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Newfoundland and Labrador Hydro a NALCOR Energy Co.

Holyrood Thermal Generating Station @
Condition Assessment & Life Extension Study ame

IMPORTANT NOTICE

This report was prepared exclusively for Newfoundland and Labrador Hydro, a NALCOR Energy
Company, by AMEC Americas Limited. The quality of information, conclusions and estimates contained
herein is consistent with the level of effort involved in AMEC Americas Limited services and is based on: i)
information available at the time of preparation; ii) data supplied by outside sources; and iii) the
assumptions, conditions, and qualifications set forth in this report. This report is intended to only be used
by Newfoundland and Labrador Hydro, a NALCOR Energy Company, including as support for planning
and regulatory filings with its regulatory body, subject to the terms and conditions of its contract with
AMEC Americas Limited. Any other use of, or reliance on, this report by any third party for purposes
unrelated to Newfoundland and Labrador Hydro a NALCOR Energy Company'’s planning and regulatory
proceedings is at that party’s sole risk.

APPENDICES

Significant detailed technical information on equipment and systems was initially developed as input to
this report. This information is documented in Appendices 4 through 34. The additional detailed
information in these Appendices is intended primarily for the reference use of Hydro engineering and
plant technical specialists. These appendices should be considered as “Working Papers”.
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HOLYROOD THERMAL GENERATING STATION
CONDITION ASSESSMENT AND LIFE EXTENSION STUDY

EXECUTIVE SUMMARY

Introduction

Holyrood Thermal Generating Station (Holyrood) is a three unit, nominally 500 MW, heavy oil fired, steam
cycle fossil generating station. It is located on the south shore of Conception Bay in the province of
Newfoundland and Labrador, between the towns of Holyrood and Conception Bay South. Holyrood was
constructed in two stages - Units 1 and 2 in the late 1960's and Unit 3 in 1977.

When all three units are in operation at full MCR (maximum continuous rating), Holyrood is capable of
supplying approximately 33% of the Newfoundland and Labrador electricity demand. Typically, the units
operate during the late fall to spring peak period and supply a minimum load of between 80 MW and 150
MW. The Unit 3 generator is also capable of synchronous condenser operation for grid voltage control.

Units 1 and 2 were built in the late 1960’s as #6 fuel oil fired 150 MW units. Unit 1 entered service in
September 1970 and Unit 2 in April 1971. These two units were modified in 1987 to increase their
capacity to 175 MW. Unit 3 is a 150 MW unit and was built in 1979 and came online in February 1980.

Holyrood Phase 1 Condition Assessment Study

AMEC Americas Limited (AMEC) was contracted by Newfoundland and Labrador Hydro (Hydro), a
NALCOR Energy Company, to conduct Phase 1 of a Condition Assessment and Life Extension Study for
the Holyrood Generating Station.

The basis for the study was essentially:

= 2010 to 2015 Electricity Generation — similar to recent historical operation;
= 2015 to 2020 Electricity Generation - as-required, primarily “Standby” basis; and

= 2015 to 2041 Synchronous Condensing Operation — Units 1 and 2 converted to synchronous
condensing capable in 2014/15 and all Units operating primarily in synchronous condensing
mode to support system stability.

AMEC was to perform an initial condition assessment, generally referred in the electric utility industry as a
“Level 1" assessment. This involved:

i. The review of existing maintenance and inspections information and plans, equipment and
systems reviews with maintenance and operational staff, and independent visual walk-about
inspections as appropriate.

ii.  The development of equipment and systems assessments for:

a. condition;

b. action plans;

c. technical and safety risk;

d. life cycle status;

e. level 2 inspection requirements; and
f. capital investment timing.

iii. The development of key conclusions and recommendations.
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The primary focus of the review was on the major equipment and systems that would be required for
synchronous condensing mode operation to 2041 (i.e. generators, transformers, switchyard systems,
electrical systems), but those systems required only for electricity generation to 2020 (i.e. boiler, steam
turbine, fuel systems) were addressed with the 2020 end of life date as context.

Overall Plant Assessment

Holyrood is considered to be a relatively modern design plant and in good condition.

Holyrood is expected to be able to meet either the 2015 or 2020 dates for the end of its electricity
generation role with capital refurbishments and replacements primarily due to typical mid-life
refurbishment requirements, old age effects, and obsolescence. These are detailed later in the body of
the report, but examples would include many of the breakers and motor control centres, the waste water
treatment basin building structure and ventilation system, the plant elevator, and equipment such as
vacuum pumps, emergency diesels and air compressors. To minimize a decrease in reliability, additional
spares such as a spare 4 kV motor for each boiler feed pump, a forced draft fan, and a circulating water
pump are recommended. A complete overhaul or replacement of the gas turbine generator and balance
of plant would also be recommended, given its importance in a return to operation in the event of a
system failure and its use as a system emergency power source.

Holyrood is also expected to be able to meet its 2041 end of life date for operation in a synchronous
condensing mode, but will require some further substantial equipment refurbishments and replacements
specific to that role. These are identified later in the report, but examples of these would include generator
rewinds, powerhouse and pump house roof replacements, switchyard breakers and motorized switches
refurbishments/replacements, and synchronous condensing conversions.

Holyrood Units 1 2, and 3 are approximately 41, 40, and 31 years of age respectively. However, given
their historical seasonal based, lightly loaded service, the operational age for the majority of its equipment
and systems is more like 20, 19, and 16 years, respectively. The plant has been well managed and
maintained. The units have also seen minimum service at either their maximum continuous rating (let
alone over-pressure/over-temperature) or at extreme minimum load. The units tend to operate between
70 and 140 MW (40% and 80% load) and most often around 110 to 125 MW (65-70%). Unit 3 has seen
modest synchronous condensing operation since its retrofit in 1986.

As mentioned previously, Units 1 and 2 were uprated from 150 to 175 MW in 1987. The components that
were modified or replaced during the unit upgrade have a longer life as compared to the original
equipment. These support a longer life expectation for the station as a whole.

The boiler and its major elements were one of the plant’s major reliability and life issues. The original high
sulphur (2.5%) and high vanadium fuel oil caused significant corrosion and fouling problems that led to
upgrades to some of the boiler heat transfer surfaces. In 2009, the change to a higher quality, lower
sulphur (0.7%) fuel oil has significantly improved boiler reliability and efficiency and is expected to have a
positive impact on the life of boiler systems.

As indicated above, there is no reason why the plant cannot continue to generate electricity reliably to the
year 2020 as identified. Similarly, if and when Units 1 and 2 are converted to synchronous condensers
(current plan is conversion in 2014) to provide system support, the units and the plant should be able to
fulfill that role to 2041. There are several pre-requisites to this, including continued and enhanced
inspection and maintenance programs, planned major equipment refurbishment such as generator stator
and rotor rewinds, controls and alarms upgrades, and switchgear and breaker refurbishments and
replacements.

A key to extending plant life will be the generators, transformers, and switchgear. Units 1, 2, and 3 have

major generator inspections scheduled for 2012, 2014, and 2016 respectively. They also have reliability
issues that may require a near term need for stator and/or rotor rewinds and possibly later in their life core
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or rotor replacement. Transformers are at the point in their lifecycle where significant degradation also
occurs. More frequent or continuous monitoring of their condition is required to forewarn of any problems
arising. Existing switchgear is in many cases at or near end of life and refurbishment and replacement is
required.

Several other key issues with single contingency systems, given age and failure history also raise red
flags and include:

= The single contingency failure risk of the fresh/raw water supply from Quarry Brook Pond;
= The single contingency failure risk of the clarifier failure, at least until 2020; and
= The 42 year age and condition of the black start gas turbine — reliability, parts obsolescence

make a detailed evaluation critical; especially as the island interconnected system has indicated a
potential need for it as an emergency power source.

The black start gas turbine generator and its balance of plant is in need of a major overhaul, as well as
refurbishment and replacement of its stack and air intake systems. In addition, it is likely that its fuel
receiving and feeding system will need a major overhaul as soon as practical within the next two years.

If Hydro addresses the key issues and maintains a vigorous maintenance and inspection program, there
is no technical reason that the plant cannot reach its 2020 generation end of life and 2041 synchronous
condensing end of life targets.

Phase 2 Condition Assessments (Level 2 Inspections)

Following the Condition Assessment process (detailed in Section 3 of the report), AMEC identified several
areas of the plant that had inadequate available information to develop a reasonable, definitive position
on whether those areas/equipment could reach their desired end of life or where decisions on run or
repair/replace could be taken with certainty. These areas under the Condition Assessment process
should undergo a Level 2 inspection.

A summary of the recommended Level 2 inspections and their costs are presented in Section 12 of the
report. More details are provided for specific units and systems/equipment in Sections 8 to 11 of the body
of the report. It should be noted that the costs include the costs for the enhanced inspection/overhauls for
the steam turbine and generator for Units 1, 2, and 3 in 2012, 2014, and 2016 respectively. The priorities
(identified as Priority 1 through 4, with 1 being the highest) are somewhat subjective, based on the
experience and expertise of AMEC staff.

Table ES-1 is a summary of Level 2 costs by priorities by year.
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TABLE ES -1 LEVEL 2 ACTIVITIES SUMMARY BY PRIORITY LEVEL BY YEAR

T?;' 2010 | 2011 | 2012 | 2013 | 2018 | 2015 | 2016 | 2017
Priority 1 S17547 | 5302 | S1600 | $2615 | 542 | 9615 | 813 | s46e | 50
Prioriy 2 811 | $0 | $773 | $1.679 | §1920 | $229 | $0 50 50
Prioriy 3 22 | 0 | 217 | %0 50 % %0 ) 30
Priority 4 $0 $0 $0 $0 $0 $0 $0 $0 $0
Total §20580 | 9300 | $2500 | $6.494 | $1.073 | $6.420 | §13 | S4687 | %0

Table ES-2 is a summary of Level 2 costs by priority level by year for the major plant areas. These plant
areas are broken down into synchronous condensing required plant equipment (Synch Cond); steam
turbine and auxiliaries (Stm Turb) plant equipment required only for electricity generation; boiler and
auxiliaries (BIr Stm) plant equipment required only for electricity generation; switchyard and transformer
(Switchy & TS) equipment required for both synchronous condensing and electricity generation; and black
start gas turbine and auxiliaries (GTG) equipment and facilities.

