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1 Introduction

Newfoundland and Labrador Hydro (Hydro) owns and operates three gas turbine plants as part
of the Island Interconnected System (lIS). The Stephenville (SVL) gas turbine was commissioned
in 1975 and is located in the town of Stephenville. The Hardwoods (HWD) gas turbine was
commissioned in 1976 and is located in the west end of St. John’s. Holyrood Gas Turbine Plant
(Holyrood) is located at the Holyrood Thermal Generating Station and was commissioned in

2015.

The Hardwoods and Stephenville plants operate in either generation mode to meet peak and
emergency power requirements or synchronous condense mode to provide voltage support to
the IIS. The IS experiences voltage fluctuations that result from changes in the supply and
demand of electricity, requiring voltage correction to maintain proper voltage levels. System
voltage is managed, in part, by using synchronous condensing equipment. It stabilizes voltage
by acting as a shock absorber in the event that voltage drops due to system events. During
synchronous condensing operation, the voltage drop is limited to no more than five percent
below nominal operating levels of 230, 138, or 66 kV. Synchronous condensing is an important
function of the Hardwoods and Stephenville gas turbine plants. Holyrood gas turbine plant does
not have that capability. It was not a requirement of the plant when it was designed because IIS
voltage support was being provided by other means. All three plants have seen increased

operation from 2014 to present to support reliable customer service.

A condition assessment of the Hardwoods and Stephenville plants was completed in 2007 with
the objective of increasing the useful service life of the plants to 2025 and 2028 respectively.
The assessment was conducted assuming the limited operating regime of these plants would
continue until the end of the plants useful life. These condition assessments determine the

scope of the Gas Turbine Life Extension projects that were completed from 2010 to 2017.

In 2014, the operating regime of both Hardwoods and Stephenville materially increased. As part

of Hydro’s ongoing long term asset planning process, the increased operating regime

Newfoundland and Labrador Hydro 2019 Capital Budget Application D9
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necessitated that Hydro increase the operating and capital expenditures at both of these

facilities.

Since 2014, Hydro has experienced several in service gas generator failures that required
unforeseen additional capital and operating expenditures to ensure and improve the reliability
of the Hardwoods and Stephenville plants. Due to the increasing capital expenditures, in service
failures and the impacts on availability and reliability of the Hardwoods and Stephenville
facilities, Hydro conducted a long term asset planning review to determine the remaining useful
service life and the near and long term plans for both facilities. The asset management review
has identified that obsolescence issues relating to the prime movers of these facilities impact
the reliability of the facilities. The potential solutions to address the obsolescence issues will
have an impact on the long term reliability of the IIS and the best solution can only be
determined once the long term requirement for the plants have been determined. Thus, the
long term requirements for these facilities are being reviewed as part of Hydro’s on going
supply adequacy study, which will set Hydro’s system reliability criteria and will identify any
long term requirement for additional generation or synchronous condense sources. The result

of the supply adequacy study will be finalized and submitted to the Board in November 2018.

2 Description of Equipment and Operation

The Stephenville and Hardwoods gas turbines are both 50 MW modular plants designed and
supplied by Curtis Wright (CW), known as the MOD POD 50. These plants consist of two 25 MW
Rolls Royce Olympus C gas generators, two CW power turbines, powering a single 60 MVA
electrical generator (alternator) through two SSS clutches. The plants can operate in generation

mode to support the Island Interconnected System during times of peak demand.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Dio
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Figure 1: Hardwoods Gas Turbine
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Figure 2: Stephenville Gas Turbine
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When operating in generate mode, the gas generator pulls the working fluid (air) through the
air intakes where it is filtered prior to entering the gas generator. The gas generator then
compresses the air, mixes it with fuel and combusts the mixture to add energy to the fluid by
increasing its temperature and pressure. The hot gases are blown on the gas generator’s
turbine section to remove the majority of energy from the exhaust gases to drive the gas
generator’s compressor. The hot gases then hit the power turbine, where the remaining energy
is removed to drive the alternator. When generating with both gas generators in operation, the
plants can produce up to 50 MW of electrical power. The plants can produce up to 25 MW with
just one gas generator in operation. The plants are capable of providing synchronous condense

support to the IIS by operating the alternator decoupled from the power turbines.

