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Introduction 


Toronto's subway system has been an integral 
part of the City's urban transportation since 
the first line - the Y onge line - was opened 
some 40 years ago (Ref. 1) Tenders for the 
first main construction con tract were called 
for in 1949. 


The current Rapid Transit Expansion Program 
(RTEP) began last year with the construction 
of an extension of the existing Spadina Line 


to the north, from Wilson Station to a new 
station at Sheppard Avenue. This extension 
forms part of the proposed Spadina-York­
University (S-Y -U) Extension. While the 
Eglinton West Subway and the Sheppard 
Subway inclusive of Wilson Yard Expansion 
are being actively designed, other lines being 
planned are the Scarborough RT, and the 
S-Y-U Extension. Table I provides some 
statistical data for the existing subway lines 
and the two portions of the Phase 1 expansion 
of the future Toronto Subway system which 
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are currently approved (Ref. 2, and 3). As 
shown in Figure I, together with Table I, 
there is extensive coverage of the City by the 
subway system (Ref. 2, and 3). 


Geology and the Spadina Subway Extension 


The geotechnical studies made in the past for 
the Toronto Subway system, namely, the 
Bloor-Danforth and Yonge Subway lines, 
have made available a wealth of subsurface 
soil information which enabled the 
compilation of generalized geological mapping 
and geological literature. The mapping has 
facilitated much of geotechnical planning and 
design for construction or investigation 
activities in Toronto. 


Most of the surficial soils in the Toronto area 
are believed to have been deposited during the 
Wisconsinan glacial period, in which several 
ice advances and retreats occurred (Ref. 4). 
These major fluctuations of the glacier front 
resulted in a complex distribution of glacial 
till layers separated by interstadial deposits of 
sands, silts and stratified clays. 


At least two till sheets, considered to be part 
of substages of the Wisconsin glaciation, have 
been identified along the Spadina Extension 
alignment. The till sheets are separated by, 
and interlayered with, variable thicknesses of 
sands, silts and clays of glaciofluvial and 
glaciolascustrine origin. 


Geotechnical Investigations 


The Spadina Extension extends north from the 
Wilson Yard to a station at Sheppard Avenue 
West as shown on Figure 2. There are three 
contracts, A20-1, A22-1 and A23-l/2. The 
southern contract, A20-1, is about 900 m in 
length and includes an open cut section and 
about 400 m of cut and cover construction 


north from the portal. The middle contract, 
A22-1, was the first contract let and involved 
about 330 m of cut and cover construction 
crossing Allen Road. Allen Road was 
detoured to the east prior to commencing this 
contract. The northern Contract, A23-l/-2, 
comprises the station and tail track at 
Sheppard Avenue West as well as the at grade 
structures for bus and parking facilities. 


The geotechnical investigation for the full 
project involved boreholes at about 30 m to 
50 m intervals along the subway alignment 
put down to assess the subsoil conditions for 
geo-technical design. In addition, several 
phases of site investigation were carried out to 
provide information on the environmental 
aspects of the soil to be excavated during 
construction. Review of the past and current 
uses of properties along the alignment 
indicated the presence of a Metro Works Yard 
at the south end of the alignment and the 
previous existence of a gas station on the 
north-east corner of Sheppard Avenue and 
Dufferin Street. Particular emphasis WdS 


therefore put on the quality of the shallow 
subsoils on these properties where there was 
potential for impact on the ground conditions. 


In summary, the soil strata encountered in the 
boreholes along the tunnel alignment consist 
of surficial fill materials overlying a silty clay 
till deposit which in turn overlies variable 
interstadial glaciolacustrine and glaciofluvial 
deposits of sand, silty sand, gravelly sand and 
laminated silty clay. A second till deposit 
consisting of sand and silt was encountered 
underlying the silty clay till and interlayered 
with the interstadial deposits. The silty clay 
till has a crustal zone with a very stiff 
consistency and a lower softened zone which 
general! y has a stiff consistency. The 
remainder of the deposits encountered below 
the silty clay till are very dense or hard. 
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In the Metro Works Yard, variable fill 
materials were encountered at ground surface 
containing variable amounts of glass, brick, 
plastic, mortar and wood fragments. At the 
north end, in the area of the former gas 
station, hydrocarbon odours were noted 
within the fill and native materials to about 
2 m depth below ground surface. The, 
chemical test results for these materials 
together with the foreign matter content 
indicated disposal at a registered landfill 
would be required and that the excavated 
material would be classified as a non­
registerable non-hazardous waste according to 
Ministry of Environment, Regulation 347. 


