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OPG Overview

=  Produces about 50% of Ontario’s
electricity (at 40% less cost)

= 65 hydro, 2 nuclear, 2 biomass
station

= 2 leased nuclear stations
= 2 co-owned gas plants
= Closed last coal plant in 2014
= 99 percent GHG emission-free

= 9,200 employees (20% reduction
since 2011 levels)

= Ontario’s low-cost electricity
producer

SAFETY * QUALITY = SCHEDULE - COST
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Ontario Generation by Source

2016 Energy Production

Solar/Other 0.46 TWh-<1%

B Biofuel 0.49 TWh - <1%

B Wind 9.3TWh - 6%

M Gas/0il 12.7 TWh - 9%

Nuclear:

" 61 per cent of annual
energy supply

' 35 per cent of total
installed capacity

2016
Electricity
Production
150TWh

B Hydro 35.7 TWh - 24%
[ Nuclear91.7 TWh -61%
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THE PROJECT:
DARLINGTON REFURBISHMENT
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Darlington: Top Performing S’raﬂon?

= Darlington’s Ontario Electricity contribution: 20%
= Canada’s Largest Clean Energy Project
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= Mid-life refurbishment
required for CANDU

— World class high performing
and well maintained asset

« For Darlington that time is
NOowW
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Price Benefits moderating Ontario electricity prices
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income in Ontario.

Benefits for the Province
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DRP Economic Footprint
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(2017 - 2055)

of Ontario’s power is @
supplied by Darlington

&

—— GONTINUED OPERATIONS OF DARLINGTON ——

Average number Government Corporate profits
of jobs per year revenues before tax
89 9 14,200 $9.3 billion $7 billion
=
boost to Ontario’s GDP
INCREASE IN:

104112

person-years of
increased employment

Household
consumption
$53.4 billion

Personal
income
$61.4 billion

Exports
$11 billion

EVERY $1 INVESTED INTO THIS
STATION IS A $1.40 INCREASE TO
THEGDP

8C/xwn

30 years of power
below average costs

SAFETY - QUALITY = SCHEDULE - COST
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ReSoOUrces

OPG is the Owner/General Contractor for this Project
In addition to OPG resources, OPG, through our vendor partners, rely
heavily on construction/building tfrades...

Over 3,000 additional trades, currently on site,
supporting Refurbishment
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resources & energy
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An Investment in Jobs
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Darlington Refurbishment Program

= January 11, 2016 - Province announced Ontario will undertake
refurbishment of the four-unit Darlington GS

= A multi-year, multi-phase mega-program to enable safe and
reliable operation until ~2055

« Significant employment and economic benefits to Ontario during program
and beyond

* Maintains a diverse generation portfolio with a low carbon footprint,
helping Canada meet its climate change targets

T -

ONTARIOPOWE
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Schedule and Off Rampps

= The final schedule for the Projectis 112 months (all four units)

= The phased release approach provides opportunities to change
course — OPG must obtain approvals, and funding, for each
successive unift.

| 2016 | 2017 | 2018 | 201 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 |
Ot 2016 Feb 2020
ot 2020 June 2023
oty 2021 sep 2024
- o 202
—h
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What is Involved: Critical Path

ﬂm«m Reactor Components 'nslall Reactor Components l Fuel and Start-up l

Draln Ratil
Syutes Systeing

Shutdown

Restora LI
fram

g [Gommissien & Retumn
Unit to Service

Inspections
Lo
L Fuel Channel Removal Series & CIeaNing g ) oo o) incrtiation Saries Fusl|  CRoran

STEP 1 SHUTDOWN The Reactor STEP 6

STEP 2 REMOVE fuel and heavy water

STEP 7

STEP 3 ISLAND the unit

STEP 8

STEP 4 REMOVE feeder pipes and tubes

STEP 9

STEP 5 STEP 10

REPLACE feeder pipes and tubes

4w Overhaul other systems and equipment

ONTARIOF DR
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HOW WE APPROACHED PLANNING
OF THIS MEGA-PROGRAM

ONTARIOF DR
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Extensive Preparatfions it ' T ATt es

= Years of extensive project
planning

= Lessons learned from other major
projects have been incorporated

= Recommended practices from
PMI, AACE, CIl, and others are the
basis for our planning approach