TABLE ES-2 LEVEL 2 ACTIVITIES PRIORITIZED SUMMARY BY PLANT AREA BY PRIORITY AND YEAR

T‘;;;a' 2010 2011 2012 2013 2014 2015 2016 2017

Synch Cond Priority 1 $7,894 $73 $1,494 $2,286 $0 $1.,961 $0 $2,081 $0
Synch Cond Priority 2 $594 $0 $594 $0 $0 $0 $0 $0 $0
Synch Cond Priority 3 $207 $0 $202 $0 $0 $5 $0 $0 $0
Synch Gond Priority 4 $0 $0 $0 $0 $0 $0 $0 $0 $0
Stm Turb Priority 1 $7,463 50 100 $2,311 50 $2,451 0 $2,601 50
Stm Turb Priority 2 $147 b0 147 $0 50 $0 0 $0 b0
Stm Turb Priority 3 $15 $0 $15 30 $0 %0 $0 $0 $0
Stm Turb Priority 4 $0 b0 50 0 50 $0 0 0 50
Blr Stm Prioirity 1 1,758 50 50 0 50 $1.758 0 0 50
Blr Stm Prioirity 2 4,070 50 $33 $1,879 $1,929 $229 0 0 50
Blr Stm Prioirity 3 $0 $0 30 $0 $0 $0 $0 $0 $0
Blr Stm Prioirity 4 $0 $0 $0 $0 $0 30 $0 0 50
Switchy & TS Priority 1 $228 $116 36 $18 $44 $25 $13 6 50
Switchy & TS Priority 2 $0 $0 $0 $0 $0 $0 $0 $0 $0
Switchy & TS Priority 3 $0 $0 $0 $0 $0 30 $0 30 $0
Switchy & TS Priority 4 $0 $0 $0 $0 $0 $0 $0 $0 $0
GTG Priority 1 $203 $203 0 50 50 0 0 0 50
GTG Priority 2 $0 $0 ] 30 0 0 0 0 o)
GTG Priority 3 $0 $0 $0 $0 $0 $0 $0 $0 $0
GTG_Priority 4 $0 $0 $0 $0 $0 $0 $0 $0 b0

Total $22,580 $392 $2,590 $6,494 $1,973 $6,429 $13 $4.687 50
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Conclusions & Recommendations

The study conclusions and recommendations are summarized in Section 14 and Section 15 of the report
respectively. They are organized into:

Overall and Station Wide

Site Conditions

Common Facilities

Unit 1

Unit 2

Unit 3

Black Start Gas Turbine

Switchyard

Facility Management

Sections 14 and 15 should be referred to for this information.
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Degree Fahrenheit

Degree Celsius

British Thermal Unit

Carbon dioxide

Control Room Operator

Control Room Operator Unit 1 (or 2 or 3)
Circulating or cooling water
Generator (Only)

Hydrogen

High Pressure

Kilovolt

Kilovolt ampere reactive

Kilowatt

Kilowatthour

Low pressure

Maximum

Motor control centre

Maximum continuous rating
Millimetres

Megagrams

Milligrams

Main output transformer
Megavoltampere

Megavolt ampere reactive
Megawatt /megawatt gross/megawatt net
Megawatt hour/ megawatthour gross megawatthour net
Minute

Oxygen

Pound per hour pounds per square inch gauge
Pounds per square inch absolute
Parts per million (dry volume basis)
Percentage

Revolutions per minute
Synchronous condenser

Standard cubic feet per hour

Shift control operator

Super heat

Steam turbine

Steam turbine generator
Transformer #7

Thermal generating station
Terawatthours (1,000,000 MWh)
Vars

Volts

“Warm” start

Work order

Water treatment plant

Yards
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HOLYROOD THERMAL GENERATING STATION
CONDITION ASSESSMENT AND LIFE EXTENSION STUDY

1 INTRODUCTION

1.1 General Description of Holyrood Thermal Generating Station

Holyrood Thermal Generating Station (Holyrood) is a three unit, nominally 500 MW, heavy oil fired, steam
cycle fossil generating station. It is located on the south shore of Conception Bay in the province of
Newfoundland and Labrador, between the towns of Holyrood and Conception Bay South. Holyrood was
constructed in two stages - Units 1 and 2 in the late 1960’s and Unit 3 in 1977.

When all three units are in operation at full MCR (maximum continuous rating), Holyrood is capable of
supplying approximately 33% of the Newfoundland and Labrador electricity demand. Typically, the units
operate during the late fall to spring peak period and supply a minimum load of between 80 MW and 150
MW. The Unit 3 generator is also capable of synchronous condenser operation for grid voltage control.

Units 1 and 2

Units 1 and 2 were built in the late 1960’s as #6 fuel oil fired 150 MW units. Unit 1 entered service in
September 1970 and Unit 2 in April 1971. These two units were modified in 1987 to increase their
capacity to 175 MW.

Furnaces/Boilers: Units 1 and 2 are equipped with Combustion Engineering (now Alstom) tangentially
fired natural circulation boilers. The boilers have twelve burners, four on each of three levels, designed to
fire a 2.5% sulphur residual crude oil. In January 2009, Holyrood's fuel was changed to a 0.7% sulphur oil
to reduce sulphur dioxide emissions, as well as particulate and sulphur trioxide.

The units are neither equipped with low NOx burners nor Overfire air for low NOx operations, nor any
particulate capture devices. They were originally equipped with flue gas recirculation for reheat
temperature control which was removed early in their service. The furnace is a pressurized furnace
design with a forced draft fan, but no induced draft fan. As a consequence, in recent years, considerable
effort has gone into assuring minimal furnace leakage into the plant.

The Units 1 and 2 boilers each has two x 50% forced draft (FD) fans driven by 4.16 kV induction motors.
And two x 50% Lungstrum regenerative rotary air preheaters. The fan ducts are interconnected
downstream of their outlet dampers and upstream of the air preheaters to allow single fan use, and also
downstream of the air preheaters.

Upstream of the Lungstrum air preheaters, there are two steam coil air heaters. They are controlled to
maintain the cold end metal temperature of the air preheater above the acid dewpoint temperature to
reduce corrosion and plugging. They are typically designed to enable suitable operation down to -5 °C
(20 °F) at 70% MCR.

Steam Turbine Generators: The Unit 1 and 2 steam turbine generators are General Electric (GE) three
cylinder HP/IP/double flow LP 3600 rpm tandem compound turbines with GE hydrogen cooled
generators. The units were modified by GE in 1987 to increase their capability to 175 MW. The HP
turbines’ throttle pressure was increased to 13.1 MPa at a superheat temperature of 538 °C. Units 1 and
2 turbines are somewhat unique in that they are not equipped with a main turbine shaft driven oil pump

28 Jan 2011 P164200 Revision 0 Page 1-1



Muskrat Falls Project - Exhibit 44

Page 45 of 725
Newfoundland and Labrador Hydro a NALCOR Energy Co.
Holyrood Thermal Generating Station
Condition Assessment & Life Extension Study ame

but have chain driven turning gear motors in the front of the unit, which in recent years have had some
reliability issues.

The GE hydrogen cooled generator feeds its own unit exciter transformer which powers a DC static
exciter. The exciter supplies a DC field voltage through a carbon brushgear slip ring assembly located on
the outboard end of the generator. The normal hydrogen gas pressure in the generator casing is 310 kPa.

Condensers: The condenser is a Foster Wheeler design with 1842 m? (65,025 ft%) of surface area. It is
serviced by two x 100% duty vacuum pumps to maintain a 3.4 kPa (1" hg) pressure at maximum
continuous rating (MCR).

Cooling Water System: The cooling water (CW) system feeding the condenser for each unit receives
seawater cooling from two x 50% cooling water pump systems located in the Stage 1 pumphouse. Each
pump can provide approximately 2250 L/s (35,700 USGPM) depending on tide) or about 3785 L/s
(60,000 USGPM) operating together. Prior to entry into the CW pumps, water flows through two X 100%
1893 L/s (30,000 USGPM) Link Belt double entry traveling screens. The travelling screens function to
remove debris from the cooling water prior to entering the pump system.

Feedwater System: The feedwater system for each unit consists of six stages of feedwater heating, a
reserve feedwater storage tank system, and two feedwater pumps. The six stages of feedwater heating
includes two low pressure (LP) heaters, one deaerator feedwater heater and three high pressure (HP)
heaters after the feedwater pump.

Deaerator and HP Feedwater System: The deaerator for each unit is in effect an LP heater. It includes
a deaerator storage tank of approximately 81,650 kg (180,000 Ibs) — enough water to supply the boiler
feed pumps for about 10 minutes at MCR. The elevation of the deaerator is designed to provide the
necessary net positive suction head (NPSH) for the boiler feedwater pumps. Two x 50% boiler feedwater
pumps are provided and either can operate and maintain up to a 90 MW load on the unit. They are
double case, horizontal construction pumps rated at 75 L/s (1185 USPGM) at a head of 1829 m (6000 ft).
Each pump is driven by a 3550 rpm, 3000 HP 4.16 kV, three-phase induction motor. There is no variable
frequency drive (VFD) or fluid coupling as is common at other larger units. The three HP feedwater
heaters (HP4, HP5, and HP6) are used to raise the feedwater temperature to the necessary economizer
inlet temperature. There is no redundancy. HP 4 and HP5 must be bypassed as a set (for example in the
event of a high condensate level trip). HP6 can be bypassed individually if necessary.

Condensate System: The condensate system for each unit consists of two x 100% condensate
extraction pumps to remove condensate from the condenser, a gland steam condenser and one 100%
flow condensate polishing system. The condensate extraction pump is a vertical canister pump that
circulates condensate water through the gland steam condensers, the LP heaters, and then into the
deaerator. The pumps are controlled to keep approximately 56 cm (22 inches) of water in the hotwell
(approximately 33,566 kg or 74,000 Ibs). The hotwell control, in parallel with the reserve storage tanks,
manages variations in feedwater flow. The reserve feedwater storage tank system is designed to provide
for surge and emergency requirements and consists of one high level tank and one low level tank,
including a second high level tank originally intended for Unit 4, as well as associated piping, transfer
pumps, and valving. Each tank has a capacity of approximately 90,850 L (24,000 USG). The transfer
pumps have a capacity of 18.9 L/s (300 USGPM) at a head of 105 m (345 ft) and can transfer water
between units and can also be used for boiler filling and washing.
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Unit 3
Unit 3 is a 150 MW unit and was built in 1979 and came online in February 1980.

