clay layer, as well as the Lower Clay formation, contain porous 

silty sandy soil layers between layers of normally consolidated clays. The exact structure of 

the Lower Clay is, however not precisely defined in the SLI - tables given in the Nalcor/SLI 

Engineering Report, Ceballos (2016). In the analysis, some kind of not defined “mean” values 

are used and not the minimum values.   

Water saturated porous sands and silty sands are, as you know, extremely sensitive to 

reversals of stress and strain. In fact, the only realistic way to establish a valid safety-factor is 

then to partially drain the porous soil by permanent pump wells, thereby preventing any 

tendency to liquefaction.  This seems to be the strategy SLI/Nalcor has adopted although it is 

far from sure that the pump installation covers the weak spots.  

6. Comments on competence and experience   

It is correct that SLI has many senior engineers with long experience. This does not 

guarantee that they are aware of the development that has taken place in the last decades. 

SLI does have a staff of much experienced people. However, SLI does not seem to have kept 

its expertise up to date regarding the development of progressive downslope failure 

analysis.  

It is of course true that the notion or the idea of progressive slope failure was contemplated 

by geotechnical experts in a general way also in the mid 20-tieth Century but there were 

then no valid methods of analysis based on all the complexities lined up above. 
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Even the enlightened conference report on progressive failure by Christian & Whitman 

(1969), was far from fulfilling the requirements of a valid progressive failure analysis.  Below, 

there is a list of scientists who have focused on a more correct and up to date complex 

modes of analysis.  

At the ICSMFE World Conference in Stockholm (1981), an explanation of the about 800 

meters long landslide at Tuve (Gothenburg) was explained in a detailed mathematical 

analysis considering the post peak strain softening of the sensitive clay by Bernander & 

Olofsson (1981 a, b). 

However, at the 9th Int. Symposium. on Landslides in Toronto, (ISL, 1984) Bernander et al. 

(1984), published an improved version of a progressive failure analysis, by which the vital in 

situ stress conditions in the slope were based on the calculated effects of long-term creep. 

This important study caught the interest of Professor François Tavenas (Functioning as State-

of-the Art Reporter), who immediately invited Bernander to orally present his conference 

paper to a group of Master and PhD-students at LAVAL University in Quebec.  Dr Serge 

Leroueil was one of the attendants at this meeting.    

This version of progressive failure analysis was later presented at world conferences such as 

ICSMFE 1985, NGM 1988 and ICSMFE 1989. With minor modifications the progressive failure 

analysis was presented as a Licentiate Thesis (2000) and as a Doctoral Thesis (2011) at Luleå 

University of Technology, Sweden. A significant number of case studies of extensive 

progressive slope failures were also made.  

During the first decade of this century a great number of geotechnical researchers have 

focused on improved mathematical procedures for studying extensive progressive and 

retrogressive landslides (spreads). The following list refers to various geotechnical engineers 

and researchers, who have endeavored to explain or predict extensive landslides (and 

spreads) by more precise mathematical analyses based on the real stress/strain properties 

of the affected soil layers.  

The list roughly relates to publications about progressive failure analysis during the first two 

decades of this century – i.e. many of them prior to SLI studying the effects of the dam 

impoundment and to which SLI makes no reference in their memo. The odd question here is 

of course: “How may a major consulting firm disregard two decades of crucially important 

Research and Development (R & D) on the main issues of the contract they are dealing 

with?”  

The following list refers to important publications on extensive progressive failures and 

spreads during the last two decades (Although Bernander has published many reports on 

landslide case records, this list is mainly restricted to reports by other authors or to cases 

where Bernander is a co-author). 

Picarelli L (2000);  Urciuoli G (2002),  Andresen L & Jostad H P (2004);  Leroueil S (2004);  

Grimstad G (2004);  Puzrin A & Germanovich L N (2005);  Thakur V, Nordal S & Grimstad G 

(2006);  Thakur V (2007);  Urciuoli G, Picarelli L, & Leroueil S (2007);  Andresen L & Jostad H P 

(2007);  Locat A (2007);  Quinn P, Diederichs M S, Hutchinson D & Rowe R K (2007);  Nordal 
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et al. (2008); Nordal S (2008);  Quinn P, (2009);  Saurer E & Puzrin A M (2008, 2010);  Gylland 

A S, Sayd M S, Jostad H P & Bernander S (2010);  Gylland A S, Nordal S, Jostad H P & Mehli, M 

(2011);  Locat A, Leroueil S, Bernander S, Locat J, Demers D, Jostad, H P & Quehb L (2011);  