= Collaborative Front-End Planning

Implemented

« Scope, schedule and cost are
developed to a level of detail not
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v p*® - Full Scale Reactor Mock-up Built
= (%) (™) @) for fool testing, estimate
\ development, and worker
training
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Investment in Planning

Initiation Phase
2007-2009

SCOPE OF WORK

¢ Initial determination of refurbishment
scope through completion of:

- Technical assessments of all major
components

— Condition assessments of balance of
plant components

— Initiation of regulatory processes;
Integrated Safety Review and
Environmental Assessment

Develop reference plans for cost and
schedule

Complete economic feasibility
assessment

Establish project management approach
and governance

Establish overall contracting strategy

OPG Board and Shareholder agree with
recommendation to proceed with
preliminary planning within the
Definition Phase of the project

SAFETY QUALITY

SCHEDULE

Definition Phase
2010-2015

SCOPE OF WORK

* Obtain regulatory approvals:
- Environmental Assessment
- Integrated Safety Review
—Integrated Implementation Plan

* Implement project management and
oversight

Complete infrastructure upgrades, i.e.
Darlington Energy Complex

Implement safety improvements
Award major contracts

Finalize project scope and complete
engineering work

Procure long lead materials
Complete unit prerequisite work

Construct reactor mock-up and fabricate
and test tooling

Develop release quality cost and
schedule estimate

Obtain all permits and licences

Mobilize and train Trades staff

Execution Phase
2016-2026

SCOPE OF WORK
* Unit shutdown and defueling
* Island unit and lay up systems
* Execute all refurbishment scope:
- Reactor components
- Fuel handling systems
- Turbine / generator
—Steam generators
- Balance of plant
Meet all regulatory commitments

Plant maintenance and inspection
activities

Manage plant configuration
Load fuel

Commissioning

Unit start-up

* Apply lessons learned to subsequent
unit refurbishments

Project close-out

ONTARIOP DiE
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Major Planning Steps

*  OPG commenced refurbishment planning in 2008 to fully assess the condition of the
Scope plant and complete regulatory studies to determine total scope and timing. A
detailed scoping process was put in place to balance “must do” / “nice to do” scope.

* Once scoping was completed, OPG selected the vendor partners’ to deliver the scope,

O EPC based contracts were implemented for all scopes of work.

* Gating process used to progressively develop project cost and schedules.
Cost Estimating * Documented the basis of estimate and assumptions for major cost elements in
a accordance with Class 3 estimate quality requirements as defined by AACE
o
o
o * Developed an integrated Level 2 schedule for the Program and an integrated and
7 Schedule _
8 resource loaded Level 3 schedule for Unit 2
©
O
Risk and * Performed a comprehensive review to identify and assess all known and foreseeable
Contingency risks, to develop mitigation plans and quantify residual risk

* Over six years of effort culminated in the development of the release quality estimate
* Independent reviews were performed to validate results
*  RQE approved by OPG’s Board in November 2015 and the Province in January 2016

ONTARIOF DR
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Scope Definition

Proper scope definition is necessary
for cost estimation and also mitigates
project risk

OPG developed a Program Scope
Review Board (“PSRB”) and initially
identified 1400 Scope Requests

The PSRB assessed the scope to
determine what work had to be done
in the Refurbishment and categorized
the scope into “Core”, “*Regulatory”,
“Core Support”, “Value Enhancing”

Core was the basis of Critical Path; all
other scope assessed for do-ability
against Critical Path

The final DRP scope is 340 Scope
Requests

All other scope managed through
ongoing station life-cycle
management plans

SAFETY - QUALITY = SCHEDULE - COST

SCOPE SOURCES

« Component Condition Assessments
« Integrated Safety Review

» Environmental Assessment

» Regulatory Action ltems
 Corrective Action Program

o Capital Modification Portfolio

« Operator Burden Program

+ 40 Day Outage Improvements

+ Elective Maintenance Backlog
 Cyclic Outage Work

« Life Cycle Work

» Maintenance

« Engineering Inventory Backlog

« Unit Islanding

« T-Mads to Support Refurbishment
« Business Transformation

» Beyond Design Basis Event Review
« Operating Experience

o Station Improvements

» Facilities for Refurbishment

» Safety Improvements

Initial Scope Screening, Regulatory Review, Cost/Benefit
Analysis, Initial Component Condition Review

DARLINGTON
SCOPE

REQUESTS
E—

520 Station
DSRs

—
610

Refurbishment
DSRs

270 Eliminated
DSRs

Blue Ribbon Review, Regulatory Review,
Component Condition Review

60% of DSRs
No Engineering
Modifications

40% of DSRs
Engineering
Modifications

~250 Mods

.