Geotechnical Design Issues 


Contract A20-1 and A22-1 of the Spadina 
Subway Extension are essentially complete at 
this time (July , 1994) except for final 
finishing and track installation. Contract 
A23-112 is ongoing with the bulk of the 
excavation for the below grade structures 
complete. 


The below grade subway structure for the 
Spadina Extension is typically a 1.8 m wide 
by 6.5 m high box structure. The underside 
of the running box structure varies from about 
7 m depth at the portal to about 14 m depth 
below ground surface at the station at the 
north end of the alignment. The vertical 
alignment of the subway was maintained 
above a lower prevalent groundwater table 
encountered and, for construction purposes, 
had to contend only with a perched water 
table which was noted sporadically along the 
alignment. The subway structure itself, 
however, was designed to resist a specified 
water pressure and distribution based on the 
piezometric pressure from the perched water 
levels as measured along the alignments. A 
drop shaft was constructed within the middle 
contract to allow for rail installation for the 


full length of the subway box. A piled 
decking was installed at Sheppard Avenue to 
permit construction of the station with 
minimal restriction on road traffic. 


The subsoils forming the subgrade to the base 
slab of the running box typically consist of 
very stiff to hard silty clay till and very dense 
sand/silt deposits. One of the key design 
issues of this project was the asymmetric 
stress distribution caused by the requirement 
to have mezzanine level on the east side vf 
the station at a higher elevation. The subsoils 
at this depth (about 7 m below ground 
surface) consist of the 'softer' silty clay till. 
The station layout involves structural 
continuity between the sections of the 
structure which are supported at two different 
levels on different subgrade soils. A detailed 
assessment of the subgrade reaction moduli 
for these soils in relation to those forming the 
station slab sub grade was necessary to address 
the structural design concerns. Additional 
subsurface investigation and specialized 
laboratory testing were carried out to provide 
appropriate soil properties for the design. 
Ongoing dialogue between the geotechnical 
engineer and the structural engineer was 
maintained to ensure that the finite element 
analysis was giving 
consistent with the 
parameters. 


compatible results 
input geotechnical 


The extent and nature of impacted soils in the 
Metro Works Yard and in the former gas 
station property was generally consistent with 
that expected based on the geotechnical 
investigation completed for the project. 
Continuous on-site supervlSlon of the 
excavation of these soils ensured that the 
contract specifications for the SGMS were 
followed. The professional inspection service 
in turn ensured proper site management and 
cost control for soils disposal. 
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Figure 1 - Toronto Subway System - Existing and Future 
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CONTRACT A20-1 


OPEN CLIT I AT GRADE 


... ~- ----, 


SPAotNA SUBWAY 
EXTENSION AUGNMENT 


_ ................................. u .... . 


AU..ENROAD 
METRO'M)R}{$ YARD 


Figure 2 - Spa dina Subway Extension 


Soils and Groundwater Management Issues 


The requirement for preparation of a soils 
and groundwater management strategy 
(SGMS) for construction projects is now 
commonplace in Toronto having evolved from 
concerns of improper disposal of contami­
nated soils. For projects that involve 
excavation and/or backfilling oflarge volumes 
of material, the process of ensuring 
appropriate management of soil and ground­
water permeates through the entire value 
chain of the project. 


The establishment of a disposaJ strategy for 
excess soils and groundwater generated during 
construction of a project generally involves 
the following tasks: 


• Study of the project design 
requirements, regulatory agency 
requirements and any approvals 
necessary. 


• 


• 


• 


• 


• 


Land use review of the properties 
along and adjacent to the entire 
alignment, to identify current and past 
activities that may have resulted In 


subsurface environmental impacts. 


Borehole drilling program, including 
field screening, to obtain soil samples 
for chemical testing. 


. Chemical analyses of representative 
soil and groundwater samples 


Classification of the soils and chemical 
test results to identify options for 
reuse and disposal. 


Evaluate cost-effectiveness and 
potential risk associated with each 
option . 
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• 


• 


• 


• 


Develop strategies for soil and 
groundwater handling to be used by 
the designer and tenderer 
(contractors). 


Seek approvals, permits etc. from 
regulatory agencies. 


Develop protocols and responsibilities 
for construction inspection and 
control. 


Carry out field inspection during 
construction to observe the field 
conditions and procedure in order to 
adopt appropriate actions to be taken 
for changed site condition. 


• Documentation of the disposal process 
and filing of bills of lading, if 
necessary. 


