Colin Anderson
Director

Ontario Regulatory Affairs

700 University Avenue, Toronto, Ontario M5G 1X6 Tel: (416) 592-3326 Fax: (416)-592-8519
colin.anderson@opg.com

October 2, 2013

BY RESS (non-confidential information only) and OVERNIGHT COURIER

Kirsten Walli

Board Secretary

Ontario Energy Board

27th Floor - 2300 Yonge Street
Toronto, Ontario M4P 1E4

Dear Ms. Walli:

Re: EB-2013-0321 - Application by Ontario Power Generation Inc.
For 2014-2015 Payment Amounts (the “Application”)

In accordance with Rule 10 of the Ontario Energy Board’s (“OEB” or the “Board”) Rules of
Practice and Procedure and section 5.1 of the OEB’s Practice Direction on Confidential Filings (the
“Practice Direction”), Ontario Power Generation Inc. (“OPG”) requests confidential treatment for
certain portions of the following documents included as part of the pre-filed evidence:

1. The revenue comparison tables located at Exhibit G1-1-2, Table 1, Exhibit G2-1-2, Table
1, and Exhibit 11-1-1, Tables 2 and 3 (collectively, the “Revenue Comparison Tables”).

2. The Darlington refurbishment contract strategies located at Exhibit D2-2-1, Attachment 6
and Darlington Refurbishment Detailed Planning Definition Phase Partial Release located
at D2-2-1, Attachment 5 (collectively, the “Darlington Refurbishment Contract
Strategies”).

3. The engagement letter with Concentric Energy Advisors located Exhibit D2-2-1,
Attachment 7 (the “Concentric Energy Advisors Engagement Letter”);

4. The business case summaries for:

a. Hydro Thermal business — found at Exhibit B1-1-2, Attachment 1, and Exhibit F1-
3-3, Attachment 1;

b. Nuclear business — found at Exhibit D2-1-3, Attachment 1, Exhibit D2-2-1,
Attachment 8 and F2-3-3, Attachment 1;
(collectively, the “BCSs”).

5. The 2013-2015 business plans located at:

a. Corporate Business Plan - Exhibit A2-2-1, Attachment 1;

b. Hydro Thermal Operations Business Plan — Exhibit F1-1-1, Attachment 1;

c. Nuclear Business Plan — Exhibit F2-1-1, Attachment 2;
(collectively, the “Business Plans”).

6. The 2013-2015 business planning instructions located at Exhibit A2-2-1, Attachment 2
(the “Business Planning Instructions”).


mailto:colin.anderson@opg.com

Kirsten Walli
October 2, 2013
Page 2

7. OPG’s 2012 income tax returns located at Exhibit F4-2-1, Attachment 1 (the “2012
Income Tax Returns”).

OPG has set out below the reasons for the confidentiality request, and the reasons why public
disclosure would be detrimental to OPG.

Also, as set out further below, OPG is retaining certain redactions without disclosure, save to the
OEB, in the Hydro Thermal Business Plan, the Corporate Business Plan, and the Business Planning
Instructions. The particular redactions relate to OPG’s unregulated business. They are similar in
nature to certain redactions accepted by the OEB in OPG’s last payment amounts application (EB-
2010-0008) as provided for in Procedural Order No. 3 for such matters.

As a result of the various categories of redactions in its filing, OPG attaches with the hard copy
this letter (for the electronic copy filed through the RESS, only this letter and the non-confidential
documents are attached), the following:

1. Attachment A - Confidential - Unredacted, confidential versions of the Revenue
Comparison Tables, Darlington Refurbishment Contracting Strategies, Concentric Energy
Advisors Engagement Letter, BCSs, Business Plans, Business Planning Instructions, and
2012 Income Tax Returns. The redactions relating to the unregulated business and
irrelevant confidential information continue to show as redacted, since as described
above, the fully unredacted version in respect of this particular information is for the
OEB’s review only. The documents in Attachment A are intended for review by those
intervenors who sign the OEB’s confidentiality undertaking.

2. Attachment A.1 — Non-Confidential — Redacted versions of the documents referenced in
Attachment A (already part of OPG’s pre-filed evidence).

3. Attachment B — Confidential - One fully unredacted hard copy of each of the Hydro
Thermal Business Plan, the Corporate Business Plan, and the Business Planning
Instructions for the OEB’s consideration only. Those portions which are requested to be
for the OEB’s review only are identified in the document by way of “boxes” around the
applicable portion. These documents are sent to the attention of the OEB Panel in a
sealed envelope.

4. Attachment C - A copy of the ‘Board’s review only’ request for confidential treatment of
unregulated facilities information by OPG in EB-2010-0008 and the Board’s responding
letter of confirmation dated August 5, 2010. ;

5. Attachment D -Procedural Order No. 3 in EB-2010-0008; and

6. Attachment E - Declaration and Undertaking in the form set out in Appendix D of the
Practice Direction.

In accordance with the Practice Direction, this letter is being provided to the OEB along with six
(6) copies of each of the documents (save for Attachment B for which 3 hard copies are provided
to the Commission Panel in a sealed envelope).

As an interim measure and in the interests of efficiency, prior to the OEB making its final
determination on OPG’s request for confidential treatment of the documents as requested, OPG
is content that the OEB makes provision that intervenors proceed as though OPG’s request has
been granted. In so doing, OPG requests that the OEB provide that each intervenor requesting a
copy of the confidential documents complete and sign a Declaration and Undertaking in the form



Kirsten Walli
October 2, 2013
Page 3

included at Attachment “E”, being the form set out in Appendix D of the Practice Direction and
file it with the Board in order to be given a copy of the documents, save those which are for the
OEB'’s review only.

On a final determination, should the OEB grant OPG’s request for confidentiality, OPG proposes
that the OEB order the documents be disclosed, subject to any conditions the OEB may find
appropriate, to only those persons that by then have already signed, or that subsequently sign,
the Declaration and Undertaking referenced in the paragraph above.

In addition, OPG requests that any reference to the confidential information, if determined to be
such, be conducted in camera so as to preserve its confidential nature.

In the event that the confidentiality request is refused and OPG in turn requests that the
information be withdrawn in accordance with section 5.1.12 of the Practice Direction, all persons
in possession of the said information will be required to destroy or return to the OEB Secretary
for destruction the confidential information in accordance with section 6.1.6 of the Practice
Direction.

Request to Retain Certain Redactions

Reasons for Retaining Redactions in the Hydro Thermal Business Plan, Corporate Business Plan,
and Business Planning Instructions

OPG received OEB approval in EB-2010-0008 with respect to certain permanent redactions in
OPG’s filings. That is, redactions relating solely to OPG’s unregulated business and facilities
(reflecting no aspect of the regulated business), continued to be redacted in the confidential
versions of such documents. A copy of the particular request for confidential treatment by OPG
in EB-2010-0008 and Procedural Order No. 3, whereby the Board accepted the above referenced
approach, are attached to this letter as Attachments C and Attachment D, respectively. A copy of
the OEB'’s letter dated August 5, 2010 to OPG returning OPG’s confidential information is also at
Attachment C.

In this Application, OPG seeks similar confidential treatment of similar information in the Hydro
Thermal and Corporate Business Plans and the Business Planning Instructions. This is on the
same basis as set out above.

Additionally, the information contained in slide 16 of the Corporate Business Plan (and also
referenced in other parts of this Business Plan) has been redacted on the same basis. Its content
is highly confidential and is not relevant to this proceeding. The activities contemplated in this
slide (and related bullets throughout) are in respect of a time frame beyond 2015.

In accordance with the practice approved in EB-2010-008, Attachment B hereto is being provided
solely to the OEB for the purpose of allowing the Board to determine whether the information in
these Hydro Thermal Business Plan, Corporate Business Plan, and Business Planning Instructions
which continues to be redacted is in fact related solely to the unregulated business and/or is
irrelevant to this Application. OPG requests that the manner in which the OEB determines this
request be per EB-2010-0008.
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Reasons for Confidential Treatment of the Business Plans

The redacted portion of the Nuclear Business Plan relates to staffing arrangement for a specific
contractual arrangement with a third party. OPG considers and treats this information as
commercially sensitive. Disclosure of this commercially sensitive information would prejudice
OPG’s competitive position in relation to future contracts for such arrangements. This
information is disclosed in the confidential unredacted version filed in Attachment A.

The redacted portions of the Hydro Thermal Business Plan, Corporate Business Plan and Business
Planning Instructions relate to information reflecting the combined regulated and unregulated
assets and business of OPG. This information should be protected as confidential because
disclosure of this aggregated information (combined with information regarding the regulated
business already disclosed) would allow for the disclosure of information related to the
unregulated business and facilities. OPG consistently treats information relating to its
unregulated business as confidential financial information and commercially sensitive. Similar
requests for confidential treatment of such combined information was accepted by the Board in
EB-2010-0008, as provided for in Procedural Order No. 3. As set out above, this aggregated
information is disclosed in the confidential unredacted versions attached as Attachment A.

Reasons for Confidential Treatment of Revenue Comparison Tables

The information redacted from the Revenue Comparison Tables located at Exhibit G1-1-2, Table
1, Exhibit G2-1-2, Table 1, and Exhibit 11-1-1, Tables 2 and 3, relates to OPG’s sales and proceeds
from its heavy water sales business or aggregate information that would allow determination of
such information. This information has consistently been treated as confidential by OPG, as it
relates to commercially sensitive information. OPG requests that this information be protected
as confidential as its disclosure will prejudice OPG’s competitive position and will interfere
significantly with any future negotiations being carried out by OPG. The confidential nature of
this information was approved by the Board in its decision in EB-2010-0008 (see p.64 Reasons for
Decision, dated March 10, 2011).

As mentioned above, this information is disclosed in the confidential unredacted versions filed in
Attachment A.

Reasons for Confidential Treatment of the Business Case Summaries and Darlington
Refurbishment Contracting Strategies

The Regulated and Newly Regulated Hydroelectric business case summaries have been
assembled and filed as Exhibit D1-1-2, Attachment 1 and Exhibit F1-3- 3, Attachment 1 of OPG’s
pre-filed evidence. The Nuclear business case summaries have been assembled and filed as
Exhibit D2-1-3, Attachment 1, Exhibit D2-2-1, Attachment 8 and F2-3-3, Attachment 1 of OPG’s
pre-filed evidence. The Darlington Refurbishment Contracting Strategies are located at Exhibit
D2-2-1, Attachments 5 and 6.

The redacted portions of the BCSs and Darlington Refurbishment Contracting Strategies should
be protected as confidential as this information includes commercially sensitive information such
as contingencies, expected efficiency gains, certain costs for contracted or purchased work or
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materials, or aggregate information that would allow determination of commercially sensitive
information. Disclosure of the redacted portions of the BCSs and Darlington Refurbishment
Contracting Strategies that include OPG commercially sensitive information would prejudice
OPG’s competitive position and significantly interfere with its negotiations and existing
relationships in a variety of aspects of its business. Furthermore, similar information was treated
as confidential by the OEB in OPG’s previous application, EB-2010-0008.

As mentioned above, this information is disclosed in the confidential unredacted versions filed in
Attachment A.

Reasons for Confidential Treatment of the Concentric Energy Advisors Engagement Letter

The Concentric Energy Advisors Engagement Letter is located at Exhibit D2-2-1, Attachment 7.
The redacted portions of the Concentric Energy Advisors Engagement Letter relate to the firm's
hourly rates and should be protected as confidential as this information includes commercially

sensitive information in relation to a third party.

Reasons for Confidential Treatment of 2012 Income Tax Returns

The 2012 Income Tax Returns located at Exhibit F4-2-1, Attachment 1, should be protected as
confidential because they include a significant amount of information that relates to the
unregulated aspects of OPG’s business, both at the OPG corporate level and with respect to
unregulated entities. This information is not relevant to this Application and OPG consistently
treats it as confidential financial information. The 2012 Income Tax Returns are also the type of
information that the OEB has previously assessed to be confidential with respect to entities that
are regulated by it. The confidential nature of this information was approved by the Board in its
decision in EB-2010-0008.

As mentioned above, this information is disclosed in the confidential unredacted versions filed in
Attachment A.

Respectfully submitted,

[Original signed by]

Colin Anderson

cc: Carlton D. Mathias, OPG
Charles Keizer, Torys
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Recommendation for Submission to the Board of Directors

May 16, 2013

Board Approval of OPG’s 2013-2015 Business Plan

EXECUTIVE SUMMARY:

OPG is seeking Board approval of its 2013-2015 Business Plan. The 2013 budget, approved
by the Board, is reflected within this 3-year plan and will be used as the control base against
which actual results will be measured and assessed.

In consultation with its Shareholder, OPG has developed strategies to improve its financial
outlook while considering the impact on customers. There are two main components to the
revenue strategy, intended to improve revenue and cash flow for the 2013-2015 period.
Revenues from non-contracted, unregulated hydroelectric assets would be regulated effective
January 1, 2014, facilitating the full recovery of operating costs and earning the approved OEB
rate of return. OPG also plans to file a cost of service application with the OEB to increase
base rates for its currently regulated facilities starting in 2014. Successful implementation of
these two strategies is required to achieve sufficient income and cash flow, and improve credit
metrics to threshold levels.

OPG expects to record a one-time extraordinary gain of approximately $300 M in
2014, related to the recognition of a regulatory asset for income taxes upon implementation of
price regulation for the currently unregulated hydroelectric stations.

The 2013-2015 Business Plan is subject to several significant risks, including the results of
regulatory filings and the effective date of the revenue strategies. Should either of the key
strategies not be achieved, mitigation measures will be required to address cash flow
challenges.

The attached document provides details with respect to OPG’s 2013-2015 Business Plan. The
Business Plan incorporates the 2013-2015 OM&A expenses and capital expenditure plans
provided to the Committees of the Board in November 2012 for Nuclear, Hydro Thermal, and
Business and Administrative Services. This business plan information was updated to remove
the planned Pickering Unit 7 outage from the business planning period.

RECOMMENDATION:

That the Board of Directors approves the 2013-2015 Business Plan. The 2013 budget
reflected in the plan will be used as the control base against which actual results will be
measured and assessed.

Recommended By:

“Original Signed By”
Donn Hanbidge
Chief Financial Officer

Approved for submission to the Board of Directors:

“Original Signed By”
Tom Mitchell
President and Chief Executive Officer

This Board memorandum was reviewed and approved for submission to the Board of Directors
by the Audit and Finance Committee on May 15, 2013.
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Executive Summary il

OPG'’s earnings and Funds From Operations continue to decline in 2013, reflecting low prices for unregulated
generation, and no increase in regulated base rates since 2008. In the absence of strategies to address these
revenue deficiencies, a credit rating downgrade and cash flow challenges would result.

OPG has developed strategies to improve its financial outlook while considering the impact on customers

OPG’s 2013-2015 Business Plan assumes regulation of the currently unregulated non-contracted hydroelectric
(“unregulated hydroelectric”) assets, and submission of a 2014/2015 balanced rate application for new nuclear and
hydroelectric regulated base rates and riders

OPG's net income before extraordinary gain is expected to _

mainly as a result of:

» Regulating the unregulated hydroelectric assets — OPG is the only entity that receives Ontario spot market electricity prices. Spot
market prices have declined significantly over the past 5 years, resulting in revenues that are insufficient to recover the costs of
operations and provide an adequate return for these assets. A strategy to address these losses is to regulate all unregulated
hydroelectric operations.

» New regulated base rates for nuclear and the currently regulated hydroelectric facilities — New rates will reflect cost recovery and a
return for the Niagara Tunnel, and current cost and generation assumptions

» Continuing to achieve efficiencies and headcount reductions — Headcount from ongoing operations will be reduced by 2,000 over the
2011-2015 period. Headcount reductions of 1,000 has been achieved over the 2011-2012 period.

Net income in 2014 includes a one-time extraordinary gain of ~$300 M related to the recognition of a regulatory
asset for income taxes, effective upon the implementation of price regulation for the currently unregulated
hydroelectric stations

To moderate the customer impact of resetting regulated base rates, OPG plans to defer the recovery of certain
costs from 2014/2015 to subsequent years. OM&A expenses and income for 2014 and 2015 reflect cost deferrals
of $465 M in 2014 and ~$60 M in 2015.

Despite the planned increases in revenue, OPG will continue to moderate Ontario electricity prices, as the average
revenue earned by OPG is forecast to be ~35 to 40% lower than revenues earned by all other generators in Ontario

3 OPG’s 2013-2015 Business Plan CONFIDENTIAL
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Key Planning Assumptions el

Production

= Nuclear production ranges from 48 to 50 TWh/yr
over the 2013-2015 period. The 3 year

Actual Budget Business Plan

. . Production - TWh 2012 2013 2014 2015
planned outage cycle for Darlington units results
in two planned outages and lower production Nuclear 49.0 480 497 480
in 2013. The Darlington Vacuum Building Regulated Hydrelectric 18.5 18.0 18.5 19.3
Outage (VBO) in 2015 reduces prOdUCtion by Unregulated Hydroelectric
~3 TWh. (contracted and non-contracted)

. . . Thermal
= Regulated hydroelectric production increases

in 2014 and 2015, primarily due to the Niagara Total OPG Production
Tunnel

Pension and OPEB Costs

= Pension Fund investments are assumed to earn 6.25%/yr over the period

= Discount rates for valuing pension and other post retirement benefits range from 4.2% to 4.4%
Other

= Nuclear Funds investments are assumed to earn 5.15%/yr over the period

= The plan incorporates the impact of the ONFA update on accounting for nuclear waste obligations and
depreciation, and changes to the accounting service lives of the Pickering units to reflect expected
operation to ~2020, effective December 31, 2012

4 OPG’s 2013-2015 Business Plan CON Fl DENTlAL
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Key Planning Assumptions et

Regulated Rates and Revenues

= Regulated base rates remain unchanged in 2013. Regulated
rate riders increase by $1.94/MWh for nuclear and
$4.69/MWh for hydroelectric in 2013, as a result of the OEB’s
decision on the recovery of variance and deferral account

Actual Budget Business Plan
2012 2013 2014 2015

Revenue Rates - $MWh

balances at December 31, 2012. Nuclear Base Rate 52 52 57 67
= OPG plans to file an application with the OEB to establish Nuclear Rider 4 6 8 S5
new nuclear and hydroelectric rates for 2014/2015 ReqllatediiiclonRate 2 58 &l @
» Nuclear base rate increases in 2014/2015 primarily reflect recovery Hydro Base Rate
of costs not currently included in rates, such as changes in pension (current regulated assets) 36 36 45 43
aDndrOF’tEB\a}\;c(i)nuclear waste liabilities, and the impact of the Hydro Rider @) 3 7 5
arlington Regulated Hydro Rate 34 39 52 48
» Hydroelectric base rate increases in 2014/2015 primarily reflect the
in-service of the Niagara Tunnel OPG Unregulated Hydro Price

> OPG's planned rate proposal defers the recovery of costs totalling HOEP

$465 M in 2014 and ~$60 M in 2015 for subsequent recovery, in an Natural Gas - US$/mmBTU
effort to balance the impact of rate increases on ratepayers with the
need to recover costs and earn an appropriate return

= The plan assumes regulation of unregulated hydroelectric assets effective January 1, 2014, at a rate of ~$50/MWh, and the
application of rate regulated accounting for these assets, effective January 1, 2014

= A longer-term rate smoothing mechanism is still required to address rate impacts of the Darlington refurbishment
Unregulated Revenues

Electricity Prices

= OPG’s total average electricity price over the period is expected to remain ~35 to 40% below the average price received by all
other Ontario generators

OPG’s 2013-2015 Business Plan CONFl DENTlAL
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Headcount Reductions and Efficiencies:zz.,

OPG has achieved headcount reductions from ongoing operations of 1,000 over the
2011-2012 period. Through Business Transformation, headcount will be further
reduced by 1,000 over the 2013-2015 period.

= Through implementation of Business ,
Transformation initiativeS, tOtal Regular Headcount from Ongoing Operations
headcount from ongoing operations ' lActuaI BP 2013-2015
will be reduced by ~2,000 over the
2011-2015 period,

11,171 Production (TWh)
= Headcount reductions of ~1,000 has 10,631 '
been achieved over the 2011-2012 ’
period J I 7
I
= OPG’s productivity, as measured by ]
GWh/headcount, improves by 14% , ,
(normalizing for the Darlington VBO)

11,643 84

over the 2012-2015 period, as Business
Transformation impacts more than
offset the impact of lower generation

2010 2011 2012 2013 2014 2015

= OMG&A savings from headcount reductions accumulate to $700 M over the 2011-2015 period

6 OPG’s 2013-2015 Business Plan CONFIDENTIAL
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Headcount Reductions

The additional reduction in headcount from ongoing operations of 1,000 over the
2013-2015 period will be achieved by aggressively pursuing efficiencies and restructuring

= Nuclear headcount decreases by ~425 or 8% over the
2013-2015 period through various efficiency initiatives,
including the amalgamation of the Pickering A and B
stations

Support Services headcount decreases by ~275 or 12%,
over the 2013-2015 period through Business
Transformation initiatives. Under a centre-led
organizational structure, Support Services now includes
certain operational functions such as: Business and
Administrative Services includes Supply Chain and
warehousing operations; Finance includes Nuclear

EB-2013-0321
Ex. A2-2-1
Attachment 1

Nuclear Operations
Nuclear Projects
Hydro/Thermal Operations
CO&E

Actual

Budget *

Business Plan *

2012

2013

2014

2015

5,510
7

Total Operations

BAS

Finance

People & Culture
Corporate Office

1,083
382
598
158

5,325
713

1,039
361
623
156

5,195
701

165
980
335
596
149

5,083

28 698
176 176 153
924

308
573
144

Total Support Senvices 2,221 2,179 2,060 1,949
Ongoing Operations I
Darlington Refurb 180 247 266 276
Nuclear New Build 33 23 21 21
Total OPG I

*Headcount numbers are adjusted for organizational changes [’

Oversight; and People and Culture includes the Nuclear Training division.

Darlington refurbishment headcount increases over the period as engineering, operations and
oversight staff join the project organization during the detailed planning stage

Nuclear new build headcount remains steady until such time as a decision is made on the future of

the project. The plan currently does not assume execution of this project, hence there is no increase

in headcount.

7 OPG’s 2013-2015 Business Plan
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OM&A Expenses ey

OM&A expenses from ongoing operations, excluding nuclear outage and pension/OPEB costs,
decline over the 2013-2015 period, as efficiencies and cost reductions more than offset the
impacts of inflation and other factors

A i Actual | Budget* | Business Plan*

= Total OM&A expense savings related to headcount reductions through  |smilions 2012|2013 | 2014 __ 2015
Business Transformation are $700 M over the 2011-2015 period, Nuclear , L el e Y A ol

yaro ermal perations

The HydroThermal Operat I

CO&E 36 43 42 39

advancement of headcount reductions compared to the 2012-2014 Total Operations |

Business Plan results in additional savings of ~$90 M in 2013/2014. BAS 316 310|305 291
Finance 66 66 62 59

: F Insurance 27 28 32 34

= Nuclear operajuons OM&A e>‘<penses‘fluctuate based on outage activity. People & Culure 113 0| 117 113
A second Darlington outage in 2013 increases overall expenses by Corporate Office 31 41 39 38
~$100 M, and the VBO and other outage work increase expenses by Law ! 8 ! !

. . Executive Office 6 16 13 10

~$75 M in 2015. Expenses for nuclear also increase compared to 2012, Foal support Services 566 590 | 575 551

due to higher pension and OPEB costs of $35-$60 M/yr.

Total Business Unit Expenditures

Total Ongoing Operations

= Support Services groups continue to reduce headcount and costs, and  |OEB Variance Account Offsets
. - . . . . Deferral of Cost Recovery
increase efficiency over the planning horizon. The increase in OM&A

Darlington Refurbishment

expenses in 2013 compared to 2012 is primarily due to higher pension  |Nuclear New Build
and OPEB costs. Total OM&A

*OM&A numbers are adjusted for organizational changes

= Pension/OPEB costs, including centrally held costs and costs allocated to Operations and Support Services groups, increase
compared to 2012, due primarily to a lower discount rate by: ~$240 M in 2013, ~$125 M in 2014, and ~$115 M in 2015

= The increase in OEB variance account offsets in 2013 is primarily due to higher pension/OPEB costs, and the continuation of
the Pension/OPEB variance account for the currently regulated segments

= OPG's planned rate proposal is expected to impact OM&A expenses by deferring costs of $465 M in 2014, and $57 M in 2015
for subsequent recovery. This proposal is subject to OEB acceptance.

8 OPG’s 2013-2015 Business Plan CONFl DENTlAL
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Year-Over-Year OM&A Changes i

OM&A expense changes reflect additional outage activities in nuclear in 2013 and 2015, coal
closure activities, and headcount reductions. Regulatory variance accounts and the proposal to
defer recovery of certain costs also impact OM&A expenses each year.

= OM&A expense savings related to headcount reductions increase $ millions Budget _ Business Plan
by a further $50 M to $60 M each year over the planning period 2013 2014 2015
compared to 2012. In total, OM&A expense savings related to Previous Year OM&A
headcount reductions are $700 M over the 2011-2015 period, net of
termination and relocation costs. Cost Factors - Increase/(decrease)

- QM&A expenses do nqt include any salary escalation beyond the Headcount reductions (60) (51) (57)
increases in the collective agreement for PWU represented Impact of PWU Settlement 16 12 11
employees Workforce Changes (44) (39) (46)

= Nuclear o_utage costs increase by $103 Min 2011_3 compared to Nuclear outage costs 103 (46) 73
2012, mainly due to a second Darlington outage in 2013. The VBO Early Coal closure
and other outage work increase expenses by $73 M in 2015. Operational Changes

- Pension/OPEB 241 (114) (15)

Pension/OPEB Variance Account (201) 393

Deferral of Cost Recovery (465) 408

Other Variance Accounts 59 15

Darlington Refurb & Nuclear New Build 29 (27) (2)

Inflation and Other 52 61 27
* Pension/OPEB costs increase by $241 M in 2013 as a result of a Total Change T

1% reduction in discount rates from 2012. Pension/OPEB costs
decrease in 2014 compared to the 2013 budget due to an increase  |Total OM&A

in discount rates and changes in other assumptions
= Regulatory variance accounts and the assumed rate strategy impact OM&A expenses over the period

> Pension/OPEB variance account offsets pension/OPEB costs by an additional $201 M in 2013

» While the plan does not reflect continued deferral of pension/OPEB costs in 2014/2015 due to the establishment of new base
rates, the planned rate proposal defers the recovery of certain costs to moderate the impact on customer rates

OPG’s 2013-2015 Business Plan CONFl DENTlAL
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Capital Expenditures frlal

OPG’s capital investment program is focused on ensuring the continued utilization of existing
assets in an effective manner through sustaining and refurbishment activities, and development of
new investment opportunities

= Sustaining capital expenditures aimed at ensuring Actual |Budget| Business Plan
strong performance of existing assets range from $ milions 2012 | 2013 | 2014 2015

: : Sustaining Capital Expenditures
h. onsistent with the 2012-2014 Nuclear 161 170l 197 124
Business Plan Hydroelectric- Regulated 35 38

Hydroelectric- Unregulated

Long-Term Energy Plan projects Thermal
Other

Hydroelectric development project expenditures

. . . Generation Development
rimarily relate to the Niagara Tunnel and I Hydroolestiio Devalopment
projects

Niagara Tunnel

= Darlington refurbishment expenditures include
Campus Plan expenditures to ensure readiness for
a 2016 project start date, and an infrastructure
upgrade to support the additional 30 years of
station life

Darlington Refurbishment

Total Generation Development
Total Capital Expenditures

Due to uncertainties regarding the approval, scope, and timing of the Darlington nuclear new build project, it
has not been included in planned capital expenditures

10 OPG’s 2013-2015 Business Plan CON Fl DENTlAL



Financial Outlook

OPG is focused on improving income and cash flow from operations

» OPG will seek increases in nuclear and hydroelectric regulated rates for 2014/2015. The regulated
rate increases primarily relate to costs not currently included in rates such as changes in
pension/OPEB and nuclear waste liabilities, the impact of the Darlington VBO, and the in-service of the
Niagara Tunnel

» As aresult of low spot market prices, the plan assumes regulation of the unregulated hydroelectric
assets effective January 1, 2014

OPG'’s Business Transformation initiative is focused on delivering significant cost savings from
headcount reductions and efficiency improvements

Net income in 2014 includes an extraordinary one-time gain related to the recognition of a
regulatory asset for income taxes effective upon the implementation of price regulation for the
currently unregulated hydroelectric stations

OPG’s 2013-2015 Business Plan CONFIDENTIAL
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2013-2015 Net Income Bz

» Higher nuclear outage costs and lower generation due to a second
planned Darlington outage, with no change in nuclear base rates

= OPG is now forecasting net income of-in 2013. This reflects the
impact of the settlement agreement on the deferral and variance
account application
and OM&A expense savings.

In 2014/2015, net income improves primarily due to regulation of the
unregulated hydroelectric assets and increases in base rates. Net
income improves in 2014 as a result of:

> Obtaining a price of ~$50/MWh for unregulated hydroelectric generation
that is consistent with the OEB approved rate of return

» Anincrease in regulated base rates to reflect the completion of the
Niagara Tunnel, and updated hydroelectric and nuclear generation
forecasts

> A one-time extraordinary gain related to the recognition of a regulatory
asset for income taxes effective upon the implementation of price
regulation for the currently unregulated hydroelectric stations
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2013-2015 Segmented Results o

Earnings before interest and taxes (EBIT) from the Generation segments improve in 2014/2015 due

to the increase in base rates for the current reqgulated assets, the implementation of
for the unregulated hydroelectric stations,

13

rice regulation

EBIT for the Nuclear segment is budgeted to decline

by $310 M in 2013 compared to 201,2 primarily due Earnings Before Interest and Taxes (EBIT)
to higher outage costs and lower generation as a Actual  Budget  Business Plan
result of a second planned Darlington outage in 2013, [$millions 2012 2013 2014 2015
with no change to base nuclear rates. Earnings Nuclear 364 54 415 382
increase by ~$330 M to $360 M in 2014/2015 as a 569“'6“'9? ;'derg 324 292 418 41
result of the forecast increase in regulated rates and T:;fiif ea e
assumed deferral of recovery of certain costs. Generation Segments

Nuclear Waste Segment (68) (126) (150) (148)

Regulated hydroelectric earnings are forecast to
decrease in 2013 due to an increase in OM&A
expenses and changes in forecast energy production.
Earnings increase in 2014/2015 as regulated rates
are reset to reflect the completion and in-service of
the Niagara Tunnel.

Other Business
Total OPG EBIT

Unregulated hydroelectric earnings

Earnings improve in 2014 as

unregulated hydroelectric is assumed to be regulated effective January 1, 2014, || EEEGGEGGEGEGEGE
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OPG Will Remain Ontario’s Low-Cost Generator

OPG’s strategy to increase revenue from its regulated facilities and unregulated
hydroelectric operations enables OPG to continue to moderate Ontario’s electricity prices

2012 & 2015 Rate Outlook

= OPG moderates electricity prices in Ontario, and will e
continue to do so after resetting of base rates and
addressing unregulated hydroelectric pricing

8.6 Other

¥ Unreg Hydro

= Since OPG has not received a rate increase on its
regulated base rates since 2008, those rates have not
kept pace with inflation

5.1 B Reg Hydro

NTP

B Nuclear

= In 2012, OPG’s average price of 5.1 ¢/kWh for generation
was 40% lower than the average price received by other

H Base Rate

OPG Non-OPG

Ontario electricity generators of 8.6 ¢/kWh L
= OPG'’s average price is expected to be_in 2015,
after incorporating the impacts of the 2013 settlement ¢/kwh
agreement for the deferral and variance accounts, approval .
of the proposed 2014/2015 rate application, and 7V——
establishment of a price for unregulated hydroelectric that 1
will recover costs and earn an appropriate return I%
= The expected average price paid to other Ontario based 52 53 5.1
generators in 2015 is 10 ¢/kWh. OPG’s expected average ~==Aug.revenue forall other generators
price of dless than that received by other | T heoreree | | |
Ontario electricity generators. 2010 201t 2012 2013 2014 2015
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Financing Outlook o
Long-term debt is forecast to || o | during the 2013-2015 period to

support development projects

_ . _ I_t is _critical that OPG Liquidity Forecast
achieve significant revenue increases commencing in 2014 to Actual Budget  Business Plan
improve cash flow. $millions 2012 2013 2014 2015

Opening Cash Balance*

=  OPG will continue to maintain adequate sources of liquidity in 2013.

LIQUIdIty resources are Net Operating Cash Inflows

Interest

Nuclear Funds Contribution
Pension Fund Contribution
Net Cash from Operations

Capital Investments:
Capital Expenditures (sustaining)
Niagara Tunnel (NTP)

OPG'’s long-term debt is expected to |l Iz Dariington Refurbishment

I uring the 2013-2015 period -
Thermal

Net cash from operations ranges from _ Other Hydro

Net cash required for investment from T s om nvestment

i . . . n Financing Activities
I i~ 2014, due primarily to in expenditures for the General Gorp Debt. - Debt Refirement
Darlington refurbishment

v

v

- Debt Refinancing
» The in long-term debt includes financing 1' . couci OEF-CI?:arIington ) .
. _ . A roject Specific inancing - Niagara Tunne!

] lesgarg Tur'wlnedl $1?P M gnd . ”} Project Financing LM - LT Financing
genera _corporate el t, primarily due to financing requirements for - ST Financing
the Darlington refurbishment - Debt Retirement

> An OEFC facility of-is being pursued to support 2013 Securitization Repayment
corporate requirements, including the Darlington refurbishment Net Cash from Financing
p q ’ g 9 Net Cash Flow for Period
» The financing outlook is dependant on achievement of the current Ending Cash Position

regulatory rate forecast Long Term Debt*

. OPG WI” Contlnue tO flnance non_nuclear development prOJeCtS from * Opening cash and debt balances for 2014 reflect the actual 2012 year-end balances and the current 2013 year-end forecast balances
capital markets as appropriate. New debt and refinancing of debt
held by OEFC can also be sourced from external markets, subject to
Shareholder consent.
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Risks and Uncertainties o

OPG’s 2013-2015 Business Plan is based on several strategic, operational, and financial assumptions, and
as such, is subject to the following significant risks:

OPG'’s ability to achieve its forecast regulated revenue levels could impact income, cash flow, and borrowing
requirements. While OPG has attempted to moderate its impact on 2014/2015 customer rates, significant risk and
uncertainty remain with respect to the acceptance of OPG’s rate proposal.