3 Operational Regime

Since their original installation these plants have provided the following support functions to

the lIS:

e They are part of the island system reserve capacity and thus provide power under system
peaking and emergency/contingency conditions;

e In synchronous condenser mode, the units provide reactive voltage support for the major
load centers on the Avalon and Port aux Port peninsulas;

e The gas turbines are a part of the contingency plan for the reliable supply of power to the
St. John’s and Stephenville areas; and

e The units are used to facilitate planned generation outages and planned Avalon Peninsula

transmission outages.

The Hardwoods and Stephenville gas turbines operated a minimal amount from 1993 to 2013,

as shown in Table 1.

Newfoundland and Labrador Hydro 2019 Capital Budget Application D12
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Table 1: Gas Turbine Average Operating Hours 1993 to 2013

Plant Annual Average Annual Average Synchronous Total Average
Generating Hours Condense Hours Operating Hours

HWD 69 3055 3126

SVL 28 2460 2489

In 2014, the criteria for dispatching the units materially changed and they have since been
operated much more frequently and for longer periods with a good deal of operation at low
loads. The load demand on the IIS has continued to increase, and coupled with new dispatching

criteria, has resulted in dramatically increased operating hours for both plants as shown in the

Table 2.
Table 2: Gas Turbine Operating Hours

Year Hardwoods Stephenville
Generate Synchronous Total Generate Synchronous Total
Hours Condense Hours Hours Condense Hours

Hours Hours

2014 354 5,766 6,121 380 6,403 6,784
2015 410 5,626 6,036 236 4,749 4,985
2016 750 5,618 6,369 311 3,898 4,210
2017 323 7,126 7,449 140 7,666 7,807

To account for this change in operating regime, it was necessary for Hydro to reassess the
previous maintenance philosophy. It was determined that an increase in maintenance and
capital expenditures was required to ensure the level of reliability required to support the IIS

until the in service of Muskrat Falls.

4 Maintenance Philosophy

The maintenance philosophy prior to 2014 was developed based on the operational
requirements of the Hardwoods and Stephenville gas turbines at the time. Hydro carried out an
extensive asset maintenance strategy (AMS) review in 2009, which reviewed the operation and

maintenance practices for all of its assets, and compared Hydro’s strategy to manufacturer’s

Newfoundland and Labrador Hydro 2019 Capital Budget Application Di3
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recommendations and to industry maintenance practices. This review determined the
appropriate level of maintenance to ensure the supply of least cost, reliable power. Some of the
key items of note from the AMS review for the Hardwoods and Stephenville gas turbines
where:

e bi-annual borescope of the gas generator;

e annual lube oil sampling and analysis;

o five-year filter replacement interval; and

e six-year instrumentation inspection.

Though these maintenance intervals were deemed suitable for the level of operation of
Hardwoods and Stephenville prior to 2014, it was not sufficient once the operating regime
changed in 2014. Starting in 2014, the Gas Turbine and Diesel team began continually
reassessing the AMS and modified it based on the new operational requirements. This resulted
in the following changes:

e semi-annual borescope of the gas generators;

e monthly lube oil sampling during the winter operating season;

e annual filter replacements;

e annual instrumentation inspection/calibration; and

e annual generator inspections with Original Equipment Manufacturer (OEM) support.

With these changes Hydro personnel can identify potential reliability issues before they occur.

5 Gas Turbine Reliability

The reliability of the Hardwoods and Stephenville gas turbines are measured utilizing the
Utilization Forced Outage Probability (UFOP) and Derated Adjusted Utilization Forced Outage
Probability (DAUFOP). UFOP is a metric that measures the percentage of time that a unit or
group of units will encounter a forced outage and not be available when required. DAUFOP is a
metric that also measures the percentage of time that a unit or group of units will encounter a

forced outage and not be available when required, but includes impact of unit deratings.

Newfoundland and Labrador Hydro 2019 Capital Budget Application D14
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The UFOP for Hardwoods and Stephenville from 2005 to 2017 are presented in Figure 3.
Hydro’s base planning assumption is UFOP 10.62% while the near term planning assumption for
UFOP is 20%. The average UFOP metrics for HWD and SVL since 2005 are 10.96% and 19.74%,
respectively, if the failure of the Stephenville alternator in 2012 is included. Since the change in
operating regime in 2014, the UFOP of both facilities have improved from 33.03% (HWD) and
15.55% (SVL) in 2014 to 2.91% (HWD) and 5.59% (SVL) in 2017. Since 2015 both facilities have
exceeded the CEA average UFOP for 2013 to 2017, which is 18.54%. The improvement in UFOP
can be attributed to modifications of Hydro’s gas turbine maintenance program to match the
new operational requirements, the lease of spare gas generators for installation in the event of
an in-service failure, as well as increasing the size of the gas turbine and diesel team to ensure

is it better resourced to respond reliability issues.