Furnace/Boiler: Unit 3 has a #6 fuel oil fired Babcock and Wilcox front wall-fired, natural circulation
boiler. It has nine burners on three levels. It was designed to produce about 135 kg/s (1,072,000 Ibs/hour)
of steam at 13,030 kPa (1890 psig) at a superheated temperature of 541.6 °C (1005+/-10 °F), and 125.1
kg/s (993,000 Ls/hr) of reheat steam at 3716 kPa (539 psig), 541.6 °C (1005 °F).

The unit is neither equipped with low NOx burners nor Overfire air for low NOx operations, nor any
particulate capture devices. The furnace is a pressurized furnace design with a forced draft fan, but no
induced draft fan. As a consequence, in recent years, considerable effort has gone into assuring minimal
furnace leakage into the plant.

The boiler has two x 50% forced draft (FD) fans driven by 1500 HP, 4.16 kV induction motors. Each FD
fan servicing Unit 3 produces about 139.5 m*/s (295,200 ACFM) at 8.8 kPa (35.23" w.g.) at 35 °C (95 °F).
It has two x 50% Lungstrum regenerative rotary air preheaters. The fan ducts are interconnected
downstream of their outlet dampers and upstream of the air preheaters to allow single fan use, and also
downstream of the air preheaters.

Upstream of the Lungstrum air preheaters, there are two steam coil air heaters. They are controlled to
maintain the cold end metal temperature of the air preheater above the acid dewpoint temperature to
reduce corrosion and plugging. They are typically designed to enable suitable operation down to -5 °C
(20 °F) at 70% MCR.

Steam Turbine Generator: The Unit 3 steam turbine generator is a Hitachi three cylinder HP/IP double
flow LP 3600 rpm tandem compound turbine and a Hitachi hydrogen cooled generator. Unit 3 HP throttle
pressure is 12.4 MPa at a superheated temperature of 538 °C. Its main steam flow is rated at 121 kg/s
(960,644 Ibs/hr) and up to 135 kg/s (1,072,000 Ibs/hr) at valves wide open (VWO).

The Unit 3 turbine generator, unlike Units 1 and 2, has an internal shaft driven oil pump in the front
standard, which supplies lubricating oil to the bearings, power oil (relay oil) to drive the east and west
main steam stop valves, the control valves, and the east and west combined reheat intercept stop valves
and other various valves associated with the unit.

Condensers: The condenser is a Foster Wheeler design with 1842 m? (65,025 ft) of surface area. It is
serviced by two x 100% duty vacuum pumps to maintain a pressure of 3.4 kPa (1 inch hg) at MCR.

Cooling Water System: The cooling water system feeding the condenser receives seawater from two x
50% cooling water pump systems located in the Stage 2 Pumphouse. Each pump can provide
approximately 2250 L/s (35,700 USGPM depending on tide) or about 3,785 L/s (60,000 USGPM)
operating together. Prior to entry into the CW pumps, water flows through two X 100%, 1893 L/s (30,000
USGPM) Link Belt double entry traveling screens. The travelling screens function to remove debris from
the cooling water prior to entering the pump system.

Feedwater System: The feedwater system consists of six stages of feedwater heating, a reserve
feedwater storage tank system, and two feedwater pumps. The six stages of feedwater heating include
two LP heaters, one deaerator feedwater heater and three HP heaters after the feedwater pump.

Deaerator and HP Feedwater System: The deaerator is in effect an LP heater. It includes a deaerator

storage tank of approximately 81650 kg (180,000 Ibs) — enough water to supply the boiler feed pumps for
about 10 minutes at MCR. The elevation of the deaerator is designed to provide the necessary NPSH for
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the boiler feedwater pumps. Two x 50% boiler feedwater pumps are provided and either can run to
maintain up to 90 MW load on the unit. They are double case, horizontal construction pumps rated at
75 L/s (1185 USPGM) at a head of 1829 m (6000 ft). Each is driven by a 3550 rpm, 3000 HP, 4.16 kV, 3
phase induction motor. There is no VFD or fluid coupling, as is common at other larger units. Three HP
feedwater heaters (HP4, HP5, and HP6) are used to raise the feedwater temperature to the necessary
economizer inlet temperature. There is no redundancy. HP 4 and HP5 must be bypassed as a set (for
example in the event of a high condensate level trip). HP6 can be bypassed individually if necessary.

Condensate System: The condensate system consists of two x 100% condensate extraction pumps to
remove boiler water from the condenser, a gland steam condenser, and one 100% flow condensate
polishing system. The condensate extraction pump is a vertical canister pump which circulates
condenser water through the gland steam condensers, the LP heaters, and into the deaerator. The
pumps are controlled to keep approximately 56 cm (22 inches) of water in the hotwell (about 33,566 kg or
74,000 Ibs). The hotwell control, in parallel with the reserve storage tanks, manages variations in
feedwater flow. The reserve feedwater storage tank system is designed to provide for surge and
emergency requirements and consists of one high level tank and one low level tank. It also includes a
second high level tank, originally intended for Unit 4, as well as associated piping, transfer pumps, and
valving. Each tank has a capacity of approximately 90,850 L (24,000 USG). The transfer pumps can
transfer water between units and can be used for boiler filling and boiler washing. The pumps can provide
up to 18.9 L/s (300 USGPM) at a head of 105 m (345 ft).

Fuel Oil Storage & Delivery

Fuel oil is delivered by tanker to the unloading docks and from there is delivered by an electrically heat
traced pipeline to the fuel oil storage tank farm. The tank farm consists of four 33,710 m® (212,000 USG)
tanks. Each tank has two suction heaters for temperature control of the oil discharge, as well as two
immersion heaters that are supplied by auxiliary steam. Condensate is discharged via steam traps to a
drainage system. From the tank farm, the fuel oil supplies a day tank located on the northeast side of the
powerhouse via an 18 inch steam heat traced supply header by gravity flow.

The heavy oil day tank was replaced when Unit 3 was installed. The tank provides gravity flow to the
supply pumps on each individual unit. For example, Unit 3 has a maximum flowrate requirement of 10.08
kg/s (80,000 Ib/hr) supplied by two x 100% positive displacement pumps through two x 100% fuel oil
steam heaters providing 99 °C (210 °F) oil to the units. If required, there is a bypass around the day tank
from the main tank farm.

A light oil system is used for the initial start-up of the boilers during a cold start when atomizing steam is
not available for firing with #6 oil. The oil system consists of storage tanks that are connected to two X
100% positive displacement pumps via a header complete with a recirculation system back to the tanks
from the burner front header. The pumps have a discharge pressure of approximately 1034 kPa (150
psi). During start-up, light oil is fired into the boilers in the bottom level of burners. Atomizing air is
provided for burner firing and for burner purging during boiler shutdown.

Compressed Air: Compressed air systems are provided for both Stage 1 and Stage 2. The air
compressors for Stage 1 have been replaced, but the service air pressure vessels and instrument air
pressure vessels are original equipment and are scheduled for replacement. Stage 2 originally had two X
two-stage water cooled rotary screw Atlas Copco compressors providing compressed air to the service air
system. A new replacement VFD air compressor was installed in 2008. A portion of compressed air is
extracted from the service air receivers and is then filtered and dried for use as instrument air. Cooling
water is provided from the general service water system for the cooler and aftercooler requirements for
the air compressors.
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Gas Turbines

The gas turbine generator system serves as a black start unit for the station and is occasionally used for
system support.

As the power source for the 13.5 MW packaged generating unit, the gas generator employs a Rolls-
Royce AVON 1533-70L (#37029) aeroderivative gas turbine used by Associated Electrical Industries
(AEI) of Manchester, England. Manufacture of this type of generating unit commenced in the mid 1960's.

The unit was supplied to the Newfoundland and Labrador Power Commission in 1966 and was
considered to be a development model. The generator unit itself is comprised of a number of
components: inlet plenum, AVON 1533-70L power turbine, exhaust system, gearbox, generator, fuel oil
system, governor/fuel control and lubricating oil system. It receives ambient air from the inlet plenum. To
significantly boost the air pressure, this air is compressed via a 17- stage axial flow compressor in the
forward section of the AVON 1533-70L. Fuel is supplied to an eight burner combustion section to
facilitate a rapid increase in the temperature and velocity of the axial air flow. A three-stage turbine in the
back end of the AVON 1533-70L uses a portion of the axial air flow to increase compressor rotational
speed and to boost delivery. The high temperature, high velocity gas is used to drive the power turbine
and generator through a gearbox. The engine has its own on-board lubrication system complete with
circulating pumps and a reservoir.

The unit has had significant overhauls/repairs in 1978, 1986, 1991, and 2007.

Buildings

Main Buildings: The main buildings on site are:

= Main Powerhouse (Boiler House, Steam Turbine Hall, Administration Building, Water Treatment
Plant)

=  Waste Water Treatment Process Building

=  Waste Water Treatment Basin Building

= Stage 1 Pumphouse Building

= Stage 2 Pumphouse Building

These are generally steel clad buildings with concrete foundations. The powerhouse roofing is primarily
flat asphalt roofing with some clad steel roofs on some of the administration and water treatment parts.
The other buildings have insulated, steel clad roofing.

Peripheral Buildings: The peripheral buildings include the following smaller buildings:

= Training Centre

= Guardhouse

= H2 and CO2 Storage Building
= Shawmont building

= Main Warehouse

= Pipe Shop

= Emergency Response Building
= Gas Turbine Building

= Chemical Storage Building
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The buildings are either pre-engineered steel buildings or traditional steel buildings sitting on concrete
foundations.

Powerhouse Heating and Ventilation: Steam type unit heaters are provided throughout the building, as
well as access door heaters. For Stage 1, there are 69 operational unit heaters (including door heaters).
For Stage 2, there are 25 unit heaters and five door heaters. Unit heaters are typically 19,870 kJ/min
(1,130,000 BTU/hr) and door heaters typically 19,870 kJ/min (1,130,000 BTU/hr).

Combustion air requirements are drawn through the FD fan intake ducts which can draw air from either
inside or outside of the powerhouse, depending on the outdoor temperature. The powerhouse ventilation
system is designed to balance the combustion air needs against excessively cold or warm temperatures,
drafts, and negative pressures in the powerhouse. For Stage 2, there are two roof vents and six
horizontal wall vents.

A warm air make-up system was installed in 1992 in an attempt to ensure that plant pressure and air
temperature were maintained at satisfactory levels. It included vent rooms with steam coil heaters on both
the north and south walls of the plant. There have been issues with automated control under some
circumstances that have resulted in freezing issues with nearby water lines inside the plant. The plant
intends to put these systems into a manual control mode.