OPG’s metrics that support its current credit ratings remain weak. In order to avoid a credit rating downgrade, it is
critical for OPG to achieve increases in revenue from its current regulated facilities and the unregulated
hydroelectric operations in 2014/2015

> The credit rating agencies will assess the risk and likelihood of OPG achieving increases in revenue and cash flow for 2014/2015 that
are adequate to support OPG’s current credit rating. There remains a risk of a credit rating downgrade in 2013.

If the revenue strategies do not materialize, OPG will have to implement mitigation measures to address its cash
flow requirements. This could include a significant reduction in project expenditures, and additional OEFC financing
for key development projects.
The ability to execute key operational initiatives

> Planning and execution of work in support of the first Darlington refurbishment outage in 2016, and recovery of all costs

N

>

Financial market performance

» Changes in long-term interest rates have a significant impact on OPG’s pension/OPEB costs. A 0.25% change in the discount rate
would result in a change in pension/OPEB costs of ~$60 M/yr.

» Achieving projected returns on the Nuclear Funds
Compensation and wage constraints may adversely affect OPG’s ability to retain and attract qualified executives

and employees, and as a result, may affect OPG’s operations and ability to successfully implement Business
Transformation initiatives

OPG'’s headcount reductions_are based primarily on attrition. Reductions
in attrition levels could impact planned cost savings for the 2013-2015 period.
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Credit Rating Outlook and Implications s

Standard & Poor’s “A-" rating with “negative outlook” (Feb. 2013)

» Weak cash flow metrics, and exposure to regulatory delay and cost overruns related
to new construction and refurbishment of existing facilities, were identified as key
negative rating factors

» OPG’s rating could face a downgrade if:
» Adjusted FFO to total debt stays below 8%-10%
* Adjusted FFO interest coverage weakens to below 3.0x

Dominion Bond rating Service: “A (low)” rating with “stable trend” (Mar. 2013)

» Significant capital expenditure program, nuclear generation risk, political intervention,
and future nuclear liabilities, were cited as major credit rating challenges

» Increasing concern about political risk on cost recovery through potential rate freeze
or extended cost recovery period, were identified as possible negative outcomes

S&P and DBRS are expected to closely monitor OPG’s financial outlook going
forward for improvement in cash flow metrics and financial risk profile
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OPG’s EBT on the Province’s Fiscal Basis:z:

= For 2012/2013, OPG’s earnings before tax

of the amount budgeted | 70 Earnings Before Tax
Py the Province by .

= OPG'’s forecast of earnings before tax on 500
the Province’s fiscal basis is highly

dependant on the assumption of timing of 0

OEB decisions 300
> The forecast assumes that the OEB 200
decision to change the nuclear and 100

hydroelectric rates, and establish a rate for
the unregulated hydroelectric assets, is
issued in Q2 2014

> Itis further assumed that the new rates are retroactive to January 1, 2014. As a result, any increase in revenue
effective at the start of the year will be recognized after March 31, 2014, and therefore impact the 2014/2015 fiscal
year of the Province.

the Province’s budget of For 2014/2015, OPG'’s forecast earnings before tax is
compared to the Province’s budgeted amount of |||l

= |n its 2014 fiscal year, OPG also expects to recognize an extraordinary accounting gain of ~$300 M (related to
income taxes) upon regulation of the currently unregulated hydroelectric assets

. Takini into account the expected timing of the OEB decision, OPG’s forecast earnings before tax in 2013/2014

> If an effective date of January 1, 2014 for regulating these assets is set by the Province, the gain will be recognized
in Q1 2014, and in the Province’s 2013/2014 fiscal year

> If the effective date is established by the OEB, the gain is expected to be recognized in the Province’s 2014/2015
year, consistent with the assumed timing of the OEB’s decision of Q2 2014
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Operating Statement

$ millions

Electricity Revenues
Less: Fuel & GRC
Gross Margin Generation Sales

Net Trading Revenue
Gross Margin Electricity Sales

Non-Electricity Revenues
Total Gross Margin

OM&A Expenses

Accretion on Nuclear Liabilities
Earnings on Nuclear Funds
Depreciation & Amortization
Other Costs

Financing Charges

Income (Loss) Before Tax

Income Tax

Net Income (Loss) Before Extraordinary Gain
Extraordinary Gain

Net Income (Loss)
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Balance Sheet o
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CONTACT INFORMATION

If you require further information on business planning assumptions, schedules, or requirements,
please contact:

John Mauti — VP, Business Planning & Reporting 592-4046
Sandra Radcliffe — Manager, Financial Forecasts 592-4062
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1.0 2013-2015 BUSINESS PLANNING CONTEXT

As OPG begins the 2013-2015 Business Planning (BP) process, it faces a number of challenges with respect
to its strategies, operations and finances, including;

e OPG faces a number of external challenges, including continuing low electricity demand, rising
customer electricity bills, increasing regulatory oversight and large provincial financial deficits:
Recent, and forecast, increases in consumer electricity prices due to factors such as the impact of the
Green Energy Policy and the need to invest in aging infrastructure has created significant consumer
concern. At the same time, Ontario’s financial situation increases the expectation for OPG to generate
appropriate financial returns for its shareholder.

e Increasing competition: OPG is facing increasing competition from gas, wind and solar generators,
partially due to the generation mix identified in Ontario’s Long Term Energy Plan (LTEP). In order to
successfully compete, OPG must reliably and cost effectively generate electricity and create a scalable
organization that will ensure its long-term sustainability. As OPG receives the lowest rates of all
Ontario generators, and Ontario’s HOEP remains at extremely low levels, the company must
significantly increase its focus on cost control, implementation of efficiencies and its performance
relative to benchmarking results.

e OPG’s generation development projects are critical to its future: Current projects including the
Niagara Tunnel must be completed on-time on on-budget. OPG must ensure
that appropriate agreements, which provide for cost recovery and a rate of return, are in place for
shareholder-directed projects. OPG must plan and execute the Darlington refurbishment project in a
manner that ensures the project’s financial viability and maintains the confidence of its shareholder.

e OPG must ensure its long-term financial viability: To achieve a sustainable level of financial
performance, OPG must strive to improve efficiency, increase revenues, reduce costs and earn an
appropriate return on equity. Additionally, targets for key financial metrics must be achieved in order to
maintain OPG’s current credit ratings, and funding sources should be diversified in order to finance
OPG’s growing capital requirements.

OPG'’s mission is to be the electricity generator of choice in Ontario. Realizing this objective in such a
challenging environment requires OPG to achieve its core strategies of performance excellence, project
excellence and financial sustainability. OPG has undertaken a Business Transformation Project to ensure the
achievement of these strategies.

Planning Direction

Over the past three Business Planning (BP) cycles, OPG has established aggressive targets for reducing
headcount and cost levels. OPG is in the midst of implementing the Business Transformation Project to
identify initiatives aimed at realizing these headcounts and cost reductions. The current environment
demands that OPG continues establish increasingly aggressive operational and financial targets.

Planning Requirements and Scenarios

The “Preliminary Planning Scenario” shown below identifies the generation plan assumptions underlying the
business plan. This scenario assumes Continued Operations at the Pickering site and Darlington
Refurbishment beginning in 2016.

Assessment of longer-term implications will involve alternate scenarios:
e A“Low Investment” scenario, which assumes reduced investment in Hydro Development projects and
constrained regulated revenue rates.

e A *High Investment” scenario, which includes New Nuclear, || EGTcNINENGNGNININIIIIEEEEEEE
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Details of these scenarios are identified in the following tables.

Change from 2012

2013 -2015 .
- : , Business Plan/
Preliminary Planning Scenario
Long-termPlan
Pickering » Continued Operations to 247k EFPH » Lengthened
* P5 & 6; End of Life (EOL) 2019 * Lengthened
+ P1,4,7 &8; EOL 2020 * Lengthened
+ P7LM; 2015-2016 » Delayed

* Refurbishment begins in Q3 2016 with D2

Darlington
Based on 210k EFPH
» Refurb Outages; 36 months each
» Station Containment Outage in 2015
Note: Nuclear assumptions under review
New Nuclear Not in base case; decision by end of 2013 No change
- _
Hydroelectric » Beck PGS remediation * No change

Low Investment Scenario (Changes from Base Case)

Regulated Rates Constrained to 3%/year beginning in 2015

Hydroelectric Beck Reservoir rehabilitation only

High Investment Scenario (Changes from Base Case)

DNGS; 2 x 1,200 MW in-service between 2022-2023; approval deadline set for
the end of 2013

Regulated Rates Possible smoothing of unconstrained rate

Thermal |
Hydroelectric I <<= Gibson

Further scenarios may be identified during the planning process; applicable BUs will be contacted directly to
identify submission requests.

New Nuclear
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2.0 RESOURCE GUIDELINES

As described earlier in the planning context discussion, OPG faces significant financial and operational
challenges on its planning horizon. OPG’s 2012-2014 Business Plan responded to these challenges by
committing to reduce headcount levels, based on attrition, in the later years of the plan, in recognition of
expected changes in capacity and production. The resource guidelines for the 2013-2015 planning process
confirm these commitments and specify an earlier timeframe for their implementation.
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Guidelines — Headcount

Nuclear Operations
Nuclear Projects
Hydro/Thermal Operations
CO&E

Guidelines Change from Approved Plan
2012 Budget 2013 2014 2015 2013 2014
5,542 5,347 5,210 5,114 (85) (103)
777 739 712 712 0 0

197

170

159

146

Total Operations

Total Ongoing Operations

Darlington Refurb 195
New Build 93
Total OPG

Note — Headcount targets reflect attrition-based forecasts through 2015,

BAS 1,133 1,043 984 928 (60) (79)
Finance 416 363 337 310 (16) (37)
People & Culture 671 625 600 573 (12) (19)
Corporate Office 140 122 117 112 (12) (15)
Law 28 25 24 23 2) (3)
Executive Office 5 5 5 5 0 0
Total Support Services 2,393 2,183 2,067 1,951 (102) (153)
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Guidelines —= OM&A

Guidelines Change from Approved Plan
$ millions 2012 Budget 2013 2014 2015 2013 2014
Nuclear Operations 1,194 1,247 1,227 1,296 (27) (42)

Nuclear Projects

CO&E
Total Operations

BAS 335 322 314 308 9) (14)
Finance (Excluding Insurance) 72 66 63 61 (3) (6)
Insurance 32 28 32 38 0 0
People & Culture 119 114 111 110 (3) (6)
Corporate Office 52 43 40 41 (1) 2
Law 10 8 9 8 0) (1
Executive Office 6 5 5 5 0) (1)
Total Support Services 625 586 573 570 17) (29)

Total (Excludes Centrally Held)

Note — 2015 was re-based using OM&A per the long-term outlook, adjusted for Business Transformation (BT) organizational changes.
The BT transfers infout amounts were generally derived using 2014 data.
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Guidelines — Capital

$ millions

Nuclear Operations

CO&E

Guidelines Change from Approved Plan
2012 Budget 2013 2014 2015 2013 2014
183 171 159 141 0 0
0 0 0 0 0 0

Total Operations

BAS

Finance

People & Culture
Corporate Office
Law

Executive Office

N~ B
A—\g
_\_\Ej_l)

N
oo N
o o o
o o ©

o O
o O
o O
o O
o o
o o

Total Support Services

Darlington Refurb 282 547 620 661 0 0
New Build 0 0 0 0 0 0
Total OPG |

BAS guideline reflects an allowance for one-time investments associated with BT projects. The allowance is subject to change pending

decisions on accounting classification of the various projects.
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3.0 KEY PROCESS CHANGES

The business planning process features a number of changes this year based on recommendations resulting
from Business Transformation. Key changes and elements include the following;

3.1 BUSINESS TRANSFORMATION — “QuICK WINS”
CONTACT: JOHN MAUTI
Standard Labour Rate

e Establish an OPG-wide standard labour rate to replace the past practice of using BU-specific labour
rates.

Reducing the number of Budget Holders

¢ Going forward, in order to hold a budget, it must be demonstrated that a minimum of twenty (20) staff
are held or at least $5 M in financial activity is observed on an annual basis.

Holding the Payroll Burden fixed

e The payroll burden percentage will be available early in the BP process, but will remain fixed for BU
planning.

Further discussion on these items may be found in section 5.3 of this document.

3.2 MAJOR PROJECT / CAPITAL OUTLOOK
CONTACT: ANDREW TEICHMAN

Over the next ten years, OPG faces potential capital constraints given the anticipated combination of revenue
pressures and growing capital needs.

These capital challenges will need to be addressed through the development of corporate capital envelopes
and strategic allocation of capital over an extended planning horizon. Therefore, development of an
integrated corporate-level 10-year view of major project OM&A and capital initiatives is considered prudent to
support efficient corporate capital allocation efforts and OPG’s long-term financial sustainability.

Commencing with this year’s BP cycle, Corporate Business Development and Finance are launching an
initiative to develop a 10-year outlook of major project OM&A and capital expenditures. This initiative will be
accomplished by engaging the major BUs (Nuclear Operations, Nuclear Projects, Hydro / Thermal
Operations) and Corporate Business Development to develop an appropriate 10-year outlook. This approach
will provide the flexibility to develop an appropriate long-term view given any variations in the information
available and the uniqueness of the specific project portfolios.

Discussions will be undertaken over the next several weeks in parallel with normal BP activities, and where
possible to leverage available information and reporting processes.
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4.0 SCHEDULE
CONTACT: SANDRA RADCLIFFE

The following is a high level schedule of key BP activities. A more comprehensive schedule can be found on
the Business Planning (BP) webpage.

Date BUSINESS PLANNING ACTIVITIES

e Economic assumptions updated by Treasury —June 8
June e Preliminary staff level / job family submission — June 19
e BU final labour rate review — June 30

e Continuing site and BU plan development
July — Aug. ¢ Roll-out of initial estimate of payroll burden rate change — July 13
e Preliminary Energy Production Plan — July 17

o |Initial submissions to BP&R — September 7 (BPS input for 2013-2015, program write-up
and analysis)
- CEO/CFO reviews for Support Services — September 13-September 28
- CEOI/CFO reviews for Operating Groups — September 19-October 1
- Revised submissions to Finance no later than October 26 (if required), including
sign-off by each respective Controllership Organization
- Controller sign-off of key accounting assumptions
¢ Final Energy Production Plan — September 14

Sept. — Oct.

o Update BU costs (high-level) for burden — October 5

October ¢ Finalization of corporate level information (allocations, variance accounts, interest, income
taxes)

e Shareholder review tentatively scheduled for — October 26

o EMT review(s)

¢ Board mail out — November 4

e BU, Support Services and Corporate Finance — monthly trending finalized by November 9,
including OM&A, Capital, Fuel, Other Revenues, depreciation, accretion, regulatory
accounting, balance sheet items

e Board approval of Business Plan — November 15

November

¢ Finalization of cost-allocation and loading of budgets into reporting systems

December o Preparation of Results-Based Planning information for Shareholder on MOF Fiscal basis
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5.0 BUSINESS PLANNING AND BUDGETTING INSTRUCTIONS

5.1 INFORMATION SUBMISSIONS
CONTACT: SANDRA RADCLIFFE

Business Plan submissions are required from each Business Unit (BU) and Support Services, and consist of
the following:
¢ Quantitative resource and financial submission information submitted through BPS (short-term) and
spreadsheets (long-term)
e Supporting analysis
e Business Plan PowerPoint presentation to be made to Senior Management

Resource and financial information with work program and resource type/cost element is the level of detail required
for the short-term submissions. Summarized quarterly detail is sufficient as long as there is an emphasis on
realistic forecasts for Q1 (Government’s fiscal year-end), which include:

e OM&A

Capital — balanced to project listings as directed in Section 5.5

Minor fixed Assets

Non-electricity revenues and costs

Staff details — headcount by representation, FTE funding

Nuclear provision expenditures — this includes items such as staff providing dedicated support services

to Nuclear Waste Management Division (i.e. P&C, security) and Station decommissioning. (note —

deadline for this is Auqust 17)

e  Other provision expenditures — draw-downs of environmental or First Nation provisions and non-
Nuclear station decommissioning

e New Provisions

Note — all short-term information should be based on the May 1, 2012 Business Transformation organization.

The following additional information requirements are to be submitted electronically in spreadsheets or
documents:
¢ Interest capitalization, retirements and in-service addition forecasts consistent with capital project plan
details submitted in BPS and Project listings. If bottom-line adjustments have been used to balance
capital submissions then these must be factored into interest capitalization and in-service additions.
e Quarterly details for the first three years are required. Note — the 2013-2015 interest capitalization rate
has changed from 5.25% to 5.00%.
e Cash flow information for draw-downs of provision expenditures is based on payment forecasts
e Working capital items (annual detail sufficient initially);
- Fuel inventory
- Material and supplies inventory.
e Cost allocation — BUs must allocate all their costs to the station level, within Regulated and Non-
Regulated OPG. See section 5.3.2. Due date — September 14
e Plan over plan and year over year analyses of all changes in business plan resources (OM&A, capital,
fuel, and non-electricity revenues)
e Factors influencing year over year changes in performance

For production units, an analysis of the performance metric “Return on Assets” (ROA) must include:
Forecast ROA — at the BU level

Analysis of factors impacting ROA — year-over-year

Plan-over-plan analysis of ROA compared to previous plan and 2012 year-end forecast

ROA sensitivity to key inputs
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Business Planning & Reporting (BP&R) will work with the BUs to provide appropriate forecasts for
allocated costs and sales margins.

Similar to previous years, the Business Plan presentations should identify objectives, performance targets,
resources, key initiatives, and risk and mitigation strategies. Comparisons to the current Business Plan and
year-over-year differences, with analyses of changes in resources and programs, are required. A draft of the
presentation must be provided to BP&R three (3) business days in advance of the review with Senior
Management.

5.2 FINANCE REVIEW AND SIGN-OFF
CONTACT: JOHN MAUTI

Each BU Controller will complete a financial review and sign-off for the Business Plan for the BU that they
support. The sign-off will confirm that they have reviewed the submissions and are in agreement with the
financial assumptions and the basis of the investment decisions identified in the plan.

The sign-off will take the form of either an E-Mail or Memo sent to the VP & Chief Controller and will confirm
that a Business Plan financial review has been completed. To assist in this review, a checklist will be sent out
by BP&R in July to highlight specific areas that are to be reviewed. The submission from the Controller will
confirm:

e Any major areas of concern

e Accounting and costing assumptions used in the plan for major projects and investments

e Confirmation that the accounting treatments for these projects are consistent with the determination of

Corporate Accounting

In addition, Accounting will be completing an accounting review and sign-off of key accounting assumptions
that have been applied to the respective Business Plans, including, but not limited to:

¢ Accounting implications and policy changes (notably any USGAAP vs. CGAAP changes)

¢ Identification and costing of provisions (i.e. decommissioning, aboriginal, environmental, etc.)

¢ Any changes to inventory obsolescence calculations and assumptions included in the Business Plan

53 INSTRUCTIONS FOR USE OF BPS
CONTACT: KAREN MOONEY

There will be three (3) versions of the Business Planning System (BPS) utilized for the years 2013-2015 for
the Business Plan:

e WO01 will contain the labour rates and burdens used in the 2012-2014 Business Plan last year. All BUs
will use BPS version W01 for planning.

e WO02 will contain new labour rates (with current burden rates) applied to the new plan submissions to
isolate labour rate change impacts. Corporate labour rate review will be completed by June 30 and a
move to W02 will only be undertaken at the request of the BU controllership.

e WO03 will be used to isolate the effect of the payroll burden rates on the new plans.

Note — New plans contained in W01 can be copied over to versions W02 or W03 at the request of the
respective BU in order to determine the impacts from labour rate changes or burden updates. You must
allow at least two business days for processing. All of the labour rates contained in Version W02 and W03
will be copied over to Version W01 in August at the request of the respective BU. Planning changes post
September 4, 2012 will be done using new updated labour rates in WO01.

Resource submissions and preliminary Business Plans for both operating and corporate groups are to be
completed in W01 by September 7, 2012. The following details are required in order to consolidate the
Business Plan:
e Work Program and Projects should be trended on a monthly basis for 2013 and 2014, which will be
picked up through BPS.
e BUs must ensure their assumptions for hiring lags and project initiation reflect actual experience and
realistic expectations. Assumptions in this area and comparisons to historical trends are to be
highlighted in accompanying analyses.
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o Total labour requirements must be balanced to total labour supply in the Labour Planning Module of BPS.
e BPS will be locked on the submission days to allow consolidation of data by BP&R.

By end of day on November 9, 2012, all trending and adjustments must be completed in W01 and BUs will be
locked out of BPS. At that point, budget trending will be considered final and ready for upload to SAP and
reporting systems.

The following three ‘Quick Wins’ are being implemented to increase the level of efficiency within the BPS
process.

Quick Win #1: Moving to a Single Standard Labour Rate

Finance has implemented the use of a single company-wide Standard Labour Rate (SLR) table. The SLR will
be calculated at the corporate level and will replace the past practice of calculating numerous BU-specific
labour rate tables.

The benefit of this change will be a reduction from the current 21 unique labour rate tables to one, a
significant reduction in analyses of rate variances, and the elimination of variances being held at station or BU
levels. All variances will now be analyzed and held at a consolidated level. BUs and sub-units will not be
responsible to track these variances and will not be accountable directly for them, particularly since they are
driven by factors that are typically beyond their direct control. The OM&A and Capital guidelines provided in
this document do not reflect the move to this single standard labour rate. The impact of this change at an
overall corporate level will be nil, but individual BU guidelines will change as a result. These changes will be
managed centrally and guidelines adjusted as required.

Quick Win #2: Reducing the Number of Budget Holders

Going forward, in order to qualify as a budget holder, a minimum staff level of twenty (20) or at least $5 M in
financial activity — OM&A, Capital, Revenue or Provision-related costs must be identified.

The only allowable exceptions to these new requirements are as follows:

o ELT direct reports who do not meet these criteria may control a budget;

Small Groups that control less than twenty (20) full-time employees and have less than $5 M in financial
activity, but who have the potential for significantly higher costs may control a budget (for example,
isotope sales);

e Joint Ventures;

o If arequirement exists to separate regulated activities that cannot otherwise be handled through an
allocation process; and

e If other situations exist that determine the need for an isolated budget holder from a business
perspective, the case must be presented to BU Controllership for approval.

Reducing the number of budget holders in the organization provides several benefits within the planning
process and many of the downstream processes as well:

1) A reduction in the number of planning cost centres that must be set-up, planned, etc

2) A reduction in the volume of line manager cost reporting that must be conducted to monitor budget
progress (fewer automated reports to push out, fewer line managers involved in detailed cost review,
fewer finance resources required to monitor and correct for issues at a detailed line manager level).

3) Reduced transactional accounting complexity through fewer charge codes, simpler segment allocation
process, and fewer manual transaction journals to correct or redistribute costs

Reducing the number of budget holders will result in budgets held at a level where true trade-offs and
decision making is occurring within the organization. This level is generally higher than the over 700 positions
that held budgets in 2012. Managers holding a budget in this new model are expected to work with their
direct reports and teams to review financial status, make decisions/tradeoffs, and work together to be
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financially responsible and meet corporate cost control directions. The materiality level for budgets,
established above, is targeted to achieve this objective, while reducing time and effort expended by both
finance and line management.

Quick Win #3: Holding the Payroll Burden Fixed

Changes to payroll burden will be held at the BU level as a total dollar amount without changing the burden
rate percentage. Once the burden is calculated in July, it will be incorporated into the SLR for all years of the
BP time horizon.

Budget holders will only be charged with the fixed burden rate, while the change in late fall will be held at the
BU level. BU leaders will be given the budget to equal this late fall change (either positive or negative).

The actual pay will incorporate the burden as determined in the later version (November/December). The
rate variance account (primary pay) will be charged with actual pay, including the total burden, while the
budget will only represent the fixed burden. The actual variable burden component will be journalized at the
BU level on a monthly basis based on the pre-determined variable burden budget. The rate variance account
will only hold the actual rate variance.

The primary benefit of this approach to burden rates is to avoid unnecessary rework in the detailed costing of
projects and work programs that occurs late in the BP cycle that is beyond the control of line managers. Late
changes in burden rates are often the function of economic factors (such as discount rates) that are used in
estimating pension and OPEB costs. These changes impact the accounting calculation of post retirement
costs and need to be reflected directly in the BUs where the staff works. The need to recalculate all work
costing details in the planning system is neither required, nor particularly helpful, in the late stages of setting
the plan and next year’s budget.

The proposed approach aligns the costs for these changes, in aggregate, with the appropriate BU leader but

does not result in re-costing of all planning detail (cost centres, projects, etc). It is also easier to isolate the
impact of these late changes in planning assumptions by BU.

5.3.1 Labour Costs and Staffing

Businesses will use the BPS system for budgeting short term labour costs:

e The BPS system currently contains labour rates, burden rates and job families. Escalation assumptions
for Society, PWU and Management Groups will be provided to Planners via E-Mail. Work is currently
underway re the annual review of any necessary changes to job families, and other factors. Updated
rates will be available for review in BPS in June and should be finalized by the end of the month.

e The roll-out of initial estimate of payroll burden rate changes is targeted for the end of July

e BUs will provide final workforce forecasts with their submissions. An assessment of the changes in
current service costs will be undertaken at that time.

e Direct costs relating to AIP incentive plans will be budgeted at the Corporate Level.
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5.3.2 Cost Allocations

CONTACT: PAuUL CHABOT

In support of the Financial Reporting process, there is a requirement to load a complete set of financial
statements for each year of the Business Plan into BPS. As in the past, Support Services are required to
supply their rationale on management estimates for allocations. A template for this information will be
provided and is expected to be submitted one week after the September corporate submission. The Support
Services group will work with groups to incorporate their input to BPS.

Preliminary accountabilities for input to BPS are:

Commercial Operations & Environment:
e Electricity Generation Revenue

Business Units:

e Fuel and Fuel-related
Non-electricity generation
Cost of Goods Sold
OM&A
Fuel and Fuel-related
Non-electricity generation

Business Planning & Reporting (BP&R):
e Accretion & Earnings

Depreciation & Amortization

Capital Tax

Interest

Income Tax

Other Corporate Finance:
e Regulatory accounting (Regulatory Finance)
e Centrally held costs (Support Services group)
e Property Tax (Property Tax group)

Page 14 |



Filed: 2013-09-27
EB-2013-0321

Ex. A2-2-1
2013-2015 Business Plan Submission Requirements Julygphpent2
54 BUDGETING FOR SERVICE PROVIDERS CONTACT: LUBNA LADAK/BOSCO YUAN

Businesses should continue to work closely with service providers such as Information Technology (IT), Real
Estate & Services, Supply Chain, etc., to jointly agree on service requirements and associated costs. The
costs should be adequately reflected in the service provider’s plan. All OM&A, provisions, and capital
expenditures, including Minor Fixed Assets (MFA), will be held by the service providers on behalf of the
businesses. Please ensure there is no duplication in budgets between the BUs and service providers.
Service Level Agreements, as defined through Business Transformation, are a useful tool to accomplish
these objectives.

Information Technology (IT) requirements should be identified to IT. The Business and Administrative
Services’ (BAS) business plan includes all business-related IT needs, IT projects, and IT components of
business initiatives. These initiatives are only exclusive to Nuclear Refurbishment, Darlington New Build I

Each BU should incorporate the following IT expenditures into its Business Plan rather than in BAS:

e Process control hardware and software in Nuclear and Hydro/Thermal generation.
e Engineering tools (hardware) and new software in Nuclear and Hydro/Thermal generation (annual
maintenance for most existing software is covered.)

Where the business is asking BAS to assume budget accountability for existing items (e.g., annual
maintenance contracts), a list of the items and their related costs should be provided to BAS for inclusion in
their plan. If there is uncertainty as to whether or not a particular contract is identified in the BAS plan, one of
the contacts listed below should be consulted.

The Information Management Transformation (IMT) program has transitioned from the planning phase in
2011 to the execution phase for 2012 and 2013. Several workshops have been conducted in an effort to
define the appropriate blueprints for attaining the desired future state of Information Technology (IT).

This program continues to require active leadership involvement, support, cross-organizational collaboration
and strong change management in the execution phase to ensure success of the program. One key element
is to have a cross-functional working team, comprised of subject matter experts from each BU, accountable
for delivering the IMT program. Consequently, each BU is required to provide resources to the IMT program.

For the 2013-2015 Business Plan, each BU is required to include their resourcing costs relating to IMT
program in their respective plans. IT Projects will meet with BU owners to discuss resources required to
support these technology upgrades.

Currently, the IT project portfolio is fully loaded as projects are in the process of being locked down over the
planning period as per previous business plan and the incremental Business Transformation Strategy
approved initiatives.

For specific projects included in the plan, please contact your IT contacts as shown below:

o Nuclear — Warren Hobbs (702x5131 at Pickering)

e Hydro/Thermal/Corporate — Amir Shemranifar (x6981 at 700U)

e Energy Markets — Howard Mintz (x1826 at 700U)

e Information Management Transformation — Mike Borsch (8274 x at 700U)

e Business Transformation Strategy — Mike Borsch (8274 x at 700U)
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Strategic Sourcing requirements

OPG will be embarking on a series of significant business events over the 2013-2015 planning period due to
changes in generation assets.

For Hydro, Supply Chain continues to administer, negotiate, and execute contracts in support of the

In Nuclear Supply Chain (NSC), cross-functional (plant-focused) performance measures adopted in 2011 will
continue to drive the behaviours and results required. Key strategies underlying the 2013-2015 Business
Plan are as follows:

Parts Availability
¢ Managing and organizing the acquisition and distribution activities in support of outage improvement
strategy, work order readiness, vendor quality and supplier performance management.
e Improve equipment reliability and reduce replenishment material stocked out.

Inventory Management

o Work collaboratively with the power plants, and other Nuclear supporting organizations, to improve
material availability via the work management, outage planning, and project management processes.

e An inventory strategy will be required to address Pickering’s EOL such as disposing of dead stock;
increasing consumption, adjusting the preventive maintenance program and adopting repair versus
replace strategy.

e The addition of inventory provision funding will support safe storage and decommissioning activities at
Pickering. To further optimize inventory levels and cost, NSC will put in place a plan to transition to a
Nuclear material only warehouse operation.

Another strategic sourcing initiative is to leverage other agencies and regulatory bodies’ purchasing power to
deliver substantial cost savings to OPG.

Real Estate & Services requirements (new leases, renewals, facility enhancements/modifications, new
furniture) for each BU (including Nuclear Refurbishment, New Build) are to be clearly identified to Real Estate
& Services for consideration and inclusion in their work programs. Real Estate & Services will consolidate all
facility costs in accordance with an overall leasing strategy and will identify any costs to be charged directly to
the businesses.

Businesses are also reminded that under the OPG OAR, only Real Estate & Services has requisitioning
authority for the acquisition, management, and disposal of real estate rights and interests, and related
transactions.

Real Estate & Services has identified the following contacts by service area:
o Real Estate Services — Ron Murphy (x7201 at 700U)
o Facility & Project Services — Don Seedman (x3289 at 700U)
o Enterprise Services — Teri Lilley (x7790 at 700U)
o Fleet Services — Joe Werb (416-231-4111 x6048 at Kipling)

5.41 Work for Others

The Cost Transfer Model states organizations are to budget for all of the resources they control. During the
2013-2015 BP period, however, Support Groups may be requested to provide dedicated services to major
projects. The VP, Finance and Chief Controller will determine which major projects will be eligible for cost
transfers prior to Business Plan submissions. Darlington New Nuclear and Nuclear Refurbishment are
already recognized as major projects during the 2013-2015 Business Plan period and are therefore eligible for
cost transfers.
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Accounting will provide direction on the costs that can be classified as directly attributable to these projects.
Headcount will remain in the support group. For presentation and analytical purposes, both originating and
receiving groups will show the gross and net costs associated with these transfers. This will ensure there is
no duplication in budgets between the project and service providers.

55 CAPITAL, OM&A AND PROVISION-FUNDED PROJECTS
CONTACT: DOROTHY LAU BARTON

This section specifies the requirements and the schedule for submission of the 2013-2015 capital, OM&A and
provision-funded project portfolio listing and supporting Planning Business Cases (BCSs). Business Units
(BUs) are requested to provide their project information by September 7, 2012 to Jack Fong in Investment
Planning (IP). BUs can provide their project information via email, by portable media, or by granting IP
access to their project database (e.g., Prosight in Nuclear).

Section 5.6.1 specifies the listing requirements for the project portfolios. Section 5.6.2 provides the criteria for
projects requiring Planning BCSs and the information requirements for Planning BCSs. Questions on these
requirements should be directed to Dorothy Lau Barton (access 400, extension 4580) or Jack Fong (access
400, extension 4655).

Note — As a result of the Business Transformation process, the Corporate Business Development & CRO
office led by Andrew Teichman will be assisting Jack Fong’s group with the management of the long-term
project portfolio. A separate note on this initiative can be found in Section 3.2 of this document.

5.5.1 Prioritized Project Lists

BUs are required to identify all capital, OM&A and provision-funded projects having cash flows within the
Business Plan time horizon. The submitted projects must be prioritized to maximize value, while considering
risks and OPG'’s business objectives as well as efficient alignment with business unit strategies, facility Life
Cycle Plans (as applicable), Condition Assessments and shareholder expectations. We continue to focus on
Return on Equity (ROE) and Return on Asset (ROA) trends over the BP period on cost elements that are
controllable at the BU, plant groups and station level in measuring operational profitability.

The listing format and information requirements have not changed from last year and are provided in the
Project Listing Template, available on Corporate Finance’s BP&R webpage. Definitions and explanations
for the various fields in the template are provided in the Guidelines worksheet. To facilitate corporate review,
consolidation and reporting, it is essential that BUs provide all information in the format specified in the listing
template. We also request that each BU provide a description of their prioritization process.

