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38th Annual Englneerlng Insurance Conference — 13-Oct-2011
By: Rick Everdell, P.Eng, Project Director — Niagara Tunnel
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Niagara’s Hydroelectric Resource
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The Niagara River, 56 km (35 mi) in length,
flows from Lake Erie to Lake Ontario and has a

total drop of about 99 m (325 ft).

About 55% of the drop occurs at the
Horseshoe Falls and another 40% occurs
through rapids upstream and downstream over

a distance of about 8 km (5 mi).

Lake Erie outflow varies from about 4,000 m3/s
(140,000 cfs) to about 10,000 m3/s (350,000 cfs),
averaging about 6,000 m3/s (212,000 cfs).

Commitments in the 1950 Treaty for scenic
flow over Niagara Falls, domestic and
navigation purposes require about one-third of
the average Niagara River flow and the
remainder is shared between Canada and the
United States for clean, renewable
hydroelectric power generation.
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Water Availability - 1950 Niagara Diversion Treaty

» Effective October 1, 1950 the Niagara

Diversion Treaty established priority
for scenic, navigation and domestic
purposes and allows remaining flow
to be used for power generation.

 The required minimum scenic flow
over Niagara Falls is:

» 100,000 cfs (2,832 m?3/s) during
Tourist Season Daytime (April
through October), and

* 50,000 cfs (1,416 m?3/s) during
Tourist Season Nighttime and
Non-Tourist Season (November
through March).

* About two-thirds of the average
Niagara River flow is available for
power generation and is shared
equally by Canada and the United
States.
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Water Availability & Utilization — The Opportunity

Niagara River - OPG Entitlement - Monthly Flow Duration Curve
Period: Jan 1926 - Dec 2003
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Existing Canal and Two Tunnels
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Under the terms of the 1950 Treaty between Canada and the United States, Niagara River flow
available to Canada for power generation varies from about 1000 m3/s (35,000 cfs) to 3000 m3/s
(106,000 cfs) and exceeds the existing Sir Adam Beck diversion capacity about 65% of the time.

Available Niagara River flow will exceed OPG’s diversion capability only about 15% of the time
when the new tunnel is in operation.
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The Cascade plants, Adams GS No.1 & 2, Schoellkopf GS,
Toronto Power GS, Ontario Power GS and Rankine GS
used only the head available in the vicinity of the Falls and
now have all been removed from service.

Sir Adam Beck GS No.1 (SAB1), built in the early-1920’s,
was the first of the Niagara River hydroelectric facilities to
capture the hydraulic head available through the rapids
upstream and downstream of the Falls, about 96% of the
drop between Lake Erie and Lake Ontario.

Sir Adam Beck GS No.2, built in the 1950’s, and NYPA's
Robert Moses GS, built in the 1960’s, followed the lead of
SAB1 in optimizing capture of the available head.

Remedial and Joint Works, such as the International
Niagara Control Works, plus OPG’s Sir Adam Beck PGS
and NYPA'’s Lewiston PGS are instrumental in meeting the
1950 Treaty requirements and optimizing the hydroelectric
generation.
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Cascade Generating Stations (Retired)

Toronto Power GS
1905 - 1974
120 MW (11 units)

Rankine GS
Fortis Ontario
1904 — 2006
75 MW (11 units)

Ontario Power GS
1906 — 1999
120 MW (12 units)
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Sir Adam Beck Generating Stations
il |"[|iH | Niagara Plant Group
8 Al ‘ J”, ’, .. Control Centre

! =~ B! |- sir Adam Beck GS No.1
. i 1922 — Present
417 MW (8 of 10 units)

Sir Adam Beck PGS
1958 — Present
174 MW (6 units)

Sir Adam Beck GS No.2
1954 — Present
1,499 MW (16 units)
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=~ Thedrop (head) at the Beck No.1 &
No.2 hydro stations is about 90 m

SIR ADAM BECK—NIACARA C.5. NO.2

SCALE Beck No.2 has 16 vertical

Francis turbine units

Since replacement of the Beck
No.2 turbine runners and primary
electrical equipment (1996 — 2005),
maximum unit discharge is about
120 m3/s (1,900 m3/s for the station)

CROSS = SECTION

HEADWORKS & POWERHOUSE . | -
‘:nd L A During the Beck No.2 Rehab, station

1 o= | : output was increased by 194 MW
wli '8 from 1,305 to 1,499 MW

ONTARIOPGiER

8 GENERATION



Niagara River Hydro Developments

In-Service Diversi(_)n Stati(_)n Annual Annqal

Year Capacity Capacity Energy Capacity

m3/s MW TWh Factor
Sir Adam Beck No.1 ® 1922 600 417 2.1
Sir Adam Beck No.2 1954 1,200 1,499 9.6
Sir Adam Beck PGS 1958 - 174 -0.1