Gylland, A S (2012);  Bernander S, Bengtsson P E, Gylland A S, Knutsson S, Kullingsjö A, 

Olofsson J, Pusch R & Elfgren L (2016);  Puzrin (2016);  Germanovich L N, Kim S & Puzrin A M 

(2016);  Islam N, Hawlander B, Wang C & Soga K (2018);  Zhang X, Wang L, Krabbenhoft K & 

Tinti S (2019);  Kennedy R, Siemens G & Take, W A (2020);  Lanting W, Qiang X, Shanyong W, 

Cuilin W & Xu J (2020);  Wang R,  Zhang K, Ning Y, Xu W, Wang W & Qin, J (2021). 

7. Summing up of our points 

We agree that SLI has spent a lot of time and effort on the North Spur design and that the 
Geotechnical Peer Review Panel (GPRP) has acknowledged that the methods used is 
according to existing traditions. However, this does not mean that the results from all these 
endeavours are correct and that the most critical possible failure modes have been studied. 
We would here like to point out that you never acted on all the recommendations in the 
Cold Eye review by Hatch (2014), where it was suggested at the end on pages 15 and 19: 
 
“to excavate a test pit in the Upper Clay which, in any case, is the more sensitive deposit. This 

then would permit high quality undisturbed samples to be obtained to obtain reliable 

parameters for the additional recommended analyses. “  

“Engage at least two senior consultants with expertise in the behavior of sensitive marine 
clays. These consultants should be requested to provide guidance before implementation of 
any analyses and then to review the results when the work is completed. “ 
 
“…engaging two eminent consultants with specific expertise on sensitive marine clays.” 

If you had done so, you might have agreed with us regarding your first three points above: 
 
       (1) Failure slip surface – SLI claims non-existence of the possible surfaces we have 
indicated. It is luckily true that they do not exist - yet, as the dam has not breached. 
However, one of them may certainly develop in the future.  
       (2) Analysis method – SLI mostly uses 50-year-old linear elastic methods, while we use 
modern non-linear methods taking deformations and softening of the soil into account. 
       (3) Material properties – SLI uses average values, albeit somewhat below mean, while 

we use minimum values. There are many kinds of soil lenses in the North Spur. We do not 

know precisely where those with the lowest capacities are situated. If they are in the up-

stream part of the dam, the risk is high that they may initiate a progressive failure. With 

some luck, the dam has a higher capacity than our calculations of the worst scenario show. 

On the other hand, it is dangerous to play roulette with when and where a low capacity lens 

will initiate a failure. 

       The dam may with the present water level already be on the verge of failure with a 

safety factor just above 1. A small increase in load, due to an upstream landslide, a minor 

earthquake or a pump accident, may overturn this.  The safety factor may then fall below 1 

and a failure will be initiated. “A chain is only as strong as its weakest link”. 
 

 

https://www.icevirtuallibrary.com/author/Kennedy%2C+Ray
https://www.icevirtuallibrary.com/author/Siemens%2C+Greg
https://www.icevirtuallibrary.com/author/Take%2C+W+Andy
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C3.2 Anthony Rattue, Senior Geotechnical Engineer 
 

Antony Rattue, P.Eng. 
Senior Geotechnical Engineer 
SNC-Lavalin Inc.,  
Lower Churchill Management Corporation,  
350 Torbay Road, Suite 2, St. John’s, NL, Canada A1A 4E1 

 

Dear Antony Rattue,  

Many thanks for your MEMO dated January 29, 2020., Doc. No. 505573-0000-30CC-1-1549, 
Ref: MEN-CH0008001-0005 directed to Greg Snyder. It was forwarded to us by Minister Coady. 

Please find below some comments.  

1. Introduction 

OK. No comments 

2. Identification of Sensitive Soils 

OK. No comments 

3. Soil Testing 

Reference is made to the existence of 30 tests to determine deformation properties of the 

soil. What we can find, they only refer to strong soils and not to the critical weak soil lenses 

we are worried about.  

4. Stability of Slopes 

References are made to papers by Tavernas & Leroueil (1981) and Lefebvre (1981). These 

authors are also referred to in Bernander’s thesis (2011) as a background to the presentation 

of his improved method of analysis. 

What unifies the recent tailing dam failures with the North Spur is the need to consider the 

risk for softening of soils and not only to depend on traditional limit equilibrium methods 

(LEM). 

The indicated need to rely on a for-ever functioning drainage pump installation system in 

order to keep pore pressures low enough, is also a risk to be considered for the North Spur.  