Where the portfolio listing of projects does not add up to the total requested funding envelope, separate
justification for the planned level of expenditures should be provided — e.g., benchmarking, historical
spending, etc.

The final portfolio listing of projects coming out of BP will provide the basis for the semi-annual portfolio
reporting to the Board around November and May.

To support the development of an OPG long-term integrated staff resourcing plan and an analysis related to
skilled craft from the construction trades, the “program” category in the project listing template should be
completed. This categorization is being used to identify the type, number of skilled craft and total project
costs by year from the various construction trades. For additional information on these categorizations, and
how this information will be used, please contact Laurie Gawel, Manager of Workforce Analysis Systems &
Support (access 400, extension 2499).
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5.5.2 Planning Business Cases

BUs are required to submit Planning BCSs, or an equivalent document, for projects listed in their portfolio that
are not fully released and meet the following criteria:

e Projects planned for release in 2013 with cash flow > $1 M in 2013
e Projects planned for release in 2013, 2014, or 2015 with total project cost greater than $5 M

For the purpose of these instructions, not fully released projects include:
e Projects with no previous releases
e Projects with developmental (preliminary) and/or partial releases but the project has not been fully
committed
e Previously released projects that are forecasting significant changes in scope/cost and a superseding
release is planned/expected

The information requirements for Planning BCSs are specified in the Planning BCS Template. Additional
information and explanation are also provided in the Developing and Documenting BCS (OPG-STD-0076).
Both of these documents are available on the Finance BP webpage, by following the links:

While the Planning BCS template sets out the information requirements, BU will often have existing
documents that meet the specified information requirements. When such documents e.g. Type 1, 2 or 3
BCSs are available and up-to-date, especially with regards to cash flows, they can be submitted in place of
the Planning BCS.

Planning BCSs are typically less than two pages in length, but the extent of information should be
commensurate with the risk criteria of the project, and its stage of development at the time of submission.
Among others, key information requirements are: the need for the project, its contribution to meeting OPG
business objectives, linkage to asset strategy, quantifiable benefits, cash flow requirements, impact of
deferring or not proceeding, key project risks and other considerations that can be used to establish a relative
ranking. BUs are requested to focus special attention to documenting the impact of deferring or not
proceeding with the project — this information will be used to make trade-offs amongst projects within and
across BUs, if necessary.

Planning BCSs need to include a preliminary list of alternatives to illustrate the likely merit of the proposed
alternative. If the project scope or cost estimate is highly uncertain due to timing, the use of range estimates
is encouraged. For the purpose of setting budgets and evaluating the economics of alternatives, the
expected value should be used.

All Planning BCSs should be reviewed and signed-off by the appropriate project sponsor (i.e., Asset Manager,
Engineering Director, etc.) and the local Controller.

5.5.3 BCS Preparation Assistance

For assistance with BCS preparation, please contact your local Controller or Centre-Led Business Group. In
addition, BCS training sessions can be arranged. For registration, please contact Silvester Wong of
Investment Planning (access 400, extension 3842).
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5.6 BUSINESS UNIT RISK SELF ASSESSMENT

CONTACT: TOM LUMLEY

As part of developing realistic, comprehensive, and transparent Business Plans, risks should be identified,
assessed and incorporated, along with risk treatment plans, in each Business Plan. The goal of the Business
Unit Risk Self-Assessment (BURSA) is to identify, assess, and document risks that could impact the
achievement of BU objectives over the course of the Business Plan period (i.e. 2013-2015). Risks that are
long-term in nature should also be documented, where possible.

As BURSA is also a part of the continuous Enterprise Risk Management (ERM) reporting process, on a
quarterly basis this will involve an update of existing risks, along with the identification of new risks. In
addition to being reported in the Business Plans, these risks form the basis for quarterly risk reporting to the

Board of Director committees.

The following are the key BURSA submission dates:
e August 24 — BURSA kick-off email

e September 4 — 14 — ERM group meetings with BU Single Point of Contacts (SPOC)

e September 21 — BU SPOCs submit BURSA to ERM group

Further instructions, tools and templates will be distributed to all BU SPOCs by email from the ERM Group.

The BURSA Process

The main steps for the BUs to complete the BURSA are shown below:

(Identify Risks )

+ Confirm BU objectives
and related initiatives
and programs

+ Identify the risks to
achieving objectives,
initatives and
programs (consult
SMEs as needed)

* Analyze Business
Plan assumptions as a
potential source for
additional risks

(BURSA Template )

* BU member
completes BURSA
template for each new
risk

* BU member submits
completed template to
BU SPOC

L J

(Consolidate and
Review BU Risks

«BU SPOC updates
existing risks in
Governance, Risk &
Compliance (GRC)
tool

*«BU SPOC
consolidates and
reviews new and
existing BU risks

.

~

The ERM group consolidates and reviews all individual BU risk submissions.

(Submit Top Risks )
* BU SPOC submits
top risks to ERM
Group
. J

OPG senior executives will validate the list of prioritized risks to determine the risks which will be reported to
the Board of Directors and which risks will not. This may result in updates to GRC.

There are three main outputs of the BURSA process:

e BURSA Template — Any new risks that have been identified should be documented in the BURSA
template (to be provided).

e GRC Update — Any existing enterprise risks should be updated, similar to the quarterly ERM update
process, within the GRC tool.

e Business Planning (BP) Presentation — The most significant risks stemming from the BURSA
process should be captured in the Business Plans (presentation template to be provided).
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5.7 INTEGRATED WORK FORCE PLANNING INFORMATION REQUIREMENTS
CONTACT: LAURIE GAWEL

In the past, there has been a requirement to provide detailed resourcing information in order to support the
development of an integrated workforce plan. This level of detail will not be required for this BP period (2013-
2015), but will be part of the requested information in future BP periods.

5.8 CORPORATE SAFETY GUIDELINES
CONTACT: MORRIS EDDY

With safety as a fundamental value, OPG is committed to continuous improvement and pursuing the ultimate
goal of zero injuries. The Safety BP Guidelines include strategic programming and regulatory priorities that
may impact planning and resourcing requirements in the BUs. These priorities are consistent with OPG’s
Strategic Objectives and Directions, which are found in the five-year Strategic Plan as well as the regulatory
priorities. These Guidelines must be considered by the BUs in their safety planning activities.

5.9 FIRST NATIONS INITIATIVES
CONTACT: JOE HEIL

OPG’s First Nations and Métis Relations Policy, which was approved in November 2009 and updated in
August 2011, contains the following primary objectives:

A commitment to deal with aboriginal communities in a respectful way
A commitment to resolving past grievances
A willingness by OPG to enter into commercial partnership(s) with aboriginal communities
A commitment to building relationships with aboriginal communities including:
- Community relations and outreach
- Capacity building support within communities
- Employment/Business contracting opportunities

All operating BUs, and other line organizations, that have regular contact with Aboriginal communities are
required to develop programs in support of this Aboriginal Relations Policy. Program implementation is being
staged over five years to facilitate an initial focus on the most critical areas. For this BP period, BUs are
requested to identify a point of contact and prepare a First Nations and Métis Relations Program, which is to
be reported quarterly and submitted to the Director of First Nations and Métis Relations.

For further guidance on program requirements:
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5.10 ENVIRONMENT PLANS
CONTACT: ROB LYNG

Business Units (BUs) and functions are to plan work programs using the following assumptions:
e Plants and plant groups should plan to maintain ISO 14001 certification of existing environmental
management systems through to the end of 2013. Existing EMS programs related to spills

management, in particular, should be maintained through the business plan period.

e Other than the following specifics, assume the current environmental regulatory framework remains in-
place with no major new initiatives or changes in Federal or Provincial environmental requirements:

- Evaluations required under the Heritage Act, if any, will be included in the Environment function’s
business plan.

e Implementation of best management practices for fish entrainment and impingement, determined in
accordance with the DFO/MNR/OPG memorandum of understanding, must be initiated within the BP
period.

All business units and functions are to identify planned activities and programs to fulfill relevant elements of
the Environmental Policy.

Nuclear, Hydro-Thermal and BAS plans should address the following in their Environment plans:
¢ Changes in Significant Environmental Aspects (SEA).
o “Other Requirements” such as Wildlife Habitat Certification or other environmental commitments that

the plant / plant group have adopted.

Further detail is available on the Environment website, including a template which may be used to submit the
Environment Plan. BUs are free to use an alternative format as long as all relevant information is provided.
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the enlarged section of the penstock which reduces turbulent flow and thereby increases
unit efficiency by 4 GWh for G3.

The runner on G3 is suitable for extended service, based on the Engineering condition
assessment, however; replacement of the runner on G3 is justified because of the
significant efficiency and capacity gains that can be achieved. The runner design used
for G3 will be the same design used on both G7 and G9. The new runner will increase
unit MCR by approximately 9 MW, and represents approximately 8 GWh of the total 13
GWh of incremental energy that will be generated by upgrading G3. Replacing the
runner represents ﬂ million of the total project costs and provides excellent value to the
ratepayer as the LUEC is approximately $26/MWh, the NPV is $11M and the payback
period is approximately 8 years.

The total estimated cost for the recommended upgrade alternative is $24 1M. This is
$5.3M less than the previous cost estimate used in both the 2010 — 2014 Business Plan
and the EB-2010-0008 Payment Amounts submission for 2011 and 2012 to the Ontario
Energy Board. The reduced costs are primarily due to the favourable condition of the
generator found during the Engineering condition assessment of the unit. The G3
generator is expected to last for another 30 to 40 years with just a rewind and major
overhaul work. During previous unit upgrades on G7 and G9 the generator needed to be
replaced which significantly increased project costs.

Business Objectives:

Rehabilitate or overhaul G3 to provide 30 years of reliable service in the most cost
effective manner possible to sustain the capacity of the eight unit (SAB1) station
recommended by the approved Life Cycle Plan. Where it is cost effective, introduce both
unit efficiency and capacity increases to expand the ability of existing hydroelectric
generation to meet demand. Ensure that adequate generation capacity is available at Sir
Adam Beck Generating Complex to maximize the use of water that will be delivered by
the third Niagara Tunnel.

ALTERNATIVES & ECONOMIC ANALYSIS

Base Case (Do Nothing):
Do Nothing. ($0k Capital)

This alternative does not address the increasing risk of equipment failure on G3. There
were a number of systems that were identified as end-of-life during the engineering
assessment. There is a risk of general cooling failures, bearing failures, excitation
system failure in addition to numerous other electrical system failures on G3 due to the
age and condition of the equipment. Not making appropriate sustaining investments to
correct these conditions and deficiencies will lead to increasing unit unreliability and lost
production. This alternative does not address the stated business objective and is not
consistent with the approved Life Cycle Plan for SAB1.
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Net Present Value (NPV} calculations have used forecast market prices of electricity
(SEV’s) for economic evaluation purposes. This demonstrates that the investment is
prudent from a commercial perspective. However, this generator is part of OPG’s
regulated hydroelectric assets and as such will receive the regulated rate for energy.
This project was included in OPG’s 2010 rate submission for the rate years 2011 and
2012.

The breakeven levelized unit energy cost (LUEC) over 50 years for this project is
$47.65/MWh. This is significantly lower than the OPA’s published prices of $122/MWh
for waterpower projects over 10MW under the Feed in Tariff (FIT) program. The impact
on regulated rates to recover the cost of this project is estimated to be approximately
0.2%.

THE PROPOSAL

Results to be Delivered
Completing this project will result in the following:
1. 30 years of reliable service for G3
2. An upgraded runner providing increased efficiency (-) and greater unit
capacity (9 MW)
3 A more efficient main output transformer (i)
4. Increased unit MCR (9 MW)
5. Increased overall generation from the unit (13 GWh incremental annual
generation)
6. Improved unit control
7. Improved work conditions
8. Excitation system will meet IESO requirements for reactive power capability and
response

Execution Phase Work Overview
The work to be done in this stage will include the execution of the Project Execution Plan
based on the project scope. The general scope of work for the project is as follows:

1. Upgrade existing generator and runner MCR from 55 MVA (46 MW) to 63.25
MVA (55 MW)
Perform an overhaul of the turbine system components
Upgrade the elecftrical output systems associated with the generator to 68.5 MVA
Perform miscellaneous safety and ergonomic improvements to work areas and
equipment associated with the G3 unit
Perform an Uprate Study to establish maximum electrical and mechanical limits
of the unit up to 68.5MVA, 61.656 MW

Pl

[3)]

A draft Project Execution Plan (PEP) identifying scope, schedule and cost has been
developed for this project. A final PEP will be in place prior to the mobilization of the
contractor.
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8. POST IMPLEMENTATION REVIEW

A simplified Post Implementation Review Report will be submitted by the Asset
Management department 12 to 18 months after G3 is placed in service. Due to
difficulties scheduling the Gibson test and outages to facilitate the cavitation inspection,
the PIR completion deadline may be extended. The following table provides the criteria
for this PIR.

Type of PIR Target Project In Service Target PIR Completion date
date
Simplified 2012 2013/2014
Measurable Parameter | Current Target Result How will it be Who will measure
Baseline measured? it? (personigroup)
1. MCR 45.9 MW 55 MW Unit Metering SAB1 Production
2. Apparent Power 55 MVA 63 MVA Unit Metering SAB1 Production
3. Runner and 1986 e o Gibson Test NPG
Johnson Valve Gibson efficiency Asset/Projects
Efficiency Test improvement over
Improvements 1986 Gibson Test
I xoected
improvement with +/-
2% error on Gibson
Test)
4. Runner N/A As per model testing | Visual Inspection NPG
Cavitation results (cavitation Asset/Projects
guarantee is 59 MW)
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G3 UPGRADE - NEW RUNNER & GENERATOR REWIND
SCI# NPG-08707.021-0001

ONTARIOP Wik HYDROELECTRIC o 30-NovA0
GENERATION Summary of Estimate (k$) | esmees __SAB100E4.01
Faciity Msme Beck 1GS
Preject Tife: G3 Upgrade, New Runner and Generator Rewind
Estimated Cost Distribution (k$)
Years 1¢ n ol2 2013 TOTAL %
Engmeermg & Progect Mgme 200 764 75 1,047 44
Permanent Matenul q
Consultant 450 450 1.9
Coustroction/Installabien
-0PG 174 F- 123 30 352 1.5
O |
e S I ] ) T
Contmgency [
TOTAL 28| 3,778 | 192:] 18| 100.0
Notes: 1 Schedule: Start date Oct-11
In-Service Dade(s) Dec-12 100.0%
(inclade *+ for partial m-senice}
2 Inferest and Fscalation rates e based on crurent allocation rutes provided by Corporate Accounting
3 Inclodes Removal cost of 5200k n 2011
4. incl Definttion Phase costs of. NA
Prepared by: App by
% Zz‘as%
1 Al
Project Engineer Project Manager
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APPENDIX 1

Assumptions
Financial Model

Following are the key assumptions used during the modeling of the Project:

Project Cost Assumptions:

1. Overall project cost estimates were heavily based on G7 and G9 rehabilitations
where appropriate

2. The cost for a new generator has increased significantly (approximately $-)
from the G7 contract price (which also allowed the purchase of the G9 generator)

3. Estimates for the generator rewind were based heavily on actual labour
requirements from SAB2 overhaul work

4. Quotes from suppliers of major components were used if available

5. Costs for other components and labour were based on costs for similar work
carried out in the past with appropriate escalators applied

6. Competitive bids can be received for the work to be contracted out

Financial Assumptions:

7. Discount rate of 7%

8. The new generator and associated equipment will have a useful service life of 50
years

9. Extensive overhauls will be carried out after 30 years of service

10. For Alternative 1 a generator replacement is assumed to be required after 30
years of service

11. Costs for overhauls are built into the stream of cash flows for the analysis on both
alternatives 1 and 2

12. SEV’s will be used for financial analysis

Project Life Assumptions:
13. The project can start immediately after approval
14. The project can be completed and the generator can be commissioned by the
end of Q4 2012
15. The useful service life of both the alternatives is 50 years
16. The study period used for the analysis is 50 years

Energy Production Assumptions:
17. Energy forecasts were based on Niagara River flow models
18. Existing outage plans can be followed
19. Generation at the Beck plants can be maximized while adhering to the market
dispatches
20. Historical forced outage rates will be typical in the future

Operating Cost Assumptions:
21. There will be minimal incremental operating costs associated with the upgraded
G3 unit
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3. BACKGROUND AND ISSUES

Sir Adam Beck 1 GS (SAB 1) is a ten unit station located on the Niagara River, It was
placed in service in 1922 and has seven 60 Hz generating units and three 25 Hz
generating units. The station currently has a total capacity of 447 MW, an annual energy
production of approximately 1,670 GWh and 2005 production revenue of $55.1 million (at
$33/MWh).

SAB 1 G7 is a 25 Hz unit. in 2005 the Johnson valve that controls the water flow to the
(37 turbine failed, and because OPG's obligation to the 25 Hz market could be met by the
SAB 1 GS 25 Hz units G1 and G2, G7 was decommissioned. G7 was subsequently
deregistered with the IESO.

As of April 2009, the IESC will end the 25 Hz energy market and 25 Hz power will have
no market value. There is no future benefit to having G7 available to generate 25 Hz
power.

Beginning in 2009, additional water will be supplied to the SAB complex by the new
Niagara Tunnel. A new 60 Hz generating unit will make use of this additional water.
Deferring this project will mean OPG will not make full use of the water diversion
available.

Similar work involving the replacement of a 25 Hz generator with a new 60 Hz generator
and associated components was carried out on SAB 1 G6 in 1994/95. Lessons learned
and experiences acguired during that project have been incorporated into this project.

A life cycle plan for SAB1 is currently being prepared which will include the conversion of
this unit, the plans for the other 9 units and the impact on the transmission system.

4. ALTERNATIVES & ECONOMIC ANALYSIS
Base Case (Status Quo): Leave SAB1 G7 Out of Service

This alternative does not make use of the water available for generation and does not
maximize the generation of hydroelectric energy.

¢ This alternative is not recommended.
Alternative 1:

Install a new 68.5 MVA (61.5 MW capacity) 60 Hz Generator, Transformer,
Headgates, Runner, and Upgrade the Turbine

This aiternative brings to service a 61.5 MW capacity hydroelectric generating unit that
optimizes the use of the water available. It includes a new generator with new protections
and confrols, a new exciter and digital governor head, new switchgear, new headgates, a
new transformer and removal of the failed internal components of the Johnson valve. It
also includes a new efficient runner and a turbine upgrade.

s This is the recommended alternative

SAB10032 G7 BCS Rev & 4
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Alternative 2:

Install a 56.7 MVA (51 MW Capacity) 60 Hz Generator, Transformer, Headgates,
Upgrade the Turbine and Re-use the Existing 70-year-old Runner

This alternative is rejected because it does not optimize the use of the water available.
Re-using the existing runner, which has an output of approximately 51 MW, limits the
size of the new generator to 51 MW, well below the optimal size.

+ This alternative Is not recommended.

Financial Analysis:

’ Alt 1 Alt 2
$ Million’s Base Case (recommended)

Project Cost 0 352 40

NPV (after tax) 0 7.1 25

Impact on 0 7.1 25

Economic Vaiue

IRR % 0 11.9 107

Discounted

Payback (Y1) e ’ -

The NPV calcuiations are conservative as they exclude some potential benefits.

Additional generation available at the Beck Complex is considered to have a capacity
benefit, as it would likely displace other more expensive generation at peak times.
However, due to the variety of operational parameters and water constraints during peak
months of the Beck Complex, it is very difficult to gquantify the capacity benefit with a high
degree of precision. They have therefore been excluded to be conservative. To put this
into context, a conservative estimate of 5 MW would increase the NVP to $8.8M, and a
capacity benefit of 20 MW would increase the NPV to $14.0M.

The Beck Complex is often operated for operating reserve and paid through an operating
reserve revenue stream. The NPV caiculations do not include that benefit as this value is
determined at the time of operation depending on system requirements, and how the
units are required to operate.

In a rate regulated environment, OPG will receive market prices for any generation
exceeding 1,900 MW from the regulated hydroelectric fleet. The addition of G7 will allow
generation above 1,800 MW on a more frequent basis. Because this level of generation
can not be assured, a conservative approach has been taken and the quantitative benefit
has not been included.

SAB10032 G7 BCS Revé S
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The breakeven levelized Unit Energy Cost (LUEC) for this project over a 50 year period
is $43.32/MWh. This is lower than the recent OPA contracts that are > $70/MwWh.

The Sir Adam Beck facilities are part of OPG's regulated hydroelectric fleet. A Power
Purchase Agreement cannot be obtained for this generation. This project will be included
in the OPG rate regulation submission. The impact on regulated rates required to
recover the costs of this project is expected to be approximately 0.07%

3. THE PROPOSAL

Resuits to be delivered:

Construct a new SAB1 G7 generator to supply 60 Hz power to the Hydro One connection
point. The generator is scheduled to be commissioned by the end of March 2009. The
resuiting generation capacity will provide an average of 99GWh annually and increase
the Beck Complex’s ability to provide operating reserve as well as provide assistance
with EBG on the system.

This project includes the removal of the existing 54 MVA, 25 Hz, G7 generator and the
supply and installation of a new generator, a new transformer, new headgates and a new
runner and the upgrade of the turbine and the remaining associated unit components.

Runner

The existing runner dates from 1936. It was last inspected in 2001 and reported to be in
good condition but with some cavitation and pinholes in the stainless steel overlay.

Preliminary engineering analysis indicates that power available through the G7 water
conveying structures is in excess of 58 MW. The existing runner is rated to produce only
approximately 51 MW of power. The existing runner is, therefore, unable to fully utilize
the available water.

A contract has been awarded for runner design, runner model development and model
testing for new runners for SAB 1 GS. Preliminary engineering indicates that a new
runner with an efficiency of approximately-% and a corresponding output of 58 MW, at
efficiency, can be supplied by the runner manufacturer as part of the purchase option
OPG has retained.

Generator:

A new 68.5 MVA (61.5 MW capacity), 60 Hz generator can be installed to match the
maximum power output of a new runner.

SAB10032 G7 BCS Rev & 6
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With a new generator and new runner, G7 will have a high efficiency and will generally
be the first unit on / last unit off at the station to maximize generation. The expected
annual energy production for SAB 1 will increase by 99 GWh annually on average.

Transformer

The replacement of the 25 Hz generator with a 60 Hz generator necessitates the
replacement of the three existing 25 Hz transformers. The existing transformers are in
fair condition and the best one will be kept as a spare for Units 1 and 2.

The existing transformer will be replaced with a new 60 Hz, three phase, water-cooled
transformer.

Turbine Upgrade

The last significant amount of work on the G7 turbine was carried out in 1975. The
normal interval between such work is 25 to 30 years. The turbine upgrade will be
performed while the unit is dismantled for the installation of the new runner and new
generator. The scope will include the modification of the discharge ring and the
installation of greaseless bushings.

Johnson Valve and Headgates

Each generating unit at SAB 1 generating station was built with a Johnson valve to
control water flow to the unit. Following the SAB 1 G4 Johnson valve failure in 1999, an
engineering study concluded that the Johnson valves had reached the end of their
service life and could no longer be relied on to control water flow to the units. A program
to remove the internal parts of the Johnson valves and to replace the functionality of the
Johnson valves with headgates was initiated. To date, the other 9 units at the station
have had this work done.

Other Major ltems In Scope

The existing governor control head is at the end of its service life. Replacement parts are
not available. The govemnor head will be replaced with a new digital control head.

A new exciter will be supplied for the new generator.
New switchgear will be supplied for the new generator.

Upgrades to the generator output buswork and to the electrical connections to the Hydro
One system are required.

Assessments by both Hydro One and the IESO are required prior to connecting new
generation to the Ontario Grid. Agreements have been made with both parties, and

SABI0032 67 BCS Rav 6 7
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The Project Department will review the project by comparing the planned cost and
schedule milestones as outlined in the Project Execution Plan to the actual cost and
schedule milestones.

6. QUALITATIVE BENEFITS

Qualitative Factors & Sustainable Energy Development

+ Installation of headgates at the top of the penstock provides increased level of safety
for the powerhouse, staff, and environment in the event of a penstock failure.

» Combining the generator replacement, runner replacement, headgate instailation,
and turbine upgrade into one outage reduces total outage time, avoids repetitive
dismantling and assembly of the unit.

¢ Increased production of renewable hydroelectric energy (61.5 MW, 99GWh annually).
Increased efficiency of water use due to the upgraded runner.

* Environmentally friendly generation with virtually no additional environmental impact
which will displace more costly and higher emitting fossil fueled facilities.

7. RISK ANALYSIS

See Appendix 2 for Risk Management Table.

Cost Risk:

There is a high level of confidence in the cost estimate for this project. Over 50% of the
project estimate is based on quotes or budget estimates from suppliers and past
purchase experience.

* The risk of over expenditure on the headgate work ($2.7M) is low because the work
has been done in a satisfactory fashion nine times before by the same contractor.

» The generator design/ supply/ install, the largest single component of the projectis a
firm bid quotation.

* Preliminary price quotes have been obtained from known suppliers in an effort to
develop accurate cost estimates.

* A contingency of -is included in the project cost estimate. The overall
contingency has been prepared by adjusting contingencies by major item based on
its unique risk characteristics.

Assumed Benefits (Generation) Risk:

In order to determine the energy generation potential of G7, historic Niagara River flows
were reviewed. The amount of water availabie at the plant for G7, incorporating water
from the new Niagara Tunnel, was determined and the seasonal peak/ off-peak timing of

SAB10032 G7 BCS Rev 6 9
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this water was predicted. Historic water usage at the SAB Complex was extrapolated

into the future and the amount of water available for G7 was determined. In order to
optimize the water diversion, the Pump Generating station (PGS) was also optimized.

Schedule Risk:

The scheduie is aggressive and there will be numerous contractors on site, raising the
possibility of interference. This concern will be managed by closely scheduling and
coordinating site work.

Supply/ Procurement/ Quality Assurance Risk:

The potential generator suppliers have been pre-qualified to reduce the risk of
unsatisfactory contract performance.

Possible manufacture of runner and generator components overseas presents quality

risks. Inspection and test pians are being utilized to monitor the product quality through
the manufacturing process.

Graphical Representation of Risk using a Tornado Diagram:

The project is considered to be sensitive to the following variables:
SEV
Project cost
Generation
Project in-service date (project schedule)

A Tomado diagram has been constructed to assess the project NPV with the following
variables and changes:

o Change to SEV: High and Low values

o Change to SEV: High and Low values, also including a capacity benefit in the

NPV caiculations equal to 20MW

o Project cost: +/-10%

o Generation: -/ + 5%

o In-service date: schedule shortened by 1 month / extended by 3 months

SAB10032 G7 BUS Rev 8 10
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ONTARIOPGIWER HYDROELECTRIC Date March 14, 2007
GENERATION Summary of Estimate Project #  SAB10032

Facility Name: Beck1GS

Project Title:

G7 Generator Frequency Conversion from 25 Hz

to 60 Hz
Years (k§) 2007 2008 2009 TOTAL %
Project Mgmt. 446 584 149 1,189 3.4
Engineering 300 400 130 830 2.4

Permanent Materials

| ]

Construction/ Installation

- Contractors )
Interest 307 | 1,208 433 2,038 5.8
Contingency
TOTAL 7900 | 23364 3946 35,2101 100%
Notes: 1 Schedule Start date: May, 2007

in-service dates(s):
Headgates, Johnson valve 9 % Jan. 2008
Generator, balance of work  91% Mar. 2009
2 Interest and Escalation rates are based on current
altocation rates provided by Corporate Finance

3 Includes Removal Costs of: 750 k$
4 Includes Definition Phase Costs of 1,800k$
Prepared by: Approved by:
o T / L4
L-—-—"""“ v
Torben Frost Conlan
Project Enginesr oject Manager

SABI003Z G7 BCS Rev & 12
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APPENDIX 1

Assumptions

Financial Model

Following are the key assumptions used during the modeling of the Project:

Project Cost Assumptions:
1. Quotes from suppliers of major components were used if available.
2. Costs for other components and labour were based on costs for similar work
carried out in the past with appropriate escalators applied.
3. Competitive bids can be received for the work to be contracted out.

Financial Assumptions:
4. In a non-regulated scenario, energy produced will provide revenue at the 2006
system energy values (SEVs).
5. The September 2006 Hydro FE Model, was used with a 2007 project start year.

Project Life Assumptions:
6. The project can start immediately after approval.
7. The project can be completed in 22 months and the generator can be
commissioned in March, 2009,

Energy Production Assumptions:
8. Niagara River flow modeling tool accurately modeis the water available to the
Beck plants.
9. Existing outage pians can be followed.
10. Generation at the Beck plants can be maximized while adhering to the market
dispatches.
11. Historical forced outage rates will be typical in the future.

Operating Cost Assumptions;
12. The new unit will increase OM&A costs by 0.5 FTE {or equivalent cost of work
contracted out).
13. On-going Non-Standard costs associated with the new unit will be minimal (5k per
year)

SAB10032 G7 BCS Rey 6 13
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APPENDIX 2

Risk Management Table for Full Project Release

1Tab3

Risk Risk Description Implications Mitigation Risk After
Category Mitigation
Cost Electrical Systems - Hydro 1 - | Cost: Unceriain — Costs will be firmed Due to the uncertainty, include a Low
Extent to which OPG is up as Mydro One complstes their tingency to increase
responsible for changes to the Customer Impact Assessment in this amount to
Hydro one equipment November/ December 2007
Schedule Will Hydro One accept 'E' bl Schedule: Preliminary schedula from Approach Hydro One to start Medium
H Hydro One indicates no impact, but this preliminary work on accelerated
requires Hydro One fo dedicate schedute
adequate engineering and construction
effort
Schedule Electrical Systems - Hydro 1 Schedule: If changes required to Hydro | OPG to participate In outage Madium
to determine what changes they | One system are extensive, this may planning and work coordination
need to make to their system detay in-service date - by several
months?
Schedule IESO System Impact Delays in completing the assessments The Developmental release has Medium
Asgessment (S1A) and Hydro | could delay the ability to connectto the | included funds to start both the
One Customer Impact Ontario Grid resulting in lost IESO and Hydro One
Assessment opportunity, assessments
Schedula IESO System Impact Should the SIA state that it Is not SAB 1 has a commaon bus Low
Assessment (SIA) and Hydro possible to connect new generation to system. When G7 Is complated,
One Customer Impact the grid, generation from G7 could be G9 will be at the end of its
Assessment rasults in bottled. service life. Should capacity not
insufficlent transmission be available on the transmission
Capacity to ailow G7 to system, GO will be taken out of
connect servica and not rehabilitated. G7
will be connacted 1o the bus.
{See appendix 5 for further
discussion)
Cost Generator removal - costs Cost: Retaining existing foundation Obtaln competitive quotes from Low
currently based on G6 costs - balts may be challenging contractors
current estimate $535k (not a Include adequate contingency
quote)}
Schedule Schedute: Possible project delay Schedule work appropriately. Low
The unit is currently not
operating, so the removat start
Is not restricted by cutage
requirements.
Cost Generator foundation - more Cost: GE wilf have cost extras i they Have GE Inspect and approve Low
work than what GE has cannot use the existing foundation bolts | foundation condition as scon as
anticipated in proposal as planned generator is remov
$ﬁ- s Include adequate (
coningency on foundation work
cost
Scheduie Schedule: May delay in-service date - 3 Low

woeks?

SAB10032 57 BCS Rev B
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Appendix 3

Major Component Cost Estimates

Unit Runner

American Hydro has been awarded a contract for runner design, runner model
development and model testing for new runners for SAB 1 GS. Preliminary engineering
indicates that a new runner with an efficiency of approximately .% and a corresponding
output of 58 MW, at efficiency, can be supplied by the runner manufacturer.

OPG has the option to purchase a runner for unit 7 at a cost of s

New Generator

The design and build of a new generator is on the critical path for the project. Work must
start in early 2007. GE was one of three vendors submitting proposals. Bids were
evaluated with Supply Chain's involvement, and GE was selected to supply and install
the new generator. A developmental release has been approved to ailow GE to commit
to this work, and to cover their cost incurred {up to $1M) should the project not proceed.
A new generator, supplied and installed, will have a cost of approximately $12M.

Replacement of the existing 25hz Transformer

A new water cooled transformer, will cost $1.3m based on firm quotes received.

Turbine Upgrade

Upgrades to the turbine, to increase the power output, and modifications consistent with
a 25 to 30 year maintenance cycle, will cost approximately $3.1M.

Johnson Valves and Head Gates

The removal of the internal components of the Johnson valves and installation of
headgates has been completed on the other 9 units resuiting in reliable work processes
and cost estimates.

The internal components of the G7 Johnson valve will be removed and new headgates
will be installed in the G7 headworks at a cost of $3.2M.

Governor Conitrol head

A new governor head, supplied and installed, will cost approximately $460k.

Electrical system and Connection to Hydro One

This work will cost approximately $5.0M to upgrade electri

SAB10032 G7 BCS Rev & 15
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IESO System Impact Assessment and Hydro One Customer Impact Assessment

The developmental release (approved) includes $30k funding to have the IESO complete
a System Impact Assessment. This assessment 1S required prior to connecting any new
generation to the Ontario Grid. Although G7 is part of the existing SAB1 complex, the
unit was deregistered in 2005, and therefore requires this assessment.

In addition, the developmental release (approved) includes $15k funding for Hydro One
to complete a Customer Impact Assessment which is required prior to adding additional
generation to the transmission system,

New Exciter

A new exciter is required for the new generator and is expected to cost 5-(.

New unit Switchqear

New switchgear is required for the new generator and is expected to cost $-<.

SAB10032 G7 BCS Rav 6 i6
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Risk Mitigation Strateqy for Queenston Flow West Transmission Limitation.

The outcome of the IESO System Impact Assessment (SIA) will be known in June 2007
and the cutcome of the Hydro One Customer Impact Assessment (CIA) wili be known in
the fall of 2007. There is a potential risk to the viability of the G7 project if the SIA
conciudes that the system cannot accept the additional station output provided by G7.

The condition of G9 is an important factor when discussing risks to the viability of the G7
project. G9 is currently operating at a reduced output due to its poer mechanical
condition. It is scheduled to be removed from service for major repairs, or to be replaced
by a new unit, as soon as G7 is placed into service.

