
 

This Compilation of TAC Papers was prepared courtesy of   

Rock engineering on the La Grande Complex, Quebec 

 

D. KENT MURPHY 

Rousseau, Sauve, Warren Inc., Montreal, Quebec 

JERRY LEVAY 

Societe d'energie de la Baie James, Montreal, Quebec 

 

Abstract: 

Rock engineering has played an important role in the design and construction management of the 

La Grande Complex a 13 750 MW hydroelectric development in the James Bay area of northern 

Quebec. Confidence in the strength and erosion resisting properties of the Precambrian granitic 

and metamorphic rocks of the region has led to some innovative design solutions as well as a 

policy of flexible response to rock support requirements. Experience gained with unlined tunnels 

and channels for hydraulic purposes is discussed. The importance of closely controlled drilling 

and blasting procedures in some areas of the work such as the crane support ledges at LG 2 and a 

diversion conduit excavation at LG 4 is also noted. The success of the flexible, generally 

optimistic approach to rock excavation and support activities in the Complex is due in large 

measure to the good communication links existing among design, cost control and construction 

elements within the management group, the Societe d'energie de la Baie James. 

 

Keywords: James Bay area; hydroelectric potential of the La Grande River; Canadian Shield; 

granitic rocks ranging in texture from massive to gneissic; The management system; Rock 

engineering; Rock quality and design trends; Rock support considerations; Surveillance routines. 

Murphy, D.K., Levay, J. Rock engineering on the La Grande Complex, Quebec. 1985 Tunnelling Association of Canada Annual 
Publication.





Murphy, Levay 129 


Rock engineering on the La Grande Complex, Quebec 


D. KENT MURPHY 
Rousseau, Sauve, Warren Inc., Montreal, Quebec 
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Abstract 
Rock engineering has played an 
important role in the design and 
construction management of the La 
Grande Complex. a 13 750 MW 
hydroelectric development in the James 
Bay area of northern Quebec. 
Confidence in the strength and erosion 
resisting properties of the precambrian 
granitic and metamorphic rocks of the 
region has led to some innovative 
design solutions as well as a policy of 
flexible response to rock support 
requirements. Experience gained with 
unlined tunnels and channels for 
hydraulic purposes is discussed. The 
importance of closely controlled 
drilling and blasting procedures in 
some areas of the work such as the 
crane support ledges at LG 2 and a 
diversion conduit excavation at LG 4 is 
also noted. The success of the 
flexible. generally optimistic approach 
to rock excavation and support 
activities in the Complex is due in 
large measure to the good communication 
links existing among design. cost 
control and construction elements 
within the management group. the 
Societe d'energie de 1a Baie James. 


Introduction 
With a planned capacity of 13 750 MW. 
La Grande Complex is one of the world's 
major hydroelectric developments. Work 
on the Complex started in 1972 and the 
first phase of development comprising 
the principal reservoirs and some 
10 000 MW of generation facilities is 
scheduled for completion in 1985. 


Overall planning and management is the 
responsibility of la Societe d'energie 
de la Baie James (SEBJ). a wholly owned 
subsidiary of Hydro-Quebec. Design is 
assigned by SEBJ to private consulting 
organizations. 


This paper presents an overview of rock 
engineering considerations in the 
Complex as related particularly to 
excavation and support problems. 
Examples are chosen to illustrate the 
range of geological conditions 
encountered together with the 
engineering philosophy that has 
governed their treatment. Nurtured by 
successful Quebec and Canadian 
experience on previous northern 
projects. this philosophy reflects a 
generally optimistic view of rock 
behaviour and a pragmatic approach to 
construction procedures and 
surveillance requirements. 


Project description 


Located in the James Bay area of 
northern Quebec. the La Grande Complex 
comprises a group of projects that 
develop the hydroelectric potential of 
the La Grande River together with 
portions of the adjacent Caniapiscau 
and Eastmain-Opinaca drainage basins. 
The overall development includes nine 
(9) powerhouses having a planned 
capacity of 13 753 MW and an annual 
energy generating potential of 
81.6 terrawatt-hours. 