Hardwoods and Stephenville UFOP
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Figure 3: Gas Turbines UFOP 2005 to 2017

The DAUFOP for Hardwoods and Stephenville from 2006 to 2017 is presented in Figure 4. Hydro
began reporting DAUFOP in 2018, thus the base planning assumption has not yet been set. The

near-term planning assumption is 30%. The average DAUFOP since 2005 for Hardwoods and
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Stephenville are 25.33% and 47.02%, respectively. The DAUFOP for Stephenville includes the
failure of the SVL alternator in 2012. Since the operating regime changed in 2014, Hardwoods
has improved to be consistently under the new 30% near-term planning criteria. Hardwoods
DAUFOP is consistent with the 2013-2017 CEA average DAUFOP of 25.56%. Stephenville has
been consistently higher than the CEA average since 2008. This was accomplished by
minimizing the impact of gas generator failures by installing leased spare engines to reduce the
total plant derating while Hydro’s gas generators were being repaired. The failure of gas
generators, and vibration issues with the End A berth in Stephenville, also negatively impacted
the reliability of Stephenville such that the DAUFOP has been over 30% since 2008.
Stephenville’s DAUFOP has historically been higher than Hardwoods due to the criticality of the
Hardwoods to the IIS. If a reliability issue occurred in Hardwoods, the impact of these issues has
historically been mitigated by removing the required component from Stephenville. This
improved the performance of Hardwoods while impacting Stephenville and as shown in Figure

4.

Hardwoods and Stephenville DAUFOP
100

90

80

70

€0 = HWD
50 — SV
- HiHH
30 e -_H

20 -

10 -

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Figure 4: Gas Turbines DAUFOP 2005 to 2017
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6 Operational Issues

The Hardwoods and Stephenville gas turbines have experienced several operational issues in
recent years. The reliability issues that have had the greatest impact on the reliability of the
plants have been related to the failure of the internal components of the gas generators. Since
2014, there have been six gas generator failures involving internal components of the gas
generators. Primarily, the combustion cans have deteriorated to the point of failure resulting in
additional damage to the High Pressure (HP) and Low Pressure (LP) turbine sections of the gas
generator. All of these operational issues have resulted in the removal and shipping of the gas

generator to an offsite facility for repair and/or overhaul.

7 Major Asset Status

As a result of the recent operational issues experienced at Hardwoods and Stephenville, in 2015
Hydro began an asset management review to determine the long-term ability to maintain the
major components of each plant. This analysis included reviews of recent inspections,
maintenance and failure history, and consultation with the OEM and OEM authorized
representatives to determine the long-term viability of the major components. The assets
included in the review are the gas generator (Rolls Royce Olympus C), power turbines,
alternator, step-up transformer, automatic voltage regulator (AVR), control systems, and the

unit auxiliaries. The key findings of these discussions are outlined below.

7.1 Gas Generator

In November 2004, Rolls Royce organized an Olympus operator’s forum to discuss with
operators their plans for their equipment’s future so that a support strategy could be
developed to manage the equipment to retirement. The information from the forum showed

that the majority of the fleet would be retired from service in the 2010 to 2015 time frame.

In May 2006, Rolls Royce issued a service bulletin related to future support for Olympus gas
generators to advise operators of the future support of these components. The service bulletin

stated that these gas generators were introduced into service in the early 1960s and have been
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out of production since 1985. As a result, it was then becoming increasingly difficult and
expensive to support these units. The volume of parts used in overhaul is very small and the
Olympus parts use old materials and technology, accordingly suppliers were very difficult to
find and would charge a premium to manufacture small quantities of parts. At that time, Rolls
Royce decided to continue to supply parts until 2010. They also advised that Rolls Wood Group
(RWG) would continue to maintain an overhaul facility for as long as there was sufficient

demand.

Rolls Royce further advised operators of Olympus installations to develop either a retirement
plan or a plan for continued operation of their equipment. Operators planning to operate past
2010 were advised to ensure they discussed their overhaul plans with RWG in advance so that
parts could be provisioned to support the demand. Operators planning for continued operation
past 2015 were advised to either plan to migrate to new products or build up a sufficient stock
of spare parts, gas generators, etc. to provide support for the equipment’s planned operational
lifetime. They also committed to work with those operators who expected to operate past this

date to put in place plans for continued support through to the equipment’s retirement.