G9 will be taken out of service and G7 can be connected to the station output bus and
placed in service. The net effect on the transmission system, by this substitution of G7
for G9, will be minor.

Under the current SAB | unit outage strategy, appreciable capacity is not added to the
transmission system until the first quarter of 2010 when SAB | G9 is returned to service.
Therefore, there is a 3 year period in which the transmission limitation issue can be
resolved. The 25 Hz market will also have ended by that time, and it may be possible to
utilize the 25 Hz transmission system to help resolve this issue.

If the transmission system capability issue is not resolved by 2010, the timing of the
rehabilitation of GO will be reassessed and the project will be delayed until the
transmission constraints are resolved.

The financial risk to the G7 Conversion Project is reduced to the incremental cost of the

G7 project over the cost of the GS project. This incremental cost is in the range of $3M
to $10M.

SAB0032 G7 BCS Rev & 18
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The generator is scheduled to be commissioned by the end of 2010. The new generator
will utilize the water made available to the Beck complex by the Niagara Tunnel and
through the use of the Pump Generating Station. It will contribute 60.8 MWh annually to
the station output. ~ As well, it will increase the Beck complex’s ability to provide
operating reserve and provide assistance with managing excess baseload generation
(EBG) on the system.

Runner

The existing runner is the original runner installed in 1925, It was last inspected in March
2007 and found to have some minor cavitation and pinholes in the stainless steel
overlay.

The design, model development and model testing for new runners for SAB 1 GS have
been completed as part of a runner replacement program. A new runner for G9 with an
efficiency of approximateiyjll can be supplied by the runner manufacturer.

Generator;

A new 61.6 MW capacity generator can be installed to match the maximum power output
of a new runner.

With a new generator and new runner, G9 will have a high efficiency rating and will
generally be one of the first units on / last units off at the station to maximize efficient
generation.

Transformer

The existing 55 MVA transformer will be replaced with a new 68.5 MVA transformer to
match the output of the generator.

Turbine Upgrade

The last significant amount of work on the G9 turbine was carried out in 1956 at the time
of conversion to 60 Hertz. Stator repairs were made in 1974. The normal interval
between major overhauls is 25 to 30 years and the turbine is overdue for rehabiitation.
Modifications will be made to the turbine to increase the maximum output to
approximately 61.6 MW, from the current 50.8 MW output. The scope will include the
modification of the discharge ring and the installation of greaseless bushings. The
upgraded turbine will maximize the efficient use of the available water.
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Cost Risk:

There is a medium to high level of confidence in the cost estimate for this project.

The cost of the generator design/ supply! install, the largest component of the project,
is based on the purchase option obtained from GE Hydro at the time of the purchase
of the SAB1 G7 generator. A defined escalation clause for labour and material wil! be
applied to the G7 base cost. However, negotiations with Andritz VA Tech, the new
owners of GE Hydro, for the purchase of the new generator have not been
concluded.

Preliminary price quotes have been obtained from the exciter, runner, transformer
and Johnson valve liner suppliers in an effort to develop accurate cost estimates.

Much of the work associated with the G9 project is similar to the work presently being
undertaken on the G7 project. G9 project costs were developed with this knowledge.

An overall contingency o- is included in the project cost estimate. The
contingency has been determined by assessing the unique risk factors for each of the
items in the estimate.

Schedule Risk:

Discussions with Andritz VA Tech indicate that they will honour OPG’s option to
purchase a 61.6 MW generator similar to the SAB1 G7 generator currently being
installed by GE. OPQ has not concluded discussions with Andritz VA Tech regarding
OPG’s schedule for the instaliation of the generator. Itis not known if the G9
generator can be slotted into the Andritz VA Tech manufacturing queue such that it
can be manufactured and installed to meet the project schedule. If the Andritz VA
Tech generator production plant is booked, the generator in-service date will be
delayed.

The project schedule is such that there may be numerous contractors on site at any
given time, creating the possibility for interference. This concern will be managed by
scheduling and coordinating site work appropriately.

Supply and Procurement Quality Assurance Risk: -

Supply Chain and Hydro Engineering will exercise due diligence and assess the
capabilities of Andritz VA Tech prior to entering an agreement.

Possible manufacture of runner and generator components overseas presents quality
risks. Contracts for source surveillance will have to be put in to place. Inspection and
test plans will be utilized to monitor the product quality throughout the manutacturing
process.
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Date July 15, 2008

Project# SAB10047

Facility Name: Sir Adam Beck 1 GS
Project Title: G9 Rehabilitation
Years (k$) 2008 2009 2010 2011 | TOTAL %
Project Mgmt. 75 500 594 1,169 3.7
Engineering
Paermanent Materials
Construction/ installation
- Contractors
Interest 25 i 2,042 6.4
Contingency
TOTAL 2,000 | 15,520 14,490 32,010 100%
Notes: 1 Schedule Start date; September, 2008
In-service dates:
Generator December, 2010

2 Interest rate provided by Corporate Finance

3 Includes Removal Costs of; 1,100 k

4 Includes Definition Phase Costs of: 300k
Prepared by: Approved by:
Torben Frost John Conlon
Project Engineer Project Manager

13
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1. RECOMMENDATION

Recommend full release approval of $27.9M (which includes Definition Phase release of $80k) to
purchase and install 12 new main output transformers, 1 new station spare, and associated
equipment at Des Joachims GS. The existing transformers are almost 60 years old, are nearing
the ends of their service lives, and the probabiiity of failures is expected to increase dramatically
over the next ten years. Since the indicated time required to manufacture a transformer is
approximately 90 weeks, it is recommended that a transformer replacement program be initiated
now to ensure transformers at Des Joachims GS are replaced in an orderly and timely fashion
over the 2010 to 2013 period (1 bank per year).

Total Investment Cost: $28M

Recommended LTD 2008 2008 2010 2011 2012 2013 Total
Aliernative 2007

Project - Capital $54k | $1,749k | $1,771k | $6,982k | $6,412k | $6,580k | $4,337k | $27,874k

Proposed 2008- $83k | $2,016k | $3,400k | $3,477k | $6,483k | $6,543k | $6,141k | $28,143k
12BP

Expenditure Type: Capital
Investment Type: Sustaining
Release Type: Full release under OAR element 1.1

Funding: The total project cash flows have been programmed in the 2008 Budget Version of
the Work Program Catalogue.
Investment Financial Measures: NPV: $6,542 k (Relative to the Base Case)

2. SIGNATURES

Submitted by: Recommended by:

&&M&W\ X ﬁ\en W == ol fachy
Hydro daté\‘) EVP&COO date

Fina Approval; Line Approval per OAR 1.1:

NW/— ZebiJoe /%Www ;/vé-f‘/ﬁ’g/

SVP & Chief Financial Officer date Lﬁ/niéic'iént & CEO date
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. BACKGROUND & ISSUES

Des Joachims GS is an eight unit, hydroelectric station located on the Ottawa River, 20km
north of Deep River. The facility was placed in service in 1950 and 1951, The station is
controlled from the Chenaux Control Centre. The station capacity (MCR) and average annual
energy production are 428.8 MW and 2,247 GWh respectively, with 2006 revenue of
%$121.4M. The ten year average of the station Capacity Factor is 58%.

The asset classification of this station is “Flagship” and is ranked 4th in both capacity and
energy production in Hydroelectric. The Life Cycle Plan expenditure strategy for this station
includes planned investments, over the next 30 years, totalling about $100 million. Major
projects include the turbine replacement and overhaul program ($40M), transformer
replacement program ($28M), rehabilitation of sluice gates ($17M) and generatot rewind
program ($6M).

Reliability has been excellent over the past 10 years with an Incapability Factor ({CbF) in the
7% range. The Equivalent Forced Outage Rate (EFOR) is less than 1%.

Due to its asset classification, Des Joachims receives high priority for sustaining investments
to maximize return on investment. The recommended preferred alterative will ensure that
similar reliability will be sustained.

Originally all eight units produced 45 MW each. In the late 70's and early 80’s new runners
were purchased as replacements for the original runners to increase the output of the units.
The unit output was increased by 9.0 MW. The transformers were never upgraded or
replaced. All cables have recently been replaced; have no visible signs of leaks in the floor
penetrations and will not need to be changed.

The transformers are water cooled original installations (1950 vintage) and have previously
experienced a fajlure in 1981. The T2 Blue Phase transformer ruptured and oil entered the
tailrace area.

The Des Joachims Generating Station consists of four transformer banks, each supplied by
two generators. Each bank is made up of three single phase transformers plus one single
phase spare transformer for the station. (Total of thirteen transformers). The nameplate sizes
of the in-service transformers are rated at 33 MVA each but are operating at 110 MVA per
bank or 10% above rated capacity.

Due to 20+ years of operation at 10% above rated capacity, the life expectancy of the
transformers has been reduced fo where they are now approaching the ends of their service
lives. Oil test results show elevated concentrations of carbon monoxide and moisture. High
carbon monoxide levels are a symptom of elevated thermal stress within the transformer that
results in accelerated ageing of the critical insulation system. Moisture in a transformer is also
a major accelerant of insulation deterioration, particularly when combined with elevated
operating temperatures, and moisture levels are now approaching recommended ASTM
limits for refiable operation. No field process can remove the moisture from deep within the
insulation system; therefore, rehabilitation is not practicable.

Transformer reliability can be characterized by the “bathtub curve”, which correlates the risk
of failure with equipment life. The curve suggests that a long period of low failure risk
operation is followed by a relatively shorter period of escalating probability of failure as the
equipment approaches its end of life. The recent test results indicate that the transformers
are now approaching the ends of their service lives and the risk of failure can be expected to
dramatically increase.

There are additional operational concerns due to:
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o The 30° C transformer operating temperature. Cooling pump use must be restricted
during winter operation o avoid cver-cooling the ¢il, which has resulted in gasification
problems.

o Lower level flooding of the powerhouse due to PVC cooling water piping failures

o The risk of oil spills due to leaking oil-filled Low Voltage Box connections

o Signs of deterioration in the concrete beams that support the Ring Gaps

s The first transformer replacements will not eccur until 2010 due to the 90 week lead time for
delivery, with the planned in-service date of the final bank of transformers occurring in 2013.
Due diligence dictates that a prudent, orderly transformer replacement program be initiated to
avoid transformer failures.

e The failure of one of the main output transformers in any transformer bank could result in the
loss of energy output from two units. Although the spare transformer could be used to
replace the first failed transformer, replacement would still reguire a dual unit outage of at
least one month. If a second transformer failure occurred before the spare was replaced, it
would result in a duai unit outage of up to 2 years. The probability of this occurrence is
expected to escalate over the next few years as the transformers approach end of life.

» The manner in which a transformer could fail is not predictable. A catastrophic failure could
result in an unconirolled loss of oil, presenting a risk to station personnel, the environment,
and to the station itself. (Each transformer contains approximately 5,100 imperial gallons
{23,000 litres) of oil).

4. ALTERNATIVES & ECONOMIC ANALYSIS

Approval was attained during the project Definition Phase in 2006 for $80k to retain a transformer
consultant in order to prepare a Technical Specification and request proposals for the supply of
13 transformers over the period of four years. (One bank per year) The transformer consultant
performed a performance evaluation for each of the four proposals received and recommended
the preferred supplier.

Base Case:

Do nothing — Replace upon failure

* The existing transformers are operating at 10% above rated capacity with oil test results
indicating unacceptable oil moisture and gasification levels. This indicates these
transformers are approaching end of life and an escalating risk of failure, jeopardizing
production.

» The results of a previous transformer refurbishment program have been unsatisfactory and
the service lives of these transformers will not be extended through refurbishment. The Piant
Group strategy is a transformer replacement program.

For asset equipment protection and personnel safety concerns in the event of a

transformer failure, this alternative is unacceptable.

Alternative 1: (13 Transformers)

Replace with Single Phase - Water Cooled

= Water cooled transformer will require ongoing maintenance costs, which are not required by
the Alternative 3 air cooled design.

= There is a risk of cooling water failures which could result in flooding of the powerhouse, and
arisk of cooling water freeze up conditions.
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The financial cost of this alternative is very similar to the preferred alternative, but due to
the cooling risks identified and ongoing maintenance costs this alternative was rejected.

Alternative 2: (5 Transformers)
Replace each bank (3 single phase transformers) with (1) three phase transformer

[

The loading capacity of the existing concrete structure will require major civil upgrades. The 3
phase transformer weight is 130 tons, while the existing single phase transformer weighs 60
tons. The runway, transformer base and moving trolley will not withstand the increased load.
A transformer rotation mechanism will be required to rotate the transformer 90 degrees at the
cormer of the runway due to the increase in outside dimensional size.

The transformer deck door opening is not sufficient in size to move the transformer in and out
of the powerhouse erection bay to the transformer deck area.

The installation of radiators must be conducted outside the powerhouse; therefore, a mobile
crane is required for these installations.

The existing oil containment system will require major civit modifications due to the extensive
difference in size vs. a single phase transformer.

There is a marginal efficiency gain for three phase over single phase transformers.

Although the procurement of three phase transformers (5) is less expensive than single
phase transformers (13), the lower cost is more than offset by the need for major civil
modifications.

Alternative 3: {13 Transformers)
Replace with Single Phase — Air Cooled

Single phase air cooled transformers will require minimal civil modifications due to the similar
structural dimensions as the existing.

The transformer increased output capacity will provide sufficient capability intended for the
existing turbine replacement program, plus an additional 10% capacity for future unit
upgrades.

Major civit oil containment and structural modifications will not be not required.

The spare transformer cost is 1/13 of the total supply cost vs. 1/5 for three phase design.

No additional major adaptation will be required for low voltage cable modifications.

This is the recommended alternative.

Other alternatives considered but discounted

o Refurbish — Past refurbishment efforts did not produce the expected end result.

e Like-for-like capacity replacement - The existing transformers are under-capacity;
therefore, an increase in transformer output is required.

o Partial bank replacement — All transformers are approaching end of life. Partial
replacement would also require two sets of spare transformers; one for the new and one
for the existing.

Financial Analysis

Base Case Alt. 1 Alt. 2 Ali. 3
Initial or Remaining Costs {k$) $30,824 $29,227 $34,555 $27,874
NPV (2007 PV (k$) 40 years ($30,319) ($24,446) | ($27.870) | (823,777)
Impact on Economic Value $5,873 $2,449 $6,542
(2007 PV k$)
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5. THE PROPOSAL

Results to be delivered

e Prepare installation engineering specification.

e Purchase and install twelve 30/40/50 MVA ONAN/ONAF1/ONAF2 transformers plus one
station spare.

Dispose of existing transformers

Modify existing deluge system

Modlify oil containment system and perform minor civil modifications

Provide spare parts

Provide operation and maintenance training

This investment is linked to the Turbine replacement project to avoid duplicating outages.
Installation of the transformers will be coordinated with the outages for the Turbine
replacement and major overhauls.

Project Management

s A Project Execution Plan {PEP) will be used to monitor the project progress.

« Lessons Learned meetings will be conducted following the first bank outage and a list of
actions developed an implemented on the subsequent outages. The PEP will be revised and
issued by Q2 of each outage year.

Project Execution Qutage Schedule

Station Transformer Bank Outage | Turbhine Execution Date
Replacement

Des Joachims GS | T1 G4 2010

Des Joachims GS | T3 G8 2011

Des Joachims GS | T2 G1 2012

Des Joachims GS | T4 G5 2013

Des Joachims GS G3 2014

6. QUALITATIVE FACTORS

o Transformer replacement will reduce the risk of injuties to personnel in the vicinity of the
transformer deck in the event of a failure, environmental impact (cil spillage,
vapour/particulates in the event of transformer fire, etc.), and collateral damage to adjacent
structures and the facility.
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7. RISK ANALYSIS

Exceeding release amount,

expected 90 week
delivery window.

the following year.

continue to be coordinated with the
Turbine replacement program the
following year. No additional
transformer outages would be

Project costs 1 M Estimated costs associated with L
escalation. the procurement of the
transformers were obtained from
four proposals to supply thirteen
transformers over the period from
2010 to 2013. 2. L
2, Unknown installation Exceeding release amount. 2. M 2. Cost estimates provided b
costs. and
were used to fully develop the
costs for procurement and
instaliation. 3 L
3. Material escalation Exceeding release amount. 3 M 3. Project Contingency included
costs, covering the anticipated copper
steel price increases. If the price of
Gopper escalates heyond the
anticipated amount, a superseding
BCS release may be required.
. Scope A
1. Unknown civi increased project cost due to 1 M 1. Air cooled transformers are similar 1. L
modifications required design changes. in size as the existing transformers
prior to ransformer The suppliers were given station
instaliation. drawings of the existing structure
and station components (E.g. high
voltage connections) that the
transformers must be designed to
ﬁSchedut. .
Unable to remove Delays the start of each The transformer cutages will be
transformer from cutage and shifts costs to coordinated with the Turbine
service. future years, replacement program outages.
2. Exceeds outage Outage would extend into 2. M 2. Transformers will be delivered to 2. L
request. the following year. site three months prior to the
scheduled outage commencement
date, This is sufficient time to
prepare the transtormers for
instaflation.
3. Deferone yeardue to Outage would extend into 3. M 3. The transformer cutage will still a L

Lack of PWU
resources on site.

the PWU portion could be
higher depending on the
CPA assignment

Lengthens the transformer
outage. There is a risk that

1. Transiormer installation will adhere

to the Chestnut Park Accord
process.

Heplacement

transformers and
associated eguipment

Additiohél fu ure outages

required to repair equipment.

Pre-approved qualified transformer
manufacturers were asked to bid
on a Request for Proposal as per
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will not meet
expected
performance or
reliability standards.

2. Insufficient scope of
work.

2.

Future outages required to
complete additional scope
items.

the Transformer specification.
Technical data and standards will
he measured during factory
acceptance and in-service testing.
Numerous Stakeholder meetings, 2 L
component assessments,
engineering reviews, life cycle
planning and equipment needs
exercise in developing the project
scope of work.

The resulis of the sensitivily analysis are shown in the diagram below. This shows the variance
from the Base Case to the preferred option (Alt. 3) resulting from changes to Failure Probability,
Cost, Outage Time and SEV's. Difference from the Base Case to the preferred option is ($8.1M)
based on a 55.6% failure rate assumption. The diagram illustrates that Probability of Failure
represents the greatest risk of influencing the NPV value with Cost and Outage Time expected to
present the least risk.

VARIABLE/RISK HIGH/LOW RANGES NPV NPV +/- From Initial
(2007 $M) | (2007 $M) Difference
Base Case | Preferred Between Base
Alternative | Case & Pref. Alt.
{2007 $M)
HIGH 55.6% Failure -67.5 -52.9 8.1
Probability of failure
LOW 20% Failure «17.5 -20.1 9.2
HIGH 20% increase -32.4 -26.9 -1.1
Cost
LOW 5% decrease -29.8 22.4 0.8
HIGH 10 weeks (add'n 6weeks) -30.7 -25.3 -1.1
OQOutage Extension
LOW 2 weeks (reduce 2 weeks) -30.2 -23.5 0.2
High SEVs -36.3 -26.1 3.6
SEVs
Low SEVs -25.8 ~22.3 -3.0

Initial Difference Between Base Case & Preferred Alt. (2007 $M) 6.5
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SENSITIVITY ANALYSIS Impact on Differential Between Base Case

and Preferred Alternative

Failure(55.6% high 20.0% low)

SEVs (High & Low)

Cost (+ 20%, - 5%)

Qutage Exfension (+ 6wks,- 2 wks)

8. POST IMPLEMENTATION REVIEWS

Project management will conduct a Lessons Learned exercise following the first bank outage

and review:

o Transformer purchase and installation cost variances

o Outage duration variances

o Coordination complexity associated with the turbine/overhaul and fransformer cutages

The lessons learned will be incorporated into the subsequent transformer bank installations.

Project Management will provide results of the Factory Acceptance and In-service Test

reports to verify that the transformers have met specified performance criteria:

o The manufacturer shall perform all tests, before transformer shipment, in accordance with
CAN/CSA-C88-M requirements.

o OPG will repeat some low voltage tests at site, such as core insulation, sweep frequency
response analysis, and insulation dissipation factor tests. The basis for acceptance at site
will be the same as the Factory Acceptance tests performed before shipment,

The final PIR report will be completed by the Ottawa/St. Lawrence Plant Group Asset

Management Department by the end of December 2013



ONTARIO® mmmm @  HYDROELECTRIC Date Dec. 2007
GENEBAYI{]N Summary of Estimate CAPITAL Project # DESJ0031
Facility name: Des Joachims GS
Project Title: Replace Main Cutput Transformers
LTD 2008 2009 2010 2011 2012 2013 TOTAL %
Project Management/Engineering $8k $20K $20k $20k $20k $20k $20k $128k 4
(012)
Consultant/Engineering (310) $33.5k | $220k $20k 320K $20k $20k $20k $353.5k 1
Construction/instaliation
Hydroelectric (PWU labour) (010) $10k $10k | $20k $20k $20k $100k

Contractor/ (BTU labour)/EPSCA
{310)

Materials (200}
interest {700}
Contlngency {998)

$0.5k

| $99% | $100k | 8$395k | $389k | $364k $238k $1,555.5k

$27,874k

TOTAL{GROSS): $1,749k | $1,771k | $5,982k $6,580k
Notes: 1 Full Release: Y2008
In-service Date: T1-2010, T3-2011, T2-2012, T4-2013
2 Interest and escalation rates are based on current allocation rates provided by Corporate Finance
3 Includes removal costs of: $500k
4 Includes Defm;tnon Phase Cost of: $80k
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BUSINESS CASE SUMMARY

Project No.: DESJ0016
Facility Name: Des Joachims G.S.
Project Title/Description: Turbine Runners — Replace runners

1. RECOMMENDATION

Full release approval of $22.7M (Phase 2) to replace the eight turbine runners with modern runners
designed to match the site specific hydraulic characteristics of Des Joachims G.S. These runners are at
end of life and have suffered from severe and excessive cavitation damage since installation due to the
mismatch of the runner and the hydraulic characteristics of the station. There is a significant risk of
catastrophic failure due to the cracking damage which has become more evident during the past few repair
cycles. New turbine runners will eliminate excessive cavitation damage, weld repairs and related production
losses while also increasing turbine efficiency and annual energy production.

Definition Phase approval (Phase 1) was attained in 2004 of $1.1M te develop and test a model turbine
runner and obtain proposals to supply eight turbine runners over the period from 2007 to 2014. Ametrican
Hydro Corporation was the successful bidder {of five turbine manufacturers) on a Request for Proposal
(RFP # EP-HBU-2004-001). To date, model development is complete with model testing and OPG
independent lab testing to be conducted from March ~ June 2006 at IMHEF Ecole Polytechnique
(Lausanne Switzerland).

Total project cost (including $91k spent to date of the $1,100k previously released) is $23,800k

M$ Pre 2006 2006 2007 2008 2009 2010 | 201115 | Total
Recommended Alternative $77k $2.2M $2.6M $2.8M $2.7M $27M | $10.7M | $23.8M
2006-2010 WPC Final Budget $110k $1.2M $1.6M $2.2M $2.2M $2.2M $9.7M $19.1M
Variance to Business Plan $33k {1.0) {1.0) {$0.6) {$0.5) ($0.5) {$1.0) ($4.7

Expenditure Type: Capital
Investment Type: Sustaining/Value Enhancing
Release Type: Full release under OAR element 1.1.2

Funding: 2006 - 2010 Work Program Catalogue {WPC) Final Budget: $19,147k is the current estimate
for project costs in the 2006-2010 WPC Final Budget. Definition Phase release of $1,100k was approved in
2004 to develop, construct and test a model runner designed to match the site specific hydraulic
characteristics of Des Joachims G.8. The increased cost of this release includes additional unit
components that directly relates to the operation and performance of the new turbines and require
rehabilitation. This increased funding will be managed within the OSPG Capital budget envelope.
Subsequent years wilt be re-programmed info the Work Program Catalogue during the next business
planning cycle. Total overall project costs including definition phase will be $23,800k

Investment Financial Measures: NPV: $3,862k (Relative to the Base Case)

2. SIGNATURES

Submitted by Recommended by:
/ Ao 46 /J &&M N3 06
Plast Group I\ﬂénager ~0SPG  daty’ 7 EVR— Hydro ( ; d@l
Line roval per

1.2
Wt /V0/3 /54

Finance Approval:

SVP & Chief Financial Offiter date

(éﬁs’ident & CEO (/date /
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BACKGROUND & ISSUES

Des Joachims GS is an eight unit, hydroelectric station located on the Ottawa River, 20km north of
Deep River. The facility was placed in service in 1850 and 1951. The station is controtled from the
Chenaux Contral Centre. The station capacity (MCR) and average annual energy production are 428.8
MW and 2,247 GWh respectively. The ten year average of the station Capacity Factor is 58%.
The asset classification of this station is a Flagship. It is ranked 4™ in both capacity and energy
production in Hydroelectric. The Life Cycle Plan capital expenditure strategy for this station includes
planned investments, over the next 30 years, totalling about $75 million: $50 million for capital and $25
million for Non-Standard OM&A. Major projects include the turbine replacement program ($24M),
rehabilitation of sluice gates ($17M), generator rewind program ($6M), replacement of generator and
transformer protections ($3M), replacement of switchgear ($2.6M), replacement of station service
transformers ($1.6M), repair main dam concrete ($1.2M), replacement of stoplogs ($1M) and roof
replacements ($0.6M).
Reliability has been excellent over the past 10 years with an Incapability Factor (ICbF) in the 7% range.
The ICbF is expected to increase to about 10% from 2007 to 2015 during these planned cutages. After
2015, the ICbF is expected to average 6%.
The Equivalent Forced Outage Rate (EFOR) is near excellent and any delay of the turbine replacement
program could negatively impact the current EFOR rate.
The main driver of this project is runner cavitation protection and the need to replace the end of life
runners and reduce the current runner repair program. In addition to the cavitation protection, the
contract obligations expect a[jjjjefticiency gain.
This facility participates in the Independent Electricity System Operator {IESO) Automatic Generator
Control (AGC) program which acts to match total system generation to total system load as required on
the electricity grid, and helps correct variations in power system frequency. This service causes the unit
outputs to vary automatically within a specified range, in response to control signals from the [ESO's
Energy Management System (EMS). The average weighted efficiency of the existing turbines is less
than the proposed design of the new turbines. In other words, there will be a greater band of unit
efficiency with the new design that the operations of these generators are subjected to due to AGC
control.
There is a need to restore the integrity of the turbine runners at Des Joachims G.S. to ensure reliable
operation of the unit generators. The existing Francis runners at Des Joachims G.S. were purchased in
1975 as replacements for the original runners to increase the output and efficiency of the units. The
efficiency was increased by [llland the unit outputs were increased by [JJll(best officiency) and
(full joad). These new runners were not custom designed for Des Joachims G.S.; they were
“off the shelf” runners with no homologous model testing and are near end of life. Sustaining the
present conditions will become more and more difficult with outage repairs increasing approx. 20% per
year.
The runners can be repaired based on the existing 4 year maintenance cycle of 12 weeks for two units
but the following will occur:
o Cavitation damage will worsen.
o Additional blade cracking will occur in the transitional area at the crown and runner band due to
blade profile changes.
o Maintenance outages will be longer with each repair as runner condition worsens.
o Increased damage and repairs will change the hydraulic profile of the blades and further
accelerate the aging of the runners.
o Loss of efficiency,
Maintenance outages for runner repairs are no longer technically viable and economically limiting. Due
to their very poer condition, the runners will require extensive repair work to keep them operationai until
they are replaced. The additional runner repair work will significantly increase base maintenance costs
by $150k to $250k per year (or by 15% per cycle) until the runners are replaced. This welding has
resulted in distorting the runner blades and recently, significant fatigue cracks have been identified at
the runner crown/blade transition and the runner band/blade interface. Unit 7 (2001) had 10 of 15 blade
cracks. Unit 1 (2002) revealed 3 of 15 blades with cracks. The cracking is resulting from the blades
fluttering which in turn is caused by the distorted blade profile.
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This cavitation and cracking damage will determine the schedule of the replacement runners.
Due to IESO unit outage restrictions and Plant Group experience, it is virtually impossible to schedule
two outages per year. OSPG has experienced difficulty in obtaining outages from the IESO. In the
recent past, the IESO frequently requested delays of the start dates of planned outages for runner
replacement. Each day of delay compromises the completion date and the returmn to service of each
unit.
The position of OPG and OSPG is to avoid commercial losses associated with water spill during spring
freshet. Generating units will not be removed from service during periods of high water flow. Units will
be made available, during this period, to generate all potential energy.
During the runner replacement program, other work, classified as OM&A (Mechanical/Electrical
Overhauls - DESJ0008) is required to return units to satisfactory service. In other words, while the units
are disassembled, it is an opportune time to repair and realign various parts of the units.
Five of the eight generators recently had stator winding replacements. It is recommended the remaining
three units (G1, 3 & 5) be scheduled to coincide with the last three turbine outages. Risk associated
with this deferral is fairly low due to the fact that Partial Discharge (PD) test results are proving that
these winding are in fair condition for their age. This will extend the life of the winding of these units to
approximately 40 years.
IMHEF Ecole Polytechnigue (Lausanne Switzerland) will be conducting a full homologous model test to
guarantee the performance of a new runner. If the test results indicate that the new runners are not as
good as guaranteed of the Phase 1 bid, liquidated damages (] cov'd be awarded as
per coniract obligations.
The time required to attain BCS approval, generate the Purchase Order and manufacture a new turbine
following the acceptance of the model test results, is limited. The approval of this release will proceed
with expectation that the turbine model tests results will meet the contract guarantees and Phase 2 of
the turbine project will proceed. If funding approval is not acquired by May 20086, the schedule of the
first unit outage will be compromised as describe below in the Risk table.

o Design and Manufacture Model — Start Sept. 1, 2005 / Complete March 17, 2006

o Install and Test Model — Start March 27, 2006 / Complete June 20, 2006

o Manufacture Proto-type Turbine — Start July 7, 2006 / Complete Sept. 21, 2007
All costs associated with the unit disassembly, re-assembly, testing and commissioning to return the
unit back to service will be charged against the capital portion of each outage.

Phase 1 - Design, development, testing and demonstration of performance by witness test of a Francis
turbine runner model (including the existing stationary parts: penstock, spiral casing with stay ring,
turbine wicket gate mechanism, turbine bottom ring, discharge ring and complete draft tube) and
delivery of the complete model to an independent laboratory for acceptance tests. Total cost $1,100k -
completion date June 20, 2006

Phase 2 - Upon successful completion of the model development phase and final acceptance testing at
the independent laboratory, American Hydro Corporation to manufacture 1 prototype runner -
completion date Sept. 21, 2007, and supply up to (8) full size Francis turbine runners, including the
proto-type runner, nose cones and 8 sets of runner to shaft coupling bolts for Des Joachims GS.

Page 3 of 10
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4. ALTERNATIVES & ECONOMIC ANALYSIS

Base Case: (Status Quo)

Do nothing - Continue with present four year runner maintenance repair cycles and operate the
generating units as is.

This alternative is not recommended since runner maintenance repair outages will be longer with each
repair. The repair regime on these runners has accelerated the aging of the runners and they are guickly
approaching their end of life. The present repair strategy will not resolve the cavitation problems but
accelerate the damage, blade cracking, blade profile distortion and reduction in turbine efficiency.
Possibility of catastrophic turbine runner failure could occur resuliing in significant lost production.

This alternative rejected due to the efficiency loss, asset protection and the extended outage
durations required for runner welding repairs.

Alternative 1: Perform Major Repairs and Defer Runner Replacement to Start in 2018

A program to rehabilitate the runners would be undertaken between 2007 & 2014 and the runner
replacement program would be implemented starting in 2018. Each runner would be removed from the unit
and extensive repairs performed in a controlled environment on the generating station floor or machine
shop, one runner per year with an outage length of 22 weeks and a cost of $514k. This alternative wilt not
bring the runner blades back to their design profile nor relieve the built-in stress from welding repairs. Long
term use of the existing runners will also jeopardize the throat ring.

This aliernative is considered but rejected. NPV calculations indicate that this alternative is not
economically beneficial.

Alternative 2: Replace 8 Runners Qver 5 Years 1, 2,2,2,1 {2007-2011)

Install 1 runner in years 2007 and 2011, and 2 per year between 2007 and 2011, The second outage is
scheduled to allow for performance testing of the first runner and verify performance guarantees. Once the
efficiency of the new turbine has been measured the program is accelerated to two runners per year.

This alternative is unacceptable due to IESO outage restrictions and scheduling conflicts with
spring freshet conditions and summer/winter peak demands as discussed in section 3. Background
and Issues.

Alternative 3: Replace 8 Runners 1 per Year (2007- 2014)

The primary deliverable is the supply and instaliation of 8 new Francis Turbine Runners (1 per year
between 2007 and 2014), nose cone and coupling bolts, designed to match the site specific hydraulic
characteristics of Des Joachims GS. Camponents directly relating to the Turbines and require inspection or
rehabilitation are as follows; Throat Ring, Headcover Wearing Plates and Seals, Turbine Bearing and
Journal, Runner Shaft Seal and Turbine Shait coupling faces. Unit disassembly, re-assembly, set up and in
service testing needed to return the unit generator back to service will all be charged against this release.
Also included; Final Report - A description of the work done including all measurements taken during the
outage and commissioning fest results, Post upgrade Performance test and report,

Highest probability of ebtaining IESQ approval for unit outages is during Aug.-Nov.

period. This outage period will avoid units being out of service during spring freshet

and summer/winter peak demands.

This is the recommended alternative

Financial Analysis

Base Alt. 1 Alt.2 Alt.3
Case
Initial (k$) 4,286 32,151 22,255 22,437
NPV (2006 PV (k$) 30 years (8,691) | (10,156) | (5,383) (4,829)
Impact on Economic Value (1,465) 3,308 3,362
(2006 PV k$)

Page 4 of 10
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* Install eight new turbine runners to improve unit efficiency and enhance runner cavitation protection
thus resuiting in less maintenance outage time required to repair the turbine runners. Eliminate in place
welding repair costs per unit @ $150k - $250k each and total commercial losses estimated at $490k to
conduct repairs for two runners per year.