A loss of electricity or a mechanical break-down in one of the pumps, may easily cause the 

pore pressure rise to dangerous levels.   

Still, even if pumps keep on draining the Spur, you cannot rely on the “effective stress” 

approach, when a progressive slide is initiated. It can be a quick process where undrained 

stress values must be used.  

5. Methods of Analysis 

It is reassuring to learn that Rattue agrees to the fact that the limit equilibrium method 

(LEM) cannot be used to study the downwards progressive failure we think is critical.  
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We have never objected to the careful analysis and construction work SLI and Nalcor have 

made to prevent local slides in the up-stream and down-stream slopes of the North Spur. 

We have concentrated on the downwards progressive failure through the North Spur. 

Residual strength values are only used in the later stages of Bernander’s analysis, when local 

deformations have turned large enough to motivate it, please see earlier presentations in 

e.g. Bernander (2000, 2004, 2011, 2015, 2017). We certainly agree that significant shearing 

is required to reduce the strength to the residual value. This is illustrated in many of 

Bernander’s publications see e.g. Bernander et al. (2016).  

Finite element analysis results are given in Figures 2 and 3. Here it can be seen that average 

values of the undrained shear capacity of the upper clay are used instead of measured 

minimum values. In Figure 2, a value of ca 95 kPa is shown, whereas Table 4-1 in the Design 

Report by Ceballos (2016) indicates that the intact undrained shear strength has values as 

low as 35 kPa with a maximum value of 135 kPa. The mean (35+135)/2 = 85 kPa is even 

lower than the value of 95 kPa that is used in the figure. The calculated applied stresses of 

30 to 60 kPa are higher than the lower measured values, which gives a high risk for failure. 

Similar risks are indicated in Figure 3 for the lower clay, where a resistance of 150 kPa is 

indicated, while the lowest value In Table 4-3 in Caballos (2016) is 53 kPa and the applied 

stress exceeds 60 kPa.  The figures can be compared to Figure 1 below from your Progressive 

Failure Study, Leahy (2015). There it is illustrated how an unconservative mean value of the 

strength (green line) is based on a few test holes. It can also be seen that the maximum 

shear stresses (red) are much higher than the ones in the horizontal plane (black). The 

maximum shear stresses (red) exceed the assumed strength (green) in several locations.   

 

Figure 1. Section of Lower Clay Model with stresses and strength on Elevation +5 m from   

Figure C-37 in SLI Progressive Failure Report, Leahy (2015) 
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Rattue claims that the sloping plane that Bernander has been studying does not exist. This is 

misleading. It is true that a specific failure plane does not exist at present as a physically and 

continuously border between soil lenses. However, the fracture is free to choose the way 

that causes the least resistance. The proposed failure plane is in line with the experience 

from earlier progressive downward failure planes, see e. g. Bernander et al. (2016). There 

also do exist inclined surfaces between different layers in the North Spur, see examples in 

Figure 6 in our answer to SLI’s Spreadsheet Comments.  

Rattue correctly points out that prior to reservoir impounding, the upstream slope produces 

a shear stress that is oriented in the upstream direction (positive). This value is reduced by 

creep and reversed by filling the reservoir, which is assumed to increase safety. This is 

illustrated in Rattue’s Figures 2 and 3, where a linear FEM calculation indicates that the x-y 

shear stresses after stabilization with full reservoir (dotted blue) are about 40 kPa lower than 

the stresses after stabilization (black). The correctness of this calculation can be doubted, 

especially concerning creep effects.  What is of importance here is the deformations in the 

soil. The huge extra force on the soil caused by the impoundment gives deformations. These 

deformations may be large enough to overcome the resistance in a weak soil lens. This may 

initiate a progressive failure, which is fully kinematically possible, see e. g. Figure 5.2 in 

Bernander & Elfgren (2017, 2018a) based on Bernander et al. (2016).  

As you do not seem to have studied our earlier reports, we would like to recommend the 

summary report, Bernander (2017). We would also like to cite from the calculations in 

Appendix IV to Bernander& Elfgren (2018a). There a case is presented with an initial shear 

stress of o = 41,1 kPa, a maximum undrained shear stress Su = 70 kPa, a remoulded shear 

stress SR = 14 kPa give Su/SR = 5 and Ncr = 521 kN/m to be compared to the applied much 

higher extra force from the water of Nw = 2420 kN/m. Even considering possible reversal of 

some of the shear signs, the capacity of the soil will not withstand the change of 

deformations imposed by the increased load Nw from the water.  This reduction can certainly 

be enough to overtake the deformation capacity of some of the low-strength lenses close to 

the upstream shore, compare with Figure 2 below. 
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Figure 2. The figure illustrates the possible initiation of a progressive downward failure with 

a depicted deformation (dashed blue) at the foot of the upstream Western slope of the North 