The OEM authorized overhaul facility for the Rolls Royce Olympus C gas turbine is RWG. In 2015
and 2016, Hydro consulted RWG to discuss the long term ability to service the Olympus C
engines. RWG indicated that due to the age of the Olympus engines new replacement parts are
no longer manufactured. Likewise, while some cold end (inlet and compressor sections) parts
are available, there are very few new hot end (combustor and turbine sections) parts available,
and as such a full overhaul to OEM specifications is not possible. The alternative is to complete
repairs using rehabilitated components; however, some components such as life cycle limited
spacers no longer exist. Additionally, any repairs cannot be completed to OEM specifications,
which can result in increased vibration and limited service life, which Hydro is experiencing with

recently repaired gas generators.
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Hydro also contacted Alba Power, the third party overhaul shop that completed the most
recent overhauls of Hydro’s Olympus gas generators. They have utilized rehabilitated
components to complete repairs for the most recent overhaul as outlined above. They have
indicated that given our current operating regime, they would estimate our engines will last five
to seven years or 1500 to 2000 operating hours. This is far less than previously anticipated
following the completion of an overhaul. Hydro has therefore decreased the planned time
between overhauls to 4 years, meaning that at least one gas generator overhaul will be
required annually until 2025 assuming the plants continue to operate as they are currently
operated. Hydro currently plans to overhaul one of its gas generators in 2019, which was last
overhauled in 2013. Recent borescope inspections of this gas generator have indicated
problems with the high pressure turbine section, which will be repaired in a planned manner in

20109.

Due to this information, it is the Hydro’s position that the Rolls Royce Olympus C gas turbines

are obsolete and are now the end of their service life.

7.2 Power Turbines
Hydro consulted the OEM for the Curtis Wright power turbines to discuss the long term ability
to service the power turbines. FERN Engineering (the current OEM) has indicated that due to
the age of the power turbines that the number of new components available is very limited.
Also, the ability to have new components manufactured is becoming difficult and limited. This
has resulted in increased costs and lead times to have new components fabricated as they are
required. Some of the components of concern are:
e Power turbine blades: There are a limited number of new turbine blades available; there
are not enough to completely rebuild a power turbine in the event of a catastrophic
failure. There are a limited number of used power turbines available that might be

available for purchase. The cost and lead times are currently unknown.

Newfoundland and Labrador Hydro 2019 Capital Budget Application D19
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Power turbine casings: There are no new casings available. There are a limited number
of used power turbines that might be available for purchase. The cost and lead times are
currently unknown.

Bellows: The bellows (expansion joint between engine and power turbine) are of a
design that is prone to failure due to fuel being trapped between the internal
components of the bellows. This design was modified by FERN Engineering to reduce
the risk of this type of failure; however, Hydro’s bellows were not upgraded at the time.
Two such failures were experienced in Hardwoods in 2017, one due to the apparent
failure of an oil pipe within the engine resulting in accumulation of oil in the bellows and
a second due to issues with a fuel control valve. Due to the age of the bellows, the
tooling to fabricate/repair the bellows has to be custom made; resulting in increased
fabrication costs (~$200,000 US per bellows) and long lead times (approximately 42
weeks). Hydro is currently refurbishing two bellows to incorporate the FERN
Engineering’s proposed modifications. These refurbished bellows will be installed prior
to winter 2018.

Deflector Ring: The deflector rings are a mechanical seal, which deflect exhaust gases
away from the power turbine journal bearings to ensure the bearings do not overheat
and fail while in service. The deflector rings have a limited service life (approximately 18
to 24 months) due to the thermal cycling they experience. FERN Engineering has
indicated that the deflector rings, while still available, are becoming more difficult have

manufactured.

Due to the limited availability and increasing cost of new components of the power turbines,

the power turbines are considered to be at the end of their service life.

7.3 Alternator
Hydro consulted the OEM for the alternators, Brush GMS, related to the long term viability of
the alternators. Brush has indicated that there are no obsolescence concerns with the

alternators in Hardwoods and Stephenville as they have been replaced (Hardwoods) and
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rewound (Stephenville) recently. As these generators operate most often as synchronous
condensers, there is an option to convert the alternators to synchronous condense service only.

The alternators at both plants are therefore suitable for service for the foreseeable future.

7.4 Step Up Transformer

Hydro reviewed the latest inspection and test results for the step up transformers for the
Hardwoods and Stephenville plants. The transformers at both facilities do not show any serious
signs of deterioration despite their age. Hydro typically retires transformer assets based on test
and inspection results and not on age. The transformers at both plants are therefore suitable

for service for the foreseeable future.