Pumphouse Heating and Ventilation: Twelve steam type unit heaters are provided in the Stage 1
pumphouse (2286 kJ/min — 130,000 BTU/hr) and one door heater. Four steam type unit heaters are
provided in the Stage 2 pumphouse and one door heater. The unit heaters are typically 19,870 kJ/min
(1,230,000 BTU/hr) and the door heaters 19,870 kJ/min (1,130,000 BTU/hr). The buildings also have roof
ventilating fans.
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2 PROJECT DESCRIPTION & SCOPE

AMEC Americas Limited (AMEC) was contracted by NL Hydro, a NALCOR Energy Company, to conduct
Phase 1 of a Condition Assessment and Life Extension Study for the Holyrood Generating Station.

2.1 Study Basis
The basis for the study is as follows:

= 2010 to 2015 Generation Life
1. Annual Capacity Factor (ACF)/pattern: ACF between 30% and 75% until 2015
2. Reliability: high, similar to current
3. Condition Assessment and Life Extension Schedule:
= Phasel-2010
= Phase 2-2011
= Implementation — 2012 and beyond
= 2015-2020 Generation Standby
1. Capacity required
2. Operating pattern likely
3. Hot/cold standby — time for return to service, and
4. Reliability/availability of generation
= Synchronous Condensing 2015-2041
1. Capability (generator, transformers) — similar to Unit 3
2. Operating pattern and requirements
= Gas Turbine Operation
1. Capacity required
2. Operating pattern likely
3. Reliability/availability of generation
4. Life: 2020
=  Subsequent equipment condition analyses

2.2 Study Focus
The study focuses on the following key assets:

Generators

Switch gear and switchyard

Transformers

Control system associated with generators
Station auxiliary systems

Buildings and building M and E system
Cooling water system associated with generators
Gas turbine generator and diesel gensets

. Hydrogen and carbon dioxide

10. Compressed air

11. Generator lube oil

CoNoOA~LONE
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Nevertheless the other “Lower Priority Systems/Equipment” addressed include:

1. Fuel Systems (light and heavy oil);
2. Boiler System:

a. Boilers

b. Feed water system

c. Heat exchangers

d. Condensers

e. Deaerators

f. FD fans

g. Air preheaters

h. Stacks and breaching

i. DCS associated with steam systems
j- Electrical & instrumentation associated with steam systems
Turbines

o0k w

Cooling water system associated with steam systems
Waste water treatment facility
Water treatment system

The study scope excludes consideration of the Holyrood marine terminal.

28 Jan 2011 P164200 Revision 0 Page 2-2



Muskrat Falls Project - Exhibit 44
Page 52 of 725

Newfoundland and Labrador Hydro a NALCOR Energy Co.
Holyrood Thermal Generating Station
Condition Assessment & Life Extension Study ame

3 METHODOLOGY

The study methodology included the following steps:

= Initial kick-off meeting and site visit
= Development of Asset Register & Flow Chart
=  Site review and equipment/facility inspections

= Review the Holyrood Plant Maintenance Program — review existing information/background data
and staff interviews

= Review and analysis of information and data obtained through:

1.

ok wb

6.

Existing studies on condition assessment, life expectancy, previous studies of life
extension, and the associated costs (capital and O & M) of such programs

Previously noted physical inspection reports of equipment

Equipment lost time analysis data

Interviews and discussions with NL Hydro management

Interviews and discussions with Holyrood Operations and Maintenance personnel
Analysis of power demands vs Holyrood generation capabilities

= Analysis of the impact and value of capital upgrades and operational and maintenance
improvements

1.

Determination of remaining equipment and facility life — using existing information,
experience, and OEM consultations as required to develop life cycle curves for major
critical equipment and facilities; and

Conduct equipment risk of failure analysis for major plant components, equipment,
systems, and the entire facility. Identify any components or systems that require further
investigation; and make recommendations for work that will be required to extend the
plant's useful life into the future with the same high degree of reliability as experienced in
the past.

To the extent practical, the approach followed the intent of the EPRI Condition Assessment Level 1
process or a reasonable alternative approach as determined by individual technology experts. The basic
approach consistent with the EPRI Level 1 approach is:

= Examine only design or overall service parameters

= Compare, using conservative considerations, the residual life to the anticipated extended service
period (or the interval to the next inspection whichever is less)

= Incorporate service and measurement information where practical, available and useful including:

1.

© N O~ WD

10.

28 Jan 2011

Unit running hours

Numbers of starts and stops — hot, warm, cold, trips, ramp rates
Unit load records

Failure history and analyses reports

Maintenance activities

Specifics of past component repairs and replacements
Materials of construction composition checks

Dimensional checks

Steam temperature histories

Design parameters
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The generic EPRI condition assessment methodology is illustrated in Figure 3-1. This chart includes step
numbers used in the report to identify where in the process various systems and equipment are
considered to be.

Assemble service
\ information
historical records

NO
. 4

> 2 .
S Is key -
Information -
Missing?

NO.

3 /
3a
Level I i
{ I —VES Establish
YES \ I:afl:ftli ™\ re-evaluation
= period

T
NO

4
Gather additional
— information
' (generally inspection
\ results)

Y

5 \ 4 5a
Level I1 \ VES »! E;tal)llsf]
Analysis / re-inspection
Is RL>=DL / \ period
NO

A

6
6a { Y

. | Cost Evaluation
Conduct root  <&NC 7 (1 Level 1T $

cause analyses | Justified)

l | YiS
| ;

6b \ / 7
Mitigate driving Gather additional

force / information -
/ (sampling, analyses,
\ inspections) y

8a
/ Establish

re-evaluation and
8 ‘ YES \ re-inspection period /
Level III A /
Analysis /
Is RL>=DL

10 \ NO

/ Choose to ¥
repair/replace/refu / 7
\ rhish components / / a A
e 7 Understand root

cause of
damage

NOTE: Remaining Life (RL) is the estimated reliable remaining life of a piece of equipment or system
based on available inspection and equipment data. Desired Life (DL) is the desired life of the component,
but for decision making is the earlier of the desired end of life (EOL) date or the next inspection that can
yield date for life assessment purposes.

FIGURE 3-1 GENERIC EPRI CONDITION ASSESSMENT METHODOLOGY
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For mechanical systems, it considers aspects such as:
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Feature

Level |

Level Il

Level lll

Failure History

Plant records

Plant records

Plant records

required?

Dimensions Design or nominal Measured or nominal Measured
Condition Records or nominal Inspection Detailed inspection
Temperature and Design or operational Operational or Measured
pressure measured

Stresses Design or operational Simple calculation Refined analysis
Material properties Minimum Minimum Actual material
Material samples No No Yes

More rigorous assessment
More accurate operation data required

More accurate estimate of equipment RL

N4

A4

FIGURE 3-2 EPRI METHODOLOGY — INFORMATION REQUIREMENTS

The Level 1 analysis considers several issues, such as:

= Has the unit component operation exceeded its design parameters (i.e. temperature, pressure)

for significant periods of time or by significant amounts?

=  Will the required future service requirement exceed significant design parameters (i.e. cycling,

two-shifting capacity) without suitable modification?

= Has unit maintenance and reliability shown that the design philosophy and materials have not

been conservative since the units was operational?
= Has the failure history been excessive?

The following figures illustrate some more detailed, specific considerations within the generic approach

for high temperature steam headers:
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P164200 Revision 0

Page 3-3




Muskrat Falls Project - Exhibit 44
Page 55 of 725

Newfoundland and Labrador Hydro a NALCOR Energy Co.

Holyrood Thermal Generating Station @
Condition Assessment & Life Extension Study ame

Assemble design information
(dimensions, materials, minimum
creep rupture, pressure,
temperature, stresses)
and service information
(boiler running hours, past
repairs/replacements, dimension
and composition checks)

v

Answer the following

key questions:

Has unit significantly exceeded design YES
P (pressure) and/or T (temperature)? EE—
¥ NO
Will future service involve P YES
and/or T above original design? —_—
¥ NO
Has failure history of YES Go to Level |l Assessment
boiler been excessive? —_——
* NO
Are steam temperature records available? YES >
¥ NO
Go to Level | Assessment

FIGURE 3-3 GENERAL ROADMAP FOR HIGH TEMPERATURE STEAM HEADERS

Construct histogram of steam
temperatures; adjust to obtain
nominal metal temperatures

v

Input design and nominal
parameters; calculate hoop stress

o =P(D-d)
2nd

v

Input minimum values of rupture
lives from ASTM or ISO data;
calculate life fraction extended

LFE =X 1t
L.

v

Calculate remaining life

RL = (1-LFE)t,

v

Is remaining life greater than

| NO the desired life? YES

Set inspection interval; maintain
accurate operating records

Go to Level |l Assessment

FIGURE 3-4 LEVEL | ASSESSMENT: HIGH TEMPERATURE HEADERS
The intent in moving from Level 1 to Level 2 is to address items with insufficient information to make

decisions going forward. For example in the chart below, Level 1 allows selection of a number of
components to replace, repair or refurbish, but leaves the majority as uncertain.
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amec”

LEVEL Il

Visual Inspection’
Physical Examinalion

LEVEL Il

Instrumentation
and Monitaring

://
LEVEL IV

Special
Diagnostic Testing

RIR
——Run—
Uncertain /B
——Run

FIGURE 3-5 FOUR-LEVEL ELECTRICAL COMPONENT LIFE ASSESSMENT

For electrical systems, the same basic steps as the generic flowsheet in Figure 3-1 are used for this
study. Figure 3-6 presents a more detailed perspective of the considerations in the process.

EW DATE e
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FIGURE 3-6 GENERAL LIFE ASSESSMENT PROCESS: ELECTRICAL EQUIPMENT
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3.1 Background Information and Studies

The key background information and studies included the following:

3.2

Identification of key equipment;

Identification of recent improvements/changes — fuel, major modifications, etc.;
Vendor consultation;

Current/planned station budgets and plans;

Timing of changes — likelihood;

Staffing, Operating, Maintenance and Administration (OMA) plans;

Criteria for operation and operating parameters;

Major equipment to be considered;

Present design and operating data — e.g. temperatures, vibration data, cooling water and oil
temperatures, etc. at typical load points;

Facility drawings as required, preferably on CAD;

Maintenance data for each major piece of equipment, especially from the last major maintenance
outage. Details of known limitations, and operating concerns; and

Details of major repairs performed on major equipment.