T
U3

~200 Mods
. ~

F&IP
~450 Mods

N

u1
L ~200 Mods

Slo
~75 Mods

n
| ~200Mods

Key:

PSRB must authorize any changes to

scope, including removals.
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Program Work Breakdown

= The DRP scope was organized using a work breakdown structure
and assigned to project bundles, Units, etc. [CRITICAL step]

WES Level Name WBS Path
NR Program {ﬁ Program NR
v v [ 2 v v v __——|@Bundle NR.RF
o Bundle SG| |Bundle FH | |Bundle RF| |Bundie TG| |Bundle gp| | Bundle | | Bundie 1} g e | | Bundle . | | Bundle . | | Bundle | -
=) Cyclical Functional (3) Sub-Bundief
2 Seope Groupmg NR.RF.OS (Oversight)
7} v v v v
= Sub- Sub- Sub- Sub- - NR.RF.RF
= Bundle 1 ‘ | Bundle 2 | | Bundle 3 ‘ Bundle 4 Frdterzl
(=] A 4 Y Y
g W%:"(?;IN?T) | 1. Function ‘ \ 2. Function I ‘ 3. Function }— 3] Cversnd NR.RF_RF.01
% Unit
Commeon
2
F Unit 1 I——@Unns NR RF RF.01.U2
§
E’ Unit 2 |
£
Unit 3 /@ Projects NR.RF.RF.01.U2.73400
| L 7) Project Phase NR RF.RF.01.U2734006
s
N /// /,<| (8) Control Account NR RF RF.01.U2.734006.01
ony
h 2 v

0_Cost | 1. Project
Management Management
00100
Work Package
7310200301

40100

Work Package

Work Package
7310230101

7310260101

Work Package
7310240101

Work Package
7310250101

Procurement Work Package

Fixed Fees Process (Contracts) 7310260102
00300
[72]
E Work Package
7310200301 Contract Work Package
Account
e 40300 Management 7310250201
8
= Control Waletials and Tools
=] Account Receiving and
o Earaeg 40400 Storage Mgmt
‘Work Package
7310200501 Control Procurement 7310250301 7310260301
Process
Interest
o070 Work Package 40500 EownEoed) Work Package
7310260302
7310210401 Control ocureme:
LC Interest Account Process
7310200701 40600 jon Long Lead
C"m‘:'t :r'\',‘;':'ﬂg Control Accounts for Construction and Commissioning areas are flexible,
40700 T Same and they are different from project to project, depending en the work
scope and how the project teams is going to finish the work.
RTP Function Control Control
7310200901 Account eld Account Delivery to
30700 Lol 40800 DNGS Site

20
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OPG made a strategic decision to retain control over the DRP
and chose a multi-prime EPC (engineering, procurement and
construction) contracting model

Different procurement methods, contracting strategies and
pricing models apply to the major work packages to address
varying degrees of complexity, uncertainty and need for
collaboration

Rather than award a single project management contract to
one contractor, multiple prime contractors are working on the
Program- each with distinct expertise and contracts

OPG is the integrator between the various prime contractors
and sefts the standards for how the Program is planned and
managed

Incentives and disincentives align all parties to a common goal

EPC model ensures that handoffs between engineering,

procurement and constfruction are effective —
ONTARIOP O
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Pricing Models

= In contfracting the various work packages, OPG implemented
different pricing models to optimize risk transfer and value-for-

money
» Fixed pricing is used for highly definable tasks where control over the work is
in the hands of a contractor
« Cost plus % Fee is used where work is complex and not highly definable,
and where the owner is required to have conftrol over the work

« Target Price provides strong commercial incentives, similar to fixed pricing,
but still allows the owner to have control over certain aspects of the work

High Owner Control High Contractor Control

tract Price High Contract Price

Project Risks

Contractor

Owner “

Jajsuesy ysiy

Contract Type Cost Plus Percentage Fee Target Price Lump Sum
(fixed price or firm price)
(~32%) (~52%) (~16%)

ONTARIOF DR
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Target Price Model

= The negotiated Target Price is a jointly developed estimate of
the cost of work for a defined scope plus a negoftiated Fixed
Fee for overheads, profit and risks