» The new runners are designed to be virtually cavitation free, thus eliminating in place welding repairs.

* Expected unit generator improvement performance resulting in the runner program Is-efficiency

gain, which results in an increase in station output by 52.6 GWh/yr

» One additional performance test (post upgrade} will be completed in 2008 and efficiency curves will be

produced.

* PIR will be conducted in 2008 foliowing the first turbine replacement outage and prior to

commencement of second outage.

Milestone

Turbine Replacement
Completion Date

Turbine Manufacturer
Completion Date

Runner Model Development &
Independent Lab Test

2005/2006

G3 Pre upgrade Performance Test

2005 (Complete)

G7 Pre upgrade Performance Test September 2006

G7 Runner Replacement November 2007 G7 September 2007
G7 Post upgrade Performance test March 2008

G7 Simplified PIR June 2008

G2 Runner Replacement November 2008 G2 September 2008
G6 Runner Replacement November 2009 G6 September 2009
G4 Runner Replacement November 2010 G4 September 2010
G8 Runner Replacement November 2011 G8 September 2011
* G1 Runner Replacement December 2012 G1 September 2012
* G5 Runner Replacement December 2013 G5 September 2013
* G3 Runner Replacement December 2014 G3 September 2014
Comprehensive PIR 2015

* Last three runner outages will include a stator rewind, extending the outage window approx. 8 weeks.

Project Management

» A Project Execution Plan (PEP) will be used to monitor the project progress.
* Lessons Learned meetings will be conducted following each outage and a list of actions developed will
be implemented on the subsequent outages. The PEP will be revised and issued by Q2 of each outage

year.

6. QUALITATIVE FACTORS

* The new turbine runners should be designed to be “virtually maintenance free”, E.g. excessive
cavitation damage elimination and increase turbine efficiency and annual energy production.

» Resource feasibility study conducted in 2005 determined the availability of a combination of
experienced Des Joachims and other OSPG staff supplemented with BTU labour working two ten hour
shifts would reduce the outage time from 20 weeks to 13. The Project Engineer will co-ordinate work
between PWU staff and any contractors.

* The work assignment will be as per Chestnut Park Accord process.

» The stations reliability will be sustained by reducing future forced outages caused by runner failures.
» Economic viability and continued availability of revenue of the asset will be maintained and protected.

Page 5 of 10



¢ The project will comply with Ottawa/St.Lawrence Plant Group Environmental Managed
System/Occupational Health and Safety Managed System and related QOttawa/St.Lawrence Standing

Instruction/Station Specific Standing Instruction Procedures.

7. RISK ANALYSIS
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Runner costs Exceeding release amount. for

increase including costs is minimal since runner cost

steel cost escalation. escalation has been identified and
included in the cash flows.

2. Escalation to 2. Exceeding release amount. An OPG/PWU contract obligation 2. L
PWU/BTU labour for the following 3 years
rates. guarantees the labour rates for the

first 3 outages. Contingency funds
will protect against future contact
I

=5cop o v e

1. Emergency repair of 1. Increase in cost to repair Have the staif experience with the 1. L
damaged equipment damaged equipment. previous runner changes,
upon disassembly. therefore know what to expect.

2, Units become 2. Loss of generation and Runner failure will be evident 2. L
unavailable due to revenue throughout the runner change
existing runner program. Runner welding
failure. maintenance will continue

throughout the runner change

program. Inspections of the

remaining runners will determine

the priority of the outage schedule

taking into account units that have
igher probability of failure.

3. Deficiencies to 3. Exceeding release amount 3. project contingency will be 3. L
equipment unknown and outage schedule. included for the first unit {(excluding
until unit is the runners) to cover the cost of
dismantled and these items. Al eduction in
inspected. contingency each year down until

year 2011 and will remain at

for the remainder of the project.
The runners will have a“
contingency for the life of the
project.

Stationary runner seals - These
seals shall be inspected upon
removal of the runner from the
unit. One new set of seals will be
pre-machined and ready for final
machining. The new runners will
dictate the sizing and allowable
tolerances.

Throat ring - Inspect upon
removatl of the runner with
welding/machining repairs as
required. Past throat ring
inspections have indicated only
minor welding repairs required.

4, Accelerate the runner | 4. Second runner not available. Runner supplier could revise the 4. L
replacement program manufacturing schedule and
and conduct two produce two runners per year at a
runner replacements cost premium.

a year due fo
catastrophic failure of
an existing runner.

Page 6 of 10
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“Schedule

1,

Unabie to remove unit
from service.

Delay acquiring
Businesses Case
Summary approval.

Critical path of the
project extended.

Runner delivery date
not met.

Delays the start of each
outage and shifts costs to
future years.

If the approval of the
Business Case is hindered,
delivery date of the new
runners may be delayed and
the outage schedule will be
at jeopardised.

Exceeds outage request and
delays the return to service
date.

Exceeds outage request and
delays the retumn to service
date.

Start the outage as requested to
follow timeline of critical path.

Approval of the BCS will be
obtained based on the contract
guarantees. i the model tests
results do not meet the
performance guarantees liquidated
damages (GGG co.d
he awarded and the F.E's will be
re-calculated based on the model
test efficiency results.

Long lead time items identified in
the project charter and will be
purchase prior to the
commencement of the outage.
Repair original runner and place
back in service.

2. L
3. L
4. L

Lack of PWU
resources

Lengthen the unit outage

Resource feasibility study
conducted in 2005 determined a
combination of Des Joachims and
other OSPG staff supplemented
with BTU labour would reduce the
outage from 20 weeks to 13.

1.

Will not meet
expected
performance
guarantees.

Catastrophic failure of
an existing runner

Less than expected revenue
due to reduced efficiency
gains.

Unit unavailable for approx.
12 months due to the time
required to manufacture a
new runner.

“Health & Safety

There is the potential that the full-
scale prototype runner may not
meet its performance guarantees
and in this case, liquidated

damages can be applied. (Il

G7 pre-upgrade performance test
results will be used as the baseline
for the remainder of all units. Post
upgrade performance test
conducted on G7 will verify the
efficiency gains.

Current runner repair cycle will
continue during the runner
replacement program

associated costs required to
repair or replace a defective
runner.

1. Fall protection Extended outage time Falling hazards have been L
eliminated or controlled as part of
the project with installation of
scaffoldings, improving employee
safety.
2. Regulatory Work stoppage. A detailed inventory of all 2. L
requirements. manufactured, and/or engineer
approved OPG/QSPG fabricated
lifting device have been approved
for use at Des Joachims GS.
_Invéstment . -
1. Guaranteed cavitation Cavitation performance will Runners shall be guaranteed against 1. L
protection of a new not be met. There is no cavitation for a period of 15,000
runner will not be capacity increase for the hours of operation. The full cost of
met. units but there is increased repair and any modifications required
cavitation protection that to reduce or efiminate subsequent
results in significantly cavitation damage will be the
reduced maintenance costs. responsibility of the runner
manufacturer.
5 Runner defects Unforeseen outages and Except for cavitation damage the 5L

runner will be safeguarded against
defective parts, design, material or
workmanship up to five years as per
the contract document.
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The results of the sensitivity analysis are shown in the diagram below. This shows the variance from the
preferred option (Alt. 3) NPV ($3,862M) resulting from changes to Efficiency, Cost and Schedule.
Differences in NPV from the preferred option assumptions (plus and minus) have been plotted. The
diagram illustrates that Efficiency represents the greatest risk of influencing the NPV value with Cost and
Schedule expected to present the least risk.

VARIABLE/RISK HIGH/LOW RANGES +/- FROM BASE
ECONOMIC VALUE
(2006 $M)

HIGH Il |
Efficiency Gain |TARGETI

Low_ [l ||

HIGH 10% increase [ ]
Cost

LOW 5% decrease [

HIGH 20 weeks ]
Outage
Extension

LOW 8 weeks !

SENSITIVITY ANALYSIS Impact on Base Economic Value
$3.9M
- +

Cost (+ 10%, - 5%)

Outage Extension (G
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8. POST IMPLEMENTATION PLAN:

-

Pre-Upgrade Performance tests on G7 will be used as a baseline to verify the efficiency gains of all the
units. Post-upgrade performance tests on G7 will be conducted in 2008 and the efficiency improvement
for the new runner will be derived from the G7 post-upgrade tests.

The new runners will be inspected annually for cavitation damage by OSPG staff.

Warranty cavitation inspections will be conducted following 15,000 hours of operation {(Approx. 3 years)
and witnessed by Ametrican Hydro as outlined in the Contract Terms and Conditions.

Four year cycle of current runner welding repairs will be reduced and the decrease in costs associated
with these repairs will be verified at the conclusion of the program.

Simplified PIR will be conducted following the first turbine replacement outage - Q1 2008.

The final PIR report will be completed by the Ottawa/St. Lawrence Plant Group Asset Management
Department - May 2015.

Page 9 of 10
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Project Title: Turbine Runners — Replace runners
Years Pre- | Y2006 | Y2007 | Y2008 | Y2009 | Y2010 | Y2011 | Y2012 | Y2013 | 2014 2015 | TOTAL Y%
2006
Project Managementand | $31k $50k $51k $52k $53k §54k $55k $56k $57k $59k $60k $578k 2
Engineering (012)
Materials (200)
Consultant {310) $292k

Construction/Installation

Hydreelectric (PWU) (010)

Others (BTU) {310)

| $2849k

Interest (700) 146k | $142K $116k
Contingency (998) I
TOTAL {GROSS) $2200k | $2623k | $2800k | $2700k | $2700k | $2700k | $2800k | $2800k | $2200k | $200k | $23800k
Notes: 1 Schedule Start Date Aug. 2007
Final In-service Date  Feb. 2015
2 Interest (6%) and escalation (2%) rates are based on current allocation rates provided by Corporate Finance
3 Includes removal costs of: $80k
4 Includes Definition Phase Cost of:

/-

Prepared by: % %Ad) f/Z/(—

Approved by: U\/\M

Project Engineer ‘ M e/l

Project Manag}ar

D e 11 /0 G

Date: AL a5 /o6
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Project Number;. " : . Facility; _ F’age 1of8
OTTO002L. Otto Holden G. S :

BUSINESS CASE SUMMARY

GENEHATIO : .Bepl.'éce Sluicegates & F{ehabliitate Sluzcegateé
Coni e System . _

ONTARIO

1. RECOMMENDATION

Approve the full release of $23.9M (including previous Developmental Phase release of $215k) to replace the six
sluicegates and rehabilitate the sluicegates system in order to comply with dam safety requirements and to address
operational and reliability needs.

The sluicegates can be controlled either locally or remotely from the Chenaux Control Centre. They provide a primary
and effective means of discharging excess flow around Otto Holden G.S., and are essential in meeting the OPG Dam
Safety Program requirements on expeditious discharge of large volumes of water in the event of a dam safety
emergency. These sluicegates are nearing 60 years of operation and are at the end of their service lives. Failure of the
sluicegates to operate could result in dam safety hazards to employees and the public, long term production losses and
extensive property damage. In the recent past similar sluicegates at other stations (e.g. Chenaux) have jammed during
operation, resulting in an uncontrolied loss of water. This project is part of an OSPG sluicegate replacement program to
replace sluicegates within the plant group that are at the end of their service lives, including those at Des Joachims,
Chenaux and Chats Falls. The plan at Otto Holden is to rehabilitate the sluicegates sysiem in 2009, and replace the gates
at a rate of one gate per year starting in 2010,

$215k was released in 2006 to perform definition phase work on this project. The definition phase work results and
experience learned from recent sfuicegate replacement projects provide a high confidence level for this full project
release, with no need for a partial release.

Total Investment Cost: $23.8M (includes $215k previously approved for Developmental Phase work)

Recommended LTD

Alternative 2008 2009 2010 2011 2012 2013 2014 2015 Total
Project - Capital 194k $4,730k | $2,855k | $2,971k | $3,097k | $3.222k | $3,324k | $3.463k | $23,856k
2008 Final budget

Version WPC [72k $4,572k | $4.887k | $2,590k | $2,667k | $2,747k | $2,830k 0 $20,465k

Expenditure Type: Capital
Investment Type:

Investment Financial Measures:

Regulatory — Dam Safety

Release Type: Full Release under OAR element 1.1.2

Funding: The 2008 Budget Version WPC includes $20.5M for this project. The new higher project cost reflects
material cost increases in the last year and some scope changes, and will be re-programmed in the 2009 -
2013 Bustness Plan.

2. SIGNATURES

Submitted by:

1 Dk avoy

~N

date

T [(}"/("‘% 15 Jrs

SVP & CFO

date

NPV = ($14,168k).

Recommended by:

EVP & COO

Approved by:

date

%ésndent & CEO

date
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BUSINESS CASE SUMMARY
GENEBATIUN Replace Sluicegates & Rehabilitate Sluicegates
System
3. BACKGROUND & ISSUES
Plant:

Otto Holden G.S. is an eight unit hydroelectric station located on the Ottawa River 9 km north of Mattawa. It was
placed in service in 1952. The station has a total capacity of 243 MW with an average annual energy production of 990
GWHh, and production revenue of $52.8 Miltion in 2007.

The station is classified as a “Workhorse” in Hydroelectric’s portfolio management system, Planned investments over
the next ten years total approximately $71.4 Million, including concrete growth mitigation, siuicegates rehabilitation,
headgates replacerment, fire protection, and main output transformers replacement. The 2000 Otto Holden GS LCP
includes a recommendation to rehabilitate the sluicegates in 3 to 7 years.

The facility is equipped with 6 sluicegates and 41 stoplog sluices for water management (flow control). To ensure
timely response and satisfy dam safety emergency preparedness requirement, all 6 sluicegates and 15 stoplog sluices
need to be available at all times. If one sluicegate is unavailable, the loss of flow capacity may be replaced with 4
stoplog sluices. However it takes approx. 4/8 hours (summer/winter) to strip 4 stoplog sluices with two three-man
crews on site versus approx. 15 minutes to open a sluicegate with one crew. The stoplog sluices operation time will
also be substantially longer outside normal working hours, For dam safety emergency preparedness purpose it is
therefore much more efficient, effective and desirable to have all sluicegates available.

Issues:

The 6 existing sluicegates are 56 years old and near the end of their service life. In 1996 and 1998, gates #4 and #3
respectively were refurbished with new downstream cladding, sandblast and paint work, new internal heaters, lights,
and access ladders, electrical work, bubbler system, etc. in an attempt to extend their service life. However without
addressing the structural integrity, drive train mechanisms and civil aspects of the gates, the relatively minor rehab work
did not extend the gates’ service life significantly. The six gates have exhibited major operating difficulties in the past
and Gate #1 has been impacted to the peint where it is not used as it is not guaranteed to be able to close.

The monorail crane used to install sectional service gates has been forced out of service pending major repair
requirements. Since the monorail crane is used very infrequently and only for gate maintenance, a technical/economic
review concluded that it is much more cost effective to employ mobile rental crane to move the service gates than to
replace the monorail crane. To improve safety in and access to the area, the out-of-service monorail system will be
removed and properly disposed of under this project.

The 6 stuicegates are often used for routine water management operations, and are the primary flow contro] equipment
at the facility because they can be fully opened in a much shorter time than a stoplog sluice, and each sluicegate
provides flow capacity equivalent to about 4 stoplog sluices. The sluicegates are integral to Otto Holden fulfilling the
OPG Dam Safety Program requirement in discharging Incremental Design Flood during a dam safety emergency.
Failure and unavailability of one or more sluicegates will impact on the capability of Otto Holden to meet dam safety
water control requirements.

The gates were inspected in 2003 as part of the Dam Safety Periodic Review (DSPR} and items were identified that
need addressing, such as the structural integrity of the skinplates and the buckling safety factors of some of the beams.
Visual inspections of the gates carried out in 2004 revealed that the skinplates on all the gates have deflected from 1/16”
to ¥2”, indicating that the skinplates have been loaded beyond their yield strength. An Engineering Assessment
performed in 2006 by OSPG Asset Management/Technical Services Dept. concluded that the gates are showing signs of
structural failure and also do not meet modern strength requirements, The assessment recommended replacement of
these sluicegates to prevent such failures.
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Other sluicegate system deficiencies and recommendations from the DSPR and assessment include:

[.  The embedded parts (roller paths and seal paths} are deteriorated and need to be refurbished. The concrete
surrounding the rolier path (secondary concrete) is also in poor condition and needs to be replaced.

2. The sluicegate electrical distribution system was updated in [996, but will need modification/replacement in
order to support new gates, control systems, correct existing design deficiencies, and to be consistent in design
with other OSPG sites undergoing similar sluicegate systems rehabilitation programs.

3. The sluicegate bridge and tower structure are recommended to be sandblasted and have new protective coating
applied.

Lessons-learned from recent sluicegates replacement projects at other OSPG plants show that it is more cost effective to
replace the sluicegates rather than refurbishing them. A Developmental Phase Release was approved in 2006 to prepare
detailed design specs and obtain release-quality cost estimates to replace the sluicegates and rehabilitate the sluicegates
system. The Developmental Phase work was completed and the cost estimates used for the basis of this Full Release are
consistent with recent similar sluicegate replacement projects. The slightly higher costs for this project (over other
sluicegate projects) reflect recent material cost increases and the more extensive concrete repair required in the roller
path/gain areas at Otto Holden.

4. ALTERNATIVES & ECONOMIC ANALYSIS

Base Case: Status Quo. Initial Cost = $189k. NPV =0.
» Do not replace the sluicegates, rehabilitate sluicegates system, and repair concrete in the sluicegate areas.

s  Failure of sluicegates to operate would create unacceptable hazards in facility operation and dam safety due to
the risk of gate overtopping and the consequent safety concerns to employees and the general public.

» To not proceed with this project exposes OPG to dam safety non-compliance risk, in that timely, reliable water
flow control through these sluicegates is necessary in the event of normal spill requirements, unexpected plant
shutdowns, or a dam failure.

+ OGP would not realize the benefits of already expended funds if it does not proceed with this project.

To conform to dam safety requirements, personnel and public safety concerns in the event of a dam safety
incident, this alternative is unacceptable.

Alternative 1: Rehabilitate 6 sluicegates and the sluicegates system now. Initial Cost = $54,042k. NPV =
{$16,080k).

o In this alternative the 6 sluicegates will be rehabilitated rather than replaced.

e New gates would need to be installed in 2035 at $29.5M (escalated). This cost is reflected in the $54,042k
above.

Rehabilitation provides an extension life of 25 years maximum with gate replacement required in 2635.
There will also be higher on-going maintenance expenses associated with rehabilitated gates. There is a high
risk of budget overrun from as-found defects and discovery work during rehabilitation of over 50-year old
sheicegates. This alternative is not recommended.
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GENERATION

Alternative 2: Replace 6 sluicegates and rehabilitate the sluicegates system. Initial Cost = $23,856k. NPV =
($14,168k).

¢ Rehabilitate the sluicegates system, and remove and dispose of the monorail crane system in 2009,

e Replace the 6 sluicegates with new gates at a rate of one per year starfing in 2010. As each gate is being
replaced, rehabilitate gate hoist drive and concrete in roller path/gain areas of the gate.

e New gates are technically superior to rehabilitated gates. New gates incorporate the benefits of technology
progress made over the past 50 years, are engineered and fabricated to modern standards, and have life
expectancies of up to 50 years.

¢  The environmental risk is less with a replacement gate, with no in-situ abrasive blasting/containment/painting
operations over water.

e  The risk to on-site worker safety is less for gate replacement than for the in-situ gate rehabilitation.

+ Cost projections are subject to a lower degree of uncertainty for new gates than for rehabilitated gates.
Typically it is the bid price.

This is the recommended alternative.

Financial Analysis

Base Case Alt. 1 Alt. 2 (recommended)
Initial or Remaining Costs (escalated k$) 194 34,042 23,856
NPV (2008 k%) 0 (16,080) (14,168)

5. THE PROPOSAL

Replace the 6 sluicegates and rehabilitate the associated systems with results delivered as per the following schedule:

Year 2009

»  Remove and properly dispose of existing electrical distribution system and gain heaters. Replace with new

upgraded electrical system.
* Integrate gate control and telemetry into plant RTU.
*  Sandblast and paint the entire siviceway superstructure,

¢ Remove and properly dispose of the monerail hoist, beam and crane.

»  Design, constroct and install a stair tower on the Ontario end of the sluice structure using grating style stair

treads and bar grating for the landings.

e  Where applicable and required, install proper lighting and kickboards, repair/replace bridge deck grating.

From Year 2010 through Year 2015, remove and properly dispose of existing sluicegates, replace with new gates,
refurbish hoist drive, repair concrete downstream of the gains, commission and return the specific gate in service on a

one gate per year basis, under the following schedule:

Year 2010 2011 2012

2013

2014

2015

Gate to be replaced #1 #6 #5

#2

#4

#3
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Gate replacement sequence is prioritized by gate condition and with poorer conditioned gates given higher priority.

The above sequence reflects current condition of the 6 gates. This sequence may be moditied during the 6-year project
period as dictated by any gate condition changes. Lessons learned from the recent Des Joachims sluicegate
replacement project has shown that replacing more than one gate per year is too aggressive a schedule and impractical.

A Project Execution Plan (PEP)} will be used to monitor the project progress.

Lessons-learned meetings will be conducted in Q4 of each year following each gate replacement and a list of actions
developed and implemented on the subsequent replacement. The PEP will be updated and issued by Q2 of each year
and prior to the start of installation of the next gate.

6. QUALITATIVE FACTORS

¢ Public safety risk due to uncontrolled spill will be minimized.
o Environmental Risk will be minimized, as there will be no in-situ sluicegate repairs near open water with the

installation of new gates.

¢ The sluicegate replacements will be of modern design and latest technology, and have a life expectancy of 50 years.

e  New gate seals will minimize water losses currently experienced with the 1950’s technology and aged gate seal

installations.

7. RISK ANALYSIS

Project costs
escalation.

Material

escalation costs.

Exceeding
release
amount,

Exceeding
release
amount.

M 1. Estimated costs were obtained from
2006 contractor estimate and adjusted
for inflation. They are also consistent
with actual costs from recent similar
sluicegate rehab projects at other OSPG
facilities.
M 2. Project contingency included covering
the anticipated steel price increases.
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Equipment
installations
delayed due to
weather.

Gate replacement
delayed due to
longer than
anticipated spring
freshet.

Delays in-
servicing of
equipment.

2. Sluicegate
outage
commencem
ent start date
deferred.

1. Strategy to install only one gate per
year reflects experience from other
similar projects. Also start work each
year as soon as spring flows permit.
Extend hours of work as required to
maintain schedule.

2, See#l above.

Sluicegates
unavailable
during outage for

approx. 4 months.

Sluicegate
freezes in open
position if
commissioned
during winter
months

1. Loss of flow
control
equipment.

2. Loss of flow
confrol
equipment
and
production
losses

1. Remaining five sluicegates will remain
operational plus the additional flow
control available with the 41 log sluices
during traditional low flow periods
within the 4 months of construction.

2. Sluicegate commissioning to be
conducted during favourable weather
conditions. e.g. prior to late fall or
winter months.

Debris and
the water course

COnsiruction.

contaminants entering

during demolition and

Violation of the
Environmental
Protection Act
resulting in fines
and works
stoppages to OPG
and contractor.

An environmental assessment will be
incorporated into the tendered documents to
ensure environmental requirements are met.
Execution plan, based on previous similar
gate replacement project experience, will be
implemented to minimize the impact to the
environment. Sectional gates will allow
installation to be performed in a dry
environment.

Labour disputes

BTU trades.

resulting in strikes by

Defers the outage
commencement
date.

Work is in Quebec and a labour process
similar to the Chestnut Park Accord process
will be followed. Verify BTU trades
contracts prior to initiating yearly
construction work.,
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1. Discovery work I. Lengthens I. M I. Experience and lessons learned from I. L
during gate outage other PG sluicegate replacement
replacement. period. projects will be fully utilized in

advanced work planning to
avoid/mitigate this risk. Total
replacement of gate minimizes this risk.

2. Commissioning 2. Unavailable 2. L 2. Project strategy and technology are 2. L
tests indicate gate flow control proven in recent other PG sluicegate
does not operate capability replacement projects. Pre-approved
according to vendor/contractor will be used to
Technical ensure work quality,
Specification.

8. POST IMPLEMENTATION REVIEWS

*  Project management will conduct a lessons-learned exercise following each gate replacement and revise the PEP
for the next gate replacement.

¢  Project Management will demonstrate functionality and commissioning tests following each installation, witnessed
by Production and Asset Management/Technical Service Department representatives.

®  Project Management will provide commissioning test report.

¢ Commissioning will be in accordance with the following documents:
*  Periodic Review of Mechanical Equipment Used for Flow Control (DS-5TD-09 R03)
s  Periodic Review of Electrical Equipment Used for Flow Control (DS-STD-10 R01)

e  Project Management will provide actual cosis vs. estimated Q4 of each installation year and rationale of any
variances incurred

*  The PIR report will be completed by the Ottawa/St. Lawrence Plant Group Asset Management Department 6
months after final in-service report is completed - 2013.
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GENERATION

Summary of Estimate - Capital Project # OTTO0021
Facility name: Otto Helden G.S.
Project Title: Replace Sluicegates & Rehabilitate Sluicegates System
LTD 2009 2010 2011 2012 2013 2014 2015 TOTAL %
Project Management/Engineering (012) 20k 40k 40k 40k 45Kk 45k 45k 45k 320k 1.3
Consultant/Engineering (310) 170k 170k 0.7
Construction/Installation

Hydroelectric (PWU iabour) (010) 60k 30k 30k 30k 35k 35k 35k 255k 1.1
Contractor/ (BTU labour/EPSCA (310}
Interest (700) 4k 120k 73K 76k 79k 82k 85k 839k 607k 2.5
Contingency (998)
BT 194k 4,730k 2,855k | 2,971k 3,097k 3,222k 3,324k 3,463k 23,856k 100

Notes: 1 Schedule: Start Date: January 2009 (Execution Phase)
In-service Date: November 2015

2 Interest and escalation rates are based on current allocation rates provided by Corporate Finance
3 Includes removal costs of: $457k
4 Includes Definition Phase Cost of: $194k
Prepared by: Approved by:
Project Engineé/r/Officer mxﬁtidﬂ/i’roject Manager
Date: Date: gq\}z{L /
St 23 Do0s AT [0

b
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SG Controls Retrofit 16 - 33973

i Developmental Release Business Case Summary D-BCS- 49100-10001 RODO
1/ RECOMMENDAT#ON

Approval is requested for thls Developmental Release of $1536k (mclud:ng .-ecntfngency) Capital to complete
the Definition Phase of the Standby Generators (SG) Controls Retrofit project. in this phase we will select and
engage the supplier of the control systems from an evaluation of six (6) prospective vendors, complete the
preliminary engineering, prepare detailed esttmates and obtain approval of a Fuii Refease Phase 1 BCS for the
implementation of the pro;ect L

The busmess object:ve of this pmject is to address the issue of unrehabillty and obsolescence such that the 3G
System Health can be maintained as white and generation risk avoided. This will be done by installing new control
systems on all four $Gs. The new control technofogy will aiso prowde for remote monltorrng and increased
diagnostic capabihtres fo |mprove mamtenance programs. : :

SG unavailability is a wolatxon of OPG's Operating License that would require us to shut down all units if one SG
could not be made available within twenty-four hours.. SG Control System components arg over 20 years old, are
susceptibie to unpredictable failure and are no longer supported by the original equipment manufacturer. Current
trends indicate that our stock of critical spare parts will be depleted in an estimated 3 fo 5 years, at which time the
risk of concurrent SG failures will increase significantly.

Some effort has been focused on the search for afiernate suppllers of spare parts, with no success to date.
Similar projects performed at Dadington (Ref D-PIR-49200-10001) and Fickering B (Ref NK30-BCS-54600-00011-
8000) were reviewed, and in both cases the control systems were completely replaced because no new sources -

are parts could be identified. Project costs in both cases were also consistent with our current estimates,
ever a better quality estimate for the overall project cost will be developed in th}s phase :

At least five SCRs have been raised to document problems with the exxst:ng SG controf systems, and a ddntinued
deciine in renabshty will result in System Health degrading from white o yellow. Replacmg the contro! systems wﬂ!
mcrease reliabili d availability of spare[gs, to maintain the ) m H alth h;te._ :

Currenﬂy eleased | _ !
Requested Now .| Developmental |
Future Funding Req'd | Full
Total Projact Gosts
Ongaing Cosls
OthB[GOSiS fon . —tn i [RPPUMRIUS SRR SN i
Grand Totai | S < 1,041 ; ‘l 850}_ 4505 : 7,100 3,740 - 17 937

I
I 1455 4,408 . 7.100
- 1,041 1650 | - 4,40@% 7100

Tl B ._.]- __.,I SEEERN U VRV SO SU

VI LT s .. Bttt
Direclor, Projects and Modifications

Line Approval {Per OAR Element 1,1 Projectin Budgety =~

o was Be, et

“"Date;

ey ey i .orrew w [P g —— 1 e — s PRy gy 3
R. Leavilt _ Date: . 8. Seedhouse - -
2afrpotor investment Management ' Directar, Station Engineering
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BACKGROUND & ISSUES

Over the past few years, it has become evident that various control and monitoring components for the four
Standby Generators (SGs) were obsolete. Manufacturers of the original components no longer provide
replacement parts or service the equipment. In some cases these manufacturers no longer exist. At this time,
thare is a stock of critical spare parts bust it is anticipated that within 3 to 5 years, this stock will aiso be depleted.

The known affected control and monitoring componenis are:

- Woodward Governor {(some spares are available, calibrator parts are not available and neither technical
nor parts support are available).

- Bentley Nevada Vibration Monitor (some parts are in stock and neither technical nor parts support are
avallable).

- Rochester Annunciator {no spare parts in stock, neither technical nor parts support are available).

- Airpax Over Speed Unit (some spare paris in stock, manufacturer no longer in existence).

- Protection relays

The health status of the SGs is white (declining towards yellow}. The system health reporis have listed several
SCRs which indicated that power supply circuit breakers have been found open, resulting in start failures or
unavailability problems. The new control system would facilitate the early detection of these and cther problems.

if the control system were to fail, the associated SG would be rendered unavailable. Repairs under such forced
outage conditions could take several months to complete. If another SG were to fail during this time period or be
unavailable due to scheduled maintenance or forced outage, the two remaining SGs must remain in the standby
tdown state. If only two SGs are available, the SGs must be placed in their preferred SG line-up with respect
reaker selections per NK38-OM-49100-4.12, ODIYEVEN SG selection.

Although the minimum requirement per OP&Ps Is one SG, maintgining the effectiveness of Class il Transfer
Systemn requires a minimum of two SGs o be available. Al least one must be selected to the ODD bus and at
least one to the EVEN bus. The Class NI Transfer System will first pick up the mandatory nuclear loads o ensure
a safe shutdown state is maintained (one SG can carry these). The economic loads will then be picked up. The
second SG is needed to pick up the significant economic loads. Failure to pick up economic loads such as the
turning gear auxiliaries and the Irradiated Fuel Bay, which will then begin to heat up, could resulf in damage to
other station systems.

Several SCR’s (D-2006-01672, D-2006-01413, D-2008-01821, D-2003-03331, D-2006-08173) document
prablems with the control system. The following significani issues were noted in the SCRs:-

o D-2006-01672 - Numerous alarms were identified on SG1 in February 2006. Al the time 5G3 and 5G4
were already unavailable, resulting in 3 SGs being unavailable.

s D-2006-01413 — During a test run of SG3 in February 2008, the auto synchronization failed. The
synchronization was done manually. During the second run-up SG3 fripped on high vibrations and was
declared unavailable.

« D-2006-01821 - In February 2006, A low vibration indication was found on SG4 vibration probe. A
vibration probe was ordered for instaltation during the upcoming outage. This was not possible because
the required parts were unavaijlable, .

» D-2003-03331 ~ In April 2003 the overspeed unit in SG2 was repaired by the manufacturer by obtaining a*

damaged board and replacing the bumit resistors, old capacitors and bad zener diode. This is 2 common @
problem for this board. The manufacturer questioned the wisdom of investing time and money in frying to
extend the iife of these units as opposed (o repiacing the whole system:.

D-2006-08173 ~ In September 2006 SG3 tripped on generator protection. The 21B phase back-up relay,
which has a history of spurious operation and the 64 ground fault relay were found to be tripped.
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3/ ALTERNATIVES AND ECONOMIC ANALYSIS

H.B"'eﬁue - S e __ O S OSSN DR ERT IR SRS SR

ProjectCost T Nj/AG 1g0000 18000} TNAAT 12000 . B o
NPV {after tax) . oy : ~ i .

Impact on Economic Value |

i S N UG IOV G U

Discounted Payback (Yrs).

Do Nothmq (Not Recommended)

Thts alternatlve is not recommended because faalure to improve rehabihty and maintainability of the SG Controi
System will not satisfy the requirements set out in the station OP&P and the Safety Report. SG Control System
components are over 20 years old, are susceptible to unpredictable failure and are no longer supported by the
original equipment manufacturer. Current trends indicate that our stock of critical spare parts will be depieted in
an estimated 3 to § years, at which time the risk of concurrent SG failures will increase significantly. Contmued--
ration under current condltxons would lead to part:ai or complete fa:iure of stand by Class il power MR

Alternative 1 —~ Replace All The Control Systems {Recommended)

We recommend the replacement of all the control systems, because complete replacement of the control systems
would guarantee the reliability of the SGs for the remaining life of the siation. This consideration and the need to
maintain the reliability and availability of the SGs within the limits set by the reliability model for safe operation of
the station, favour a complete replacement of the control systems for all SGs.

Replacing the existing 3G conbrol systems will improve reliability and eliminate obsolescence issues by providing

the following:
» Reliable and proven control systems that are of more recent design, with readily available parts and

technical support.
» Increased diagnostic capabilities and remote monitoring of generators by the system engineer to ensure

that preventive maintenance and surveillance programs are effective.
« A reduction of the incidence of start failures as per the reliability modet for safe operation of the station,

over the remaining life of the station,

This direction is consistent with similar proiects performed at Darlington (Ref D-PIR-49200-10001) and Pickering B
{Ref NK30-BCS-54600-00011-R000). Our current estimate for this alternative is also consistent with the project
costs for both of these comparable cases. A better quality estimate for the overau project cost will be developed in+

this phase.