A first phase of development includes 
the construction of the three principal 
generating stations LG 2. LG 3 and 
LG 4. which together will have an 
installed generating capacity of 
10 282 MW. as well as all the principal 
reservoir and diversion works 
(Figure 1). Construction of this first 
phase began in 1972 and is scheduled to 
be completed in 1985. First commercial 
power from the Complex was produced in 
October. 1979 at LG 2. Salient data on 
Phase I projects are presented in 
Table 1. 
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TABLE 1 
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General geology 


The Complex lies within the Canadian 
Shield, a glaciated peneplain developed 
on a precambrian basement complex of 
igneous and metamorphic rocks. 
Successive phases of Pleistocene 
glaciation, culminating in the last 
advance of the Laurentian ice sheet at 
the end of Wisconsin time, stripped the 
old land surface to fresh, hard rock 
and left deposits of glacial and 
proglacial sediments that now cover 
some 80 percent of the region. 


Most of the project sites are underlain 
by granitic rocks ranging in texture 
from massive to gneissic, as shown on 
Figure 1. Older, metasedimentary and 
metavolcanic formations occur in two 
east-west to NE-SW trending bands. one 
of which crosses the La Grande River at 
the LG 3 site while the other affects 
the Eastmain-Opinaca diversion area to 
the south. The youngest rocks of the 
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area are unmetamorphosed sandstone and 
arkose of the proterozoic Sakami 
formation. 


The main structural trend of rock 
formations is in an east-west 
direction, parallel with the bands of 
older metamorphic rocks. 


,Faults and shear zones having a wide 
range of orientations have been 
observed in detailed work at each of 
the work sites in the Complex. 
Frequently containing hematite and 
chlorite alteration products, the 
majority of these zones are narrow, 5 
to 15 feet (2 to 5 m), and 
reconsolidated. No active faults are 
known in the area of the Complex and, 
based on historical earthquake records, 
all of northwestern Quebec is 
classified a low risk seismic zone. 


Subhorizontal relief or rebound joints, 
due to glacial unloading, are a common 
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Figure 1. La Grande Complex - Project arrangement and bedrock 
geology. 
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structural feature of the granitic 
rocks whereas foliation joints 
predominate in the metasedimentary and 
volcanic rock formations. 


With a mean annual temperature of -4°C 
the Complex lies within the 
"discontinuous permafrost zone" as 
defined by the National Research 
Council of Canada. To date, no 
permafrost has been encountered in any 
of the explorations or construction 
works but seasonal frost penetration of 
up to 10 feet (3 m) in overburden and 
33 feet (10 m) in rock places a severe 
constraint on many construction 
activities. 


The management system 


In common with current hydroelectric 
practice, engineering geology 
considerations are closely integrated 
within the management team with other 
technical aspects of design and 
construction. In its role as project 
manager SEBJ is responsible for 
approving exploration programs and 
budgets, for reviewing design and for 
supervising construction. SEBJ 
technical specialists coordinate the 
activities of the various design 
consultants and establish guidelines 
for exploration programs and for the 
preparation of geotechnical designs and 
specifications. This ensures some 
consistency of approach from one 
consultant to another and from one 
project within the Complex to another. 
The guidelines are reasonably flexible, 
so tbat experience gained elsewhere on 
the Complex can be incorporated. All 
designs are closely checked for cost 
effectiveness and construction 
practicability. 


All key areas of design and 
construction are reviewed at regular 
intervals by an external consulting 
board. 


Rock engineering 


Within both the design and management 
groups, the approach to rock 
engineering is conditioned by an 


extensive body of mining and 
construction experience obtained from 
other areas of the Canadian Shield. 
This experience generally favours an 
approach to both design and 
construction that may be summarized as 
follows: 


a) that, unless it can be demonstrated 
otherwise, rock quality is taken to 
be good to excellent; 


b) that drilling and blasting 
techniques are generally more 
significant than geological 
conditions in terms of minimizing 
overbreak and obtaining stable 
excavation profiles; 


c) that experienced judgement based on 
field observations is usually more 
valid in the assessment of rock 
treatment requirements 
(reinforcement and surface 
protection) than any strictly 
theoretical approach. 