Fixed Fee Target Price
I

= Vendors are paid actual costs plus the Fixed Fee based on the
locked scope of work with rigid controls for change orders

= Fixed Fee is capped
= Parties share savings below targets and overruns above targets

= The cost incentives/disincentives mechanism is structured to
achieve alignment of contractor interest and limit cost increases
and schedule delays

= A target schedule (total days) is also set to perform the work,
and is also subject to incentives/disincentives ONTARIOR iR
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Cost of
Work

(estimated)
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SAFETY

= QUALITY

- SCHEDULE
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Gated Process

= All of OPG's Projects, including DRP projects, progress through a

Gated Process providing management an opportunity 1o assess
readiness for the project to proceed 1o the next phase...

Planning Phase

. Post
__— itiati E n Ph _
Identification In;)trllatlon xecution Phase Closeout Implementation
ase Phase Review

25

Development Definition
Phase Phase
Review Business Review Project Confirm Project Review Project Decision to Project In- Pijth
Justification. Alternatives & Delivery Readiness for Accept Project  Service. Completion.
Decision to Delivery Strategy. Strategy and Execution Readiness for  Decision to Decision to
Formalize the Decision to Select Baseline Scope. Phase. Final Execution Progress to Accept
Project and the Preferred Decision to Investment Phase. Closeout Project
Support Further Alternative and Enter Definition Decision. Phase. Closeout.
Work to Define Enter Development Phase.
the Preferred Or Planning Phase.

Alternative.

ONTARIOF DR
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Gated Expectations

Gate

PIR

26

Project | Planning Financial Design / Scope Definition Schedule Cost Estimate Risk Contract
Level Engineering (Project, (Project, Next Mgmt Mgmt
Next Phase) Phase) Plan Plan
Charter / ToR Business Plan N/A N/A N/A N/A N/A N/A
Type 3 BCS L1, L3 Class 5, Class 3 L2 N/A
Type 2 BCS L1, L2 Class 5, Class 4 L1 N/A
Charter Conceptual Preliminary
Type 1 BCS L1, L2 Class 5, Class 4 L1 N/A
Type 1 BCS L1, L1 Class 5, Class 5 L1 N/A
L2 PMP/PEP Type 3 BCS Detailed, PDRI (Large) L2, L3 Class 4, Class 3 L2 L2
L2 PMP/PEP Type 2 BCS Detailed, PDRI (Small) L2, L3 Class 4, Class 3 L2 L2
Preliminary
L1 PMP/PEP Type 1 BCS Detailed L2, L2 Class 5, Class 4 L1 L1
L1 PMP/PEP Type 1 BCS Detailed L1[2], L1 [2] Class 5, Class 5 [4] L1 L1
L2 PMP/PEP Type 3 BCS Detailed, PDRI (Large) L3, L3 Class 3, Class 3 L2 L2
L2 PMP/PEP Type 2 BCS Preliminary/ Detailed, PDRI (Small) 13,13 Class 3, Class 3 L2 L2
L1 PMP/PEP Type 1 BCS Detailed * Detailed, PDRI (Small) L2 [3],12[3] | Class4[3], Class4[3] | L1 L1
L1 PMP/PEP Type 1 BCS Detailed L1 [3], L2 [3] Class 4 [3], Class 4 [3] L1 L1
Closeout Plan REIS, AFS Detailed * N/A N/A N/A N/A N/A
Closeout PCR N/A N/A N/A N/A N/A N/A
Comprehensive | N/A N/A N/A N/A N/A N/A
Simplified N/A N/A N/A N/A N/A N/A
N/A
Simplified N/A N/A N/A N/A N/A N/A
PCR N/A N/A N/A N/A N/A N/A
* — Dependent on the Project Delivery & Contracting Strategy. UNTAHI Fﬁﬁin
SAFETY QUALITY SCHEDULE COST [#] = Nuclear Minimum. GENERATION




Cost Estimating

= Cost estimate development followed AACE Recommended
Practices including the following steps:

« |dentifying the scope of work, constraints and assumptions

« Completing engineering and determining resource and material
requirements

« Quantifying the resources required, including labour and non-labour
resources

« Applying costs to the resources

« Adjusting or factoring pricing based on project environment

« Documenting the Basis of Estimate

= OPG obtained specialized personnel with experience
conducting the work, including independent estimating
professionals

= Use of the reactor mock-up added rigor to the estimates
through use of actual durations from the tool testing