Alternative 2 - Delay Project - Not Recommended

. ‘recommended because alf the SGs are of the same age and the anticipated problem of spare parts
unavalfablhty in 3 to 5 years could result in all four SGs being unavailable at the same time. Any further defays to
the project schedule will result in an increased risk of concurrent SG failures.
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Aiternative 3 - Replace The Controf Systems On Only Two SGs _{Not Recommended)
Repiace the control systems in only two of the four SG's, and salvage the removed components to increase the
inventory of spares for the remaining two SG's.

This aiternative is not recommended because:
s The reliability gains will be less than the recommended alternative.
« The cost of this alternative is marginally less than the recommended alternative, with continued refiability
and maintainability issues with the unmodified SGs.
=« Operating and maintaining two pairs of SGs with dissimilar control and diagnostic systems will introduce
new issues and challenges for conflguration management, documentation, maintenance procedures and
training.
Alternative 4 - Compile Substitute Parts From Alternate Suppliers (Not Recommended)

Search for available parts from any suppliers and continue to repair the control systems until the end of life of the
station. This approach is not recommended because the Darlington Scope Review Team already investigated the
possibility of purchasing substitute parts from any available vendors, whether or not they are aiready approved by
OPG. The intention was to diligently explore the possibility of identifying available parnts anywhere In the world and
subsequently try to approve such vendors through the normal OFPG process. There has been no success {o dale
with this approach. While this approach may have been economically viabie, assuming that all other problems
associated with the age of any available parts and the age of the systems themselives, could be overcome, no
parts have been located up to this point in time.

gnilar problems were encountered with the Darlington Emergency Power Generators (EPGs) and the Pickering B
. In both cases the control systems were compietely replaced (Ref D-PiR-49200-10001 and NK30-BCS-
8600-00011-R0O00 respectively).
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4/ THE PROPOSAL

The developmental release will be used {o select and engage the preferred supplier through competitive process,
complete the preliminary engineering, prepare estimates and obtain Full Release Phase 1 BCS.

This release will deliver the following:

The Modification Outline, Design Scoping Checklist, Design Pian and Modification Design Requirements.
Technical Specifications

lssue RFP and evaluation of proposals from up to six prospective vendors

Retention of preferred supplier

Complete prefiminary engineering

Preparation of quality estimates

Full Release (Phase 1) BCS

4 ¢ ¢ & & o @

5/ _QUALITATIVE FACTORS

« Increased diagnostic and remote monitoring capabillity will assist in establishing effective prevantive
maintenance programs and early detection of potential problems.
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POST IMPLEMENTATION REVIEW PLAN

- Fargetad Final

oo Datet

o {SponsorTitley

NFA

/A l

Comments:
N/A for this phase.
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Appendix “A” Glossary (acronyms, codes, technical terms)
SG - Standby Generator

SCR - Station Condition Record

CCD - Computer Control Design

DCC - Digital Control Computers

FEP - Project Execution Plan

PCRAF - Project Change Request Authorization Form
OP&P -  Operating Policies and Principles
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€. Appendix “B” ~ Project Funding History

[LTDspent | May | 2006 | _of ol ol o o

Comments:
Conceptual Funding of $135k was approved by the Director of Projects and Modifications in November 21,

2005,
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% Appendix “C” Financial Model - Assumptions

Project Cost Assumptions:

Conceptual Estimate +60% to -25%
See Basis of Estimate (Aftachment A)

Financiat Assumptions:

Project / Station End of Life Assumptions:

2018 .
Energy Price / Production Assumptions

Opefati'ng Cost Assumptions

Dther Assumptions:
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BUSINESS CASE SUMMARY

SG Contro!s Retrofit 16 - 33973

Developmental Re!ease Busmess Case Summary D-BCS-49100-10001-R000

Attachment “A”

Project Cost Sumimary

Pm[ect Managernent (OPG) o
,Engmeermg & Dralting (OPG)
'Material

installation - PWU, BTU

Contract - Design

Contract - Installation
Contract-Other
Contract Soﬂware&HFE

138:

162 1

[ 3151

Ongomg OM&A (non-pru{ect)

[Spare Pans/ lnveniory

lnvemory Wnte Off Heqmred

Desian Complete No Contracts in place No Compentwe Bad No
3" Party Estimale No OPEX used Yes Lessons Learned Yes
Reviewed by Sponsor No Sponsor Cost Estimate No Phase 1 Actual Used No
Other:
Variances to 2006 Budget and 2006 -2010 BP will be addressed through the portfolic management process.
Reviewed By: / ed B \\\
?f‘f;-, 4 4 ] B
- : ’-. /‘/ bg -/é_‘!d:{:‘} a5 \.)’k §§\ ?:1&’;-‘ é’-&t}'
' i Terry Chidng \a
“Wroject Madager Date: Eng & Mods ger {Strai\l’{ Date:
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SG Controls Retrofit 16 - 33973
Developmental Release Business Case Summary D-BCS-49100-10001-R000

Attachment “B” IR " Project Variance Analysis

‘Pfolect Management (OPG) L AR o 0
Engineering & Drafting {(OPG) ; R i - _
Matsrial . .
[tnstaltation ~ PWU, BTY
Condract - Design
Contract - instaltation.
Contract - Other’ '

. fal Conlingency
[@peciﬂc Coa!@ﬁency

Ongoing OMS&A (son-project) _ S
lnvenlory Write Off Required __} [ .
lSp_are Parls / Inventory ;

Comments:

No previous release. Not required
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Kevy Milestones

Major Contract Awarded (MCA}
14 Feb 08 Preliminary Engineering (DES)
30 May 08 Fuli Releasea (Phase 1) BCS
Comments:

A Project Execution Plan {PEP) will be abprcqﬁed by 'S'eptembé_'r 2007 |
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Darlington DCC Replacement 16 - 33977
Full Release (Phase 1) Business Case Summary D-BCS-69100-10001-R001

1/ _RECOMMENDATION:
Wae recommend an additional release of $16.0M -lola! including contingency) for the Darlington Digital Control
Computer {DCC) Replacement Project,

The business objective of this project is to avoid a shutdown of a unlt due to the unavailabllity of the CPUs in a dual DCC
Configuralion due lo either a compenent fallure or a lack of availeble spares. A shutdown of this nature would be lengthy as a

The exlsting DCC hardware is obsolate and will not operate for very much longer with the required systern availability. An
associated project {Replacement of Obsolete Computer Components 33508) has bean successful in replacing some of the
subsystems (mamaory, power supplies, mag tape units etc) whose reltabliity or maintainability was threstening the overall DCC
performance. Howaver the limit of useful subsystem replacement has been reached and it is necessary to raplace the core of
the DCC syslam.,

A partial relenso of $6.1M was approved In Sep 2003 to replace the Sequence of Events (SEM) and Common Processes
(CP) computer, and perform initial preliminary engineering for the replacement of tha Darfington DCC's. At the time, il was
asaumed that we could use “off the sheif* PDP-11/70 emulators for all 3 applications. However, after spending $1.2M of the
current refease, to complete the preliminary engineering (including the “deslgn challenga” process} we have identified serlous
design issuss that prevent the use of “off the shelf” technology in a nuclear controt application. :

We are now racommending the re-design of an existing PDP smulator from Quickware, with QA oversight from an
Independent and extemal source. Although the need lo redesign (with oversight) has driven the estimated cost of the project
from $14.8M to $22.1M, a rigorous RFP process has determined this ta ba the muost viable and cost effective solution for alt 3
applications. Maoving o a full release at this time will allow us to keep costs down and ensure compatibility amongst the 3

| Fostisad [0 Data: Full (Phset) 1 6080 - 5281 Mar-08 . 3pet Lite la Date: L 1,231
Requested Now: Fil 18,008 13,921 20062010 Apprd Business Plan [Tol Proj): 15501
Cumulaiive Release; Total to Date 22 058 19,182 20062010 Busmess Plart Vanance: Y]
Total Projact Estirmate: | +30% to -15% 22,058 19,182 2008 Budget (Curront Year) 2,727
Current Yaar Estimals; 2006 3134 2,726 2006 Budgat Variance (Currand Yr) 1
Type of Invéatment: Sustainks) N/A NA Cumtisfive Reloasa Remaining: 17,051
NPV: NA Costingericy on Refmaining Release;

IRR: NA Contin !,,g,g  Redgasa:

Submitfed By:

P R Charleboig _..m_____.-..____-q__“u_‘__

EVP and Chiaf Nuclear Officar Date:

Elpance Approval; i val (P I 1

D. Power TS Date: J. Hankinsan N R,

Divector investrnant & Businses Pianning
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2/ BACKGROUND & ISSUES

Darlington DCCs

Project 33977 addresses saveral issues, which present risk to the continuing performance and operation of the
Darfington Digital Control Computer (DCC) systems:

« Hardware obsolescence. The current computers are of absoclete 1970s technology (DEC PDP11
minicomputers). ,
« Diminishing support from the Industry. Thera is no OEM support and, unlike other CANDU stations, the i
hardware and software used at Darlington-are unique. The few manufacturers of PDP emulators are
ceasing production, and PDP expertise is disappearing quickly.
» The availability of spare paris in the markelplace has dwindled to a very smalt number of suppliers, and
the quality and history of available spares is questionable.
» - Cartain key components, such 83 computar backplanes, are prone to wear out as a result of
troubleshooting activitles. This situation will deteriorate with time. The backplanes ase cannot be

repraduced.
« Pending shortage of in-house engineening resources. Large numbers of the original design team are

ellgible for retirement.
« The skill set required to repair the PDP equipment |s disappearing, and the skills are not taught in trade

schoaols.

The business case for the inifial release for project 33977, approved In 2003, requested funding [n the amount of
$6.05M, including contingencles, and provided for the replacement of the five Sequence of Evenis (SEM)
Computers and the Common Processas Computer {(CP). The business case Indicated that approval of a further
amount, then estimated at $8.7M, would b requested later {In approximately 3 years) when a path forward was
confirmied. This further funding would be required to complete the replacement of the Unit Computer DCCs and

the Ramtek Display systems.

A highly skilled team, following a rigorous Software Quality Assurance (SQA) program, undertook the original
design of the Darlington control software. This répresents an enormous investmerit, both financially, and In
expended time. Any attempt to recreate tha software using modem Operating Systems and computer platforms
would be extremely expensive and time consuming. Thus, at present, only solufions to the DCC malntenance and
support issuas that enabla the investment in the control software to be retained are being considered.

At Darlington NGS, computers are used in Sequence of Event Monitoning Systems, the Common Processes
monitoring System, the Unit DCCs and the Fuel Handling systems, All these systems use models from the Digital
Equipment Corporation (DEC) famlly of PDP 11 processors, Although this family was popular at the time of the
Darlington engineering design, In the early 1980s, it Is belleved that Darfington represents the only instance in

which this type of computer is used in a nuciear control application.

The provision of replacements for the Digital Equipment Corporation (DEC) line of processors is a specialty and
declining fleld. Basically there are two types of replacament products:

Hardware emulators, in which the instruction set of the original PDP 11 is emuiated in the replacement
camputer, using modem custom-designed hardware fo replace the functions of the DEC equipment,

» Software Emulators, usually based on a PC platform, using a commercial, or custom operating system.
The original DEC computer language is emulated by the PC, using the software resident in the “host

computer”,

et = ok e b h e n e h e n
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Hardware emulators are relatively complex to design, and require considerable engineering knowledge and
understanding of the operation of tha originat DEC computer hardware, and peripharals. While using modem
technology, they do, howaver, provide for an almost axact emulation of the performance of the original DEC
computer. As such, this wouid allow the transfer of ihe existing DCC controt soffware to the amytator, with
minimal issues with respect 1o instruction timing, while maintaining compatibility with the existing peripherals.

An RFP process was Initiated, which identified Quickware as the most viable and cost effective provider of a
hardware-based POP Emulator, suitable for use in the Darlington DCCs. {Quickware has already provided an
earlier moade! of hardware amutator used in tha Fuel Handling systems at Darfington.) Subsequently an OPG
internat design challenge procass was initiated, which resulted in the development of a detailed design
specification for the hardware emulatar. The recommendad approach will involve ra-design of the griginal
Quickware product to meet the additionat requirements for operation in the Darlington DCCs.

At the time of the inilial releasa of funds it was assumed that an “off tha shelf” product would be able to replace
the odginal DEC computers. Howaver the detalled engineering performed under the initial release of funds
ifantified serous design issues in the available off the shelf amulaior products that would prevent their use in a
nuclear application. The re-design of the Quickware project, under the oversight of a gorous QA program, has
been identified as the most cost effective and risk free approach. The cost estimate refinement resuiting from the
preliminary engingering activity, plus the identified increased engineering work due fo the unavailability of a
suitable existing product has rasulted in an increase in estimated project costs from $12.6M to $19.2M.

Ramtek Display Systems

Under the initial relsase for project 33977, an experienced software consufting company determined that
repfacement of the existing aging dispiay generators by modem campatible is feasible. The analysis also
identified that the phased implementation of a replacemant dfsplay systarm on the DCCs at power would be
complex, and would best ba carmried out in conjunction with a future unit outage. 1 is therafore recommended that
the Ramiak replacement should be first implemented in the SEM and CP systerns.

Requirad Annunciation improvemants

Opaerational Experience Review of CANDU stations including Darlington Nuclear Generating Stalion, has
demonstrated that original contral room annunciation design does not fully support current operational goals and
usar needs in the main confrol room across all plant states. improvements to the Darlington MCR Amunciation
Systemn (5CI 80312) are needed & improve alam oondiioning o inhiblt nulsance alarms, which occur during
reactor start-upshutdown and during, upsats.

Specific assessments of the Darlington Loss of Bulk Elactrical System {(LOBES) upset and outage refated
Gperationsl tasks (i.e. Shutdown and startup, squipment out-of-service declaration) were conducted to
characterize the annunciation system deficlencies and user needs. The Annuneation Improvements segment of
Project #33977 will focus on the elimination of tha identifled conditioning and supprassion deficiencles. Further,
the Darlington Authorized Tralning Section has ldentifted Turbine Trip as another upse! that has excessive
Operator workload demands due o Annunciation deficiencies analogous o tha LOBES event. These nuisance
atarms will also be addressed.

BN X SRR P
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3/ ALTERNATIVES AND ECONOMIC ANALYSIS
Stop the Projact  (Not Recommended)

Stopping the project is not a viable option. The life limiting compaonants at this point are the gvailability of the CPU
backplane and the floating-point processor. Currently, the entire supply of haalthy spares has been used. This is
especially frue for tha CPU backplane. It Is “wire wrapped” and the board contacts are made mechanically. The
probability of these componants breaking down will increase with fime, in proportion to the number of card re-
insertfans, typically made during “troubleshooting”. Another important factor is thal, most likely, the members of
the original DNGS design fearn, as well as the currently available hardware vendor will become un-available in the

) naxt 3-5 year timeframe, since the market demand is small and the existing experis in the technology ara aging.

; "Siopping the project™ now will cost the corporation considerably more in tha future, as the result of aliminating the
maos! econemical and risk-free optiot.

Unavailabillty of the CPUs In a dual DCC configuration, due to either component failure, or lack of available
spares, would causa a compiate shuldown of that unit, with associaled loss of production. The shutdown wouid be

lengthy, until a replacement DCC could be angineerad and instalied.

Alternative 1 — Raplace the PSP11 Computers [n the BCCa by g Hardware Emulator  (Recommended)

The preliminary enginaering work, performed under the initial release of funds for this project, has identifiad a
suftable hardware-basad emulator, for use in the Sequence of Events (SEM) systerns, the Common Processes
{CP) system, and tha DCCs. The proposed product is from tha same company (Quickware) that supplied the
smidlators currently In usa In the Fuel Handling Systems at Darfington NGS. Re-design of the product is required,
and this work, by the vendor, should proceed, with QA oversight provided by another company (L-3 MAPPS) to
mintmize long-term support risks,

s Hardware amulation is accepted by the CNSC as a “low risk” replacemant technique, thus ne regulatory
approval Is likely to be required.

+ L-3 MAFRPS, wha have submitted a joint proposal with Quickware, have a history of providing equiprpent and
support to OPG {as CAE).

e L-3 MAPPS is devaloping nuciear support as a long-term comorate goal, and have receivad a long-térm
contract for the supply of a Varian Computer emulator, and assoclated long-term support, from the COG
organization,

= £-3 MAPPS has the capability to continue tha dasign effort associatad with the PDP11 emulator design,
testing and produciion, shoukd unforaseen issues affact the capabilities of the Quickware organization.

» Tha QED 95, deveioped by Quickware, Is curently in use on the Fuel Hendling Systems at Darlington.
(Note: this product can no longer ba manufattured, due to obsglescenca of certain pars, and also has
limitations that would pravent its use in tha Dardinglon DCCs).

« The Quickware onganization has the capability 1o adapt the design of the redesigned emuiaior to addrass
OPG tachnical cofcams with respect to failure modes, error checking and detection, and packaging. Tha
design can also utilize successful OPG initlatives, completed under project 33509, to resolve obisolete DCC
aquipmen! issues {e.g. power supply replacements).

A hardwars-based emulation solulion has a lower risk of issues developing with respect lo compatibility with
axisting control software, than with a software emulator. This is consistent with the approach successfully used to
replace the DCCs at Plckering A,

i
Al
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Alternative 2 - Delay the Recommendation {Not Recommended)

Action an this issue has already been delayed 1o the point whare the availabillty of the most economical and least
risky allemative could disappear. Further delay would lead lo a level of DCC performance risk that is
unaccaptable o the overall objectives of OPG. In addition, experienced Dadington staff members who are critical
for the success of the prject will be lost dua to retirement in the naxt few years. As well, the number of potential
suppliers will also diminish as the demand for POP11/70 compatible products declines. The cost of doing the
project (if at all possible) will be substantially higher.

Alternative 3 - Do Less [Not Recommendad)

The da less oplion invaives the “plecemeal” replacement of equipment in the Dartington DCCs in order lo resolve
specific problems as they evolve. Praject 33509, Obsclete Equipment Replacement, has already taken this
approach, and has resulted in providing solutions to malntenance, and longer-term support issues associated with
the mamory, Moving Head Disk (MHD} Mag Tape unit (MT) and Power Supplies. Project 33509 has taken this “do
less” approach fo its limit of effectivenesss, and now the maintenance and long-lerm support issues assodated with
the CPus themselves and the Display systems must be addressed.

Afternative 4 - Do More  (Not Recommended)
Complete DCC Replacemeant by Modsrn Digital Control System {Not Racommanded)

An alternative approach to the use of PDP emulators as replacemants for the CPUs in the Darlingion DCCs would
be ta replace the complete DCC via a modem digital cantrol system. This would offer newer technology and bettar
support from the industry.

However, in this approach, there are a number of significant implications;

+« The DCC control software would have 16 be re-written, which would require a large software team, working
within a rigorous QA program. This is not be required i the existing CPUs are replaced by emulators.
Additionally there may be pracess complications In faithfully transfeming the control implementation from
the existing control system

¢ There may be high risk in obialning CNSC licensing appraval (completely new control soffware),

« Significant, and very costly, re-amangement of the flald wiring would be required In a complete DCC
replacement.

« Uniike altlemnative 1, the complete raplacement of the DCC by a modern digital control system cannot be
performed In a staged manner, and thus an exiensive outage would be required, such as that available in
ratubing. Planned outages of sufficient duration are not planned within the period during which DCC
replacermeant must cocur.

» This appreach would be resource intensive, and would require lead ltimes cohsiderably longer than those
for altamative §. Thus the risks of outages due to DCC failure waould increase significantly beyond 2610, if !
this approach wera 10 be taken. :

3
r
3

[
These disadvantages outwelgh the benefits and the cust of this altemative (even if outages of sufficient duralion i
ware avaifable} would be several #mes greater than of the recommended altemative, should we decide to extand E|
the life of the station by way of a re~iubing initiative. . l

|

A complete DCC replacemant by this approach is included in the long~term business planning for Dariington, with
a conceptual cost of $60M. This approach would only be re-examined if a decision to extend the life of the station
by retubing ware made. ;
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Alternative § ~ Other - Replace the PDP 11 Computers In_the DCCs by a Software Emulator
[Not Recommentdad)

This altamative offers comparable overall cost to the recommended allemative (hardware emulator) based on
current estimates. However, even though the costs are compatable, this aftemative has considerably greater
technical and reguiatory risks.

The systam architecture woukd be much mare complex than the current DCC implementation. 1t would involve
thrae interaciing systems (SimH, Operating Syslem, and a new hardware plalform). Ensuring that the fault
toterance and faull detection of a software-basaed emulator is equal to or better than the existing POP 11/70, woukd
ba difficult, The nudlear regulatar will likely have significant concemas sinca the use of a software-based emulator

. in a nudglear plant Is "uncharied tenitory” and only hardware-based smulators have evar been used for DCC

. replacament on a nuchkear unit.

o The various failure detection and handilng schames inherent in the current, PDP11 based design, would
neod lo ba re-assessed.

* Saveral new faliure modes will be introducad by the introduction of a software emulation product, and will
require significant assessment (8.g. issuas with the newly introduced operating system, instruction timing
incompatibilities etc.).

s The Interface with the DEC Unibus Is a weak point in maost software emulators, and will require significant
angineearing and development to ansura a secure design i3 In placa.

e Thare are uncertainties with respect to the discovery of new significart technical issues, as the design
davejops. This in tum would result in greater uncertainty and risk with raspect to cost and schedule.

A detailed study was underfaken to campare the hardware and zoftware emulation atematives. Report NK38-
REF-69100-10004, datad 10 February 2008, was produced, and contiudad that the hardware emulator Is the best
approach based on DCC unavallability risk.

Attzmaﬂ!a § ~ Other - RM%WM&W

8 and o lons aint aro
Tha Varlan emujator cannot run the Darington DCC software. Redasigning the Dariington DCC software io run on the

Varian Emulator Is probably infeasible, would tost several Umes mora than the recommendad altemative, and would
incur substantially greater reguiatory and technlcal risk.

Ahlernative 7 — Othey - -
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GENEHA“UN BUSINESS CASE SUMMARY:

4/ THE PROPOSAL

This project will replace the PDP11 computer ‘based contrul systems and the dfspiay system wa!h emulator based

systems that will:

s  Epsura the refiability (89.9%) of the DCC, Common Process Compu!er {CP) and Sa\quence of Events
Monitoring (SEM) Computers for the current life of the station; _

s Provide needed annunciation improvements;

+ Prevant obsolescance and avold shorlage of spare parts;: :
Provide an upgrade path for future plant life axtension (beyond 20 yeam) if necessary

The recommanded approach is: _ ) L _ o .
~ » - Obtain a replacement as soon as possible. S

In terms of having a replaceiment as scon as possible with least risk, the hardwars-based emulation option
(Quickware/.-3 MAPPS) Is the best choice. The software-based emulation approach (SimH) requiras a
much greater internal engineering effort as well as larger schedule and regulator risk. Hance tha following
is recornmended:

s Keep the DCC healthy (complete the planned improvemants per Project 33509). The fewser number of stalis,
the fewer number of imes the DCC needs to be disturbad, This will reduce the possibifity of accidental :
damage to DCCs (especially the backplanes whose connections are made mechanically); S

« Confinue searching for "used” spare parts qualified for use.

=« Implement the replacameant as soon as possible:

o Complete negotiations with L-3 MAPPS/Quickware to clarify and resctve the remaining price struclure,

and lamms and conditions issues,
o Award the contract to L-3 MAPPS for davelopment of a PDP11 based emulator, based on

snhancement of the Quickware design;
¢ Complete discussions with L-3 MAPPS with raspect 1o detalled work plans and schedulas, o ensure

tha proposed project is adequately resourced to meat the required schadule.

Proceed with the design and procurement of an emulator for the Ramtak display systems,
Procesd wﬂh the desugn and impianmtaﬁon of Annunmaﬁon Improvemeants, to address nulsance alarms received

o
c
£
g
=]
o
E
R
tH
g
B o
=
=3
| CL
£
| =1
29
[
i
B
'

2-Jun-08 | Ravise obtalnagproval
26-May-06 Award of contract for handware emulator
15-Oct-07 : Re-design of hardware smulator completa -

21-Jan-08 Pratotype hardware ernulator available ) ;
24-Nov-08 Funclional testing of emulator complete s
30-Jun-09 Emuiators installed in SEM systems o :
31-Dec-08 | Emulator installed In CP ‘
30-Jun-t1 Emulator instalied in DCCs _ '
31-Dec-09 Ramtak replacement design complete T
30-Jun-11 Ramtek replacement Instaliation in DCCs e o
31-Dec-08 Annunciation mprovement software programming complete T i
31-Dec-10 Annundation improvements installed — .
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5/ QUALITATIVE FACTORS

Complation of this project will result int rmore reliable DCC performance. This will result in:
+ The reduction of maintenanca effor.
« The elimination of spare parts shortages.

+  In conjunction with project 33508, the return the health status of the DCC and CP computers to green (from
yollow) and maintain them at that laval,

« The improvement of the Annunciation Afarm Caonditioning, ellmlnating the operator work-arcund caused by
nuisance annuncialion messages,

+» The Introduction of newer techinology, which will be easier to support and maintain by less experienced
staff, greatly reducing the requiremaent for legacy knowladge.

Lt I B T D N I T
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msrc THONS

6/ RISKS

Gessnphien of Kisk Goeseed Winaating

N Aoty
Unforeseen problems in redesign of | Development costs colt Use fixed price contracts wherever passible. Nole:The
hardware amulator incresse Design Challange has already been completed and the

project scope is well defined.

Unforeseen problems in design of High | Develop synergy with Fus| Handling project, which also
Rarmek replacement, requires a solulion to the Ramiek replacement issue. |
Note: Littie preliminary engineenng | Development costs could
has been performed in this area, increase

tharefore the risk remans.

Incraased project scope dua to '

Potential increase in cost, and Low Deta“ied des«;n spec:f' catson conf‘;rmed and agraed Low
undiscovered problems aceuring. schedule delays. Project upon before re-design of emuiator.

Charter and contracts must be

re-done.

Rt

A

testing of redesgned emutator.

DCC's possibly delayed.

kol ‘ ) R {E.« WA
Pmb*emﬁ wwdne in f&desmn SEM in-senvice delayed. Medium Negaharte coftract with service prchers o snsure that Low
phase of emulalor, DCCs in-sarvice possibiy payment schedule encourages timely acheivemnent of
delayed miestones. Simk retained as back-up plan.
Unforesean problems revealad in SEM In service delayed. QA Service provider can apply additional technical Low

@SOUrses.

Lossof key staff members in das:gn
team for emuiator.

Frq&d wouid be deiayed but
with fimited cost implications.
(Fixed price conlracts in piace

Knowiedge wif be transfered to the i semvios
provider in the initial engineering phase. The QA
senvice provider could then conlinug to manage the

S : with sefvice providers). remaining work,
Loss of experienced staff in the Project would be delayed. Medium |} Several junior engineers will be exposed to new Low
BCC section, due to retirement. . fechnojogy on this project,
Lack of MFE resaurces, and OCC | Schedule deiayed. Medlum | [denfify risk early in project. Bring in exiernat resources Low |

¥ qel | juswyoeny

-l-¢a X3
L2¢e0-€10¢-93
12-60-€10¢ ‘palld
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5 resQurces famlltar with if necassaty.
annumatxon o ‘ oy = AT,
Low
Thecunpmyproposedfbrme Loss of a key resource could ‘Medium | A sacond agency, L-3 MAPPS, has baen
amulator re-design work is small, | lead to a relum to the cammissionad 1o work with the emulator designer to
wilh the core axperise cumently prefiminary design slage. ensure that the key design slewents are captured in
reskling with a singie person. the event of loss of this resource.
Emulator could include a Emtdators would have to be Medium | Tha design challenge processs specified that only Low
componant with a short life span replacad bafore their projected components with a rellable lifa span shall bs used in
that cannot be replaced. life. the redesigned emulatar.

the emudaion will have to be
quatifiable to software catlegory iwo.

Ay saﬂwara orﬂmmare usadln g

3800 2 A B i, “""‘S\{W\W‘T{\ -.\‘_‘ .“.‘ H

Ahmﬁw&-basadmmtmwiﬂbepu tc _
Tinimise saftware changaes. This approach is easief to
validale and confim.

No risks identified,

The detaked desig L-3 MAPPS mmmlukmad e varass the rulaiot o
business objectives be repealed. Increased failure design work, and monitar progress and achievement of
rate for DCC's would be likely intermadiate design milestones.
vhile the re-design Is
performed, with possible
assodialed production loss.
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Simplified

Dec 2010

Jun 2011

m FAN i AW T
ONTARIOPBi#ER T e
GENEHAHQN ENGINEERING & MODIFECATIGNS

' 'BUSINESS CASE SUMMARY.
POST IMPLEMENTATION REVIEW PLAN
Bty Targeted Final AFS Targeted FIR Approval . = PIR Rasponsibility .
Type of PiR: - _ g.:: o Dater Date: {Sponsor Tile) .

Section Manager

E Hung ' ;

Measurable

o Parameter

Gurront Baseline

{

- Torgeted Resuit

How will it bo
measured?

Darlington DCCs

Who ll'_.f ]
. measure it? -
} {personi uroup)'

and shutdown.

DCC  Emulator | Existing PDP11 | Funtionality .| Sulte of tests based | QA overStghl
Passes - performancs, - - | demonstrated by | on  performance  of | provider, in
Acceplance | ‘system tests. : original system. conjunction  with
Test. .. R Darlington DCCs
Ll . . staff,

Emulaior Existing PDP11 | SEM, CP and DCC | Monitar for system | Darlinglon DCCs
Functions in | Oparation SW  and MWW stalls, and errors | staff.
SEM - systems, Chack  programs | detacted.
CP and DCCs. function normally in

an exiended lest

Same or better

operation using

syslem utilities to

medsure system

leading. and

parformance.

- | Number .- of | System Health Is | System Health | System health | System engineer.

System . Stalls | "White". returns to "Green™. | reporis..
reduced. "
Systemn spares | Some parts in short | Sufficient Spares lo | Inventory of Spares is | Darlington
situation retums | supply. reach End of Life, accaptible. DCCs/.
to “Healthy" Contral
stale. Maintenance
Frequency  of | Established by | Significant reduction | Ops acceptance of | MCR system
nuisance alarms | historical data in number of | reduction In alarms. angineer
during  startup nuisance alarms.,

|
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Darlington DCC Replacement 16 - 33977
Partlal Release Business Case Summary D-BCS-33977-10001- R0OO1

Attachment "AM Proiect C:ost Summagg _

066 Prin
{4 Ut
+ t K1 3 "L it 1 i 33 f Gink
Prdjoct Management (OPG) - | 238[ - 189 ] . 1891 189 [ 189 L T R T
Engfneanng&Dramqg_(OPG) 2821 - 87811370 1183 303§ 118§ - - 4,639

Materia) -
Installaticn ~ PWU, BYU
Confract ~ = Project Mgmt
Contract - Deslgn
Contract - Instaliation
Contract - Othar

{Interest (Capital Projeict Only)

Contingency

/u'
2006-2010 Business Plan | 1,175 ] paoe] 2800 ] 26311 3415] 2973 T 1589
|
| Removal Costs Inciuded in above 0 ] i
[ Definition Costs Included In above 0 ) §
Estimate Name, Quality, atc Budgat Estimate +30% to 157 ] ,

Design Comprete [ Up to ~ 15% T

-

Dats: R Hehendorf Date:
Project Manager Eng & Mods Managar (Strat iV}
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GENEHA.”UN BUSINESS CASE SUMMARY

Darlington DCC Replacement 16 - 33977
Partial Release Business Case Summary D-BCS-33977-10001-R001

ATTACHMENT “R” TOTAL PRQJECT COST VARIANCE TABLE
a it j
HYSE O0N T 4 3 ; [) ¥
Project Management (OPG) 1,038 1,183 145 | Longer project duration
Engineering & Drafting (OPG) 3,837 4639 1,002 | Addibonal varification required for rew product ’
Instafiation - {OPG) 257 260 3
Matarial
Contract - Project Mgmt
Cantraet - Dasign

Contract - Instaliation
Contract - Other

Interest {Capital Project Onty)

Fiuer SR
&

’;% 2 e 74 % / SE ’ .. 3 2 ; 25 R

R
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GENERATION BUSINESS CASE SUMMARY

Weld Overlay Project 10 - 62568 Capital 10 - 62435 OM&A

Full Release Business Case Summary N - BCS - 30751 - 10002 — R000
1/ _RECOMMENDATION:

Appraval is requested for the Full Release of $53.2M Capital (inciuding contingency) and $-OM&A (specific contingency) to
proceed with the next stage of the Weld Qveriay Project which will design and manufacture weld overlay tooling for those
Darlington oullet feeders that are life-limited by pipe wall thinning caused by Flow Accelerated Carrasion {FAC). This brings
the lotal costs o $71M.

The business objective of this project is to reduce the cast of managing life-limiting feader thinning by developing a repair
alternative to the current exclusive use of Cut and Weld tooling far replacing thinned feeders. It is estimated that using weld
overlay repair technology in conjunction with Cut & Weld tooling (as necessary), will provide a financial benefit in the range of
approximately $38M - $143M (NPV) with a 19% — 45% IRR. (See Alternative Section for details). This estimate is based
primarily on the assumptions:

+ Less overall lime required to repair a feeder during a Darlington outage
*  Lower execution costs per feader repair

Ta date, there has been four partial releases for Weld Overlay under project # 62435 (OM&A): $1.5M In 2005-2006 for the
Definition stage (Proof-of-Concept); $700K in 2006-2007 for the Pre-Tool Development phase, $3.7M in 2007 for Stage |
(Preliminary Design of Tool and process) and; $10.6M in 2008 to complete Stage | which is in progress. The project is
currently managing Stage | Preliminary Design contracts with two separate vendors in an effort to maximize the prabability of
project success.