Current Totals 1,800 2,090 11.6 0.64
Niagara Tunnel 2013 500 - 1.6

Totals (Canada) 2,300 2,090 13.2 0.72
Robert Moses 1964 3,000 2,400 14.2
Lewiston PGS 1964 - 300 -0.5

Totals (USA)

Intake _ — — _
e

2,700

13.7

0.60
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Niagara Tunnel Project Overview

» Hydroelectric diversion tunnel, 10.2 km long and 12.7 m in diameter, within the urban and tourist area

of Niagara Falls, Ontario, Canada

* Increase water diversion capacity at
the Sir Adam Beck complex by
500 m3/s (+27%)

* Increase average annual energy
output at the Sir Adam Beck
complex by 1.6 billion kWh (+14%)

» Design Build Contract awarded to
STRABAG AG (Austria) in Aug-2005

 Owner’s Representative is Hatch
Mott MacDonald with Hatch Acres

« Budget = $1.6Billion
Progress at 11-Oct-2011
« TBM excavation completed

* Invert concrete @ 7.6 km

* Profile restoration @ 5.2 km
Arch concrete @ 4.2 km

« Contact grouting @ 1.5 km

* Pre-Stress grouting @ 0.5 km
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Preliminary Engineering & Environmental Assessment Work

Feasibility study to enhance Ontario’s Niagara hydroelectric facilities from 1982 to 1988.

Definition engineering and environment assessment (EA) from1988 to 1994 included
extensive geotechnical investigations and engagement of domestic and international experts.

EA submitted in 1991 for the preferred alternative with 2 new diversion tunnels each with
nominal capacity of 500 m3/s, an underground generating station with up to three 300 MW
units and transmission improvements between Niagara Falls and Hamilton.

EA Approval was received in 1998 for the full development with provisions for staging
construction.

Key Commitments made during the EA process included:

Avoid community disruption experienced during the 1950’s tunnel construction and minimize
Impacts on residents and tourists.

Tunnel excavation from the outlet near the Sir Adam Beck PGS to the intake at the
International Niagara Control Works.

Use a Tunnel Boring Machine (TBM) to excavate the tunnel.

Tunnel under the buried St. Davids Gorge and follow the corridor established for the existing
tunnels under the City of Niagara Falls.

Re-use of excavated materials (particularly Queenston shale).
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Comparing Niagara Tunnel with Sir Adam Beck No0.2 Tunnels

NTAKE -
| SHAFTS  SHAFTI SHAET 2 SHAFT3  SHAFT4  EXISTING CANAL HERFYORKS
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Sir Adam Beck No.2 Tunnels (above) Niagara Tunnel (below)
Excavated by drill & blast in 1950’s Excavated by tunnel boring machine (TBM)
Two tunnels each 8.5 km long & 15.5 m diameter — One tunnel 10.2 km long & 14.4 m diameter
Open cut canal to cross St. Davids Gorge
Five major construction shafts Construction through outlet portal
Major impacts (traffic, noise, vibration, dust, etc) Little impact on residents & tourism
At least 8 fatalities & many serious injuries High priority on safety :
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Sir Adam Beck No.2 Tunnel Construction Shafts
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SAB2 Tunnel Construction

SAB2 Tunnel bench, also by drill & blast,
completed the 15.5 m (51 ft) rock excavation
below the Irondequoit limestone formation

SAB2 Tunnel headings, excavated
by drill & blast, incorporated steel
ribs spaced at 1.2 m (4 ft)
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Concrete lined SAB2 tunnels have an
inside diameter of 13.7 m (45 ft)

Placement of the 900 mm (3 ft)
unreinforced concrete lining
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Key Participants & Stakeholders

OPG Shareholder
e Government of Ontario

* Provide Direction to OPG & Financing

Owner / Operator
* OPG / Niagara PG

* Provide Project Direction & Oversight
* Operate & Maintain New Tunnel & Gates

Owner’s Representative
» Hatch Mott MacDonald with Hatch Acres

Administer Design / Build Contract
* Review Design
* Monitor Construction

Design / Build Contractor
 Strabag Inc

» Execute Design / Build Contract
» Acquire Construction Permits

Regulators
* MOE, MOL, MNR, DFO, NPCA

* Monitor Compliance with EA Approval
* Issue Permits / Certificates of Approval
* Monitor Regulatory Compliance