Field Investigation

It was agreed that the scope and results of field investigative work, analyses undertaken, variables
examined, and operational considerations would address:

Station operating hrs and cold/warm/hot starts by unit and year since start up
Station operating hrs and cold/warm/hot starts by unit and month from January 2007 to present

Major station outages and associated reports (planned, major maintenance) by unit particularly
those since 2000

Major plant equipment and system changes (i.e. major fuel change, equipment change-out, major
boiler upgrades, steam turbine modifications and generator modifications) since in-service
(particularly in last 10 years) including the scope and timing of the changes

Major inspections (and associated reports) on key equipment and systems since 1997 — including
timing of the inspections and scope

Unit performance — capacity, heat rate, availability since 2000
Current budget and business plan information details
Occurrences where the actual operating conditions exceeded the equipment design conditions
including:
1. High pressure and temperature steam and/or water
Superheat and reheat steam systems
Boiler feedwater and boiler tube systems
Steam turbine components
Higher than design flue gas temperatures (associated with boiler systems)
Vibration
Hydrogen pressure or temperature (in generator)

No ohMwbd

A list of the initial documentation provided by NL Hydro is presented in Appendix 1.

28 Jan 2011 P164200 Revision 0 Page 3-6



Muskrat Falls Project - Exhibit 44
Page 58 of 725

Newfoundland and Labrador Hydro a NALCOR Energy Co.
Holyrood Thermal Generating Station
Condition Assessment & Life Extension Study ame

3.3 Scope, Key Features and Parameters of Study
The study scope was discussed with NL Hydro during an initial kick-off meeting and it was agreed that:

= AMEC would use the Holyrood asset register as the primary index, highlighting the equipment
and systems that would be addressed and the level to which they would be assessed. The green
areas indicate the equipment and systems that would be addressed and the level of the
assessment — i.e. system, sub-system, and equipment. The marked up list is attached as
Appendix 1.

= The generic EPRI Condition Assessment approach illustrated in Figure 3-1 is the methodology
employed. The boiler analyses followed the specific approach in Figures 3-3 and 3-4 for high
temperature headers. The more generic approach, using industry and individual expert
experience, taking into account Holyrood specific information, was applied in most other cases.

= The intent is to provide an assessment of Level 2 requirements including schedule and cost.
Given the stage of and eventual scope of the work, as well as the economic environment, an
accuracy of +/-10-15% is a target at best, typically achieved during detailed quotes on actual
work, and the overall costs are practically speaking more of a +10/-25% quality, typical of this
stage of the work.

The following key features of the study were identified:

= No new detailed information was to be developed. The assessment was to be based on existing
information obtained through existing documents and studies, plant interviews, and readily
undertaken visual inspections (walk-downs).

= The findings of existing studies, even to the extent of MCC findings of obsolescence should be
taken into account.

= The timing of planned equipment inspections and overhauls should be taken into account. The
intent of the EPRI Level 1 methodology is to determine whether a piece of equipment or system
can either reach its intended planned life or reach its next major inspection and overhaul. If it is
determined that the equipment cannot reach its planned life or next major inspection/overall, then
a Level 2 condition assessment is necessary.

= The study will focus primarily on key equipment systems required for synchronous condensing
operation up to 2041, beyond the generation plans for 2010 to 2020.

3.4 Cost Estimating and Schedule - Phase 2 of a Condition Assessment
Program

In considering the requirements for a Phase 2 study that includes a Level 2 Condition Assessment, it was
agreed that AMEC would provide a cost estimate and schedule to complete a Phase 2 study, including
quarterly cost and cash flows for 2011.

The Phase 2 study plan would include the assumptions made and basis used for preparation of the cost
estimate. Where practical, the cost estimate will target an accuracy range of +/- 10%. It was identified
and agreed that this would not be practical in many cases given the stage of work and the labour and
materials marketplace and any key considerations pertinent to completing Phase 2 of a condition
assessment program relating to the cost estimate and schedule provided. A fairly conservative approach
was taken such that the overall costs are practically speaking of a +10/-25% quality, typical of this stage of
the work.
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3.5

Site Visits

AMEC staff visited Holyrood several times from January through May of 2010. These included:

Two one-week visits by lan Leach and Blair Seckington in January and May 2010;

A one-week visit by three members of AMEC Nuclear Safety Solutions (NSS) in February 2010
and an additional one week visit by a single member of NSS in March 2010;

A one-week visit by Blair Seckington in April 2010 to address balance of plant issues and project
updates; and

Several day visits by AMEC St John's staff to address civil, structural, gas turbine, and balance of
plant issues between January and May 2010

In the course of these visits, meetings and interviews included the following staff:

Plant management team as a whole — kick-off, scope, areas of responsibility, general information
sharing, and NSS work scope;

Terry LeDrew (Plant Manager) — key plant issues and asset history;

Jeff Vincent (Manager-Long Term Asset Planning) — various plant asset conditions, capital plans,
Instrumentation and Controls (I&C), Electrical, and organization;

Wayne Rice (Manager-Work Execution) — various equipment and system conditions and plant
staffing;

Sean Mullowney (Plant Electrical Engineer) — various technical issues and programs regarding
electrical systems, instrumentation, and controls;

Paul Woodford (Maintenance Contracts Engineer) — NDE and test program results;

Christian Thangasamy (Plant Mechanical Engineer) — various technical issues and programs
related to condensers, boilers, synchronous condenser, steam turbine generator, motors, and
pumps;

Mike Flynn (Mechanical Maintenance Supervisor) — crane maintenance and the balance of plant
(BOP) systems;

Mike Manuel (Manager-Environment, Health and Safety) — water treatment plant, performance,
plant future as a generating facility, and reliability;

Ed Finn (Plant Chemist) — water treatment plant, waste water treatment plant, water and steam
chemistry conditions, water system, and condensate polishing systems;

Alonso Pollard (Performance Specialist) — performance data (reliability and availability),
condenser performance and modifications, and cooling water pipe conditions;

Gerard Cochrane (Manager - Operations) — plant and equipment performance issues, plant
operations issues, and operational labour issues;

Plant Shift Supervisors and Operators (various) — plant operations issues and performance;
Ron LeDrew (Emergency Response Coordinator) — Emergency Response Team (ERT) activities;

Bob Coish (Retiree, former Holyrood Plant Asset Manager, Co-Lead on Holyrood Asset
Maintenance Review) — past major projects, asset conditions, and changes;

John Adams (Alstom Technical Director) — boiler pressure parts, , air and gas side conditions,
information, overhaul , inspection, and design information for Units 1,2, and 3;

Brandon Berlin (GE Technical Director) - Steam turbine and generator information, condition
assessments, overhaul, inspection, and design information for Units 1, 2, and 3;
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= Jerry Goulding (Retiree, former Shift Supervisor, Asset Specialist, and Co-Lead on Holyrood
Asset Maintenance Review) —past major projects, asset conditions, and changes; and

= Bob Garland — (Asset Specialist) — Controls and condensate polishers.
In addition, the following meetings were held at Hydro Place located in St John's:

January

= Project Kick Off;
= Assess base information availability; and
= Clarify project scope

= Update on project status; and
= Review asset register with respect to equipment status and history

= Review maintenance history

3.6 Technological Risk of Failure Analysis

The risk assessment model has been developed based on methods proposed by the American Petroleum
Institute (APl RP 580), in lieu of a model specific to the power utility industry. The basic concept consists
of a 4 x 4 matrix with the consequence measured in cost terms on the base or horizontal axis and the
likelihood or frequency of the event on the vertical axis. The study risk of failure analysis was performed
using the model illustrated below in Table 3-1.
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TABLE 3-1 TECHNOLOGICAL RISK OF FAILURE ANALYSIS MODEL

A B C D

Low Risk . Medium Risk High Risk .

Likelihood of Failure Event:

1. Greater than 10 years
2. 5to 10 years

3. 1to5years

4. Immanent (< 1 year)

Consequence of Failure Event:

A. Minor ($10k-$100k or derating/1 day outage)
B. Significant ($100k-$1m or 2-14 days outage)
C. Serious ($1m-$10m or 15-30 days outage)
D. Major (>$10m or >1 month outage)

Actions:

e |tems that do not apply are not ranked
e Low Risk: Monitor long term (within 5 years)

e Medium Risk: Investigate and monitor short term. Take action where beneficial

e High Risk: Corrective action required short term
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3.6.1 Safety Risk Failure Analysis

In addition to the technological risk of failure analysis, a preliminary safety risk of failure analysis was
undertaken at NL Hydro's request. Its basic format is based on that of the technological risk assessment
model above and is somewhat of a hybrid of the more complex “Real Hazard Index” model used by the
US Department of Defense. The modified model is presented below in Table 3-2.

TABLE 3-2 SAFETY RISK FAILURE ANALYSIS MODEL

Low Risk . Medium Risk High Risk .

Likelihood of Safety Incident Event:

1. Improbable — so that it can be assumed not to occur
2. Unlikely to occur during life of specific item/process
3. Will occur once during life of specific item/process

4. Likely to occur frequently

Consequence of Safety Incident Event:

A. Minor - will not result in injury, or illness

B. Marginal - may cause minor injury, or illness
C. Critical - may cause severe injury, or iliness
D. Catastrophic - may cause death

Actions:

e |tems that do not apply are not ranked;
e Low Risk: Monitor, take action where beneficial;

¢ Medium Risk: Investigate and monitor short term. Take action where beneficial; and

¢ High Risk: Unacceptable. Corrective action required short term
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3.7 Priority Rating

A numbered priority was assigned to the various “Recommended Actions”, “Level 2 Inspections”, and
“Capital Enhancements” throughout Sections 8 to 11 of this report. The scale used was from “1” to “4”. A
“1” is the highest priority and essentially means that this activity should definitely be undertaken and
where practical in or about the timing identified. A “4” is the lowest priority and essentially means that the
item is essentially low risk and low impact and may be much more readily delayed or undertaken in some
other fashion. The priority ranking is a subjective relative ranking by AMEC, meant to be an aid to Hydro
in allocating resources and assessing trade-offs and program delays.

The priority ranking is not based on a rigorous process, but does take into consideration a number of
aspects such as:

1. The impact (likely and worst case) of the item under consideration on achieving the end of life
(EOL) goal, on plant operation health and safety, and on environmental and regulatory
requirements;

The urgency of the need for action on the item under consideration;

The degree of certainty of the requirement for the item under consideration;

The experience at Holyrood and in the broader industry context with the item;

The ability to mitigate or address the issue in other ways;

The timing of the recommended response to the item under consideration;

The cost of the item under consideration relative to others; and

The ability of existing and planned or ongoing actions to address the item in a timely and
successful manner.