Spur. The figure is based on Leahy et al (2017) but to it has been added the force N caused by 

the rising water level and the resulting acting shear stress condition τ (red arrows) that has to 

be balanced by the undrained shear resistance suR (green arrows) in the disturbed soil along a 

possible inclined slip surface (red dotted line). Now, if the residual undrained shear resistance 

suR – related to the deformations (dashed blue lines) due to the raised water pressure (– in 

any of the metastable soil layers falls below the currently active shear stress τ (red arrows) – 

a progressive failure is likely to initiate along the shown inclined slip surface (or along 

another one with less resistance. Nature will find the weakest link in the chain). During the 

continued progressive failure process, massive kinetic energy is accumulated, eventually 

forming an irresistible effect on the measures for stabilizing the Spur. 

6. Landslide Generated Waves 

We have not studied landslide generated waves. The only thing we have remarked is that 

there is a risk for such waves. The safety of the dam may already have a low value, close to 

one, due to the negligence of a downward progressive failure. A small increase of the load 

may then be the only thing needed to initiate a progressive failure.  

7. Potential Earthquake Activity 

We agree that the risk for a major earthquake is low. However, also a small seismic tremor 

may evoke deformations to disturb the delicate balance of the Spur.  

8. Conclusion 

We thank Anthony Rattue for his endeavour to explain SLI’s design strategy, analytical 

process and monitoring program. It all seems to be done with the best of intentions. 

However, what still concerns us is  
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(1) the possibility of a downward progressive failure in case of an increase of the load by a 

landslide or earthquake or by a reduction of the resistance of the soil due to malfunction of 

the pumping system,  

(2) the use of old methods of analysis, and  

(3) the use of mean material properties, instead of the minimum ones, when the true 

distribution of properties is not known throughout the dam.  
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C3.3 Fact Check of SNC-LAVALIN Inc. (SLI) Comment Spreadsheet  
(appended to a letter from Greg Snyder of February 2, 2020, forwarded to us by Minister 
Coady)    
 
In the Fact Check we have numbered the topics from 1 – 17 in the SNC-LAVALIN INC (SLI): 

“Comment Spreadsheet on Letter from Bernander/Elfgren to Minister Coady, 13-Nov-2019.  

Comments and answers to the assumptions made by Bernander and Elfgren on the stability of the 

North Spur and other assertions about Nalcor and SNC-Lavalin (SLI) on the stabilization works and 

design satisfactory behavior of the North Spur as a stable dam.  

Document: Edited version of Bernander and Elfgren contribution to the Muskrat Falls Symposium at 

Memorial University on September 28-29, 2018”  

(Dated 29-Jan-2020) 

For each topic, we first cite the sentence from our Paper to the Muskrat Falls Symposium, 

which SLI comments on. We then cite the SLI comments in the Spreadsheet, including given 

references (with typos corrected). We finally give our Fact Check of the comments. 

Section 1: Abstract 

1. "The paper presents the geotechnical background to one of the stability problems 

regarding the North Spur dam wall" 

Comments from SLI: The interpretation of the geotechnical background is that of Bernander and 

Elfgren. It is not in agreement with the SLI interpretation as reviewed and accepted by the 

Geotechnical Peer Review Panel (GPRP), 2018.  GPRP Report, Reference 19, page 7 to 10 

Fact check: True, but the indicated differences are minor and of no importance.   

2.  "This land was formed in the regression of the sea during and after the last ice age with 

deposits of multiple layers of silty sands and silty sandy clays that formed the valleys and 

plains that are now above sea level" 

Comments from SLI: The soil deposit in the Churchill river valley was mainly formed during a marine 

regression for the lower strata of soil. The stratified drift deposit and the upper sand deposit were 

formed at the beginning of the marine regression. The deposit was layed down in a calm and deep 

saltwater environment. Reference 6. article 2.2. GPRP Report Reference 19, page 7 and Reference 15, 

article 2.1 and 2.2 

Fact check: True. The comments give a more detailed description. However, it is not in 

conflict with our original wording.  