Host Municipalities

* Niagara Region

* Niagara Falls

* Niagara-on-the-Lake

* Manage Forecast Tourism Impacts

* Provide Agreed Municipal Services

* Issue Required Municipal Permits

* Provide Liaison within Municipalities

16
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STRABAG’s Design / Build Team

Contractor & Subcontractors Scope of Work

STRABAG Inc * Project / Construction & Safety Management
* Tunnel construction
Environmental program & permits

ILF Beratende Ingenieure Tunnel engineering

Morrison Hershfield * Intake, outlet & infrastructure engineering
Robbins, Rowa & H+E * Supply TBM, trailers & conveyors
ConCast » Supply pre-cast concrete modules
Dufferin Construction » Access, Intake & Outlet construction

» Excavated material management

Dufferin Concrete » Concrete & shotcrete supply

McNally Construction * In-water construction at intake area
Bermingham Construction * Intake cofferdam

Castonguay * Intake & Outlet blasting
Geofoundations * Intake cofferdam foundation grouting

LVM (formerly Jegel) QA /QC
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* Intake area conceptual design developed through
ATk G PN physical and numerical models.

DIVERSION INTAKE - SECTION ) ]
* The tunnel intake will be located below Bay 1 of
_ Exiting Gortoi Sncha the existing International Niagara Control Works

(INCW).

* A new Accelerating Wall will extend upstream
from INCW Pier 5.

* A new road from Portage Road provides
construction access.
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Intake Construction Progress

* Mobilization of marine equipment (barges, tugs,
cranes, etc) started in Apr-2006.

» Accelerating Wall replacement, Approach Wall
installation and cellular cofferdam installation
were completed in 2006.

» Cofferdam foundation grouting and dewatering
were completed in Jul-2007.
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Intake channel excavation was completed in Jun-2008.

Excavation of the 300m long grouting tunnel started in
Jul-2008 and was completed in May-20009.

Construction of the Intake Structure started in Sep-2009
and primary concrete was completed in Jan-2011.

ONTARIOFGWER

GENERATION



MEACLARA DEVELQPMENT
CIVERSION QUTLET - SECTION
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A new road from Stanley Ave provides access to
the main construction area and outlet structure
near the PGS reservoir.

The storage area for the excavated rock is
between the existing canals.

The emergency gate will be incorporated into the
tunnel outlet structure.
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Blasting and rock excavation (300 m long,
23 m wide and 30-40 m deep) was
completed in Apr-2006.

A series of four conveyors transport the
excavated rock from the TBM to the
storage area between the existing canals

» Queenston shale is segregated for re-
use by Ontario’s brick manufacturer’s

* Rock containing BTEX is initially
stored on an impermeable pad.

An enclosure was installed at the end of
the overland conveyor to mitigate fugitive
dust impacts in the area.

Settling ponds and the on-site treatment
plant clarify water pumped from the
tunn(IeI before discharge into the power
canal.

On-site batch plant produces shotcrete
and concrete for the tunnel lining.

22
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The reinforced concrete Outlet structure incorporates the circular to rectangular transition, a surge
shaft and the tunnel emergency closure gate.

Primary concrete for the Outlet structure started in Jan-2011, must accommodate tunnel traffic during
construction and is expected to be completed by Spring 2012.
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Key Elements of the Tunnel Design

Higher alignment Wlth High Pressure (22 Bar) Interface Grout
. Prastress due to Interface Grout

shallower slopes for decline

and incline sections.

Protective Material

Variable initial rock support
dependent on host rock
conditions includes rockbolts,
wire mesh, steel ribs and
shotcrete.

Contact Grout Holes
Shotcrete

Internal
Water Pressure

External Membrane
7200mm Concrete Liner

Relatively simple open, hard
rock TBM with sidewall

grippers.
Impermeable polyolefin

membrane to prevent swelling
of host shales.

Tension Due to

Internal Dimple Membrane
Internal Water Pressure

600mm Thick Unreinforced
Cast-in-place Concrete Liner

Unreinforced, cast-in-place,
pre-StreSSEd y perman ent Waterproof Membrane

) ) First-pass Rock Support
concrete liner, 600 mm thick.

Invert Section

24
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Tunnel Construction Sequence
Invert Membrane Profile Arch Membrane Liner
TBM & Concrete Restoration & Concrete Grouting
e Ut . =" I 3= = 1
~— 3000m - ~— 3000m —= <—1000m =

Install Invert Membrane &
Concrete Liner 3000 m
behind the TBM

Install Arch Membrane &

Concrete Liner 3000 m
behind the Invert Liner
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The largest open-gripper hard-rock tunnel boring
machine in the world.