ONTARIOF DR
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AACE Estimate Classifications

ESTIMATE | PROJECT PROJECT ACCURACY
CLASS PHASE DEFINITION RANGE

Class 5 Identification 0% to 2% Initial Evaluation/ -50% to +100%
Feasibility of Project

Class 4 Initiation 1% to 15% Study or Feasibility -30% to +50%

Class 3 Planning 10% to 40% Budget Authorization or -20% to +30%
Control

Class 2 Execution 30% to 75% Control or Bid/Tender -15% to +20%

Class 1 Execution 65% to 100% Check Estimate or -10% to +15%
Bid/Tender

= OPG Reqguires an estimate to be at Class 3 or better by the time
it reaches Gate 3 (which is also the basis for the DRP RQE)

ONTARIOF DR
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Schedule Development

= Developed a fully integrated program schedule that
infegrates project schedules of the major work
bundles

= Schedule includes:
« Scope of work
« Key activities’ start and finish dates, duration, and resources
« Sequence and logical interrelationship of activities and milestones
« |dentification and optimization of the critical path
» Incorporates risks and includes duration contingencies

* Methods for determining Earned Value to measure progress of
work

= Will allow regular monitoring and updating to track
performance, initiate corrective actions and to plan
and manage priorities, opportunities and threats
ONTARIOPOWER
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Multi-level Scheduling

= Multi-level scheduling approach allows control at the
appropriate level of the organization
+ The lower the level, the greater the level of detail

« OPG as owner performs project management and conftrol utilizing Levels O
to 2

» Level 3 typically controlled by contractors and/or OPG groups performing
the work

« Contractors may have level 4 and 5 schedules for day-to-day work control
and field supervision

Level 0: Nuclear Program Milestone Schedule (PMSS), controlled by OPG

Senior Management.

L

Level 1: Nuclear Program Integrated Master Schedule (PIMS), controlled by
OPG Senior Management. Program Level 1 contains all Control Accounts

from all Projects as well as for Program Management work.

Level 2: Nuclear Program Coordination & Control Scheduled (C&C),
controlled by OPG Nuclear Program/Project teams. Program Level 2 contains

all Work Packages in the Program and they are interrelated.

Level 3: Nuclear Project Detailed Production Schedules (PDPS), controlled at

AR R EE
the project level, by contractors or OPG (for OPG executed projects). UNTARI I'llIII:R
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Level 1 Early Finish Schedule

DAHLINGTON [ critca Path Windows I e/ Generator UNIT2 REVB
REFURBISHMENT U N IT 2 R efu I b IS h me nt O uta ge [ closeto Critical Path/Low Float Windows DNGS Planned Outages November 15, 2015
Repowering - Electrical Windows Tritium Removal Faclmy Planned Activities
R | MAY | JUN | J AUG | SEP 001 NOV
2 ejl_'zglﬂ_'_l_'gt;@_’J_gou 018 | 2018 X% | i
8 660 680 00 720 780
INSTALL SEGMENT
Tigam Remorat FacityGas Otage —
Conventional 1 |
Side ‘ |
!
Lot C','.’«"-’é’" LZCSRehab |
| 1154 To
Power Track 1/2 T D183t Power Track 1/2 w
| Replacement Window 1 | ment Wi 2 e | RCHP &
| | D171l —{oss A T T
* ** IPG schedule Fuel Handling coordination required ** IPG schedule Fuel Handling coordination required | | | |
| | | ! | t ECI Vault Work |
I ! | H | |
i {
! Primary Side SG Clean & Inspect | |
| ‘ - e ${West Side 5Gs_| East Side SGs ‘
| | jote: PHT Motors and Steam | {
| VVRS Mods and Rehab | HTS Auxiliaries - Drain Dead Legs & Purge m:z‘&‘:‘" ok A B oot ‘f‘;:: | |
1 T & HTS Rehab Scope Outside Vault T T | To |
| N N | Ry Area Crane net Complete Emergency | RCHP 4
|| Airlock Mtce & Testing | o ot s D TempFission | Heat Sink pipework (East Vaul) |
st | Chamber Install ! ! [ Run-up
| Hrs vae Remove Mod T & Bync &
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= Risks were identified and assessed for the projec’rs
within the major work bundles; program risks were
also identified and assessed.