Explorations 


Exploration methods are conventional. 
For detailed investigation of 
foundations they comprise air photo 
interpretation, surface'mapping and 
joint surveys, diamond core drilling 
and water pressure testing and, in 
selected cases, bore hole camera 
surveys for the statistical evaluation 
of joint patterns. Drilling programs 
usually involve a mix of holes that are 
located to evaluate conditions in key 
areas of the works, such as tunnel 
portals or powerhouse headwalls, and 
others that are directed more to a 
better understanding of geological 
features including known or suspected 
fault zones. Conventional core 
recovery and R.Q.D. values are both 
reported in drill logs while all cores 
are systematically photographed in 
colour. 


In the case of the LG 2 underground 
powerhouse, a more comprehensive phase 
of exploration included the excavation 
of a test shaft and drifts along the 
proposed powerhouse roof arch together 







with in-situ mod-ulus and stress 
determinations. 
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All exploration data are made available 
to bidders at the time of tendering. 
These consist of factual data with no 
interpretation by SEBJ. Implicit in 
this approach is the assumption that 
the data will have been thoroughly 
analyzed by SEBJ and its consultant 
during design and, consequently, that 
the design and specifications will 
already incorporate appropriate 
features to deal with potentially 
difficult or unfavourable conditions. 


An example of exploration data being 
thus used in design is the optimization 
of the LG 2 powerhouse location with 
respect to a known fault and a 
suspected shear zone (Figure 2). 
Followng an extensive study of varying 
sizes and numbers of generating units 
and taking into account the cost of 
extra support in the fault zones, an 
arrangement was developed that fitted 
the main caverns between the two weak 
zones, thus avoiding potentially costly 
excavation and support problems. 


Figure 2. LG 2 Underground powerhouse -
location vs. geology. 


In another case involving the LG 4 
Project (Figure 3), a fault was 
identified in preliminary explorations 
cutting across the site of a proposed 
underground powerhouse. The estimated 
additional cost involved in treating 
the poor rock conditions was one of the 
considerations in the eventual decision 


to construct a surface powerhouse on 
the opposite bank. 


t 
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Figure 3. LG 4 Powerhouse alternatives. 


Rock quality and design trends 
The significance of rock quality is 
probably greatest at the preliminary or 
conceptual stage of design since it can 
greatly influence the general 
dimensioning and arrangement of works 
and the comparison of alternatives. 
This is particularly true in view of 
the scale of works that are being 
undertaken. Many of the projects 
contain excavations that are large by 
any standard, including diversion 
tunnels 45 to 65 feet (14 to 20 m) in 
diameter, multiple penstocks 26 to 35 
feet (8 to 10 m) in diameter and 
individual excavation contracts 
involving several million cubic yards 
of rock excavation. 


Given the inherent strength and 
chemical stability of the crystalline 
rocks of the region, as well as the 
fact that glacial erosion has removed 
most weathered materials, the basic 
presumption of good to excellent rock 
quality is generally justified. Some 
distinction must be made, however, 
between the older metasediments and 
volcanic rocks and the more massive 
granitic formations. Foliation in the 
metamorphic rocks represents a 
preferred weakness direction that 
adversely affects the stability of 
excavations and requires more extensive 
reinforcement than granitic rocks. 
Recognition of the strength and erosion 
resistance of the rock in design is 
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perhaps most apparent in the use of 
unlined diversion and tailrace tunnels 
that have been proportioned to accept 
velocities up to 45 ft/sec (14 m/s). 
Over 26 000 ft (8 000 m) of such 
tunnels up to 45 x 65 ft (14 x 20 m) in 
section, have been excavated with no 
concrete lining, except locally at 
portals for gate or stoplog structures., 


Another common design trend involves 
the use of relatively complicated 
excavation lines to reduce the volume 
of expensive concrete. To be effective 
this concept requires the close control 
of perimeter drilling and blasting and 
special reinforcement techniques that 
are only economical if the rock is 
reasonably massive. This approach was 
most successful in the granitic rocks 
at the LG 2 intake structure and around 
turbine scrollcases at the LG 2 and LG 
4 powerhouses. 