7.5 Automatic Voltage Regulator

Hydro consulted the OEM, ABB Canada, for the Automatic Voltage Regulator (AVR) in
Hardwoods and Stephenville. The AVR in Stephenville was replaced in 2009 and is still
supported by ABB. ABB has advised that the AVR in Hardwoods has entered the limited phase
and is approaching the obsolete phase of its life cycle. As such it will be increasingly difficult to
support the AVR should operational issues occur. As such, Hydro has submitted a 2019 Capital

Budget Application proposal to replace the AVR in Hardwoods in 2019-2020.

7.6 Control System

Hydro consulted the control system OEM, ABB Canada, to confirm the long-term ability to
service these components. ABB did not identify any obsolescence issues with the distributed
control system; however, ABB did identify that the human machine interfaces (HMI) in
Hardwoods and Stephenville are obsolete. As such, Hydro has submitted a 2019 Capital Budget
Application proposal to replace the HMI in Hardwoods in 2019-2020. Replacement of the HMI

in Stephenville is currently under review.

Newfoundland and Labrador Hydro 2019 Capital Budget Application D21
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7.7 Balance of Plant

The scope of the life extension projects to date has been focused on the balance of plant
auxiliary equipment. As a result, many of the balance of plant components are suitable for an
additional 15 to 20 years of service. In addition, replacement systems and components are
readily available in the event of obsolescence or end of life issues. Therefore the balance of
plant equipment is considered to be suitable for service with appropriate component

replacement for the foreseeable future.

8 Plant Requirements

As part of the Hydro asset maintenance review completed for Hardwoods and Stephenville, the
above noted obsolescence issues were identified. To properly determine the necessity of
addressing the obsolescence issues at these facilities, Hydro is determining the near-term and
long-term requirement for both Hardwoods and Stephenville facilities. The near-term life of the
Hardwoods and Stephenville gas turbines is considered to be prior to the Muskrat Falls being
released for service plus a full winter’s operation which is estimated to be 2021. Whereas the
long-term life is considered to be post Muskrat Falls in 2021 and are currently under review as
part of Hydro’s on going supply adequacy study, the results of which will be known in

November 2018. The preliminary findings for both facilities are presented below.

8.1 Stephenville

Hydro is currently completing a resource planning and transmission planning review for the
Stephenville Gas Turbine. The planning review consists of a review of the near-term and long-
term generation requirements for the facility. The initial conclusion from the review has
determined that the Stephenville Gas Turbine will be required for the near-term future until
approximately 2021. The long-term requirement from a generating planning perspective,
additional local or total system generation, is currently under review as part of the supply

adequacy study, which will be finalized for November 2018.
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From a transmission planning perspective, the replacement of existing gas turbine generating
capacity is not required at the Stephenville site to meet transmission system planning
requirements at this time provided that a 230/66 kV, 40/53.3/66.7 MVA power transformer
with on load tap changer (and associated 230 kV and 66 kV circuit breakers and disconnect
switches) are added at Bottom Brook Terminal Station. The addition of the 230/66 kV
transformer at Bottom Brook Terminal Station will provide back up or spare transformer
capacity for the loss of existing 230/66 kV transformer T1 at Stephenville Terminal Station or

loss of 230 kV transmission line TL209.

8.2 Hardwoods

Hydro is currently completing a resource planning and transmission planning review for the
Hardwoods Gas Turbine. The planning review consists of a review of the near-term and long-
term generation requirements for this facility. The initial conclusion from the supply adequacy
review has determined that the Hardwoods Gas Turbine will be required for the near-term
future, until approximately 2021. The long-term requirement from a generating planning
perspective, additional local or total system generation, is currently under review as part of the

supply adequacy study, which will be finalized for November 2018.

From a transmission planning perspective, if the Hardwoods Gas Turbine is retired and not
replaced in kind, it will be necessary to:
e advance the addition of 230/66 kV transformer capacity in the Hardwoods — Oxen Pond
Loop in 2026;
e advance the rebuild of TL242 to avoid thermal overload for loss of TL266 over peak in
2031; and

e add an additional source of station service to Hardwoods 66 kV bus B8 in 2021.

9 Potential Solutions

As part of its on-going long-term asset planning process, Hydro has reviewed several options to

address the obsolescence issues currently being experienced at Hardwoods and Stephenville, if
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the units are required post 2021. The options Hydro has considered are status quo operations,
repower, the conversion of both facilities to synchronous condense operation only, and the

early retirement of both facilities.