© N oM WN

The priority value of any item should be read in the context of its recommended timing. An item can be a
“1", but be scheduled for a later date if it is deemed that sufficient information exists to be confident of the
minimal likely impact of the deferral (usually to tie in with a planned major activity such as an overhaul).
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4 HOLYROOD ASSET REGISTER

One task of the project was to develop an asset register for the plant.

Initially the plan was to use a system based on the CEA/Monenco/OPG Thermal Subject Index
(TSI)/System Classification Index (SCI) that is very plant/system user-friendly and uses the same “asset
numbers” with a different prefix for equipment serving the same purpose on similar units and even across
stations.

NL Hydro currently has a financial system based asset register for Holyrood. At the direction of NL Hydro,

this system was used for the study. It was agreed with the Holyrood Plant Manager which assets would
be addressed during the study. These are highlighted in green in Appendix 1.
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5 HOLYROOD PLANT MAINTENANCE PROGRAM REVIEW

As input to the overall condition assessment and life extension study of the plant, AMEC reviewed the
Holyrood plant maintenance program using existing information, background data, and staff interviews.
AMEC is aware that the plant preventative maintenance (PM) program is currently undergoing a major
review by NLH and is scheduled to be completed by the end of 2010. AMEC is also aware that the plant
is currently re-organizing to better define its long term asset management role and its shorter term
maintenance role.

The review consisted of observations of the role of the maintenance programs, past and present, as well
as a focused review during the week of May 10, 2010. Reviews were undertaken with Wayne Rice,
Bob Coish, Jerry Goulding, Jeff Vincent, Todd Collins, as well as several of the plant maintenance and
operations staff. The discussions also included the new NL Hydro corporate asset maintenance review
strategy.

5.1 Maintenance Strategy

The maintenance strategy presently in effect at Holyrood is basically a “Best Practices” approach,
implemented through a combination of in-house resources for work performance and/or management. It
also includes external resources for major equipment technical support, overhauls, and external
contracting for specialized services. It uses the long term asset management and short term maintenance
implementation model to ensure that both long term goals and short term needs are both addressed.

From AMEC's perspective, in most areas of the operation, the maintenance strategy and the asset
management program at Holyrood are well implemented and consistent with other thermal generating
stations across North America.

5.1.1 Maintenance Implementation

As mentioned above, Holyrood maintenance is implemented through a combination of in-house resources
for work performance and/or management and external resources for major equipment support,
overhauls, and external contracting for specialized services.

For the major critical components such as boilers and boiler auxiliary systems, steam turbines,
generators, and auxiliary systems, NL Hydro uses multi-year maintenance contracts. The boiler contract
is currently in place with Alstom Power and the steam turbine generator contract is with GE. Under these
contracts, the service contractors provide the majority of the boiler, turbine and generator maintenance,
including major and/or minor overhauls. Alstom and GE have technical directors on site ensuring that
Holyrood’s needs are met.

The plant also has approximately 20 — 25 smaller contracts such as winter snow plowing, garbage and
waste disposal, drinking water supply, pressure washing and vacuum truck requirements, etc. Specialized
areas such as Non Destructive Evaluations (NDE), high energy pump maintenance, and elevator
servicing are also contracted because of the limited number of times these services are normally
required.

Maintenance activities on the remainder of the plant are completed by the maintenance department under
the direction of the plant’'s supervisory staff. If required, technical representatives from either the
equipment supplier directly or a qualified representative from contracted technical resource companies
will aid in dismantling and rebuilding specific equipment.
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The use of contractors and external technical resources ensures consistent quality and efficient utilization
of maintenance budgets. It is extremely difficult and expensive to maintain every specialized skill set
required within a thermal generating station and the use of external resources is cost effective.

5.2 Staffing
Figure 5-1 below provides an overview of the basic plant staffing configuration as of August 2010.

The long term asset planning department is responsible for monitoring and updating the 20 year plan,
asset register, critical spares database, maintenance programs, and capital program. The department
consists of the engineering support staff as shown in the Figure 5-1. The work execution department is -
well organized and in line with conventional disciplines. The department includes:

e Mechanical Maintenance — 21 positions
e Electrical Maintenance — 6 positions

e Instrumentation & Control Maintenance — 7 positions

e Planning — 4 positions
The operations department consists of a manager, operations specialist, performance specialist, and
thirty six operations support staff.

The safety, health, and environment department consists of a manager, safety coordinator, environmental
technologist, chemical technologists, and emergency response technicians.

The plant support services department consists of a team lead, three administrative staff, and four
warehouse staff to support all plant departments.

In 2010, AMEC compared the staffing requirements of the six x 150 MW Burrard Thermal Generating
Station (TGS) (BC Hydro, seasonal peaking station) against the Lennox TGS (four x 500 MW oil and gas
fired station) located in Ontario (OPG, peaking station) and the two x 175 MW and one x 150 MW oil fired
Holyrood TGS (NL Hydro, seasonal capacity and base/intermediate). The details of the comparison are
illustrated below in Table 5-1.
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FIGURE 5-1 BASIC STAFFING CONFIGURATION — AUGUST 2010
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R. Coles 110-38

E3
Manager Thermal
Generation
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| [Project & Quality B.P. Hynes 214-41 V.B. Corbett 214-15 — Thermal Plant Lead Thermal Plant
ate £ 14-20 : Operator tor
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TABLE 5-1 STAFF COMPARISON TABLE BETWEEN BURRARD TGS/HOLYROOD/LENNOX GS

Station Burrard Holyrood Lennox
6 x 150 MW 2x 175, 4 x 500 MW
1x 150 MW
Plan Scenario
Position (Seasonal
Base)

Station Manager 1 1 1
Maintenance/ Engineering / Asset
Section
Maintenance Mgr./ Asset Mgr. 1 2 2
Maintenance Management Supervisors 1 4 3
Engineering Supervisors/ Asset &

: 1 0 4
Mechanical
Engineers Asset / Maintenance 4 6 4
Mechanical Trades & Supervisors 11 9 21
Electrlc_al & Instrument Trades & 16 12 23
Supervisors
Communication Protection & Control 2 Corp Corp
General Trades & Supervisors 6 7 11
Operations Section
Operations Manager 1 1 1
Operations Management Supervisors 1 2
Supervising Shift Engineers 5 5 0
Hands on Operators 35 31 62
Environment and Performance 0 1 0
Manager (Safety, Health & Envir.)
Environmental Advisor (management) 1PT 0 1
Chemist or Chem. Group Leader 1 1 1
Chemical / Environment Technicians 5 7 8
Thermal Technical Specialist 1 1 0
Office Administration
Admm_lstrator / Support Services 1 1 1 Corp
Coordinator
Clerical Staff 4.5 3 2
Corporate Finance 0 3 -Lnx only
Planning
Manager or Leader 1 1 1
Schedulers/ Planning Technicians 3 3 2
Stores 2 4 7
Safety (+ Emerg. Response Team) 1 1(+5) 1 Corp

Total 103 107 162+

Notes: PT = Part Time, Corp= Corporate

Each of these facilities has adopted similar maintenance strategies. However, the numbers in the table
indicate that Holyrood may require some additional electrical/instrumentation support and likely more
administrative support, as well as the currently planned civil engineering support.
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5.2.1 Staff Training

Holyrood operates as a seasonal base loaded plant between November and April and tends to be either
on or off and generally operates between 70 and 130 MW. It has few starts per unit per year, typically
less than twelve. As a result, the plant operators see a fair bit of operating time and at least some starts
and stops as a component of their on the job training. The station also runs training programs periodically
on issues that may arise during operation. It is thought that some “what do you do if this happens”, and
“why is it done that way” scenario training might be useful. Otherwise, the training program for all plant
staff seems consistent with other thermal generating facilities.

5.3 Predictive and Preventative Maintenance Programs

Holyrood has a very active computer-based PM program. The program is currently being revised on a
corporate basis in order to make it more practical, including the development of additional predictive
approaches. This is seen as a very positive step for Holyrood, given its resources, role, and maintenance
approach.

The system can be somewhat difficult to use effectively as a resource in parallel with the outage reporting
system. Generally, the issue tends to be the format in which documentation is produced and a more user-
friendly system would be useful.

5.4 Inspections — Regulatory and Other

NL Hydro has a strong commitment to align with regulatory requirements, insurance requirements, and
industry practices. Holyrood is generally very thorough in its implementation of preventative maintenance
programs, inspections, overhauls, and replacement of equipment.

Holyrood has a comprehensive maintenance inspection program. However, there have been some
interruptions in the last few years related to some of the systems, primarily those considered less critical
or less susceptible to a modest delay. One concern is that more should be done in the areas of high
pressure piping inspections and boiler hanger inspections. A second is in the area of inspections
associated with steam turbines and generators. The period between major steam turbine and generator
inspections has been increased from six years to nine years, primarily based on the assessment of
Hartford Steam Boiler Consulting, a company that was contracted by NL Hydro to review the frequency of
the steam turbine and generator preventative maintenance inspection at Holyrood. Based on industry
experience associated with similar equipment and the recent results of inspections and the condition of
plant monitoring equipment, it is AMEC’s position that the duration between major inspections and
overhauls of the steam turbines can reasonably remain at nine years subject to the findings of each
overhaul, but for the generators should be reduced back to six years.

5.5 Work Management Improvements

As mentioned previously, AMEC believes the maintenance strategy and the asset management program
at Holyrood are well implemented in most areas of the operation and, for the most part, are consistent
with other TGS’s across North America.

One significant potential maintenance system improvement opportunity relates to the fact that some
Holyrood employees still use hand written Work Orders (WQ's) submitted for equipment deficiencies to
the Holyrood planning office, which then transfer these to a computer program (duplication of effort). A
number of other generating facilities now have all employees submitting WO'’s electronically. After being
notified, that person will then be able to review the completed WO list generated by planning. Planning,
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in consultation with operations and maintenance personnel, schedules the work and then the work is
delegated to either a contractor or Holyrood staff.

A second improvement, and one that applies generally to the facility, is in the area of records
management. This includes management of historical design information, operations and maintenance
history, and management of current information. It was apparent during this study that while Holyrood is
very good at inspections, maintenance, and overhauls, a document control system should be
implemented.