Mathematical models employing the 
finite element technique have been used 
to evaluate rock pillar dimensions and 
cavern geometry at LG 2. Elsewhere 
they have also been used to investigate 
the relationship between rock stresses 
and seepage gradients around excavated 
penstocks. These studies are always 
viewed as being of qualitative rather 
than quantitative significance in 
design. 


Confidence in the high quality of the 
foundation rocks has led to some 
innovative design solutions which 
include the following: 


a) Rock ledges for crane support· LG 2 powerhouse 
Rock ledges are used to support the 
twin 403 ton (367.0 t) powerhouse 
cranes and 75 ton (68.0 t) surge 
chamber crane at the LG 2 
underground powerhouse (Figure 4). 
B,ased on a concept already employed 
in at least one instance in Europe, 
the design was controversial within 
the design and management groups 
because of the exacting nature of 
the rock work. Against this 
difficulty the rock ledges offered 
the advantages of early availability 


of cranes for all concreting 
activities, a more uniform 
distribution of the very large 
powerhouse crane loads in the 
supporting rock and a net reduction 
in powerhouse excavation volume, as 
compared to a conventional column 
and beam alternative. It must also 
be stressed that the generally 
excellent quality of the rock 
(R.Q.D. 90%) and favourable 
disposition of jointing had 
previously been confirmed by means 
of the exploratory drift. 
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Figure 4a. LG2 - Typical section; 
excavation and support details. 


Aside from the favourable geological 
conditions the success of this 
design must be credited to special 
provisions in excavation 
specifications and drawings that 
clearly indicated the importance of 
the work and suggested specific 
excavation sequences. It also 
involved very close surveillance 
during the critical period of 
excavation by both the field 
geotechnical specialists and head 
office designers. In addition to 
scheduling advantages and economies 
in construction cost, the final 
result is aesthetically satisfying, 
particularly to geologists, since 
the rock walls supporting the cranes 
in the world's largest underground 
powerhouse remain exposed (Figure 
4b) • 


b )LG 2 spillway • unlined cascade discharge channel 


A second example of design 







Figure 4b. View of completed 
installation. 


~. 
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Figure Sa. LG2 - Cascade discharge 
channel. 


Figure 5b. View of completed excavation. 


innovation, also from the Lg 2 
project, is the spillway channel 
(Figure 5). Under peak flow 
conditions some 580 000 cfs (16 280 
m'/ s) is discharged along a channel 
in which the invert consists of a 
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series of descending horizontal 
steps excavated in rock. Not only 
was this design the most economical 
of several alternatives under 
consideration, but the 7 500 000 cu 
yd of rock spoil were used in the 
construction of the adjacent main 
dam. Hydraulic model tests 
indicated that any deterioration of 
the edge of a rock step would tend 
to work upstream leading to 
progressively higher and more 
destructive discharge velocities. 
Consequently, these areas were 
inspected following excavation and a 
few closely jOinted areas were 
reinforced with rock bolts and 
shotcrete. Since the spillway was 
put into operation in 1979, the rock 
steps have successfully resisted 
erosion at flow velocities 
approaching the design limit. 


c)Caniapiscau composite diversion tunnel-spillway 


A third example of efficient design 
based on good rock conditions is 
the combined diversion tunnel and 
spillway structure at the 
Caniapiscau project. As shown on 
Figure 6, the superposition of the 
spillway channel and the unlined 
diversion tunnel allows the use of 
common approach and discharge 
channels, with evident economies in 
rock excavation quantities. The 
good quality of the rock excavation 
is evident in Figure 6b. 
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Figure 6. Caniapiscau Project -
Composite diversion and spillway 
works. 