9.1 Status Quo

This option includes the continued operation of the gas turbine facilities until their end of
service life as determined in 2007 as part of the “Condition Assessment and Life Cycle Cost
Analysis — Hardwoods and Stephenville Gas Turbine Facilities”, (HWD- 2025 and SVL- 2028). To
ensure the reliable operation of these facilities given their current operating regime, Hydro will
have to continue to invest significant capital, approximately $25.7 million, into these assets as
outlined below in the capital plan review. The majority of this investment would be overhauls
of engines based on time and condition based overhaul. Status quo is not considered a viable
alternative as the prime movers at each plant are obsolete and despite the suggested capital
investment of $25.6 million, the units would continue to experience operational issues and in-

service failures resulting in plant and system reliability impacts.

9.2 Repower

Since the main components impacted by obsolescence are the prime movers (gas generators
and power turbines) Hydro consulted the current suppliers of gas turbines to determine if
repowering of these facilities is feasible. Repowering consists of replacing the prime movers for
the plant and the associated auxiliaries as needed. In the case of Hardwoods and Stephenville,
the gas generators, power turbines, air intakes, exhaust stacks, lube oil systems, fuel oil
systems, and control system would have to be completely replaced or extensively modified to
successfully repower these units. This results in a capital investment comparable to the
construction of a new facility. Also, any of the repowering options would be a one-off design
and as such OEM support and troubleshooting would prove difficult. Thus repowering is not

considered a viable alternative should the facilities be required post 2021.
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9.3 Conversion to Synchronous Condenser Only

The prime movers for each facility are suffering from obsolescence issues, which results in
operational issues and increased Operating and Maintenance (O&M) costs to maintain an
acceptable level of reliability. If it is determined that both facilities are not required to provide
generation support, but voltage support is required for the long-term reliability of the IIS, both
facilities can be converted to a synchronous condenser facility. Starting of the alternator for
synchronous condense operation can be accomplished using the existing gas turbines or with
the installation of a pony motor fitted with a variable frequency drive (VFD). Conversion of
either of these facilities to a synchronous condense facility in either the near or long-term
timeframe will required the transmission system modifications outlined in the plant
requirements of this report. This is a viable alternative for the long-term future for these plants,
in particular Hardwoods, should the need for synchronous condense be identified as result of
the supply adequacy study. The cost of this option will be analyzed in the supply adequacy

report if additional synchronous condensing is required in the future system.

9.4 Retirement of Stephenville

The prime movers for each facility are suffering from obsolescence issues, which results in
reliability issues and increased O&M costs to maintain an acceptable level of reliability. The
current status quo operation into 2025 and 2028 is no longer a viable alternative, also it has
been identified that Stephenville will not be required to meet the transmission system planning
requirement if the required upgrades to the Bottom Brooke Terminal Station are completed.
Thus, the retirement of the Stephenville facility in 2021 can delay the retirement of the
Hardwoods facility for 1-2 years. The retirement of Stephenville will provide spares of the
obsolete prime mover components to minimize the impact of operational issues that may occur
at Hardwoods. Thus the Hardwoods facility can continue to operate until Hydro has exhausted
the spare components produced by retiring Stephenville. This option will require the proposed
modification to the Bottom Brook Terminal Station (230/66 kV, 40/53.3/66.7 MVA power
transformer, and associated 230 kV and 66 kV circuit breakers and disconnect switches) to

ensure reliability from a transmission planning perspective for the Stephenville area.
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9.5 Retirement

The prime movers for each facility are suffering from obsolescence issues, which result in
reliability issues and increased O&M costs to maintain an acceptable level of reliability. If it is
determined that these facilities are not required in any configuration for the long-term
reliability of the IIS, both facilities can be retired and decommissioned. Retirement of either of
these facilities in either the near or long-term timeframe will require the transmission system

modifications outlined in the plant requirements of this report.

10 Capital Plan

As shown in the attached tables, Hydro has prioritized the capital expenditures for the
Hardwoods and Stephenville gas turbines for 2019. The planned capital expenditures for
Hardwoods and Stephenville in 2019 include only the projects that will be required to ensure
reliable service until approximately 2021, when the Muskrat Falls is expected to be released for

service.

10.1 Original Planned Retirement

To ensure the reliable operation of the Hardwoods and Stephenville gas turbines until their
original retirement dates of 2025 and 2028 capital expenditures of $25.7 million will be
required. The capital expenditure planned for 2019 is approximately $3.2 million, which is
required regardless of the retirement date of the facilities. The detailed capital plan is outlined

in Appendix A.