« Mitigation plans were developed as appropriate

= Risks were classified under three categories:

« Cost estimating uncertainty is the possibility that the costs of the
projects are more or less than the applicable estimates

« Schedule estimating uncertainty is the possibility that the actual
schedule durations for the projects are more or less than the
estimated durations

» Discrete risks are the incremental cost and schedule impacts if
specific risk events were to occur

= OPG’s risk management process requires active risk
mitigation. Oversight is in place to ensure that this is
occurring, including a bi-monthly Risk Oversight
Committee (R-ROC) N
ONTARIOP GiviER
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Contingency Development ?,

Contingency is an amount added to an estimate to allow for
items, condifions or events, for which the state, occurrence or
effect is uncertain and that experience shows will likely result, in
aggregate, in additional costs
« Contingency is generally included in most estimates, and is expected to be
expended
OPG's confingency development process followed AACE

Infernational’s Recommended Practices

« Owners establish contingency levels based on an acceptable risk level,
degree of uncertainty, and the desired confidence levels for meeting
baseline requirements

« When used to absorb the impacts of uncertainty, contingency is a form of
risk mitigation
The determination of the amount of contingency is integral to
the estimating, scheduling and risk management process of a
project or program

« Active and fransparent monitoring of contingency allocations provides
OPG with visible oversight on how risks are impacting the Program

ONTARIOF DR
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Contingency Development Process ’

= OPG's detailed confingency
development process is shown
in the following schematic:

34

Detailed inputs were collected
from project bundles and functions

A detailed evaluation of the three
categories of risks was undertaken

Performance of an integrated cost
and schedule Monte Carlo
simulation (1)

Management reviews the results to
validate the overall adequacy of
the contfingency estimate, and to
establish the required confidence
level for inclusion intfo the RQE
(P90)

SAFETY * QUALITY = SCHEDULE - COST

=7

ESTIMATE
INDIVIDUAL UNCERTAINTY
PROJECT AND
FUNCTIONAL SCHEDULE
OBTAINED FROM
WORKSHOPS
INTEGRATED
o MONTE CARLO
SIMULATION
Assignment of
Contingencies to
Individual Inputs
(S/input to model)
and Rationality Check
Note 1.

* Monte Carlo simulation is a probabilistic, computational technique that
simulates execution of the project thousands of times, accounting for
potential realization of risk events and uncertainties, taking into account
probabilities and impacts

* The simulation results are integrated to estimate amount of contingency

required at specific confidence levels
ONTARIOP GiviER
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EXECUTION:
MONITORING AND CONTROL

ONTARIOF DR
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OPG retains overall responsibility for the Program, controls the
integrated schedule and deliverables and is the license holder
and design authority for the plant. Its functions include:

Project Management Teams - these feams are responsible for
management, oversight and delivery of specific major work
bundles

Program Support Functions - support the major work bundles
and the DRP as a whole in areas such as engineering,
procurement and oversight

— Provide the required support, coordination, integration, and oversight of the work that will be
performed by the Project Management Teams and external contractors

Execution Support Functions - support the execution of the
fieldwork

— Fieldwork is conducted by contractors- Project Execution Support provides support for
construction execution, quality management, and purchase and delivery of parts

— Work Control / Project Office integrates and controls the individual unit outage and execution
schedules and ensures all deliverables are known, communicated and completed in
accordance with expectations

— Operations and Maintenance Function is the “custodian” of the operating units in the plant,
ensuring that refurbishment work does not adversely impact the operating units []NTAHl ."“"-n
FUNL
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Project Conirols Infegrafion

= Project Controls Infegration
« Pé (Schedule) / Ecosys (Cost) / Integrated Data Base (IDB).
* Paper-less change management via Ecosys.
« Microsoft Bl (MSBI) - standardized & automated reporting.

= RMO, Risk Management / Oversight Tool

* Risks / Opportunities, Assumptions, Actions, Issues, Decisions.

= SharePoint / Team sites

ONTARIOF DR
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= OPG uses an Earned Value Management methodology
including pre-defined rules of credit and/or commodity tracking

= Allows for continuous analysis of progress achieved against plan

= Allows OPG to implement strategies should the project track
Yoff-plan”, including managing allocation of confingencies

(> This is where we
shouldbe

» Determined bythe
baseline schedule

— Planned Value

Earned Value
—

* Thisis where we are

progress of the scope
of work

S

» Determined by physical

f- Thisis how much it will
costto get here

» Determined by
expenditures onthe
project

>

gy

~— Actual Cost

SAFETY - QUALITY = SCHEDULE - COST
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Step 1 -

Set the Planned Value [PV) in Primavera/Proliance

W8S Structure/Other

Create WBS/Control Account for each MEC.