3.  "vulnerable to liquefaction" 

Comments from SLI: The sensitive clay is vulnerable to loss of cyclic-softening. The term 

''liquefaction'' is more related to a saturated sandy soil losing grain contact by interstitiel pore 

pressure increase during an earthquake. The upper sensitive clay present in layers in the North Spur 

has a ''clay-like'' behavior according to Reference 24. The clay is subject to cyclic-softening during 

dynamic vibration. The cyclic softening was addressed in the Dynamic Study performed by SLI (Ref. 
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14) and with the design earthquake, there is little possibility of having such behavior of the North 

Spur clays. The results from Dynamic analysis were validated by I. Idriss (Ref 13). Lulle et all. 

Reference 24. GPRP Report, Reference 19, page 7, article 7. Idriss, Reference 13, Conclusion. 

Reference 14, article 6  

Fact check:  Misleading. The term liquefaction is also used for a soil losing its strength due to 

other over loading cases than earthquakes. The important thing is that the soil in the North 

Spur contains layers that will lose their strength if overloaded. We have not discussed SLI’s 

dynamic studies. 

4.  "In the current paper, a specific type of possible progressive failure - the most 

dangerous one in respect of the safety of the North Spur – is discussed. This type of 

landslide development may be caused by the rising water pressure, when - or after - the 

dam is impounded" 

Comments from SLI: SLI did a study of the possibility to trigger a progressive failure in the North 

Spur. The conclusion of the study is: The possibility of occurrence of uphill or downhill progressive 

landslide has been studied and the results show that with the mitigation measures taken, the 

stability of the North Spur regarding such events is adequate and that a progressive failure landslide 

will not occur. The GPRP Report confirms this conclusion: In view of the analyses performed by SLI, 

the GPRP finds that the approach used is conceptually acceptable to take into account the initiation 

of progressive failure. Progressive Failure Report, Reference 15, page 68 article 8.8. GPRP Report, 

Reference 19, page 17, article 6. 

Fact check:  Not correct. SLI has not studied the inclined downward failure surfaces we have 

indicated as critical. Neither did the GPRP study this critical failure possibility. In fact, GPRP 

has not done any calculations at all to check the stability. The experts have only read what 

SLI has presented to them and concluded that the methods used agree with common 

engineering practise.  

5. "As will be explained, such a slide could force part of the North Spur ridge to slide along 

a failure surface sloping East-wards into the deep river whirlpool downstream of Muskrat 

Falls." 

Comments from SLI: There is no evidence and nor geological explanation to have that East-wards 

sloping surface. Also, the method used by SLI to analyse the possibility to trigger a progressive 

landslide is not dependant on the angle of a potential slightly inclined failure surface. The GPRP 

Report supports the SLI position. The analyses performed by SLI considered horizontal potential 

failure surfaces and compared maximum shear stresses in Sections such as B with those in the most 

critical Section A. Similar analyses could have also been performed for slightly inclined surfaces, but 

the results would have been similar. GPRP Report, Reference 19, page 17, article 6. 

Fact check: False. There is no need for the failure to follow a special layer of soil or a 

boundary between layers. The failure surface will choose the way that gives the least 

resistance, see an example in Figure 1 below. (However, in Figure 6 below, there is even an 

example that sloping surfaces already do exist between the layers). A sloping surface will 

have a less resistance than a horizontal one. This comes from elementary equilibrium of 

forces, and we have shown it with numbers in e.g. Figure 3.1 in Bernander-Elfgren (2017, 
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2018a). There, the stress, 40 m below the surface for a small inclination of tan  = 0.04 ( = 

2.3o), is as high as 26,7 kPa, due to gravity alone and without any water pressure. This is very 

close the capacity of the weaker soil lenses, which can be as low as 35 kPa according to 

Leahy (2015),   

6.  "we propose measures such as compacting the soil by piling or by methods of grouting 

and drainage" 

Comments from SLI: Driving piles should be avoided. This is the SLI position and it is in accordance 

with Bernander himself in his 2000 and 2012 papers in which he stated. 1 - Pile driving should be 

regarding as a particularly risky operation (Ref 27). 2 - Pile driving has been recorded as an effective 

triggering agent in many other slides and ground movements in Sweden (Ref 28). 3 - It may be noted 

in this context that the slope in Surte had remained stable ever since it emerged from the sea some 

thousands of years ago. Yet, only driving of a few pre-cast piles for the foundation of a family house 

in a steep part of the slope was sufficient to trigger this catastrophic event (Ref 28). 1 - Reference 27, 

page 89, article 7.3, 2 - Reference 28, Page 155, article 10.3. 3 - Reference 28, Page 154-155, Article 

10.3. 