10.2 Early Retirement 2021

To ensure the reliable operation of the Hardwoods and Stephenville gas turbines until the first
units in Muskrat Falls are placed in service a capital expenditures of $3.2 million will be required
in 2019. Subsequent capital projects are subject to change depending on the results of the

supply adequacy study. The detailed capital plan is outlined in Appendix A.
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11 Supply Adequacy Review Update

Hydro is currently in the process of reviewing its reliability criteria and assumptions as a part of
the Supply Adequacy Report (the Report), to be submitted to the board on November 15, 2018.
The result of this review will allow Hydro to, among other objectives, assess the impact of the
retirement of the Hardwoods and Stephenville Gas Turbines prior to the original retirement
dates of 2025 and 2028. This section provides an update on the process and the current state of

the Report.

Hydro currently reports to the Board two times per year on generation adequacy through the
Near-Term Generation Adequacy (NTGA) Report. This report is submitted in May and
November annually. The current report focuses on the ability of Hydro to reliably supply the
Island Interconnected System (IIS) until the winter of 2021-2022 under a number of scenarios.

The NTGA examines asset reliability, energy in storage, and forecast load, with appropriate
sensitivities modeled as required. To support this analysis, Hydro conducts a thorough
assessment of its assets and the potential risks to the reliable operation of key generation
assets, reflected in the projections of availability metrics based on historical data and the
anticipated impact of planned improvements. The NTGA also provides a probabilistic
assessment of generation in the form of Loss of Load Hours (LOLH) and Expected Unserved

Energy (EUE).

Previously, Hydro had prepared an annual Generation Planning Issues Report. This report
contained a discussion of load forecast and growth, sanctioned additions and retirements, suite
of alternative supply options, and culminated in an expansion plan to meet provincial
requirements. A separate report was produced addressing transmission issues. The last

Generation Planning Issues Report was published in 2012.
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11.1 Future Supply Adequacy Reporting

In August 2017, Hydro committed to provide a Report to the Board on November 15, 2018

containing:

Demand and energy projections in the operational (<3 years) and planning (3-10 year)
horizons;

Asset integrity, in-service and retirement plans;

System adequacy analysis including the identification of potential capacity or energy
surplus/deficit;

Discussion of near-term resource options;

Generation expansion analysis;

Sensitivity analysis; and

Other issues as required.

In order to achieve this, Hydro intends to submit a report containing two volumes:

Volume I: (filed in November 2018 only)

Review of historical and industry practices
Recommended criteria and assumptions
Setting of reserve margin target

Alternate reserve margin targets for sensitivities

Volume IlI: (updated and filed annually)

Assessment of 10-year supply adequacy
Includes generation and transmission
Identification of sources of supply

Expansion required to meet planning criteria

After 2018, Hydro intends to request a modification to the Supply Adequacy Report submission

schedule to report on an annual basis. Volume Il of the report will be updated and filed

annually while Volume | will be a reference document for future assessment of supply
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adequacy. It is Hydro’s intent that the annually filed Supply Adequacy Report will incorporate
aspects of the NTGA report and the Generation Issues Report, serving to apprise the Board of

Hydro’s ability to provide reliable service for customers in both the near and long term.

As a part of this report, the reliability criteria and assumptions that Hydro currently uses will be
reviewed. Hydro has engaged a consultant, Daymark Energy Solutions (Daymark), to assist in
this review. Hydro, with the assistance of Daymark, will review the best practices of other
similar utilities, the NERC planning standards, and Hydro’s historical practices to develop a new

set of assumptions and criteria that will be appropriate for the system after interconnection.

11.2 Modelling
11.2.1 Historic Modelling
Historically Hydro has used Strategist, a software package developed by Ventyx, to calculate
LOLH and to develop expansion plans. Strategist has a number of limitations that make it
unsuitable after interconnection, including:
e Strategist does not support dynamic modelling of transmission lines. Accurate modelling
of the Labrador Island Link is key to an accurate model of the provincial system;
e Hydraulic generation is not well supported and models become less accurate as the
penetration of hydraulic generation increases; and
e The software will soon no longer be supported by manufacturer for new expansion

planning activities and support is becoming more difficult to find.