Create WBS/Work Package for Prelim. Engineering and
Detailed Engineering

* ECrelated activities should be under each Work Package

Step 3

Primavera

* Load WBS Summary with Total Budget hours (VUL)
e Contractor prepares Detailed L3 Schedule including OPG

interfaces.

* Project CSAs to prepare rollup to C&C schedule.

Stepd4 -

Proliance

Establish BCWS dollars.

# Establish Earning Rules (use generic template). Need adaption for

each PO.

e Update the schedule with status and calculate % complete based on

Submittal to OPG DCAVR Acceptances

Step 2 + Estimate total Hours/Dollars by Work Package
» Establish Earning Rules
- Control Account by MEC Earning Rules for Design Phase
Multiple EC’s to be scheduled and completed within the MEC time frame, as shown (Percentages to be agreed upon submittal of L3 Schedule)
I KXXXX303XX MECXX Preliminary Engineering Package I KXXXX304XX MECXX Detailed Engineering Package — —
| E 000 Prel.lmlna.rv Engineering Mobilization| 70%
Engineering 30%
Package Preliminary Design 100%
]
w
: s - - .
[ F— _ | | | | process checks of the design outputs (or the | | |u confirmation that design as documented | | [+ Complete EC packages and w Detailed Design 40%
| I L= Mobilizatior | I design activities still under "e"ﬂ"P“‘e_""r including: | meets design and regulatory requirements | documents with preparer, verifier = Detailed
meeting: v Preliminary COMS ||+ change papers and/or new drawings + ECs and documents have been subjected to and approver signatures o Engineeri 100% . 5
| . | |+ constructionstrategys || ||+ DBOMs || appropriate verification processes, are at | | [« 1ssue Tracking File with issues ngineering Design Approval 85%
| *  DesignPlan | Release Plan | +  CatID requirements || approved status and issued || dizdrimermls Package
*  Oversight Plan «  ECRelease Plan I Engineering/Technical Specifications « System and equipment interfaces are fully dispositioned properly DCAVR 100%
|| EcRelease Plen | approved by DA | | [opG oversight to confirm: || identified and are compatible ||+ coMS issues resolution and their °
I »  Staff Qualification Plan 1l Long lead item I *  Progress on the design outputs (or the design || tssues Tracking File is current | incorporation into the design —
*  Engineering Schedule specifications | activities still under development) meet the * Requirements Traceability Matrix = Formal Technical Review report, if
||* (Ustofamalysiscodes/ | | |, o atplanstatus || requirements for the stage of the project || completed || applicable
| :pﬁ:l:l:_ed software to | | rentifyany regulatory | | +  Designis proceeding correctly before || confirmation that design methods, ||* Updated Design Plan to record
e us eding to the next stage —— .
1 approvalsfinterface proceeding analyses, calculations, input data, completed activities Project - Control Account ID
||* Review of OPEX, SCRs, | | (i.e. CNSC, TssA) that | | ¢ Design activity or conditions satisfy the || assumptions, and prerequisites are ||+ Prepare Design Completion i OCAl
L Learned, CAR: i i i [ Project ID LOCAL |
I essons Learned, CARs I may apply | specified design requirements | adequate, appropriately selected, and | Assurance Package
related to oo | | | | applied. i EC released to field I JOOOK XXX XX I
| previous performance -
| *  Requirements | | : Phdse Work Package
= ity Matr =
D':i:“ ility b | Unique Identifier
[ = : i | Submitlal to OPG
| | —— | Acceptances
' I e S S S S S S S o
— OPG | . e e . e e e e e e e e .+« .+« - - AssetSuite
Mobilization plan I EC XHXXHK Monitor the Progress — Calculate SPI/CPI )
Acceptance - |
| Oncore/TEMPUS
I | I # Setup TEMPUS & Oncore with Work Package #
| Activities described above | Activities described above | teiii sl » Collect Actual spent by Work Package
| IEEERTRERNE messssmsmsmmsss Primavera
|
|

earning rules

Control Account O Touch Point/ Reporting Event

Work Package (To Carry Budget)
’ Execution Window Milestone
Level 3 Activities under Vendor Schedule
Segment Milestone or OPG Activity within
Contractor's Level 3 schedule