Figure 6a. Typical sections. 
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Figure 6b. View of completed excavation. 


Excavation methods 
It is generally recognized that, for 
rock of inferior quality, well 
controlled drilling and blasting 
methods are essential to the production 
of good excavation surfaces. 
Experience on the La Grande Complex 
demonstrate s clearly that the same 
principle is equally true for the best 
rock conditions that may be 
encountered. 


Controlled blasting techniques such as 
pre-splitting, cushion blasting and 
smooth blasting are used on all La 
Grande Complex projects to obtain 
relatively smooth, stable excavation 
surfaces . Standard clauses covering 
definitions a nd performance 
requirements (percentage of drill hole 
traces visible) are included in all 
excavation specifications. The 
potentially damaging effect of blast 
vibrations to the finished rock 
surfaces, as well as to other works, is 
also recognized and guidelines for 
acceptable vibration limits are 
provided . All excavation 
specifications also require contractors 
to furnish details of proposed drilling 
and blasting methods and blast designs 
for SEBJ approval. 


For work where concrete will be placed 
against the finished rock excavation 
there is growing evidence that 
financial penalties for excessive 
overbreak act as an incentive to 
careful work by the contractor . As an 
example , at LG 4, where penalties are 
in force, overbreak averaged 12 inches 
(30 cm) in the 26 ft (8 m) penstock 
shafts compared to 25 
inches (65 cm) at LG 2 where , with 
similar rock conditions and excavation 
methods, there was no penalty. 


There is a natural reluctance on the 
part of SEBJ and its designers to 
specify excavation sequences or to 
impose other restrictions on methods 
that would only tend to reduce the 
contractor's flexibility in planning 
and add to his costs. Nevertheless, 
such special requirements have been 
warranted in circumstances where a 
greater degree of assurance in the 
final result of excavations was 
desired. The previously mentioned 
crane support ledges at the LG 2 
powerhouse (see detail in Figure 4a) 
are a good example of a closely 
specified and supervised excavation 
sequence. 


.C'TDO .. ... 
Figure 7a. LG4 - Diversion 
conduit; excavation at dike QA-8. 


Another good example of the benefits of 
special excavation controls occurred in 
a trench excavated for a diversion 
conduit through the foundation of a 
major dike at LG 4 (Figure 7). 
Overbreak in narrow trenches is hard to 
avoid under any circumstances because 
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Figure 7b . LG4 - completed excavation. 


of the tendency for combustion gases to 
enter the near surface rebound jOints 
and lift large slabs of rock along the 
periphery of the excavation. Still, 
through determined experimentation with 
hole spacing, weight of charge and 
delay sequence, this excavation was 
completed satisfactorily with minimal 
overbreak and blast damage to the 
surrounding dike foundation. On the 
same project, another trench, designed 
for drainage of the spillway chute, had 
no similar special provisions in the 
s pecifications, with somewhat 
predictable results. 


Rock support considerations 


As a general approach to rock support 
i t is the practice on the Complex to 
provide basic protection, comprising 
pattern bolting and wire mesh, for 
c ritical areas such as tunnel portals 
and for certain permanent underground 
s tructures (LG 2 powerhouse). 
Supplementary support and surface 
t reatment in these areas and elsewhere 
i n the works are determined as work 
proceeds. Supplementary support and 
s urface treatment, including shotcrete, 
is particularly important in the 
unlined diversion and tailrace tunnels 
where erosion protection is a major 
consideration . This approach requires 
close control by experienced geologists 
at tached to SEBJ ' s field management 
group, as well as periodic review by 
their design collegues to ensure that 
design philosophy is being satisfied. 
It also requires an intelligent 


estimate, on the basis of exploration 
data, of the quantities of bolting, 
mesh and shotcrete to be included in a 
contract. 
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The extent of rock support requirements 
depends both on local geology and on 
the success with which drilling and 
blasting is controlled . An indication 
of the effect of geology may be seen in 
a comparison of the bolting done to 
stabilize powerhouse excavations at LG 
3 and LG 4 (Figureti 8 and 9). Although 
the excavation is somewhat lower in 
height, the foliated metamorphic rocks 
at LG 3 required some 40 000 lin. feet 
(12 000 m) of bolting, more than 10 
times the quantity used in the massive 
granitic and gneissic rocks at LG 4. 