The soil management classification 
procedures, which are directed toward 
identifying options for reuse and disposal is 
sophisticated, involve a number of different 
guidelines (sometimes indicating somewhat 
inconsistent policies). The management 
strategies are usually provisional, as approval 
is still required by the appropriate agencies 
such as Ministry of Environment and Energy 
(MOEE), and the potential receiving sites. 
The work associated with SGMS for a major 
project should therefore be carried out with 
the assistance of experienced professionals. 


As an example of the complexity of the 
policies, the Regulatory Guidelines used by 
RTEP for assessment of soil management 
options are shown on Figure 3. An extensive 
decision tree can be developed for a specific 
site depending on which materials meet or do 
not meet the guidelines, from which the 
options for disposal!reuse can be finalized. 


As it is well known that the geological, 
geotechnical! hydrogeologic as well as 
environmental conditions vary across a site or 
along an alignment, the strategies and hence 
operational requirements during constructiun 
should vary along the alignment. The RTEP 
work will generate large volumes of surplus 
soils, in the order of millions of m" during 
the construction of the future subways. Even 
the 2 km length of the Spadina Extension 
encountered approximately 6000 m3 of surplus 
soils which required special attention with 
disposal at licensed landfills. Disposal of 
these materials is at a premium. 


Another example is the planned construction 
of the 6.5 kilometre route of the Sheppard 
Avenue East alignment, which will require 
excavation of approximately 11,300,000 m3 of 
soil of which approximately 80,000 m3 will 
be surplus requiring off-site disposal. The 
SGMS for each construction project requires 
site specific consideration to be acceptable to 
MOEE and MTRCA. 


Figure 4 shows a cost benefit matrix or 
decision chart of various approaches for 
control of soils and groundwater management. 
The generic options are site specific or non­
site specific and routine or tailor-made. If a 
non-site specific SGMS is designed (i.e. non­
technical approach) the cost to complete is 
greater than if a site-specific approach in 
which individual issues are challenged and 
dealt with. 


If a worst case scenario is assumed for a site, 
the impact of unexpected conditions during 
construction will be minimized; however, the 
approach is not cost-effective. If the SGMS 
is carried out in a way that meets all 
mll1lmUm requirements of general 
standardized guidelines it may not be 
sufficient to cover all uncertainties during 
construction and the consequent change orders 
may be costly. 
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REGULATORY GUIDELINES 


Improved Lakefill Quality Criteria, 
MTRCA, 1990. 


Guidelines for the Decommissioning 
and Clean-up of Sites in Ontario, 
MOEE,1989. 


Dredged Material Model Classification 
Criteria, MTRCA, 1980. 


Environmental Protection Act, 
Regulation 347 Leachate Quality 
MOEE,1993. 


Interim Guidelines for Assessment and 
Management for Petroleum­
Contaminated Sites in Ontario, 
MOEE,1993. 
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Meets Guidelines 


Doesn't Meet Guidelines 


Meets Guidelines 


Doesn't Meet Guidelines 


Meets Guidelines 


Doesn't Meet Guidelines 


Meets Guidelines 


Doesn't Meet Guidelines 


DISPOSAL OPTIONS 


Disposal at Leslie Street Spit or fe-use on site. 


Cannot be disposed of as lakefill. Check MOEE 
Decommissioning Guidelines. 


Re-use on site, subject to appropriate land use, or 
disposal at a private clean fill site. 


Cannot be disposed of as lakefill or reused on 
site. Dispose at MOEE approved waste disposal 
facility. Check Regulation 347. 


Accept as daily or final cover material at a 
landfill. 


Cannot be disposed of as open water lakcfiII. 


Disposal at MOEE approved facility as: 
1. REGISTERABLE SOLID WASTE if 


concentration is 10 to 100 times Schedule 4 
concentrations. 


2. HAZARDOUS SOLID WASTE if greater than 
100 times Schedule 4 concentrations. 


Re-use on site, disposal at private clean fill site or 
as cover material at a landfill site. 


Dispose of or recycle at a MOEE-approved 
facility. 


Note: Metropolitan Toronto Sewer Use By-Law #153-89 is used to assess options for disposal 
of groundwater pumped during construction. 


Figure 3 - Regulatory Guidelines used for Assessment of Soil Management Options in 
the Metropolitan Toronto Area 
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The left hand cells in Figure 4 represent site 
specific approaches. A case by case ad hoc 
adjustment for each construction section as 
shown by the upper left cell is not favourable 
as this represents a high risk condition. 


High Risk Low Beoefit 


Site SpE'CiflC Non Site SpedflC -. 