11.2.2 Transition to Plexos

In 2017, Hydro started looking for a replacement for Strategist, with Plexos being identified as
the preferred option. In August 2017 Hydro entered into a lease agreement with Plexos and is
currently in the process of migrating its models from Strategist to Plexos. It addition to
analyzing generation adequacy, Plexos is capable of embedding consideration of the hydrology,
transmission and external markets when evaluating system adequacy. Plexos is used heavily in

the utility industry, and is used by other Atlantic Canadian utilities.
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The development of the expansion plan will be done in two phases, the setting of the reserve
margin target and the development of the least cost expansion plan. Both will be done in
Plexos. The specific details of the modelling approach will be described in detail in the
November report. Hydro has engaged W H Energy Solutions, a Plexos modelling expert

consultant, to assist in the development and verification of the model.

11.3 Generation Options
As a part of the expansion plan a number of sources of additional generation are considered as
expansion candidates, should system conditions require generation expansion. Through its
Plexos model, Hydro will evaluate all of the potential options and choose the lowest cost
expansion plan that meets the reliability criteria. The following expansion options will be
considered:

e Fast start gas turbines (60 MW and 120 MW);

e Combined cycle combustion turbine (170 MW);

e New hydro (Island Pond, Round Pond, Portland Creek, Exploits);

e Hydro units (Bay D’Espoir 8, Cat Arm 3);

e Wind (9 MW and 100 MW);

e Solar;

e Battery storage;

e Customer Demand Management (CDM) including rate-based approaches;

e Curtailable load; and

e Market purchases.

Several thermal options will be considered, 60 MW and 120 MW Simple Cycle Gas Turbines and
170 MW Combined Cycle Gas Turbines. Both options will use diesel fuel and will have fast start
and synchronous capabilities. Several locations will be investigated for each thermal option.

There are three new hydro plants that will be considered, Round Pond, Island Pond and
Portland Creek. Round Pond and Island Pond are 18 MW and 36 MW units respectively, on the

Bay d’Espoir system. Portland Creek is a 23 MW isolated hydro plant on the Northern Peninsula.
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There are also two expansions to existing plants that are being considered as a part of this
analysis Bay d’Espoir Unit 8 and Cat Arm Unit 3. Bay d’Espoir Unit 8 is a 154 MW unit, identical
to Unit 7. Cat Arm Unit 3 is a 68 MW Unit, identical to the other two units at Cat Arm. Both

units would not provide any additional energy to the system, only capacity.

As an alternative to increasing new generation it may be more cost effective to offer incentives
to reduce customer demand. The two methods of reducing customer demand that will be
considered are curtailable contracts and customer demand management (CDM). Curtailable
contracts include the continuation of the large industrial curtailable load contracts that are
currently in place. CDM is providing incentives for smaller customers to reduce loads at peak.

There are several approaches to achieving this, which will be discussed in the final report.

12 Conclusions

The Hardwoods and Stephenville gas turbines serve several important functions to the IIS and
their local area. Several in-service failures have occurred in recent years that resulted in Hydro
completing an asset management review of both facilities. Asset review has identified that
many of the major components of at these facilities (gas generators, power turbines, HMIs and
Hardwoods AVR) are obsolete. Continued status quo operation beyond 2021 of these facilities
would require extensive capital expenditures to ensure the plants remain reliable until their
original retirement dates (HWD- 2025 and SVL- 2028). Given the age of the gas generator and
power turbines, the availability and condition of replacement components, and recent
operational issues, the risk of continued in-service failures is high even with the original capital

plan to reach the plants’ end of service lives.

It is Hydro’s opinion that these plants are not suitable for long term reliable operation as they
are currently dispatched.
Hydro has concluded the following options are possible dependent on the outcome of the
Supply Adequacy Review:

1. Retire both facilities in 2021 if there is no requirement for them to support the IIS.
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2. Convert Hardwoods to synchronous condense, if required, to support the Avalon
Peninsula and retire Stephenville in 2021. The requirement to do so is being considered
in Hydro’s November 2018 Supply Adequacy study.

3. If additional investment is determined to be required in the form of generation or
synchronous condense capability and Hardwoods is not the required solution,
Stephenville could be retired and spare components from Stephenville could be used to
increase the useful life of Hardwoods by 1-2 years, until a suitable replacement can be

constructed if required.

Hydro will maintain the Hardwoods and Stephenville facilities until Muskrat Falls is released for
service. Hydro has determined several viable options Hardwoods and Stephenville post 2021.
The exact plan for the units beyond 2021 will be confirmed in the supply adequacy report to be
filed in November 2018.
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Appendix A

Hardwoods and Stephenville Capital Plan
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