Fact Check: Misleading. Bernander’s proposal is to compact the soil in a controlled, careful, 

slow and small-scale way so that no pore pressure is risen. It is essential that the pressure is 

checked, and the driving halted if any increase is noted. This attentive procedure has no 

resemblance with careless pile-driving, which indeed may be detrimental. Consequently, no 

increased risk for failure is created with the proposed method if it is carried out in a correct 

way.  

7. "We also suggest the need for an expert Advisory Panel to look further into the long-

term safety of the North Spur.” 

Comments from SLI: That was exactly the GPRP task. Following the review of these reports, LCP 

assembled a Geotechnical Peer Review Panel (GPRP) consisting of independent geotechnical experts 

to review and prepare a response to the comments and questions that have been raised by 

Bernander et al. on the North Spur Stabilization Works. GPRP Report, Reference 19, page 6, article 

1.1. 

Fact check: False. The GPRP did not look further into the safety.  “The GPRP has not 

performed any calculation to verify the accuracy, completeness or validity of the results 

obtained by SLI. The opinion of the GPRP is solely based on a review of available data and on 

the concept and methods used by SLI and the client to assess stability issues at the North 

Spur. Therefore, the GPRP makes no representation regarding its accuracy and hereby 

disclaim any liability in connection therewith.”  GPRP (2018), p3, Disclaimer. 

Section 2: Downward progressive failures 

8. "Slopes of clay and silt made up of glacial and post-glacial marine deposits. The North 

Spur soils were normally deposited in mildly sloping layers…" 

Comments by SLI: Based on field observations, in the east-west direction, the clay soil deposit layers 

are horizontal. Construction observations and Construction Report, Reference 30. 
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Fact check: False. We cannot find the Construction Report from 2017 given in Reference 30. 

However, we have found a similar Construction Report by Ceballos (2019), but in there we 

found nothing about inclinations of the slopes. In earlier reports, many slopes where 

indicated to have mildly sloping layers, see e.g. the Design Report by Ceballos (2016), Figures 

5.6 to 5.14 on pp 181-190.  From the paper by Leahy et al. (2017), a part of Fig. 19.7 is 

reproduced below as Figure 1, indicating a possible sloping failure slip surface in the lower 

clay for horizontal layers.  See also Figure 6 below.   

9.  "extremely porous sand" 

Comment by SLI: Investigations show that the upper sand layer is dense to very dense. The upper 

clay layers are firm to very stiff. The lower clay is very stiff. These materials are showing normal 

properties for porosity and void ratio. It is assumed that Bernander intended to use the word 

porosity rather than porous, however, they do not possess an extremely high porosity. The 

properties are typical for these types of soils in eastern Canada and Norway. From soils Investigation 

Reports, References 1, 4, 5, 6, 7, 8 ,9, 11 and as confirmed by GPRP report, reference 19, page 8. 

Fact Check: Misleading. Most of the layers are as good as SLI describes, but there are also 

layers with much worse properties, see e.g. the Design Report by Ceballos (2016), Tables 4-1 

and 4-3 (on p. 91 and 99 respectively). There the intact undrained shear strength has values 

as low as 35 kPa for the upper silty clay layer and 53 kPa for the lower marine clay. The 

remoulded undrained shear strength has values as low as 2 kPa for the upper silty clay layer 

and 8 kPa for the lower marine clay. These layers may certainly be extremely porous and 

have a high porosity. 

 

Figure 1. Possible inclined slip surface in Lower Clay layers for the case when layers above are 

horizontal. Based on a part of Fig. 19.7 in Leahy et al. (2017) with added blue dots for a possible slip 

surface. 

10. Caption to Figure 4, page 5: "as no deformation properties have been presented in the 

SLI reports, the shear strain values   have been derived by back analysis of other slides” 
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Comment from SLI: Mechanical tests were performed on soils from the North Spur and the results 

available. The values used by Bernander are not representative of the soil parameters found for the 

North Spur soils. Bernander is using large deformation (or residual strength values) parameters to 

support his hypothesis, but the displacement needed to reach the residual value of the shear 

strength requires rupture and there is no evidence of such movements on the Spur. Also, the GPRP 

Report concludes that the use of large deformation parameters by Bernander is not applicable for 

the Spur. From Geotechnical Investigation Reports, References 1, 4, 5, 6, 7, 8 ,9, 11, and Weekly and 

Monthly Inspection Reports. GPRP Report, Reference 19, page 17. 