CASE BY CASE GEl'<'ERAL 
A,DJUSTMENT for STANDARDIZED 
sp«irlc project GUIDELINES 


GUIDELINES FOR 
WORST CASE OVERALL 


PROGRAM SCENARIO 


Low Risk lIigh Benefit 


I I 
Low Cost 1Iigh Cost 


Figure 4 - Decision Chart Showing 
Approaches for Control of Soils and 
Groundwater Management 


The RTEP approach as shown in the lower 
left cell was developed by the RTEP team 
together with the Program Geotechnical 
Consultant. Guidelines were established 
which would allow control over consistency in 
the collection and interpretation of subsurface 
data, and uniformity in the approach taken 
with respect to environmental issues. The 
method by which the subsurface and 
environmental data were obtained, and the 
rationale for selecting the type and amount of 
data were presented for review by agencies 
concerned with the management of soil and 
ground-water - the Ministry of Environment 
and Energy (MOEE) and the Metropolitan 


Toronto and Region Conservation Authority 
(MTRCA). 


The overall objective of the subsurface 
environmental investigation is to provide 
sufficient data to allow the development of a 
SGMS for incorporation into the contract 
documents and to obtain the necessary permits 
and approvals from governing agencies. A 
phased approach to this investigation has been 
utilized, in order to identify costly 
environmental issues as early as possible prior 
to the start of construction. In the first phase, 
current and historical land use surveys and 
widely spaced boreholes were used to identify 
areas of concern and to delineate general soil 
stratigraphy. During the second and third 
phases of the investigation, additional 
boreholes are drilled to provide information 
for geotechnical design recommendations and 
an assessment of soil and groundwater 
chemical characteristics. 


This approach has so far been successful in its 
application for example, on the Spadina 
Subway Extension project to Sheppard 
Avenue West. 


Geo-Engineering Dimensions 


The mandatory application of soil and 
groundwater management strategy on RTEP's 
major construction projects is only an added 
facet of the already complex - multi-
disciplinary specialist geo-engineering 
requirements. Figure 5 demonstrates the 
"geo-engineering" concept for an urban 
subway system which illustrates the model 
adopted by RTEP and TTC Soils Engineering 
in the design of major construction works. 


As is clear from Figure 5 the geotechnical, 
geo-environmental and hydrogeological fields 
are actually coupled and not easily 
dissembled. 
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GEOTECHNICAL 
ASPECTS 


SlIDWA Y CONS!ItUCTlON 


GroWldwal<:t 
flow Growld",.l<:r ",,,,1"'8...,.,,,,1 


HYROGEOLOGIC 
ASPECTS 


COtItamW"',>l "'~"'~O~ Enri""""""ta! 


-"'" c<,,,,pIi.oI>:~ 


GEO·ENVIRONMENTAL 
ASPECTS 


Figure 5 - The Geo-Engineering Concept for Urban Subway Systems 


The challenge for the geotechnical engineer 
within the RTEP is to ensure consistent 
application of geo-engineering concepts for 
the various subway routes within the 
program. In this regard, overall direction in 
the completion of geotechnical investigations 
is provided by a Program Geotechnical 
Consultant. Other geotechnical consultants 
carry out the field supervision, recording and 
reporting of the field investigation for 
specified sections of the alignments. 


A specification detailing standard protocols, 
task protocols and responsibilities of the site 
geotechnical consultant has been prepared by 
the Program Geotechnical Consultant. A 
standard format for reporting and recording 
the results of the subsurface investigations 
carried out by the section geotechnical 
consultants was developed in order to ensure 
consistency among designers and contractors, 
thereby minimizing the potential for 
construction claims. In addition, a standard 
system for the classification and descri ption of 


soils and bedrock was defined for use in all 
RTEP projects. 


Summary and Conclusion 


The subway construction in Toronto has 
contributed to the City's main transportation 
artery and is one of North America's best and 
safest underground train systems. The 
Spadina Subway Extension is the start of at 
least a decade of active underground 
construction aimed at expansion of the 
system, A large proportion of the works will 
be completed with the use of Earth Pressure 
Balance tunnel boring machines specially 
designed to accommodate the variable soil 
conditions along the proposed subway routes, 


As a result of environmental regulations and 
involvement of the many branches of 
engineering and science within geotechnical 
work, "geo-engineering" (the geotechnical, 
geo-environmental and hydrogeologic aspects) 
of a project takes on the role of an 
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operational, interactive-active management 
process of investigation and design in the 
design and construction phases. 


The soils and groundwater management 
issues, together with an in tegrated service of 
"geo-engineering" will remain the key 
components in future major construction, 
projects. Nevertheless, with all the changes 
in technology, analysis, project management 
and administrative organizational settings, the 
incorporation of a comprehensive site 
investigation program for subsurface 
information remains the "core-competence" in 
subsurface construction works. 
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