Figure 8. LG 4 Powerhouse excavation 
(note overbreak on inclined foliation 
planes). 


Figure 9. LG 4 Powerhouse excavation. 
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All rock bolts used on the Complex for 
permanent support are grouted. The 
majority have an expansion shell anchor 
and are installed to a specified 
tension. There is a growing tendency 
to accept fully grouted, passive 
anchors in many situations where 
post-tensioned assemblies were 
previously required. This tendency , 
reflects a change in attitude regarding 
the importance of tension in many 
situations, as well as the realization 
that there are a number of practical 
difficulties in satisfying 
specification requirements for 
tensioning and pullout tests on 
expansion shell anchors, particularly 
with larger bolts. 


In a related area of design there has 
been some interesting experience with 
the use of grouted dowels for holding 
rock edges in surface excavations. A 
good example is seen in the rock noses 


between gate openings at the LG 2 west 
intake structure (Figure 10). The 
initial approach utilized No. 8 bar 
dowels at 4 ft (1.3 m) centres to 
reinforce the edge of the nose. These 
were largely unsuccessful mainly 
because of the tendency for blast gases 
to get into subhorizontal rebound 
joints and lift up large blocks despite 
the presence of the dowels. In many 
cases dowels had to be cut off causing 
additional trouble and expense to 
remove the loose blocks. The solution 
currently adopted is to use large (No. 
14 bar) dowels to reinforce the centre 
of a pillar and to accept some 
overbreak at the edge as being 
inevitable. 


The effect of cold weather deserves 
some mention both with regard to 
bolting practices and shotcrete 
treatment on the Complex. Cement 
grouting of rock bolts is obviously 
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Figure lOa. LG2 west intake excavation - rock pillar 
reinforcement. 
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Figure lOb. LG2 - West intake excavation; view of comple ted 
excava Cion. 


ineffective when the rock is frozen. 
On the other hand, polyester resins 
have been used successfully for 
grouting bolts and dowels in frozen 
ground, provided the resin and the 
steel are kept warm until immediately 
before installation. Ungrouted anchors 
i nstalled in winter will lose tension 
t hrough thermal expansion as the 
weather warms up and care must be taken 
to retension prior to grouting . 
Finally, shotcrete protection cannot be 
used in winter without taking 
precautions to thaw the rock surface 
and protect the fresh shotcrete from 
f reezing. 


Shotcrete has been widely used on the 
project as a general panacea in 
s ituations where there is a risk of 
r ock deterioration, ravelling or 
erosion. From a design point of view, 
t he protection of erodible zones in 
d iversion and tailrace tunnels is one 
o f the most demanding applications 
because of pressure fluctuations that 


tend to lift the shotcrete layer. In 
the LG 2 diversion tunnels, sfter three 
years of continuous operation at flow 
velocities up to 45 ft/sec (14 m/s), it 
was observed that some 30 percent of 
shotcrete protection on fault and s hear 
zones was lost. In the four 3 900 ft 
(1 180 m) long tailrace tunnels at LG 2 
where flow velocities are only 6.6 
ft/sec (2.0 m/s) shotcrete, partly 
reinforced with wire mesh and rock 
anchors, constitutes the only permanent 
treatment of several major fault 
zones. Shotcrete is also much used in 
foundation treatment for dikes and 
dams, notably on steep abutment slopes, 
replacing formed concrete to seal open 
jOints and smooth the founda tion 
contours in the core and transition 
contact zones . 