Assembled for the first time on site in the outlet
canal rock cut from May-Aug, 2006.

“Big Becky” is 14.44 m high, 150 m long, weighs
about 4,000 tonnes and has 85 x 500 mm cutters.

Crew of 20 operates Big Becky 24 hours per day, 7
days per week to excavate the tunnel.
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TBM Excavation Progress a(lgﬁ
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TBM excavation started on 01-Sep-2006 and was
substantially completed in Mar-2011.

Utilities advanced with the TBM drive included the
fresh air duct, conveyor, power & communication
cables, lighting, clean & dirty water piping.

Turning / parking platforms are advanced along
with the various tunneling activities.
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Excess Overbreak During Tunnel Excavation

Expected

Actual in Queenston Shale (Typical)
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Impacts of Significant Overbreak

* Slow progress of TBM

» Modify TBM to safely install initial support

* Change tunnel alignment

 Additional operation to infill overbreak area

* Logistics due to concurrent TBM, infill & arch concrete
* Higher cost including more interest

28
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Invert Concrete is the bottom one-third of the permanent cast-in-place tunnel lining.

The Invert Concrete operation was launched in Dec-2008 and has now progressed about 70% of the
way along the tunnel route.

ONTARIOPGiER

30 GENERATION



Installing the polyolefin membrane Finishing the invert concrete
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Work platforms required to infill zones with excess crown overbreak and restore the circular cross-
section of the tunnel facilitate drilling, grouting, installation of rock bolts, forms, shotcrete & concrete.
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Crown Profile Restoration in Progress

Applying shotcrete from Carrier 2 Installing steel forms from Carrier 1
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Shotcrete is applied to complete arch the
formwork before infill with shotcrete or
self-consolidating concrete

Sacrificial steel forms are suspended
in position from rock anchors
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e The arch carrier assembly is about
450m long and includes platforms
for handling the ventilation duct
and conveyor, for installing the
membrane and for concrete
placement.

36
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Electrically testable polyolefin panels are
attached by Velcro and seams are heat welded

HV testing to verify membrane integrity

ONTARIOFGWER
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Concrete, delivered by 15 m3 agitator trucks,
IS pumped into the arch forms

Arch Membrane and Concrete near the Outlet
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Impermeable membrane installed before the
Arch Concrete at the dewatering shafts

Completed Arch Concrete at the Outlet portal
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Assembly of Grouting Carriers at the tunnel outlet.

Contact Grouting started in Apr-2011 & Pre-stress Grouting started in Aug-2011.
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Construction Workforce averages about 350 over 8 years

600

500

400

300

200 —— p—
100 I ——— .
0 . . . . ; . .

2006 2007 2008 2009 2010 2011 2012 2013

Including workers employed by STRABAG, subcontractors and OPG’s Owner’s Rep,
the Niagara Tunnel construction workforce is expected to peak at about 500 and total
about 2,800 person-years over 8 years.
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Concrete & Shotcrete Quantities

Shotcrete

Structure (25 MPa at 28 days)

Concrete

(38 MPa at 90 days)

Accelerating Wall
Approach Wall

Intake Structure
Outlet Structure
Subtotals (Reinforced)

Tunnel (Unreinforced) 100,000 m3

Totals 100,000 m3

8,000 m3
6,000 m3
1,000 m3
2,000 m3
17,000 m3

320,000 m3

337,000 m3
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Safety & Environmental Performance

Health & Safety Performance

Health & Safety is a key focus of Strabag.

Strabag and its subcontractors have worked
4,881,000 hours since Sep-2005.

Lost Time Injury Frequency is 0.67 per 200,000 hours
worked, less than half of the 1.47 average for Heavy
Civil Construction in Ontario (Rate Group 732).

AIR is 4.8 (Rate Group 732 average is 11.4).
ASR is 17.7 (Rate Group 732 average is about 800).

Environmental Performance

Challenges with operation of one of the most
sophisticated water treatment plants employed on a
construction site have been addressed.

Non-compliances with Certificates of Approval have
been substantially reduced with only 4 infractions
and only 8 minor spills to date in 2011.

Queenston shale segregated for recovery by
Ontario’s clay brick manufacturers.

Limestone crushed for project & local uses.

Storage of Excavated Rock

44
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Current Status

Intake

SRR Pre-Stress Grout @ 0.4 km
Hiagara
River SAB - Niagara G5
Mo Pl rrraal a -'-l. M
WL, 17T WL 164 6 el S al

L

Restoration @ 5.1 km

Contact Grout @ 1.5 km

On Schedule & Within Budget

for updates visit
www.opg.com/niagaratunnel
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