Fact check: False. We have many times asked for deformation properties and 

stress/deformation diagrams. However, nothing has been provided. Sweeping claims have 

been made that the values we have used are unrealistic; but no realistic values have been 

produced instead. We have now looked through the quoted references and found notes on 

deformations only in No 1 and 11 and then only on good clay. However, we found in NGI 

(1996) stress-strain diagrams quite like the ones we have used (Figure 4 in our paper). An 

example is given in Figure 2 below. We cannot find any deformation values in the GPRP 

Report, neither on page 17 nor on any other page.  

 

Figure 2. Shear-deformation curve from tests at NGI (1996). Consolidated Undrained Triaxial 

Compression Tests from Muskrat Falls, Labrador. Detail of Fig. 38 with added notation.  

11. Page 5; "Nalcor's research of the soil conditions at Muskrat Falls has been insufficient, 

…. The standard of the geotechnical investigations has been very poor." 

Comments from SLI: The investigation works carried out from 1965 to date by SLI and other 

recognized consultants and using certified laboratories for the analysis are adequate. In total, more 

than 100 boreholes have been drilled for soil investigation or instrumentation installation. More than 
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50 continuous soundings (Cone penetration test and Sonic sampling drilling) have been performed. 

During the construction works all excavation was supervised and mapped. During the excavation of 

the 2 Cut-Off-Walls, surveillance was done on a full-time basis to monitor the behavior of the 

excavation wall (a length of 1 100 m in total). Also, the GPRP concludes that ''GPRP therefore 

believes that the soil investigations performed on the North Spur are reliable, at least as reliable as 

other geotechnical investigations for other construction projects''. Investigation Reports, References 

1, 4, 5, 6, 7, 8 ,9, 11 and 16 Construction Report, Design Report, Reference 29. GPRP Report, 

Reference 19, page 14. 

Fact check: Misleading. We agree that many test campaigns have been carried over the 

years out but mostly concentrating on strong clays and on pumping installations to lower the 

water pressure. We have however found some boreholes close to the upstream shore with 

lenses of weak soils, see e.g. Figure 3 with record for the test hole C1 close to the upstream 

shore at elevation 18 - 40 m. Here the Fall Cone gave an undrained shear strength on intact 

soil of  = 25 – 50 kPa and on remoulded soil  = 0 kPa. From Ref [4], SLI (1980), Vol. III. 
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Figure 3. Record for test hole C1 close to the upstream shore. Elevation 18 - 40 m. Fall Cone gave on 

intact soil   = 25 – 50 kPa and on remoulded soil  = 0 kPa. From Ref [4], SLI (1980), Vol. III, p. 33, 

with inserted Location Map from Plate 7 (p. 340 in pdf)  

See also Figure 4 from Borehole P1 A & B, elevation ca 18 m, with an undrained shear 

strength from standard penetration test  = 4 kPa from Reference [9], Hatch (2010). 



C3-19 
 

 

 

Figure 4. Borehole P1 A & B, Elevation ca 18 m. Undrained shear strength from standard penetration 

test  = 4 kPa from Reference [9], Hatch (2010), Attachment B, p.28 in pdf, with inserted Location 

Map from Attachment C, Fig.4, p.47 in pdf.  

 

See also Figure 5 from Borehole NS-01-13 close to the upstream shore at elevation 7m, from 

Reference 11, AMEC (2013), App B1. We find an intact undrained shear strength   ≈ 25-30 

kPa, which is even lower than the lowest value 35kPa given in Leahy (2015a) and Ceballos 

(2016) for the upper silty sand. 
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Figure 5. Borehole NS-01-13 close to the upstream shore, Elevation 7 m (depth 48.5 m), silty clay with 

traces of sand. Penetration testing SPT (circle) and Pocket penetrometer (square), undrained shear 

strength   = 25-30 kPa. From Reference 11, AMEC (2013), App B1 Borehole Log, p. 10 in pdf, with 

inserted Location Plan App A, Drawing 1, p.2 in pdf. 

As we said under point 10, the GPRP mentions nothing of deformation properties. 

We have seen no documentation of the results from the digging of the cut-off wall. It would 

have been great if you had documented this is in detail and really could prove that there 

were no weak lenses in this critical part of the dam. However, even if so, you do not seem to 

be able to guarantee that there are no such layers close by.    

12.  Page 8: "Massive slides [in the reservoir] may cause a flood wave that will travel 

downstream, hitting the North Spur Dam and initiate a failure of Type (b)" 

Comments from SLI: Studies on landslide generated waves in the North Spur reservoir indicate that 

the expected ''wave'' will be less than the PMF level. The PMF level (45.1 m without Gull Island) was 

considered in the design. Design Report, Reference 29. Landslide Generated Waves Report, 

Reference 10. 