ECOOO

CCL 2 Schedule prepared by OPG

* Project CSAs to prepare status and % complete by Work Package to
lssue o ] prep P Y 8

Asset Proliance
Suite .
Bl Reporting

e SPI/CPI will be calculated for every Work Package

SAFETY - QUALITY - SCHEDULE
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Reporiing

Daily
information
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Unit 2 Refurbishment Execution aily Status Report mﬂd |011 =
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I ——T —— ——
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__-_ = Up-to-date
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Unit 2 Project Progress

= Just past the one-year mark — 40 per cent complete
= Entering third phase (Phase 2B) — Reactor Component Removal

= Project is ahead of schedule and on budget

‘ Segment 1: Defuel Reactor and Isolate from the Station |Segment 2A: Prepare for Reactor Component Removal
A

DEFUEL
REACTOR

REMOVE
FEEDER
REMOVE TUBES

INSTALL INTERFERENCES
OPEN AND INSTALL SEVER PRESSURE

BARRIERS TO
ISOLATE UNIT 2 AIRLOCKS WORK TUBES AND
FROM STATION CONTAINMENT AND INSTALL PLATFORM BELLOWS

PRESSURE TEST SHIELDING

® OCT 15, 2016 .
BREAKER OPEN PROGRESS AS AT SEPTEMBER 30, 2017

Segment 2B: Remove Reactor Components Segment 3: Install Reactor Components

INSPECT AND
INSTALL CALANDRIA g 1NSPECT AND INSTALL AR
TUBES T FUEL CHANNELS
| (PRESSURE TUBES; ) LOAD FUEL
BELLOWS AND

oy isTALL AND REMOVE
£ END-FITTINGS) b et < EQUIPMENT

J TUBES

REMOVE HIGH POWER
+ + 1 HEAT UP AND LOW TESTS AND

END FITTINGS REMOVE
PRESSURE TUBES L 1 ] POWER TESTING CONNECTION
TO THE GRID

GMENT 3 ® SEGMENT 4 PROJECT COMPLETE @
18 START AUG 7 2019 START FEBURARY 27,2020

ONTARIUFDWER
GENERATION

]




KEY LESSONS LEARNED
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Key Lessons Learned

Plan, Plan, Plan, or Plan to Faillll
* Planning is no guarantee of success, but failure to plan is a guarantee of failure.
* Ensure that basis of estimates, and schedules, is fully documented.

* Invest time into understanding all potential risks and developing mitigation strategies to
resolve those risks, should they occur.

= If you fast frack a project — ensure you have sufficient contingency for
the additional risks you are taking on.

= Scoping is Fundamental - Clearly define it & minimize changes

« Conduct an in-depth plant condition assessment to understand the full scope of the
Program and avoid surprises

+ Obtain the required regulatory approvals early and establish scope to address
identified gaps

«  Complete Scoping, Engineering, cost and schedule estimating before commencing
execution phase.

= Employ contractors to execute the fieldwork while the owner retains
overall Program management and schedule integration

« Select the right contract partners and align to a common goadl
« Build an integrated team capable of managing the Program

ONTARIOF DR
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Key Lessons Learned

= The complexity of mega-projects is often due to the fact that the
project team is so big to perfectly integrate all activities
« develop a division of responsibilities for all work so that everyone clearly understands
their role.
= Commit to attracting skilled and knowledgeable people; and to their
training and development, i.e. reactor mock-up

= Structure the schedule to allow completion of entire evolutions on one
unit before starting that evolutions on the next, allowing lessons learned
to be applied inreal fime

= Ensure sufficient schedule and cost confingency to accommodate
both project and program level risks

= Effectively infegrate cost and schedule and establish rules of credit to
measure progress.

« Focus on a few key metrics that the entire team can align around (earned value
(hours ahead/behind), schedule variance, cost variance and variance at completion)

« |If the metrics don't point out areas for management to take action, they are not
helping you.

Set up independent oversight or third party experts to ensure that you
don’'t have any blind spofs.
ONTARIOFGWER
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Questions?
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To learn more about Canada’s Largest Clean Energy Project visit:
www.opg.com and subscribe to the Darlington Refurbishment
Newsletter

Contact us at: darlingtonrefurb@opg.com

’@ﬂpg @opgpics m Ontario Power Generation
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mailto:darlingtonrefurb@opg.com