5.6 Capital Improvements

Capital improvements completed over the last five to ten years at Holyrood should be commended.
Replacing the water treatment plant systems and controls, installing a new air compressor, installing a
new diesel generator set used for safe shutdown of the facility, boiler superheater replacements, and the
installation of a new boiler chemical injection system increased the reliability and overall life of the plant.
A listing of significant capital improvements has been included below in Table 5-2.
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ITEM UPGRADE DESCRIPTION YEAR
A. Uprate Generation Units 1 and 2 (150 MW to 175 MW) 1987

B. Upgrade Unit 3 to operate as a synchronous condenser 1986

C. Major Turbine/Generator Disassembly, Overhaul and Repair every 9 yrs

D. Turbine/Generator Valves Disassembly, Inspection and Repair every 3 yrs

E. Boilers Internal Cleaning, Inspection and Minor Repairs Annually

F. Construct New Water Treatment Plant 1992

G. Construct New Wastewater Treatment Plant 1994

H. Replace Unit 1 Boiler Stack Liner 2000

1. Replace Unit 2 Boiler Stack Liner 2001

J. Upgrade Unit 1 Exciter 2000

K. Upgrade Unit 2 Exciter 1999

L. Upgrade Unit 1 Governor Controls 2003
M. Upgrade Unit 2 Governor Controls 1999

N. Replace Uninterrupted Power System 2000

0. Replace Boilers Breeching 1990

P. Upgrade Units 1, 2 Controls System 1988 & 2004

Q. Upgrade Units 3 Controls System 1994 & 2005

R. Install Warm Air Make-up System 1992

S. Construct New Security Building 2004

T. Plant Asbestos Removal Program (3 year project) 2003-2006

u. Replace Boiler No. 2 Superheater 2007

V. Replace Boiler No. 1 Superheater 2008
W. Replace Roof and Upgrade Siding 1990-2000

X Replace Boiler No. 2 Partial Water Wall 2006

Y. Install Boiler Soot Blower 1995

Z Upgrade Boiler Air Pre-heater Steam Heat Exchanger 1990
AA. Install Continuous Emissions Monitoring System (shared) 2003
BB. Construct five Ambient Air Monitoring Stations 1993
CC. Replace Heating, Ventilation & Air Conditioning Units 2002-2005
DD. Install Cooper lon Injection System 2007
EE. Replace Unit 2 Boiler Stop Valve 2008
FF. High Pressure Feedwater Heater No.5 Replacement, Unit 2 2009
GG. Install Unit 2 Cold Reheat Drain Pots 2009
HH. Refurbishment Unit 2 East & West Air Preheaters Cold End 2009

1. Upgrade Tank Farm Phase 1 2009
JJ. Upgrade Fire Sprinkler System 2008
KK. Gas Turbine PLC Replacement 2009
LL. Install Marine Terminal Capsan Lifting Frames 2009
MM. Unit 3 Steam Seal Regulator Replacement 2009
NN. Unit 1 Emergency Hydrogen Venting 2009

FIGURE 5-2 SIGNIFICANT CAPITAL IMPROVEMENTS

Several additional programs have been initiated in 2010 that are not shown in the figure including: the
Steam Seal Regulator (SSR) obsolescence for Unit 1 currently underway (Unit 2 SSR is recommended to
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be undertaken in 2011/2012); and the switchyard air compressor piping replacement started in 2010 and
carrying through 2011.

As a result of the Lower Churchill Project and the HVDC line to the island, capital improvements at
Holyrood will be more difficult to justify by the uncertainty going forward as a generating facility. There is
no question that Holyrood continues to need capital improvements, largely in the electrical switchgear and
motor control centers and protections. Some of these, however, are dedicated to the generation/steam
side of the plant which, under the terms of this study, need only last until sometime between 2015 and
2020.

Some capital improvements that may be required are outside of the plant’s jurisdiction such as the power
transformers and switchyard equipment.

5.7 Maintenance Review Conclusions

NL Hydro is committed to meeting their regulatory, insurance, and safety requirements through ongoing
inspections, maintenance, fire safety, and capital programs.

Holyrood is transitioning to its new PM program. The new program will increase the number of systems
using a strategy that employs preventive and/or predictive methods to determine when the need for
maintenance exists, given Holyrood's operating pattern. It will also update the maintenance requirements
and detailed practices for plant systems.

The new Maintenance Program is believed to significantly improve an already good program, while
optimizing costs. It should prevent some equipment from being under-resourced, such as the black start
gas turbine which generally is only required when emergencies occur and thus deemed to have a lower
priority in the larger scheme of work scheduling. It will also address and update several systems such as
high pressure piping and pipe hangers that have received insufficient attention in recent times.
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6 HOLYROOD OPERATING HISTORY & FUTURE ASSUMPTIONS

The following tables illustrate both the historical and assumed case operating regimes for the facility. The
historical data includes the period to 2009 (2009 is highlighted). For the period beyond 2009, several
scenarios were examined (Generation: 40% to 70% annual capacity factor (ACF) to 2015; 10% to 2020;
Synchronous Condensing: as shown).

TABLE 6-1 UNIT 1 - OPTION 1-1 - MODERATE GENERATION ACF 10 2015 Low 10 2020

Ganeration 1o 2015 ACF= 40 2018 102020 AGF- 10%
Oype rating Facion - 557% Operating Factor- 0%
Syncronous Condensing in 2015 4740 Hrs™T (1500 av o dede s & mos x 30 deys x7déwk + 75% of tima)
Genaration Synch Cond Synch Cond Total
Year ACF MW h YT Ope rating Starts P Hre OP Hrs 2P Hr= OF Hrs
Factor Per Year Cumulative Per Year Cum Cum
% Lifatime Lifetime
SO+ Gan
2041 [} AT40 124740 FZZBEES
2040 [} 40 120000 H2I925
2030 L) AT40 115260 19165
2038 [} 40 110520 14445
2037 [y} aT40 1057 B0 FOFOS
2036 [} ATAD 101 040 S0ASES
2035 [y} 40 86300 F00225
2034 [y} aT40 21560 Z954E5
2033 [1] &40 86820 2807 45
2032 [y} aT40 82080 ZHE00S
2031 [} ATAD TT340 281265
2030 [y} aT40 T 2600 ZTE525
2028 [} AT40 7 BB0 ZT1TES
2028 L} o740 63120 2ET045
2027 [} AT40 58380 PRI
2026 [} 40 53640 257565
2025 L) AT40 43000 Z52825
2024 [} 4740 L4180 248065
2023 [y} aT40 39420 243345
[1] &40 34680 ZIBE0S
2021 [y} aT40 29040 ZIJBES
2020 148820 AT40 25300 Z381 25
200 148020 aT40 20480 Z22633
20418 148820 AT40 15720 F18141
2017 148820 A740 10880 203649
2016 148020 aT40 8240 203157
2015 585680 1500 1500 198665
2014 S95E80 o o 190347
2013 585680 o o 1855289
2012 595680 o o 180711
2011 S9SE80 o o 175883
2010 595680 o o 171075
2000 JE0410 1] o 188257
2008
2007
2006
2005
004
2003
2002
2001
2000
1990
1998
1007
1996
1005
1994
1993
1992
1991
1090
1980
1088
1987
1086
1985
1084
1983
1982
1981
1980
1978
1978
1977
1E
1975
1974
1973
1972
1971
1970
1968
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Senaration o 2015 ACF - TO% 2016 to2020 ACF- T
Cperating Factor - 85% Ope rating Facior- 207
‘Symoronous. Condensing in 2015 4740 Hirs™r (1500 av o dabe + & mos x 30 days x7d'whk = 753 of timea)
Eeneration Synch Cond Synch Cond Total
Year ACF MW R YT Dparating Starts 0P Hrs OP Hrs OP Hrs OP Hr=a
Factor Per Year Cumulative Per Year Curm Curm
% Lifetime Lifetime
SC-Gean
2041 o 0% 5 21003 740 124740 3244533
2040 ] 0% 5 21503 740 120000 A3E03
2039 F] 0% =1 210EOS 740 115380 34953
2038 o 0% = 218893 a7 110520 30213
203 ] 0% =] 218893 a7 105780 25473
2035 F] 00% =1 210803 740 101040 20733
2035 o 0.0% 5 215803 4740 DE300 I1=393
2032 o 0% = 218893 740 21560 J11353
2033 ] [ = ERE ] 740 BEa20 BOES13
2032 o o0 5 2158803 &740 E20ED 301773
200314 o 0.0% = 21 B80S 740 Tra4n 2O7033
2030 ] 0% =] 218893 a7an0 T2600 2892293
2029 ] 0% 5 2108093 740 ET8ED 287553
2028 F] 0% 5 21BEOS 740 E3120 282813
2027 o 0% = 218893 a7 SHIED ZredT 3
2026 o 0% = 218893 740 S3640 3333
2025 F] 00% 5 218895 740 48900 268583
2024 o 0.0% =] 215803 4740 44160 2683853
2023 o 0.0% =] 215803 4740 =420 258113
2 0 [ 5 210803 740 SABED 254373
2024 o 0% 5 21003 740 o040 ZLDEI3
20320 148920 2007 12 21503 740 25200 244893
] 148920 20.0°% 12 217341 a7 20460 236401
2018 148920 200 12 216188 a7 15720 231908
2017 148920 2007 12 2144537 740 109ED 2O541T
2B o 148920 200 12 213885 4740 6240 218825
25 T00% 1042440 as.0he 12 210833 1500 1500 212433
2014 TO0 1022440 8505 12 203437 o o 203497
23 TO0% 10L2440 B5.0°% 12 105041 a o 186041
2012 T0.0% 1042440 as.0es 12 186595 o o] 186595
2011 T0.0% 1042440 8505 12 181148 o o 181149
2010 FO0 10L24.40 B5.0R% 12 173703 o o 173703
2009 23 5% SEQLAD 5165 12 166257 a o 166357
2008 19.1% 3BT 13 161737
2000 =5.5% B 55 21 1563651
2006 20.5% 4E.5°% 19 153832
2005 28 4% 4T 0 5] 14B555
2002 43 % B1.7% 12 144436
2003 44 3% SE.ENG T 130034
2002 =5.3% B5.ERG 13 134050
[ = 50 2% Ta o 16 12627 5
2000 =0 3% 50.5°% 11 121718
16409 =5.8% S5.00 a 11ES01
18408 S5 4% SO B a 111837
180T SE_ 1% S 2N i 10650
1846 =5 7% SD.ER% 11 102336
18405 47 3% B30 a BT
180a 18.4% IBL0NE a 22250
18403 48 4% o 14 88353
18802 48 3% S55.2°% 22 HI2Z258
1881 49.8%: Bl % 13 Tr4e20
A0 48 5% BE_SRL 13 TO30E
1889 T1.9% 102975 13 B30
1588 =8 9% 41 55 13 55311
18ET 49 3% L 13 51663
1885 =5.9% B0 13 45523
1885 S0 3% 45 4% 13 J38512
1884 20.2%: ZE.B°% 12 3710
1883 17.4% 24680 12 J21T7T4
1882 =3 2% 4T 4% 13 29904
1581 10.8% 15.5% 12 25833
1880 42 2% BO.4% 13 244LEE
1879 43 1% B1.7% 13 19163
1878 S0 A% 45 S 13 137 66
1877 15.4% 22 0R% 12 o3
1ETE 15.3%: 21 = 12 aon7a
1875 15.3% 21.8°% 12 G149
1874 11.4% 16.5% 12 4233
1873 8.6% 12.45% 12 ZBE0S
1872 27% 3.9% 12 1723
1871 11.0% 15736 12 1378
1870 173 0% o
1869 .07 0%
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TABLE 6-3 UNIT 2 - OPTION 1-1 - MODERATE GENERAL ACF TO 2015, Low TO 2020