A 2011 Darlington Spring Qutage In-service date for this process and tool significantly increases its economic benefits, which
necassitates seamless transitian into Stage Il of the Weld Overlay Praject. For this reason, this request for Capitai funding
approval is being made prior to the completion of Stage I, and prior to estimates being provided by the vendars. The
budgelary estimates included in this request are based on costing experience with the similar Cut and Weld tooling, and are
considered consarvalive. Also, a large amount of contingency has been assigned in this BCS to aceount for the uncertainty,

Al the end of Stage I, a revised BCS will be prepared with updated project costs within the value of this release raquest, and
updated risks to reflect the work completed In Stage I. The project leam will present the technical and business case as a
formal recommendation in a decision mesting, chaired by the CNE (see Attachment D). This revised BCS will be presented
for signature during this decision meeting with the CNE, and follow up meetings with the CNO, CQO, and CEO. If approved,

only the value in the revised BCS will be releasad. A BIRPRLNTY y OW Sm"-n-gs wiull B 1..;.-,.\-}; hed Asr
i b e e e 2010 = 2OM L baptadlig plewdTig - PAlnduger
R S R T T S = R P R
Currently Released | Pariial 3 OM?'A S L S e o - - 16,534 |
I (Cepial | , . o I
Requested Now Full OM',&A 1,000 | - 1,000 |
N . Capital 5050 45060 3,084 | 1 Tsa1e4]
o OMSA ' -
Future Funding Reqd NiA —Gapic - e | [ —
Total Projact Costs | 3647 17,937 45,060 3,084 | - | 70,728,
Other Costs l : i
~ Ongoing Costs i j -
GrandToial [ T L 3 17,937 46080 | 3084 . - i 70,728
i, JvestmentType ] Class - NPY . IRR Otscountad Payback
© Valus Enhancing b COpUBOMER  wmesan g lanse) 53 Vears
Submitted By:
T, Milchsll - Data:
Chief Nuclear Officar

ina royal: Li roval (Per QAR Element 1.1 ‘1oiect in Bydaat);
Y e N Tl st ™ a5

/ D. Hanbidge v é’ Date; " J HAninsoh (/Dale:
8.V.P. & Chief Financial Offjeer Pregident & Chisf Executive Officer
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2/ BACKGROUND & ISSUES

Dagradation of pimary heat transport system feedars by flow-accelerated corrosion {FAC) is a significant tife-limiting threat ta
OPG Nuciear plants. Cut and weld methods currently used for replacement of thinned feeder seclions requires a number of
preparatory activities {inciuding channsl defuslling, isolation and draining) that cannot be completed in parallel. As the number
of feeders to be replaced increases, the time requirsd to complete the repairs has a more significant impact on the duration of
planned outagss.

Another approach to feeder repair is to build up the feedsr wall thickness by weid overlay, which deposits a layer of weld metal
on the exterior of the pipe work, Advantages of this method include slimination of the need to defuel and drain the channel, a

Weld overlay Is a demonstrated technology that has been used successfuily in bath nuclear and non-nuclear repair
applications. This current proposed application of the technology is considered a first of a kind due to the spacific conditions
of the repair. These include, that it Is to be performed on thin wall, carbon-steel nuclaar class 1 piping with specific material

gn difficull, and the pipe will be full of
water during the application. in the oniginal proof of cancept study, weld overiay was demonstrated as being feasible for thess
specific conditions, however residual technical risks were identified. These risks include material properties {hydrogen,
hardness, and residual stress), and miniaturization of the tooling.

During Stage | Preliminary Engineering {currently in-progress), the residual risks identified during the proof of concepl wark
are being addressed. Wald processes are being developed to enhance favourable material properties, inspaction techniques
are belng devsloped for pre and post overfay requirements, and a canceptual toal design will be pravided based on taoling
requirements and available clearances at the feeder hub to pipe weld area, Two vendars are currantly contracted in
competitive, paralle! efforts to successfully complete Stage | in order to maximize the probability of project success.

A 2011 Darlington Spring Outage in-service dals for thig process and tool significantly increases its aconomic bensfits, which
necessitates a seamless transition into Stage I! of the Weld Qverlay Project. For this reason, this request far Capital funding
approval is being made prior to the completion of Stage §, and prior to estimates being provided by the vendors. The
budgetary estimates pravided in this request are based on costing experience with the similar Cut and Weld tocling, and are
considered canservative. Also, 3 [E; contingency has been assigned in this BCS to account for the uncettainty.

The Weid Overlay Project is being executed in twa stages as dstailed in the table below. This staged funding releasa and
execution is being used to minimize the financial fisk, and provide adequalte assurance that the repair technigus and teoling is
technlcally acceptable.

Stage 1 (OM&A) consists of: Proof of Cancept (complete): Pre-Tool Development (complete); and Preliminary Engineering (in
brogress). To date, the concept of weld overlay has besn demanstrated as a feasible repair technology and residual technical
risks have been identified. The Preliminary Engineering phase will resolve the tachnical risks which involve primarily material
property issues, and will provide a conceptual tool design,

Stage 2 (Capital) consists of three distinct phases: Detailed Design & Protatype Fabrication; Fabrication & Mock Up Testing;
and Commissioning. At the end of this stage of the project, the tool sets will be declared as Available For Service, Regulatary
approval will have been granted, and mulliple tool sels ( urrently projected) will be available for use at Darlington.
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Stage. | oo R . Estimated Cost (K3 CND}Includes Contlngancy
. Phas o 4 Cosi Ha
Costiypa] 230 | CostAre e T T oo T oo 2009 | 2010 | 2011 | Total
Dervalop Congept
ProctOf. and idantdfy maor] 1275 1 145 1,420
Concapt
fisks :
. Pre-Togt Cevelnpmenl of 260 170 530
§ Cevelopment { loat raquirernenls :
OM3A o Malenat Peoparty
Frelamingry ||
Engneering issue Resclution »
. o Pralsningry 127 Y470 12887 . 14,484
(Cusranty in . \ -
Progress) | Desan- fonls
o Process
Detated
2 Dasgn &
Pretofype
2 Fabrication Toot Duvelopmenl
Capitai Fabncation & | & Camvrissioning
Testng
4 Commussianinyg
o MZ&A {CMRA Specific Cantingency)
i i 1,275 | 408 437 | 1470 §47,937] 46,060 | 3,084 70,128

A tolal of $53.2M Capital (including contingency) and OMBA (specific contingency) is requested to perform Stage !l of the Weld
Overlay projact. This release request Includes a spacific contingency to cover uncertainties regarding applicability of PST

Appiicabiiity of PST will not be known until the successful compistion of Stage |; therefore, % of tool development costs have been
reserved in a specific contingency. This funding will only ba released if PST is required.

This release request also includes a specific contingency of &'\A OMBA to deal with uncertaintias regarding on-reactor
commissioning in 2010, If the feeder is repaired and left in-service, it is Project OM&A; if it is repaired and cut out it is Project Capital.
At this pointin the project, it has not bean decided whether the feeder will be feft in sarvice or cut owt,

This full release business case summary and the associated economic analysis ("Economic Analysis to Support Weld Overlay BCS
N-BCS-30751-10002", N-REP-30751-10007) considers only the weld overlay candidates at Darfington based on the latest feeder
replacement schedule. The analysis assumes that weld overlay repair will be performed on the feeder repair candidates from 2011
onward,

Since the original Economic Analysis assessment in 2007, the 6 probe inspection resulis at Darlington have shown an increased
number of feeders that have [ife imiing thinning in the Grayloc area (as projected in N-BCS-30751-100000-R000) which -
considerably strengthens the economie viabiiity of this project with the additional funding requested. As well, § probe inspections for
alt Darlington units are not yet complete and may raveal additional (ife limited thinned feeders.

This project includes only the costs associated with developing, delivering and commissioning the Weld Overlay tooling. Weld
Overlay field application costs will be addressed outside this project; however, these projected {listing estimates) costs have been
included in the NPV calculations.
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3/ ALTERNATIVES AND ECONOMIC ANALYSIS

The economic benefit of introducing weld overlay fooling is presented in this BCS as a potential NPV range. This approach was
taken for the following reason;

The actual number of feeders scheduled for repair in any given outage (until Unit end-of-ife) can vary because of new inspection
results and emergent repair requirements. There are currently two methods used for determining feeder repair candidates
{Reference NK38-CALC-33160-10044):

1. Gurrent Assessment: The current case provides the remaining life of feeders with the current assessed wall
thinning rates as determined by the rate from initial methodology for feedars limited adjacent to the Grayloc weld. i is
commonly assumed that the feeder pipe adjacent to the Grayloc weld began life at a wall thickness lower than that of
nominai pipe thickness. Thus, the methodology is assumed to provide conservative estimates of the wall thinning
rate.

2. Risk Informed: The risk informed method Incorporates all the information that is available for each feeder. As
deseribed, the formal feeder thinning assessment utiiizes a single thinning rafe to ensure conservatism in estimating
remaining life. However, for replacement planning purposes it is mecognized that over conservatism puts a strain on
long term planning practices.

The Risk Informed method allows for a mere realistic approach to determining which feeders require replacement, however, by
reducing some of the conservatism, there is an inherent risk of under estimating thinning rates, which could result in emergent
replacements. Because of this risk, and the risk of emergent replacement requirements coming from future inspections, two (2}
separate economic analyses were conducted, using a set of feeder repair candidates derived from each estimating method.
The result of each analysis {NPVs) represents the potential range of economic benefits/losses of introducing weild overlay tooling.

Risk _J'nformed Scenario

1 {Recompmended) UMM AS T
Ahcremontat. R LIS S AR

Revenue [ (o65956) (145853 (145, 853) (157 929) , P !
oMeA S N (T R ) | A T
Capitai 0 (51,206) {51,205) (51,208) ;
Present Vaiue (PV) {201,308) (165,731) (163,233) (176,803) o B
Net Present Value (NPV} N/A 35,576 38,074 30,414 | !
intemal Rate of Return {IRR) % NIA 17.7% 18,4% 17 7% |
Discourtled Payback (Yrs) N/A 8.2 8.1 8.3 : ;

Currant Assessment Scenario

- AltY {Recommended] . AR A4 T AuS

CUEf T !rscrementaf DeIayF’rofgct S O S
CCest iUiCost | fiVewd |
{311812) (311,812) (335.964)[ T

r
oMEA T T | (370,83} "l,j,_(252997> 2K ) N E N
Capital 0 (51,205) (51,205) (51,205) i ;
Present Value (PV) T s1pte)  (3f0,114)]  (307618)  (3%336) T ]
Net Present Vaiua (NFV} ] NA ] 140,903 | 143401 25880 - i
intemai Rate of Reum (RR)% ¢ N/A 425% 45.5% 44.4% |
|

Discounted Payback (Yrs)

NA st i 80 88 L 1 1 )
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Monte Carle Simulation

The purpose of the analysis is to demonstrate the viability of Weld Overfay within the parameters of uncertainty
that currently exist, before Stage 1 Is complete. This was accomplished by completing 2 Monte Carlo simulation
of the impact of Weld Overlay {(versus Cut and Weld) using 28 variables that were identified as having the greatest

impact on economic viability of the project.

Two Hundred Thousand {200,000) iterations were completed using @Risk software.
chosen randomly {for each iteration), within our best estimate of the parameters for each variable.

Carfo analysis preduced the following results:

Mean NPV = $72 Million
Maximum NPV = $233 Million
Minimum NPV = - $39 Million

There is a 90% confidence that the NPV will fall between $20 Million and § 130 Miilion

The analysis produced 1,564 negative results

The analysis produced a tornado diagram ranking variable sensitivity, See below.

0.3 0.2 -0.1 fi] 0.4 8.2

Regression Sensitivity
Standard b cosflicients

o.5 0.8

o.7

e
=
=
=

b
|

C&W Repair Timeo {Hours}
W.C. Repnir Cost

Min. Feedor Repalr Window
Profoct Cost % of Estimata
WO Ropair Time (Houm)

#W.0. Tools samo face  Vfesl
# W.0 ToGls game face  East

C&W Rapair Cost

2011 Unit ¢ f Wes! Face
2012 Unlt 3 f East Face

2011 Unll 1/ Epst Face

2012 Unit 3 { West Face
3 Unit 2 1 Wasat Face
2013 Upit 2 / East Face

2013 Unlt 4 f Eusgl Foca

2014 Unit t 7 Wes! Face
2013 Unit 4 / Wosi Face
2014 Unit 1/ Eest Face

20C15 Unit 3 / East Face

2615 Unit 3/ Weel Face
2016 Unit 4 / West Face
2017 Uil 1/ Wost Face
2016 Unll 4 / East Face
M7 Unil 1/ Eest Face
2013 Unit 3 / Easl Face
2018 Unit 3 f Was) Face
2016 Unit 2 / East Face
28 Unt 2 7/ Weal Faca

The 28 variables were
The Monte

Refer to N-REP-30751-10C07, "Econcmic Analysis to Support Weld Overfay BCS N-BCS-30751-10002" for detailed financial
model assumplions used in the development of this business case.
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GENEBATION BUSINESS CASE SUMMARY

Base Case: Not Recommended - Stap the project
This is not recommended, as the exclusive use of Cut and Weld tools will result in lengthy outages during the peak
replacement years that could jeopardiza the Darlington Business Plan and the Dariington target of 38-day outages.

Alt. 1: Recommendad - Proceed with Stage il of the Weld Overlay project

It is recommended to proceed with the release of $53.2M Capital (including contingency) and $'M OMB&A (specific
contingency) to award and execute a contract for Stage Il of the Weld Overlay project. This technology will provide an
altemative feeder repair option for repairing thinned areas, with an expected reduction in:

*  Overall time required to repair a feader
*  Execution cost of feeder repair
* Production and safety risks associated with breaking the pressure boundary {See Qualitative factors)

itis estimated that using Weld Overlay tools In conjunction with Cut and Weld tools {as required) starting in 2011 will provide
a financial benefit of approximately $38M - $143M (NPV). At the conclusion of Stage |, an updated economic analysis will be
prepared using vendor provided budgetary estimates for Stage il and a formal decision meeting will be held to determine

whelher to proceed with weid overiay tool development, therefore, Hmiting sunk costs should this project not prove bensficial,

This alternative includes a specific cantingency of $.Mcapilal to cover uncertainties regarding applicability of PST, as well
as a specific contingancy of $IM OM&A to deal with uncertainties regarding on-reactor commissioning in 2010,

Details of the proposal are presented in Section 4,

Alt. 2: Not Recommended - Delay project for 1 year

This alternative is not recommended because delaying the project will;
» Reducee the overall financial benefit by ~ $8M - $18M (NPV) if tooling is available for 2012 vs. 2011
* Increases 1he risk that, due to unforeseen issues in this R&D project, the tooling will nat be ready when feeder repairs
are most needed.
* Risk losing experienced team members and vendars to support tool developmaent.

Alt. 3: Not Recommended - Include Pickering A and Plckering B

This is not recommended because:

* Pickering B has very few feeders that are candidates for weld overlay before end of life,
Pickering A feeders may not benefit from grayloc-area overlay, as they have concems with life-limiting thinning further
downstream. The extent of downstream thinning and the potential benefit of grayloc-area overlay will become more
apparent after further inspection programs are completed al Pick A. It would be advantageous 1o first develop the
tooling for Darlington, and adapt the tooling for Pickering A later, as required.

* Both Pickering A and Pickering B have tighter clearances around the feeders, making tool design more challenging.

The NPV has not been shown for this alternative because of the uncertainty indicated above,




Filed: 2013-09-27
EB-2013-0321

Ex. D2-1-3
Attachment 1 Tab 10

ONTAH!OFﬁWEﬁ QPG Confidantial Page: 9of 29

GENERATION BUSINESS CASE SUMMARY

4/_THE PROPOSAL

Upon successful complstion of Stage | (currently in-progress}, a formal decision meeting will be conducted to determine
whether to proceed with weld overlay too! development based on Stage | results and up to date Stage Wl budgetary estimates.

If tool development does nol present a positiva economic case or if Stage | was not able to resolve outstanding areas of
technical risk, the project will likely be cancelled; otherwise, a revised BCS, within the value of this BCS, will be submitted for
approval and used fo award a contract for Stage Il of the weld overlay tooling and processes development project for
Darlington. Stage Il will be executed in three (3) phases:

1. Detailed Dasiqn and Prototype Fabrication

In this Phase, detalled documentation and drawings for the weld overlay tool and process will be prepared based
on the parameters identified in Stage |.

A prolotype tool will be built and tested on a mock-up which will simulate real feeder configurations, feeder
clearances and shutdown conditions.

CNSC acceptance will be obtained for the weld overlay processes, analyses and inspections; as well as support
for joint registration of the weld procedura with TSSA.

2. Fabrication and Mock-up Testin
In this Phase, the Production Tools (up to.sets) will be manufactured and the application of the weld overlay
and weld defect repair will ba further tested and demonstrated.

3. Commissioning
in this Phase, commissioning tests and available for service declaration will coeur, with likely one commissioning

trial at a Darlington vnit in 2010.

5/ _QUALITATIVE FACTORS

Using Weld overlay technology in combination with the Cut & Weld method (as requirad) potentially offers the following
qualitative banefits:

* Eliminates the need for isolating, draining, removal and replacemant of feeders experiencing thinning in the area
adjacent to the Grayloc hub, thereby reducing production and safety areas of risk inherent in breaking the pressure
boundary,

* Reduces exposure lime, lhereby achieving an overall reduction in radiation dose uptake.

* Reduces both the potential for loose contamination release and the production of high level active waste associated
with Cut & Weld activities.

As well, this repair technology may be considered for providing a potential repair technique for pipe thinning problems in other
systems or at other OPG statlions.

|
)
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_ RiskDescipion | Witigating Activities_ ~ Bfore Mitigat er Mitigation
savings of approximately $10M- sought in order that Stage |l
F20M (NPV). award is not defayed.
Availability of long lead
partsftools (e.g. feeder mock-up)
may delay toal development
(Stage 2) and subsequent tooi . . )
AFS resulting in repair of feeders | "~ T 'an (o include Mock-up in
) - vendor's deliveratiles for early
solely with cut and weld tooling
X : Stage il 20 (25 25§16 | 20 20
dunng the 2011 Darlington - if
outage . Use_ of existing mock-ups i
’ availabie.
Impact: An estimated decreased
savings of approximately $10M -
$20M (NPV).
Lack of experienced OPG i A%P;?t):ste i;g;gse:r:ng :&?”
support resources for this project g e gd entiﬁgg nd 1 ec{;lu?te dto
may lead to dsiays in reviews of the proiect a €
deliverabies or inadequate project. .
reviews v Interface agreements will be 8 |15 | 12 %16 g g g
' obtained with required
, . finterfacing teams.
Impact: A delay in completion of | resource g
this project due to schedule ;j;?nagi?t;a;; C:;:;‘{ acts d\glr” be
delays or due to rewark. up ® ven
experts.
Tool design and miniaturization » The configurations with the
may not be able to achieve all most feeders to repair have
feeder configurations that witl ; been identified in the technical
require repair. ] specification, and are the 20 a0 b2 12
demanstration configurations zmmo-
impact: A continued need for cut in Stage |. g5 oe
and weld in inaccessible = The specification for the area ERN 2 B _
tocations. of damage has been reduced 2553
=T e
N N O
58
o ~
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Medium=4t09 | Do Probability ximpact
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. Mitigating Activities 7 Before Mitigation CAfter Mitigation
by half since the proof of
concept, thus reducing the
cverlay area required.
= Vendors will have to disclose
known limitations at the end of
Stage [ so that this may be
accounted for in the final
economic evaluation before
proceeding with Stage 1.
» A sample of actual field
measurements will be
The “As-Built” clearances at the performed during the spring
graylcc area of some feeders 2009 DNGS ocutage to assess
may be more restrictive than the the magnitude of the
designed feeder clearances, difference.
resulting in the toocling not being = Actual field measurements of
able to fit those Weld Overlay all candidate feeders will be 20 1 21 12 9 12
feeder candidates. recommended as they are
available in lead-up outages to
Impact: The cost of unplanned avoid unptanned replacement
Cut and Weld repairs; Weld activities,
Overay toof having less value *  Methods will be explored to
than originalty projected. increase feeder clearances,
such as end-fitting jacking
techniques.
Post Weld Overay matenal »  Post Stage | decision meeting
properties {Residual Stress, to cancel project if Ask is too
Hydrogen Ingress and Hardness) high going into Stage il.
may not be fuily resolved after * Removed DNGS feeders 15 | 15 1516168 &
Stage L. (artifacts)} have been set aside
lmpact: Schedule delays and for weld overlay testing
cost overrun for additional work purposes {if required). i
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Medium =408
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" Risk Description_ ~ MitigatingActivties | Befors Miigation Ao Witgation
required. Expenenced vendors are being

At worst, cancellation of the weld used.
overlay project would resull in
sunk costs of approximately
$16.5M OM&A (includes
contingency) and any Stage il
expendilures {Capital Release).

Currently Cut and Weld
requires the channel to be

Weld Overlay repair may nct be defueled therefore the cost of
feasible with fuel in the channel. fuel would be the sarne under

both Cut & Weid and Weld

impact: Channel will be refueled Overlay scenarias should this 4 4] 2 2
| for the weld overlay repair, risk matenalize. The cost of
increasing time and cost of the fuel has not been included in
repair, the economic anailysis. {if

included, the case for Weld
Overlay is made stronger),
. A Regulatory ptan has been

Reguiatory approval soughitin prepared and an initial meeting
Stage il may be delayed or hel . .
rejected ed_earéy in the project.

' During Stage |, at least one

Impact: Schedule defays and updats meetng will be held
cost overrun for additional work . .

A Technical experts with
required. : 12 | 15 9 15161} 8 4 8

. knowledge in Code/Regulatory

At worst, cancellation of the weld . ;i
. . : issues will be contracted for
overlay project would resultin . -

. this work and wiii support

suak costs of approximately Reguiatory discussiens and
$16.5M OM&A (includes o ¢
contingency) and any Stage | ’
expenditures {Capitai Release) NUCIE.B r Weld Overlfay .

’ experience fram utilities will be
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Mitigating Activities ‘Before Mitigati ation

sought.

= Removed DNGS feeders
(artifacts} have been set aside
for weld overlay tesling
purposes (if required).

The Regulator may require a 48 «  Stage | development includes

hour wait prior to Ultrasonic significant effort to detarmine

inspection of the overlaid area. and minimize hydrogen ingress

This wait may be deemed during weld overlay. Based on

nacessary to allow crack initiation successful development in this

for hydrogen. area, the 48 hour period 16 16 | 12 12
should not be required.

Impact: The benefits of Weld « Industry OPEX of weld overlay

Oveariay will be reduced by the will be used to present a case

net additional time required for that hydrogen induced

inspection. cracking is not an issue.

The number of candidate weld
overlay feeder repairs is reduced
due to the approval of lower pipe
thickness limits or adjustments to
the rate of thinning calculations.

= Maintain communication with
Feeder experts and
stakeholders to quickly
respond to changes in feeder
condition or assessments.

= At the conclusion of Stage |, 15 15 | 0 10
the economic benefits will be
re-assessed prot to
proceeding with Stage il the
minimum thickness imits will
be reconfimed at this time.

Impact: Laess return on
investment. Af worst, sunk costs
could reach $76.5M OME&A
(Including contingency) and any
Stage Hl expenditures (Capital
Raleass)

There may be a requirement for

>mmm
a Cut and Weld crew on standby } Supply chain to negotiate if g0
) . - 3 313 3 ognea
as contingancy during weld required. SP2n
. - o
overlay. This standby charge 2 & g 2
...... R S
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___ RiskDescription fing. _ Before Mitigation erMitigation
may be significant.
Impact: |.ess return on
investment.
The efficiency (time required) or
the application cost per feeder of
weld overiay is greater than that
for cut and weld. * Atthe conclusion of Stage |,
impact: Less return on :g?aizgggg}c ?iz??;its witl be 8 8§18 8
investments. At worst, sunk roceedin w?m Stage i
costs could reach $16.5M OM&A P 9 9
(Including contingency) and any
Stage 1l expenditures (Capital
Release)
The value of the Canadian doliar
drops to a value for a sustained
period of time that may . .
significantly increase costs Reque;t proposals in
should a vendor from the U.S. be . C.agasg}i%rggﬁ; has been 12 ) 121 s P
contracted for this job (<30.8 added to conservative
USD). .
astimates,
Impact: Higher cost of
deveiopment andfor application
The vendor's QA program is not . L
approved for stage Il work and/for .OPG Suppfy chain Is engaged
implementation In reviewing and auditing the
P vendor’s QA program. 8 |15 1518 |10 10
Impact: That veador's bid is not * Two vendors are contracted for
stage | work.
acceptabie. i
Opportunity - Another utility with | = Sepior Man agement to 4 8
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Medium = 4 10 9 obabi
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Huclear Salety
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Hoahh & Safaty
Nuclear Safoly
Risk Rating (110 25}
Risk Riting {1 to 25}

Environment

Envitanmerit
Regulatory

Flnance
Schodute
Quallty
Scheduls

j_ © Probability
i R (Oad Dol T EN

Roegulatory

; Corporats Reputation

. .Mmgang__,
slmslar grayloc thmnmg issues continue d:scusswns wnth
may join OPG as a partner in the interested uthity. 4 &

Weld Overiay Project.

This would result in reduced weld
| overlay project costs by a
significant amount.
Oppartunity - Process and
teoling may be used for other . 9 9§ 9 8
Stations or systems.
Opportunity — Infreduction of an
altemnate vendor for feeder repair
may lead to more competitive
quotes for future work.

>mmm
ey
]
oog.@
SP2
- wo
Lo
=T e@
- [\)8
N
o Y
jon ~
N
o




Filed: 2013-09-27
EB-2013-0321

Ex. D2-1-3
Attachment 1 Tab 10

GNTAHIUF““_-HR OPG Confidential Page: 17 0f29

ATION BUSINESS CASE SUMMARY

7/ _POST IMPLEMENTATION REVIEW PLAN

e cieime | Tan eted Final AFS. | Targafad PIR Approval '3?7”"'P’t’ﬁ”ﬁééﬁéns’s’b‘:ia'ty“'"
Typeorpir: | TRGRGEEIIATS L el e | S ponser Tite)”

| r VP Science & ,

Comprehensive Jun 2011 Dec 2012 Technology ;

Developmant ]

TR S T T B T e il
: Current Basellne | ~Targeted Result H;:afﬂi;;gﬂ oo measure it?
I Batelbteliaa il R R Hh o o .} (person/ group) |
Time to perform —Use outage reporting Performance
' | a single repair Cut & Weld <25 hours data Engineering
mRem/Feeder Reactor
2. | Dose per repair Cut & Weid < cut and weld Dose reporting Maintenance
system.
Number of
feeders that
require cut and . Major :
3. | weld Cut & Weld <10 Use outage reporting Components/
data
replacement per Feeders
100 feeders
| requiring repair. o
Weld overlay in- Major 3
4. | service repair N/A 0 SCRs - Components/
failures, Feeders
Number of pipe
5. | *blow-thru’ NIA 0 SCRs o
| events ) aintenanc
Cost per repair < 500k in first 3 Negotiated cost per .
6. average. Cut & Weld J years repair Supply Chain

* A Comprehensive Past Implementation Review (CPIR) will be carried out at the conclusion of Stage 1 of the
project to capture the lessans and make recommendations for the next stage. If a CPIR is found not
appropriate at the end of Stage 1, it will be conducted within one year of the project in service (by December
2012), consistent with the corporate PIR Procedure.

» The Comprehensive PIR will be an independent and systematic performance evaluation of the project for
these objectives:

> Assess the realization of the project benefits cansisting of:

i. The effectiveness of the weld averlay repair technelagy in conjunction with Cut & Weid tooling over the
previous cut and weld method alone

ii. The measurament of project targets specified in the table above
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¥ Review project intent, plan, implementation and operational perfonmance

> Review BCS - major assumptions, economic and financial evaluation looking back from results, for future

decisions

» Review project risk management

v

improvement

identify over all lessons learned, in addition to those documented by the project team, for future

» The Comprehensive PIR will be conducted by Independent Team with the Team Leader appointed by the

Project Approval Authority

+ Key Lessons-Leamed on the technology development, contracting and planning will be captured in addition to

the project execution lassons.
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Appendix “A” Giossary {acronyms, codes, technical terins)

= Acronyms etc are spelled out in the text.

Appendix “B” Project Funding History

[re—

| LTDSpent | Feb | 2

Ralo ¥
Developmentql
i Partial
F:grtia! o Ju_l '
| Patal | Aug | 20
j, _Partial | Oct 1
| Full May
- |
L LTDSpent [ Feb [ 2000 T 1273] _a07] 497] 170l 2e0 1 T Taeor]

Commaents:
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Appendix “C” Financial Model — Assumptions
Flnancial Assumptions:
Disccunt Rate % Cost Escalation {yr) 2% SR & D Oppartunity Yes
Progress Payments Yas Fareign Currency See Commants | Relainer Fes No
_ | Income Tax Rate Ganeration PST See Comments | Intarest Rate (Capital) 6%
| Depreciation Rate (Capital) Office, Misc Equipment 20% | Laasing No Indexed Priced Contract No

Comments:

Vo of tool development costs (~$'A) has been reserved in a specific contingency to cover uncertainties regarding
applicability of PST which will not be resolved until the successful completion of Stage 1.
Any Stage Il foreign exchange issues will be covered by the .% general contingency requested in this release.

Profect Cost Estimate:

Design Complate Zero to Minimal | Quality of Estimate | Conceplual + 60% to - 25% | 3 Parfy Estimate Yos

Reviewed by Sponsor Yes OPEX used Yes Lessons Leamed Yes

Simllar Proigels Yes Budgetary Quots(s) No First Unit Actual Used NIA

Cost Shanng No Contracts in place No Competitive Big Yes

Fixed Prica Contract Yes Fee for Servica No Firm Vendor Proposal No
Comments:

Refer to N-REP-30751-10007, "Economic Analysis to Support Weld Qveriay BCS N-8CS-30751-10002" for detailed financial
model assumptions used in the development of this business case.

Ratlonale for Cost Classification:

Generation Plan Assumptions:

|_station {unt] ™ EOL | MW | Capaclly Planned Qutages for Project Work [og P10T1)
. 1 N/A N/A
Pickering A 2 " NA N/A NiA
5 | NA | NA
, 6 | NA | NA
Plckering B 7 WA NA N/A N/A
8 | NA | NA
1 | sep | 2018 D111 | 01411 | DATIT
2 | May | 2016 D1021 | D1321
Darlington [ ——0 50| 95 | 8% D1231 | D531 | 1831
4 Mar 2021 D1341 D1641
Comments:

D1021 is included as target commissioning outage.
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GENERATION BUSINESS CASE SUMMARY

Appendix “C” Financial Model — Assumptions
Impact on Operations

Risk Informed Scenario

ImﬂactonRevenua S T L ST S e
_,%ﬂf_ﬂoﬁs::. Presani'. Sl (i LTV R T  SRAY EEE (5 (D BT ) 1P/ RS 1) K SR

Rate KWH 58.36 52.98 54.58 54.58 56,23 56.23

Probability 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Consequence 0.0 0.0 0.0 0.0 0.0 0.0
Risk 0.0 0.0 0.0 8.0 0.0 0.0

Other 0.0 0.0 (8.8) (23.00 (3.0) (23.7) §

i BaseCake i D 00 G g Er PRl P e el e

12015 | Later | Total
57.93
0.0% 0.0% 0.0%

0.0 0.0 0.0
04 0.0 0.0
{22.0} (151 55 (266. 0}

SRR RS e

'-hanr.x

Probability 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Consequenca 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Risk 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Other 0.0 0.0 {8.6) (10,9} (1.2) (11.3) (18.3} {12.2} {83.3) {145 8}
-Recommandation |00 [0 f g s poainer | enay P ada e s o o ] telan

oA R R Lo b g gﬁ»{zﬂ

7 S ) T N X T W W SN G Y BT

Comments:

Ses NPV Calculations for Details and Summary

i dMllifons ] e 010 Lo 20 o201 a3 1 20040 | 2045 < [ Bater 1 Tolal:
Base OM&A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oulage OM&A 00 0.0 (PR (11.7) (7.8) (3.1} | (258) | (10.7) | (1048) | (170.7)
Proect OMEA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
L Ll e e e e O e B O e R i . i

Base OM&A 0.0
Outags OM&A 0.0
Proiect OM&A 0.0
= Recommondations: |00 Fo0E

7] ) I N

s Py e T o £ R
S N S e

T Wetimpaet 0@ ] vra [T
Comments:

A3 ] 05 ] 45 1 99 [ 35 | W% | 47

See NPV Calculations for Delails and Surmmary
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GENERATION BUSINESS CASE SUMMARY

Appendix “C” Financial Model — Assumptions
Impact on Operations

Current Assessment Scenatio

EmpactonRevanue B T I TR R AR S
“SMiliieng: E’mmnt Cogmmmoboateo |o209r o201 poo2013 | 2014 ) 2015 Later | Tolal
Rate KWH 58,36 52.98 54 58 54,58 56,23 56.23 5793 | 57.93
Probability 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Consequence 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Risk 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other 0.0 0.0 (7.3 | @3 | M7.8) 1 5320 | (1514} | (61.00 | (23000 | (573.8)

Lo BaseCase i p 000 PO P nia ok n s ot [ ossRe by poage e Lonnaiy [ nina

Probability 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%.
‘Conseguence 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Risk 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Other 0.0 0.0 (1730 | {19.0) (8. 93 1) | @0 | @2 | (184 | 311.9)

CRecommendafion- {00 oo ol oana poims |ooms it [ mmar Loass | s | s
o Nettmpact o 00 oo T To0 ] e e T30 F egd o268 | 1038 | 3614

Commenis:

See NPV Calculations for Datails and Summary

Impactun{)!ﬁ&k P T e STt IR
~ iions 2090 [ zoM ] 20420 ] 201312044 [ 2015 [ Latero |
“Gase OMEA 0.0 0.0 0.0 00 0.0 0.0 0.0

Cuiage OMEA (106] | @35 | (74 | (3.1 | (075) | {37.9) | (1615
Pruject OMEA 0.0 0.0 0.0 0.0 0.0 0.0
- BaseCasg: | (g Ced Tasn Pees [OETT | RS
Base OM&A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dutage OMEA 0.0 0.6 (106 | (46) | (49 [ (78 | 629 | (233
Prijec OMEA 00 (29 " (10 0.0 0.0 0.0 0.0
Recommendation | 00 | (ied |- iiie | dies | dia e | n

“ Nat Empaci I

: no1 ET8d T 28 T 413 [ ue6 | 38 [ 602 | 1zid

See NPV Calculations for Details and Summary



Filed: 2013-09-27
EB-2013-0321
_ Ex.D2-1-3 o
- - S """ Attachment 1 Tab 10
W ot b OPG Confidential Page: 23 of 29
ONTARIOFGWER
GENERATION BUSINESS CASE SUMMARY
Weld Overlay Project 10 - 62568 Capital 10 - 62435 OM&A
Full Release Business Case Summary N - BCS - 30751 - 10002 — R000
Attachment “A” Project Cost Summa
VAT LTo ) .
OREA g 2008 2010 201 2012 2013 2014 Later Total
Pro,tect Mg:pnt & Support : | 1 -
Ergineang 1 e S I
Procurament o o L 4 T e L -
Construchon o - , ‘ i__ 1 ‘mf“ ‘l___ _ ) R
o fober T | I | IS
“gr. |Project Management {OPG) maf 470 | | l 1,178
. |Engineering & Draftting (OPG) 2021 315 : 517
@ {Material
& [Contract - Other - _ o
_interest (Capnai PrOJed Only) .
ProjéstCosts "
| General C__qpﬁgmgency - '
Spacxf chConXt{ngency L ] _
- [Projsct Casis: BT 128877 10001 . - - . - b orsu
| ;
" [Profect Costs - 364t 120871l 1000 . - . . <L 17,534
" {Currently Released 3847|2887 16,534
: g This Reiease 1,000 1,000
affuweRease L T . o
" [project Funding ~ 3BT 1288700 1p00] 0 . - . . - {17,534
Note: Scores 8asis = Cash Basls = Funding Basls (TImlIng differences only)
| % 2009-2013 Businass Plan 2893 4240] { ; L 7,13
 [Varianceto Business Plan | 75| gaos . R T . -
Ramoval Costs included abcve ] f L i - ;
g_ lnvsntory to be written off B -l— ! } -
Spare Parts In Inventory | i ! - -
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GENERATION BUSINESS CASE SUMMARY
Weld Overlay Project 10 — 62435 OM&A
Full Release Buslness Case Summary N-BCS- 30751-10001-R000
Attachment “A” Project Cost Summary
T Sugns T T T
U Caplta! 2008 2009 2010 2011 2012 W1y 2014 Later Total
Project Mgmnl & Support . ! R S S S S S
.- {Engineering } I i J - -
Procurement T ] ) T | —

" {Construction | : 1 i -
. [Other i i ) | ! -
¢ [Project Management (OPG) | 86| 507, 166 ’ 839
& [Engineering & Drafting (OPG) 108 108 108 324

 IMaterial

% {Contract - Other s

Intarest (Capital Projecl Onty) 45 1,183 | 7600 _ ; 1,989
Pm{ecwesfs I R
- {General Conhngency
) Spamfic Conhngency ey P .. - S — Ty, . e PRI ) PP - N . BT .
 |ProfectCosts . . 50500 45060 3084 . po LTI T T

|
| J
@“@“ﬂmmMH_ﬁ._, S S R A B R
¥ {Projuct Costa- i < | sesw| asgeei ageal Ll L R - §3,134
. [CumentiyRelessod | [ ] I ] -
£-|This Release B | d9es] 43g05| 3060 | 51960
§ FuluroRolease L | 1 i | 1234 4234
S {ProfectFunding - ] LT ases] Aol mpeot L] -0 12 saun4
Note: Scores Basis = Cash Basls = Funding Basls (Tlmlng differences only}

*@12009-2013 Business Plan ? 1000 | 12, 500 1,000 i [ 24,500
% VadancetoBusiness Plan | - | o) 2mee vami 0 L - o eas
- |Removal Costs Inctuded abova | \ 4_ i i ] _ | ' .
g mvontorytobswﬂﬂenuff b B | T T .
" {Spare Parts In Inventory | "WT i | .