The use of shotcrete has increased 
progressively during the period of 
construction of the Complex. With 
increased use there have been 
improvements in placing methods and 
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quality control with a corresponding 
decrease in shotcrete unit costs. 
These tendencies demonstrate increasing 
confidence in the value of shotcrete by 
the design-management team and 
increased efficiency by Contractors. 
Nevertheless, many applications are of 
such limited extent it is difficult to 
carry out effective checks on the 
strength and adhesion of permanent 
shotcrete. 


Instrumentation 
Instrumentation is regularly used to 
check stability during and following 
excavation. This usually consists of a 
number of extensometers installed in 
predetermined locations providing a 
representative view of geological 
conditions and structure behaviour. 
Additional extensometers and 
"tell-tale" gauges are added wherever 
local instability is suspected. 
Simplicity and reliability are the 
watchwords so that most extensometers 
are single point with mechanical read 
out. Electronic read out instruments 
are restricted to areas of difficult 
access. Monitoring of blasting 
operations is also carried out 
routinely, particularly when a new 
blasting plan or method is being tried 
and in any area where there is risk of 
damage to existing constructions. All 
instrument installation and monitoring 
activities are carried out by 
geotechnical specialists of the field 
management team. Contractors are 
responsible only for providing access 
and drilling and grouting support 
facilities at the time of installation. 


An extensive network of extensometers 
was installed in the main powerhouse 
and surge chamber cavities at the LG 2 
project. They showed that rock 
relaxation movements generally took 
place within a few hours of 
excavation. In a few localities 
popping rock was experienced and 
sustained rock movement was observed 
over several months. The phenomenon 
seemed linked to a combination of 
massive rock structure and quartz rich 
mineralogy. In each case the movement 


was stabilized with supplementary rock 
bolts and shot crete and additional 
extensometers were installed for 
monitoring control. 


Surveillance routines 


Procedures have been established to 
monitor the behaviour of the many dams 
and dikes as well as underground and 
surface works before, during and after 
reservoir filling. Frequent 
inspections are made of the various 
structures during filling operations so 
that immediate remedial action can be 
taken if any abnormal behaviour. 
(leakage or cracking) occurs. In the 
case of rock excavations this 
surveillance includes the measurement 
of seepage pressures and flows in the 
drainage systems and continued reading 
of extensometers that remain 
accessible. 


A surveillance committee composed of 
geotechnical specialists from SEBJ and 
a representative from Hydro-Quebec -
the owner and eventual operator -
establishes the program to be followed 
at each site, ensures that these 
procedures are followed and reviews the 
reports submitted by the various field 
surveillance groups. 


Seismic monitoring of the main 
reservoirs is also carried out to 
detect any shock that may be induced by 
filling operations. At LG 2 a base 
seismograph was installed in 1976 to 
investigate the background seismic 
activity prior to reservoir filling. 
No natural activity was recorded. 
Before filling in November 1978 three 
other seismographs were deployed around 
the future reservoir. Data from these 
stations was relayed automatically by 
microwave to the Seismology Division of 
the Department of Energy Mines and 
Resources in Ottawa who has been 
cooperating with SEBJ in the 
interpretation of seismic results. 


Summary and conclusions 
Rock engineering in the La Grande 
Complex is typified by reliance on 
field observations and the judgement of 
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experienced geologists more than on 
theoretical concepts of rock behaviour. 


Rock conditions are assumed to be good 
unless proven otherwise, a concept that 
has spurred innovative design and the 
use of a flexible response to rock 
support requirements. In addition, 
although the need to standardize 
certain procedures within the system is 
recognized, both design and 
specifications for geotechnical work 
demonstrate a steady evolution that 
reflects experience gained on previous 
contracts. 


The success of this flexible, generally 
optimistic approach must be credited 
mainly to the SEBJ management group and 
their board of consultants who jointly 
ensure continuity and consistency of 
approach from one project within the 
Complex to another, as well as the 
necessary communication links among 
construction, cost control and design 
elements within the system. 
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