Fact check: True, however misleading as our argument is that the present water level may 

already be at the edge of what the dam can resist. Any sudden increase in the load may 

invoke a progressive failure. 
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13.  Page 8: “Another disturbance could be earthquake activity”. 

Comments from SLI: A complete study on that topic has been performed by SLI. The methodology of 

the study and the results were reviewed by I. Idriss for the dynamic aspects and by S. Leroueil for the 

sensitive clay's properties. The study concluded that the North Spur is not sensitive to the design 

earthquake (1 in 10 000 years event). Dynamic Study Report, Reference 14 and 13. 

Fact check: True, however misleading, as our argument is that the present water level may 

be at the edge of what the dam can resist. Any sudden increase in the load may invoke a 

progressive failure. 

14.  Page 8: "The study made by Leahy (2015b) uses average stress values neglecting the 

low resistance values in Figure 4”. 

Comments from SLI: Assertion from Bernander is incorrect. The selected soil parameters in the SLI 

Dynamic Study are not averages and are mainly on the lower side of the measured values, as shown 

in Figure C-9 and others figures in Appendix C of that report. The parameters from Bernander's 

Figure 4 are not from the North Spur soils and are not representative of the North Spur soils 

properties nor are they applicable to a dynamic calculation. Dynamic Study Report, Reference 14. 

Fact check: Partly true but misleading. Leahy does use stress variations and in the final 

Figure G-36 she shows variations in max from 20 to 80 kPa for elevations lower than 20m. 

However, she also does repeat that the static undrained shear strength has values as low as 

35 kPa for the upper silty clay layer (or even lower, 25-30 kPa, according to Figure 5 in point 

7 above) and 53 kPa for the lower marine clay. This may lead to unsafe situations. 

 

Section 3:  About effects… 

15. Page 8: "The Limit Equilibrium Method (LEM) has little relevance in the current 

context" 

Comments from SLII: The use of the LEM is well recognized as a good tool to address the stability of 

a slope such as at the North Spur, this was supported by the GPRP. GPRP Report, Reference 19 and 

Lefebvre (1996), Reference 26. 

Fact check: False. This method was developed already some 70 years ago and has caused numerous 

dam failures. There exist newer and better methods. 

16. Page 9: "The GPRP Report did not correctly respond to the modern methods and to the 

basic corrective measures proposed by Bernander and Elfgren." 

Comments from SLI:  The members of the GPRP group are recognized as worldwide experts in this 

field. SLI considers the work perform by these experts as a good analysis and as a complete review. 

This is in accordance with all previous external reviews done on the stabilization design and on the 

SLI works. GPRP Report, Reference 19, Conclusion. 

Fact Check: Misleading.  The GPRP Group may be recognized world wide but the object of 

their mission was wrong. It was to affirm that their client, the Muskrat Falls Corporation, had 
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made an acceptable job based on engineering practise. If they had been asked to make an 

independent analysis of the safety of the North Spur, based on available up-to-date 

methods, their results had probably been quite different.  

17. Page 9: 'the GPRP did not even comment on the obvious error in the SLI analyses'' 

Comments from SLI: The GPRP reviewed the SLI reports and determined that there was no error. The 

inclination of the clay layer, presented as a hypothesis by Bernander, does not exist. The analysis 

done by SLI is not sensitive to a slight inclination of the hypothetical progressive failure plane. GPRP 

Report, Reference 19, page 17. 

Fact Check: False, the GPRP did not review more than what methods SLI has used and did 

not go into any details. For example, the inclination of the different layers across the Spur 

along the section we are discussing are indeed inclin4ed, see Figure 6 from SLI Progressive 

Failure Study, Leahy (2015a). See also items 4 - 16 above.  

 

Figure 6. Soil profile for section D across the Spur showing that the Upper Sand and Stratified Drift are 

inclined downwards towards the downstream side. From Figure 4A in SLI Progressive Failure Study, 

Leahy (2015a), with added notation. 

Summing up  

We lack comments on Figure 6 in our symposium paper, which illustrates the possible 

initiation of a progressive downward failure. This figure also illustrates the need to know 

deformation properties of the soil near the cut-off wall. This is the critical failure which we 

are most concerned about and which has not been studied by SLI.  
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Numbered References used in Comment Spreadsheet from Jan 29, 2020,           
to Letter from Bernander/Elfgren to Minister Coady from Nov 13,2019. 
For references with Name (Year) in the symposium publication and in the answers above, 
see list in section C4 after the numbered references. 
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