A PCRAF s not required

The estimated variance(s) to the 2009-2013 Business Plan

will be addressed through the portfolio management process.

Revi By:

e

A gl 19 W@/ éf)//S W79

—-— >
Carol Gregoris

Date

AHan e

Eng & Mods Strat IV Manager Date:
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GENERATION BUSINESS CASE SUMMARY

Project Name 10 - 62568 Capital 10 - 62435 OM&A
Full Release Business Case Summary N - BCS - 30751 - 10002 — RG00

Attachment “B” Project Variance Analysis
RN A b Tolal Projact .
N B g Ry Comments
LT L o 703 -
-+ IProject Mgmnt & Support 0 !
. '[Engineering ) 0 ) __
- IProcuremant : 0 o
. |Construction .0 ]
Other 0
- {Project Management (OPG) o 2,085 2017 ; -78
- |Engineering & Drafiting {OPG) 626 841 215
- (Malerial ] L ock-Up. Addti feeder samples
: Conlrécb Ottier X ddt'l costs for WO design, Qualification
o nd commissioning. .
- {lnterest (Capital Pfswoﬂ%f) b ) 1,000 1,889 ]
. |Project Coste (Scores Bagh). 1 g [ e .'
.. |Ganeral Contingancy . L o
- {Specific Confngency MPST Applicabifity, Commisioning
- |Project Costs { Scores Basta) 1 g AT 533} : i .
i I !
' 9 Removal Costs included aove . R = i 0 | 4 _
%‘;:;E invenlorybobewd!tanoff o . - S 0 i : o o
¥ |Spare Parts In tnvantory . . . 0 '

Comments:
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GENEBATION BUSINESS CASE SUMMARY

Attachment “C” Milestones and In Service Declarations

Key Milestones

 Compiationbate__| |
e i L T L
30 09 2009 | Award Stage || Contract
30 11 2010 | Commissioning Complste
30 06 2011 | AFS

A Project Execution Plan {(PEP) will be approved by Dec 2009

In Service Declarations: (capitai oniy)

Lsooos | % |

July 12011 |inService 30,500 ] 100
Dec 2011 Project Closurs 200
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ENGINEERING & MODIFICATIONS
GENERATIUN BUSINESS CASE SUMMARY
Attachment D Decision Map

1. Recommendation to CNO
{Process {o follow guldelines of Engineering Declsion Making N-Guld-01900-10001; Type 3 Declslon}

Purpose: To provide a recommendation of either proceeding with Stage I, or canceling the project based on the
technical results of Stage | and an updated economic analysis for Stage [l. This recommendation will be
documented and presented to the CNO, for acceptance.

Chair/Sponsor: Paul Spekkens, VP Science & Technelogy Development

|
|
]

Attendees:

(1) CNE *

(2} Darlington Director of Engineering *

(3) At least one other Station Engineering Director * (Contrarian Role)
(4) Senior Manager Plant Design Darlington *

{5) Director Engineering Services *

(6) Manager Feeder Integrity Project

(7) Manager Performance Engineering Darlington
(8) Director Nuclear Finance

(9) Manager Nuclear Finance

{10) Manager Darlington Maintenance

{11) Weld Overlay Team Representatives

Format:

Presentation:
» Project Team to present the resuits of Stage | and an updated risk table based on these results.
» Project Team to present an assessment of the regulatory risk.
+ Project Team/Nuclear Finance fo present an updated economic analysis incorporating updated:
1. Costs (vendor proposal in-hand),
2. Schedule, and
3. Assumptions.

*» Feeder repair numbers (based on Spring 2009 inspections)
» Tool limitations (based on clearances vs. conceptual design)
> Tima to apply repair (estimated)
» Cost of application (budgetary)
» Monte Carlo analysis results
4. Other alternatives considered (including lower minimum thickness requirements)
Riscussion:

Open discussion and questions

Decision;
CNE makes the decision. Dissenting opinions are to be noted.

Criteria for a decision to procead should include the following:

* Revised BCS updated economic analysis continues to have a positive NPV,
+ Technical risks low; limited medium technical risks may be accepted.

» Regulatory Risk low,

vl SRET O L N L TR TE LTSI S A0 T,
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ENGINEERING & MODIFICATIONS
EENEHATiDN BUSINESS CASE SUMMARY

i

Minutes:

¥ Presentations, major discussion items, decision, and dissenting opinions are to be recorded.
* Actions with dates should be captured and A/Rs created as appropriate.

¥ The Recommendation is to be documentad and the revised BCS presented for signature by the CNE.
2. CNO acceptance meeting

» CNO acceptance or rejection of the recommendation is to be documented and the revised BCS presanted
for signature.
> Altendees: CNE
VP Science & Technology Dev {Project Sponsor)
SVP Darlington (or delegate)
Director Station Engineering, Darlington
VP Nuclear Finance
Manager, Feader Integrity Projects
Project Manager — Weld Overlay Project

*» Any actions should be captured and A/Rs created as appropriate
» CNO to take the recommendation and revised BCS {o the COO for approval.

3. COO acceptance meeting
¥ COOQO acceptance or rejection of the recommandation is to be documented and the revised BCS presented
for signature.

» Attendess: CNO
CNE
VP Science & Technology Dev {Project Sponsor)
SVP Darlington (or delegate)
VP Corporate Investment Planning

4. President Approval of Revised BCS
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BUSINESS CASE SUMMARY

Attachment “E”

5 e SR G R SRR ol
Probabillty About1in 10 About1in 5 >=3in4
Rank 1 2 3 4
Risk Impact Chart

3 “% s
7 ,fﬂ}”
PR TR,

I

2N e g YR
>B0% of | > 90 day Significant, National p ity(s} release ca
Total delay unacgeptable non- and for significant implications for immediate and extended impact sefious
5 Project § conformance intemational personnel, potentially large with off-site impacis, e.g. degradation
requinng exiensive adverse damages or Criminal Charges Clean-up costs > $15M of a safsly
rework coverage or | OR Potential loss of operating Cat. A spill {>55 pts} system
impacis licenses
30% - 30-90day | Unacceptable non- | Long-term Legislative non-compliance  Potential for life- Exceedances resulling in charges Reduced
80% of delay conformance local or with potential for fines, threatening crifical injury or Director's Ordar effectiveness
Total requiring some national charges, and damages OR or permanent total Cat. A spill {45 - 55 pts) of a safety
4 Project $ rework, but not impact Maior degradation of reputation disability, including Public compiaints with OPG system
major with regulatory bodies cccupational disease implications
Explosion and/or majer fire
15% - 10-30day | Non-conformance | Maior local Systematic non-compliance Potental for less serious Cat. B spills Reduced
30% of delay bordering design impact or with potential for fines critical injuries {e.g. Emission in exceedance of offectiveness
Total tolerances, rinor OR fractures), permanent regulatory or legat limits of redundant
3 Project $ potential to require national Potential to cause strained pariial disabilities and Field orders or AMF's safaty
rework impact. refationship with regulator, temporary total Public complaints with OPG systern
Minortocal | increased surveillance andior | disabillities of a significant implications components
damage regulations nature Danger 10 heatth, life, or property
5%-15% ¢ 3-10day Acceptable non- | Comglaints Systematic non-compliance Potential for less serous Cat. C spills - reportable Impacton a
of Total delay conformance, from local with impacts to project ternparary disabiiities and Administrative infractions safety
Project $ within design officials / schedule injuries requiring off-site | Public Complainis with plant level }  support or
2 tolerances, no politicians OR medical attention other implications safety
rework required Possibllity of regulatory / legal | than first-aid. Complete related
implications recovery by worker. system
<5% of <3 day Minimal impact on | Complalnis Isolated non-compliance No medical attention Administrative, hon-reporiable
Total delay quality from local OR beyond first aid, no events
1 Project § Routine rion- public Routine approval / nofification | impairment to workeror | Cat. C spills non-reportable and
corformance, ¢an complete recovery of spills resuiting from Acts of God
be easily worker.
dispositioned

>mmm
ey
]
oog.@
g'})_\l\)
- wo
Lo
=T e@
- [\)8
N
o Y
jon ~
N
o




Filed: 2013-09-27
EB-2013-0321

Ex. D2-1-3
Attachment 1 Tab 11



Filed: 2013-09-27
I o -EB-2013-0321

Ex. D2-1-3 :

Attachment 1 Tab 11

1/ RECOMMENDATION:

We recommend a Full Release of an additional $23.088 Million ($16.136 Million Capital and $ 6.952 Million OM&A) to fund
completion of all modification, commissioning and closeout for this project. Approval of this request will bring the total
to date funding to $34.262 Million including a contingency of-Minion. The total project is estimated to cost $ 34.262
Million with an estimated completion date of 12/30/2014.

The Business Objective of this Sustaining project is to improve the performance and refiability of the Pickering A Fuel
Handling (FH) System to address the following issues:

* Pickering A FH System is a significant contributor to production loss from forced outages and Unit deratings
» Component obsolescence is becoming a major issue with the Fuel Handling System reaching its end of life
 Fuelling unavailability often disrupts outage critical path and station Integrated Operating Plan (IOP) schedules

In addition, during fuel handling equipment or systems failure, there is an employee and public safety risk when irradiated fuel
cannot be transferred to the appropriate location where adequate cooling is maintained.

This project will replace, refurbish or overhaul the key system components that have aged past their design end of life.
Specifically, the focus will be on components classified as Single Points of Vuinerability (SPV) equipment that have a zero
tolerance of unplanned failures. Replacing these components will improve the FH system performance and reliability until the
Station end of life.

Installation activities in Unit 4 during the 2011 planned outage were completed, for the most part, under the current funding
release. Some work (Electrical Catenaries, Rolling Shield Gear Box and Y-Drive Mitre Box) could not be completed due to
unavailability of materials at that time. Funds requested in this Full Release BCS are to complete design and installation
activities for Unit 1, the remaining work for Unit 4 and project close out. Execution is planned during P1211 outage in Sep
2012 and durin' P1341 outa e in Se 2013 for the remainin  Unit 4 work .

| OtherCosts | g | | |

Submitted By: ,

Glenn Jager %
Senior Vice President ~ ﬁckeyiﬂg Nuclear
{OAR Element 1.1 Project in Budgst)

i ial i By 4. Dat Line A : Dat
Qe N O f | A e nfn O POl g3 050y O™
7

Donn Hanbidge ! { Tom Mitchell
SVF & Chief Financia!l Officer President & CEOQ

Last printed 2/8/12 10:14 AM 02:13 PM 28/09/11  FIN-TMP-PA-005 BCS (Rev 24) (Supersedes N — 10207 BCS)
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APPENDIX “E” PROJECT DELIVERABLES
For this Rele se

PROJECT DELIVERABLES
From Partial Release (Jan 2012 — Mar 2012)

Design Proje

Provde Pofe Ra Protectc

Provide En ineeri - Suppo Desi ;z__aagd_ Dt

FProcurement Unit 1 Materials

Interest - |Capiia§ Project B
Contin"encies ‘General Contingency

des N — 10207 BCS)

Last printed 2/8/12 1014 AM 0213 PM 28/08/11  FIN-TMP-PALDS BCS
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ATTACHMENT “A” PROJECT COST SUMMARY - 13-46634 (Capital)
Project Mgmnt & Support | 2,127 1,087 272 131 | | | 3,
Engineering 441 1,269 394 44 | | 2,4
Procurement 1,909 2,263 500 4 |
Consfruction
Other
i

Interest (Capital Project) l

2011 - 2045 Business Plan 7,220 8,100 600 15,920
Variance to Budget 0 1,847 1,808 175 0 0 0 0 3,830
Removal Costs (above) -
Inventory W/ 0O -
Spare Parts in Invent -
2%
Rev wé;ﬁ bf (Date) Approved (Date)
.f?é’fgf;» Y7/ FER 1o iy A [3Fakicr
Craig Verwey ? Nahil Rahman
Project Manager Director — Pickering Projects




Project Mgmnt & Support
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Engineering

Procurement

Construction

Other
Assessments

Interest (Capital Project )

2011 - 2015 Business Plan

54 6,150 6,204
Variance to Budagt 0 170 0 0 0 0 0 0 170
Removal Costs (above) -
InventoryW /0O -
Spare Parts in invent =
% W by: (Date) Approved by: (Date) f
Ao\ (e 2ol o em— I3 Fehresz
Graig Verwey Nahil Rahman
Project Manager ° Director — Pickering Projects !
Last printed 2/8/12 10:14 AM 02:13 PM 28/09/11  FIN-TMP-PA-005 BCS (Rev 24} (Supersedes N — 10207 BCS)
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ATTACHMENT “B” PROJECT VARIANCE ANALYSIS
Project Mgmnt & Support 2,161 2,500 3,835 1,335 See comments below.
Engineering 461 1,100 2,304 1,204 See comments below.
New estimate based on actual cost per
Procurement 1,809 6,000 4,672 (1,328) OPEX from Unit 4.

Construction
Other
Analysis/Assessments

Interest (Ca ital Pro; tOni)

Less is required due to OPEX from unit

General Contingency 4

ecific Contini enc

Bemoval Costs included above -
Inventory to be written off -
Spare Parts in Inventory _ -

Comments:

PM increase due to:
» Field Eng./Rad. Protection/PM costs under estimated in previous release
¢ Increase in original Project duration

Engineering increase due to:
» Field Eng./FH Technical Support costs now included here vs. PM support.
» Configuration/Engineering cost greater than original estimate
* Additional engineering work for revision to Non-ldentical Component Replacement (NICR) to be
completed for Electrical Catenaries due to configuration issues.

Construction increase due to:
* Increase in project duration and TM Rotor Bearing Tooling development
¢ CMO and Rad. Protection costs now included here vs. PM

Last printed 2/8/12 10:14 AM 02:13 PM 28/09/11  FIN-TMP-PA-005 BCS (Rev 24) (Supersedes N — 10207 | Csl
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Recommendation for Submission to the Board of Directors

November 15, 2012

DARLINGTON REFURBISHMENT PROJECT
DETAILED PLANNING - 2013 DEFINITION PHASE - PARTIAL RELEASE

EXECUTIVE SUMMARY:

The purpose of this memorandum is to provide an update on the status on the Darlington
Refurbishment Project and to request an incremental release to continue detailed planning
within the Definition Phase of the project.

Life to Date actual cost, as of September 30, is $295M on a plan of $347M with a CPI of
1.14. Cumulative Definition Phase spend, at year end 2012, is forecast to be $380M on a
plan of $436M. The overall program SPI is 0.96 and all program milestones within the
Definition Phase are on or ahead of plan, with one exception. The Level 3 Definition Phase
schedule planned for completion by October 15" will be completed by December 15™,

The CNSC public environmental assessment hearing is scheduled for December 3to 6™
OPG continues to respond to CNSC questions on the Integrated Safety Review (ISR) code
review reports and safety factor reports.

The Re-tube and Feeder Replacement (R&FR) project remains on plan and detailed reviews
of the contractor’s definition phase Level 3 schedule and cost estimate are ongoing.
Turbine/Generator contract negotiations with the original equipment manufacturer have
concluded without being able to reach a satisfactory agreement. Management is executing
“Plan B” which consists of separating the scope into Original Equipment Manufacturer
(OEM) only scope and other scope. The project is evaluating alternate vendors and contract
strategies for the other scope and has started discussions with Alstom for the OEM only
scope. Management has also commenced contract planning for the reactor defueling work
program.

The Darlington Energy Complex, which will house a full-scale reactor mock-up as well as
warehouse facilities and offices, is ahead of schedule with the potential for an early
occupancy around mid 2013.

Scope definition to the system level is progressing well for all projects. Management is
continuing to develop its overall project plan and estimate based on results of the scoping
process. Further details on the project status are provided in the attached ‘Darlington
Refurbishment Program Status Report’ for the period ending September 30, 2012.

As provided in Appendix 1, the Darlington Refurbishment overall project cost estimate
remains less than $10B (2009$) or $10.8B (2012$), excluding interest and escalation.
Management continues to have a high confidence that the refurbishment of the Darlington
units will result in a Levelized Unit Energy Cost (LUEC) of less than 8.0¢/kWh (2009$) or
8.6¢/kWh (2012%). The economics of Darlington Refurbishment are comparable with
Combined Cycle Gas Turbines (CCGT). The continued uncertainty in long term price of gas,
the cost of a CO, adder and the future of shale gas makes the refurbishment of Darlington
an attractive option for Ontario.

Management is seeking incremental release of $492M to complete 2013 detailed planning
deliverables within the Definition Phase, resulting in a total cumulative release of $928M for
the project. Details of this release request are provided in Appendix 2.
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Included in this request is the incremental release for Facility and Infrastructure projects to
support the Darlington Refurbishment Project and extended operations of the Darlington
station for an additional 30 years, including 2013 release for a new Auxiliary Heating System
Facility, West Security, Office and Lunchroom / Change Room Facility, R&FR Island Support
Annex, and Refurbishment of the Operations Support Building. These projects will be
managed within the overall program using the internal gating/release process. Management
will continue to provide quarterly status reports on the progress of these projects.

A recommendation to the Board on OEFC - Darlington Refurbishment Definition Phase
Financing is being separately submitted.
RECOMMENDATION
That the Board of Directors:
e Approve a release of $492M for 2013 detailed planning deliverables (including 2013

funding for Facilities and Infrastructure projects), for a total cumulative release of
$928M for the Definition Phase.

Recommended By: Approved for Submission to the
Board of Directors

“Original signed by:” “Original signed by
Donn Hanbidge on behalf of .”
Albert Sweetnam Tom Mitchell
Executive Vice President, President and Chief Executive Officer

Nuclear Projects

This Board memorandum was reviewed and approved for submission to the Board of
Directors by the Nuclear Oversight Committee on November 13, 2012.
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APPENDIX 1 - UPDATE ON THE DARLINGTON REFURBISHMENT PROJECT ECONOMICS

The Darlington Refurbishment Project has been assessed against other feasible generation projects which
OPG might consider, including new Combined Cycle Gas Turbines (CCGT). The following is a summary of
the economic assessment.

Summary of the Economic Assessment

The Darlington Refurbishment Screening Level Economic Assessment was prepared and was endorsed by
the Darlington Management Advisory Committee on September 29, 2008 and subsequently reported to the
Nuclear Generation Projects Committee of the Board on November 19, 2008. In November 2009, based on
the economics of the project as documented in the Preliminary Business Case, the OPG Board of Directors
approved the overall timeline and release strategy for the refurbishment, and released funds to complete the
Preliminary Planning within the Definition Phase of the Darlington Refurbishment Project, and commence
development of the required infrastructure. In November 2011, the OPG Board of Directors released
additional funds to commence the Detailed Planning work in the Definition Phase.

The economic assessment has been updated to reflect current knowledge and understanding of the
Darlington Refurbishment Project and to reflect additional experience from other refurbishment projects.

As shown in Figure 1 below, the Darlington Refurbishment Project overall costs estimate remains less than
$10B (20099%) or $10.8B (2012$) which is consistent with the Preliminary Business Case of November 2009.
This amount includes contingency and excludes interest and escalation.

Figure 1: Darlington Refurbishment Project Cost Confidence Ranges
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The current expectation on schedule duration remains an average of 36 months per unit, with a total duration
of 88 months assuming 19 and 17 month overlaps between units.

The future operating costs and performance of Darlington are a significant aspect of the economic
assessment. An updated analysis has been completed of past performance in order to forecast the
expected capability factor for the Darlington units in the post-refurbishment period. The following table
summarizes the refurbishment and key post-refurbishment costs and performance assumptions used in the
economic assessment.
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Table 1: Current Darlington Refurbishment/Post-Refurbishment Costs and Performance Forecasts

Low Medium High

Confidence | Confidence | Confidence Opportunity
(10%) (50%) (90%)

Lower overall project costs by

Refurt?ishment Cost ($B) e e e et
Overnight Costs (20(11 )2$) effective planning and control
Total Cost — 4 units of scope, and execution

excellence and exploiting

Avg. Cost per Unit :
economies of scale

Replacing equipment in
93% 88% 83% refurbishment that allows
increased unit reliability

Post Refurbishment
Capability Factor

Post Refurbishment Through business
@ transformation continue to
Annual Costs - - - lower the direct and indirect
(20128M/yr) costs of operations
Notes:
(1) Total Cost includes Interest and Escalation.

(2) Includes Station Base (OM&A), Outages (OM&A), and Projects (Capital and OM&A) and Nuclear
and Corporate Support; excludes Fuel & Fuel Related

As shown in Figure 2 below, OPG continues to have high confidence that the refurbishment of Darlington will
result in a LUEC of <8.0 ¢/kWh (2009%) or <8.6 ¢/KWh (2012$), which is consistent with the LUEC reported
by OPG in 2009.

Figure 2: Darlington Refurbishment Levelized Unit Energy Cost Confidence Ranges
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The economics of Darlington Refurbishment are comparable with Combined Cycle Gas Turbines (CCGT);
however, there is uncertainty in gas plant power costs including the cost of CO, and the future of shale gas,
as shown in Figure 3 below.

Figure 3: Levelized Unit Enerqgy Costs for Darlington Refurbishment and Comparators
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T 7 -
=
= 6 1
=
< 5 41
S o4 4
o
N 3 1
2 21
2 11
O +
Assumptions: Darlington Refurb | New CCGT

Low High Low Median High

Overnight capital (CSB)
Overnight capital (CS/kwW)

Annual Capacity Factor (%) 93% | 88% | 83% 93% 88% 83%
Gas Price (CS/mmBtu @ Henry Hub) 4 6 8
CO, Offset Cost (CS/tonne) (o] 15 30

Recommendation

On the basis of this updated analysis which continues to show that the refurbishment of Darlington is
economic relative to other generation options, Management recommends proceeding with further detailed
planning expenditures in the Definition Phase of the Darlington Refurbishment Project.
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APPENDIX 2 — DEFINITION PHASE RELEASE, RELEASE 4B — 2013 DETAILED PLANNING

In accordance with the approved release strategy (Figure 1), funding in the amount of $548M is required to
complete 2013 deliverables of the Definition Phase; including $56M already released. The incremental
release amount for 2013 Detailed Planning deliverables (Release “4b”) is $492M.

Figure 1. Darlington Refurbishment Release Strateqy

Nov. 18, 2009
Oct. 2015

; Project Approval
Release Quality
a// Estimate
3 )Preliminary Planning

@) Detailed Planning

- Unit 2 Refurbishment |

@---{ Unit 1 Refurbishment | 2024 '
Project Closure |

O Release Number ®| Unit 3 Refubishment | |
[ mnitiation Phases ‘ |

[] Definition Phases

l:| Execution Phases (Actual releases are 1 year in of the unit refur to

1\ A /

OM&A Capital (for all eligible expenditures)

Summary of Detailed Planning Release Request
2013 deliverables for the Definition Phase include:

e Environmental Assessment approval

e Preparation and submission of the Global Assessment and Integrated Improvement Plan to
the CNSC

¢ Negotiation of major contracts, e.g. Turbine/Generator, Fuel Handling and Steam Generator
Primary Side Clean

e Completion of first refurbishment unit modification design requirements, and commencement
of detailed engineering

e Detailed design for Safety Improvements, e.g. 3rd Emergency Power Generator,
Containment Filtered Venting System, Powerhouse Steam Venting System
Identification of long lead materials and initiation of procurement
Completion of the Darlington Energy Complex

o Execution of approved Facilities and Infrastructure projects (D20 Storage and Drum

Handling Facility, Water and Sewer Mains, Site Electrical Power Distribution System

Upgrade, West Security, Office and Lunchroom / Change Room Facility, R&FR Island

Support Annex, Operations Support Building, Auxiliary Heating System Facility)

Construction of the reactor mock-up

Design and fabrication of R&FR tooling

Execution of pre-refurbishment 2013 online and unit outage work orders

Development of site transition plans, e.g. for programs, staff, processes, etc. transitioning

between the Darlington station and Refurbishment

e Training of additional authorized and licensed staff

The following table provides a summary, by major category and year, of the planned definition phase funding
requests.
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Darlington Refurbishment Project

Table 1: Darlington Refurbishment Definition Phase Estimate Overview

Definition Phase Definition Phase vs Release 4a
Categories Description of Work LTD 2013 2014 2015 Nov'11
2012 Release | Release | Release | Total 2011) PoP Variance
4b 4c 4d
Major Confracts (RFR, Fuel Handiing, | Contactaward, ooling & mock up, 75| 221 363| 200| 80| 761| 99 | Cashfows updated based on contiactaward in 2012.
Steam Generators, Turbine Generators) | engineering, long lead materials
- |Balance of Plant Pre reqms!te work, Safety Improvgment 5 39 9% 84 204 153 71 Scope rangnahzanon ongoing, offestby maintenance
3 Opportunities, Islanding, Eng Projects cooling project
=
ki .
£ |Operatons/Maintenance Support Programs, cyciical outage work, system 6 12 16 31 65 86| (20)
a shutdown
Infrastructure requirements for NR X i
Infrastucture Projects (nsideloutside station) , Station 2nd Life 110 89| 151 63| 414| 359 55 :)‘(ee‘gu:'s: Rﬂ;?:mha"ge' advanced Faciltes from
Projects, D20, Holt Road P
196 362 627 378 1,563 | 1,358 | 205
Program oversightand project management;
. includes engineering, project controls, supply
5 Program Supportand Oversight chain, quality management, infrastructure and 132 8 8 o L 406 68 Improved understanding of program oversight
§ facility costs. requirements including external oversight
w
Regulatory Nuc\egr Safety ISR/ IP/ GA, CNSC, EA, 38 15 13 8 73
Licensing Support
170 100 102 102 474 406 68
© Contingency allocated to R&FR contractas a result of
E Contingency Includes F&IP ixed firm price contracts for tooling and mock-up and
§ Fuel Handling based on scope confirmation.
| = [Interest
§ E Escalation Mgmt Reserve notescalated
g
Subtotal Request to BoD (NR Program) 2,434 | 2,311 ‘ 123 ‘

Figure 2 shows the ccumulative project expenditures for the high confidence estimate, including interest and
escalation, which upon completion of the Release Quality Estimate in 2015 will be approximately $2.4B.

Figure 2: Darlington Refurbishment Release Strateqy

Darlington Annual and Cumulative Project Cost Flows
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Financing for the Definition Phase

Refer to OEFC - Darlington Refurbishment Definition Phase Financing recommendation for submission to
the Board of Directors, dated November 15, 2012.

Summary of Overall Project Estimate

The project estimate and resulting cash flows continue to be fine-tuned as part of the Definition Phase work
and will be finalized at RQE in 2015.

The project estimate is based on the following assumptions.

First unit refurbishment start date — October 2016

Duration of refurbishment (4 units) — 36 months each, 88 months total

Estimate is in overnight $2012M (excluding interest and escalation)

Estimate is based on scope approved by the Scope Review Board, assumed contractor

costs, and detailed OPG costs. As contracts are awarded and contractor estimates are

refined, the project estimate will be updated.

o Contingency is based on an assessment of estimate uncertainty (price, quantity,
productivity) as well as an assessment of discrete project risks.

e The refurbishment project organization will perform oversight of EPC vendors and will

operate the unit during the refurbishment period.

As noted in Appendix 1, the Darlington Refurbishment Project overall costs estimate remains less than $10B
(2009%) or $10.8B (2012%), excluding interest and escalation, which is consistent with the Preliminary
Business Case of November 2009.

Table 3 provides the estimate both with and without interest and escalation. Table 3 also provides a
breakdown by major scope category including core refurbishment scope, scope related to operating and
maintaining the plant during refurbishment, as well as value enhancing scope which will improve plant
performance post refurbishment. Further, Table 3 provides, separately, estimates for facility and
infrastructure projects related to the extended operations of the Darlington station for an additional 30 years
(including refurbishment of the Operations Support Building and a new Auxiliary Heating System Facility)
and provision funded amounts for interim waste storage including reactor waste canisters (“‘RWC”) and an
interim storage facility.
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Table 3: Darlington Refurbishment Overall Project Estimate
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Categories

Program Estimate

Nov'12 Estimate

Nov '12

Nov'11

PoP
(12-'11)

Explanation

Refurb
(Core)

Ops & Mtce
Support
(OM&A)

Value
Enhancing

Total

In 2012%s

Major Contracts (RFR, Fuel Handling, Steam
Generators, Turbine Generators)

Balance of Plant

Operations/Maintenance Support

Waste Management

New Fuel

Infrastructure Projects

Direct Work

Program Supportand Oversight

Support

Regulatory

Contingency

Cont'gy

$ of Year

Interest
Escalation

Fin'l

Subtotal (NR Program - excl. Provision, F&IP CS)

Prvsn.

| Retube Waste Containers/ RWSB

Subtotal (including Provision)

F&IP CS

Infrastructure Projects - Station - CS
Contingency

Interest

Escalation

Subtotal F&IP CS Projects

Grand Total (including Provision & F&IP CS)
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OPG continues to benchmark its cost and schedule assumptions and plans against other Candu
refurbishments. OPG’s refurbishment schedule is based on the Wolsong refurbishment actual duration, pro-
rated to account for Darlington’s larger unit size (480 fuel channels in a Darlington unit vs. 380 fuel channels
in a Candu 6 design). OPG costs have economy of scale advantages (4 units vs. 1 unit) when compared to
Candu 6 single unit refurbishments. Table 4 provides a comparative assessment, based on publicly
available information, of the current cost and schedule of the Darlington Refurbishment as compared to other
existing refurbishments.

Table 4: Darlington Refurbishment Comparison to Other Refurbishments

Planned Comments

/Actual Cost

Planned
[Actual
Duration
(Months)

36/TBD

Start Date

Station
(Per Unit)

_ Based on current estimate, net of irovision|

o

includini interest and escalation;

Schedule delay largely due to Calandria

Tube leak.
APR 2009 I \otAvailable  Cost information is not available for

Wolsong.

Bruce A OCT 2005 B B  Score includes replacement of Steam

Units 1 & 2 Generators as well as large Balance of
Plant scope due to fact that units were in a
lay-up state prior to refurbishment. Actual
Duration assumes generator issue at Unit 2
will be resolved before the end of
November 2012,

Gentilly 2 Was APR

2014

Recommendation
On the basis that the refurbishment of Darlington is economic relative to other generation options,

Management recommends the release of $492M, for 2013 detailed planning deliverables for a total
cumulative release of $928M for the Definition Phase.

10
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