Generation to 2015 ACF=- 400 2016 w2020 ACF- 109
Diperating Factor - 1= Op=rating Factor- 20
Sy ncronous Condensing in 2015 4T40 Hra™T (1500 av to date + 6 mos x 20 days x7Tdiwk = T5% of time)
Generation Synch Cond Synch Cond Total
Year ACF MWhYr Dperating Starts OF Hrs OF Hrs OPF Hrs OP Hrs
Factor Per Year Cumulative Per Year Cusmn Cum
% Lifetime Lifetime
SC+Gen
2041 0.0%% 1] 0.0%% 5 195857 AT40 124740 320687
2040 [ a 0.0 5 185557 4740 1.20000 3150857
2030 0.0%: [1] 0.0%% 5 195557 AT40 15260 31217
2038 [ a 0.0 5 185557 4740 10520 306477
2037 0.0%: [1] 0.0%% 5 195557 AT40 10578 I0TIT
2036 [ a 0.0 5 185557 4740 101040 206907
2035 0.0%: [1] 0.0%% 5 195557 AT40 ‘G300 202257
2034 [ a 0.0 5 185557 4740 ‘G1560 2BTES1T
2033 1005 [1] 0.0 5 185557 4740 B5820 2BETTT
2032 i0.05%: a 0.0 5 185557 4740 ‘B2080 2T BO3T
2031 0.0%: [1] 0.0%% 5 195557 AT40 T340 2T 32aT
2030 [ a 0.0 5 185557 4740 T2R00 2EBSET
2020 0.0%: [1] 0.0%% 5 195557 AT40 E&Ta60 263817
2028 [ a 0.0 5 185557 4740 63120 250077
2027 0.0%: [1] 0.0%% 5 195557 AT40 ca3a0 254337
2026 [ a 0.0 5 185557 4740 CAsa0 240587
2025 0.0%: [1] 0.0%% 5 195557 AT40 48900 244857
2024 [ a 0.0 5 185557 4740 44160 2401917
2023 i0.05%: a 0.0 5 185557 4740 Fhazo 2ESITT
2022 0.0%: [1] 0.0%% 5 195557 AT40 24580 230637
2021 0.05%: [1] 0.0%% 5 19585 T 4740 25940 225807
200 10.0%: 14BO20 2009 12 185557 4740 25200 2211565
2mo9 1009 14B020 20.0% 12 184205 AT40 20450 214665
28 10.0%: 14BO20 2009 12 182453 4740 15720 20B173
2mM7T 1009 14B020 20.0% 12 190701 AT40 10980 201681
26 10.0%: 14BO20 2009 12 1 BEDAD 4740 E240 185183
2ms 40.0%: SO5680 55.09¢ 12 187197 150 1500 1BBEOT
20Ma 40.0% SO5EED EE.0%% 12 182379 o 1] 182379
2m3 40.0%: SO5E8D 55.08C 12 177561 1] a 177561
2m2 40.0% SOLEED EL.0%% 12 172743 o [1] 172743
2m1 40.0%: SO5E8D 55.08C 12 167925 1] a 167925
2m0 40.0% SOLEED CL.0%% 12 163107 o [1] 163107
2000 25.7% 30420 5E.29% 5 158280 o [1] 158283
2008 35.B% 0E.99%¢ a 153367
2007 3673 58 .39C ] 148386
2006 10.5% 28.4% ¥ 143275
2005 3073 E2.69% 13 1407TED
2004 33296 S0.08% 12 1361 86
2003 48 6% [ 14 131805
2002 58.3%: . 39 13 125721
2001 57 .B% TR 10 189655
2000 27 .59 61.69C 11 112771
100D 16.7%: 43,49 12 107372
1008 32_B%%: CF 4% ] 103573
100T 41 2% DO a0 a 98987
1006 3729 58.09C 21 93783
1005 33.0% 4570 14 agyoz
1004 21.0%%: 40 19C ¥ 84606
1003 30.0% 45,69 17 80400
1052 3529 53.58C 15 7E40B
1801 25.6% 3B.4% 11 TAT20
1000 24 B3 B5.99% 13 68352
108D 18.89% 28.3% 11 62480
1088 44 T3 B7.0% 13 600008
1087 B4 6% 6. 09C 14 54136
1086 31.0% 46.5% 12 456547
1085 52.4% TR 12 41576
1084 1183 17.75% 10 34684
1083 17.8% 26.T% 11 33144
1082 35.6%: C3 4% 12 30804
1081 2.4% 3.6%: ] 261208
1080 34 T% 52.08C 12 2581
1979 48.6%: T2.89%C 13 21253
1978 33.B% £0.89% 12 14872
1977 1383 2069 10 10426
1976 11.4%: 17.0%¢ 10 BE1E
1975 8.9 13.49% 10 7125
1074 16.1%: 24.1% 10 [
1973 1029 15.49% 10 3838
1972 12.6%: 18.88C 10 2493
1871 .40 0.6% 10 Ha4
1970 0.05%% 0.0%% o
105D L0 0.0
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Generation to 2015 ACF- T 2016 102020 ACF- TO%
Operating Facior - BESL Diperating Factbor- 209
Syncronouws Condensing in 2015 ATl Hre™r (1500 awv to date + & mos x 3D days x7Td'whk + T5% of time)
Generation Synch Cond Synch Cond Total
Yeaar ACF MWhYr Operating Starts O Hrs OF Hrs P Hrs OF Hrs
Factor Per Year Cumulative Per Year Courm Cusm
o Lifetime Lifetime
SC+Gen
2041 0.0%: (1] 0.0% = 211725 AT 40 124740 336465
2040 0.0%: [1] 002G 5 211725 4740 120000 3aTes
2030 0.0%: [1] 0.0% 5 211725 AT 40 115260 A260B85
2038 0.0%: [1] 002G 5 211725 4740 110520 322245
2037 0.0%: [1] 0.0% 5 211725 AT 40 1057E0 ITEOS
2036 0.0%: [1] 002G 5 211725 4740 101040 A1ETES
2035 0.0%: [1] 0.0% 5 211725 AT 40 [ ] A0B025
2034 0.0%: [1] 002G 5 211725 4740 91580 3032685
2033 0.0%: [1] 0.0% 5 211725 AT 40 [ ] 298545
2032 0.0%: (1] 0.0% = 211725 AT 40 B2080 293805
2031 0.0%: [1] 002G 5 211725 4740 LT 280065
2030 0.0%: [1] 0.0% 5 211725 AT 40 T 2500 284325
2020 0.0%: [1] 002G 5 211725 4740 [SEE0] IV O5B5
2028 0.0%: [1] 0.0% 5 211725 AT 40 &3120 74845
2027 0.0%: [1] 002G 5 211725 4740 SEIBD aroi0s
2026 0.0%: [1] 0.0% 5 211725 AT 40 C3Ea 265365
2025 0.0%: [1] 002G 5 211725 4740 AR 2E0E25
2024 0.0%: [1] 0.0% 5 211725 AT 40 44160 255885
2023 0.0%: [1] 0.0%G 5 211725 4740 FRa20 251145
2022 0.0%: [1] 0.0% 5 211725 AT 40 =] 246405
2021 0.0%: [1] 002G 5 211725 4740 20l 241665
2020 10.05% 14BO20 20.0% 12 211725 AT 40 25200 236025
20108 110,08 14B920 20.05 12 2000973 4740 20480 230433
2018 10.05% 14BO20 20.0% 12 20822 AT 40 15720 223041
2017 110,08 14B920 20.05 12 206460 4740 ] 217448
2016 10.05% 14BO20 20.0% 12 204717 AT 40 E240 210857
2015 70109 1042440 B5.0% 12 202065 1500 1500 204465
2014 Ti0.05% 1042440 B5.05% 12 195519 o [1] 195518
2013 70.05% 1042440 BE.0% 12 18B07T3 ] [1] 188073
2012 .08 1042440 B5.05C 12 1B0EET [i] [1] 180627
2011 70.05% 1042440 BE.0% 12 173181 ] [1] 173181
2010 .08 1042440 B5.05C 12 165735 ] [1] 165735
2000 2579 304200 56.29¢ 5 15B2ED [1] [1] 158280
2008 35.8% 5E.9% a 153367
2007 36T 58.39 ] 148386
2006 10.5% 2B8.4% T 143270
2005 0.7 52.6% 13 140789
2004 33,290 50.05 12 136186
2003 48.69% B0.55% 14 131805
2002 5839 E8.35% 13 125721
2001 5788 FB.65C 10 118655
2000 27.5% B1.6% 11 112771
1900 16,79 43 49 12 107373
1908 32.8% G2.4% ] 103573
1997 41.29 50.4% a 989a7
19096 3729 S58.09 21 93783
1905 33.05% 45709 14 agroz
1904 21.108 48,15 T H4696
1903 20105 45659 17 20400
1902 35290 53.50¢ 15 76403
1901 25659 38.4% 11 TAT20
19490 44 69 EE.95C 13 6A352
1980 18.99% 2B8.3% 11 62489
1988 44.79% E7T.05% 13 60009
19687 [N DE.95 14 54136
1986 31.0°% 46.5°% 12 45547
1985 CF 4% 7B 13 41576
1984 11.8% T.T% 10 Ja504
1983 17.89% 2675 11 33124
1982 3569 53.4% 12 30804
1981 2.4% 3.6% ] 26129
1980 3475 S2.0% 12 25811
1979 48.59% T2.89% 13 21353
1978 33.8% 50.8% 12 14872
1977 13.89% 20.65 10 10425
1976 11.4% T.0% 10 BE1E
1975 B.9% 3.4% 10 T125
1974 16.19% 24.15% 10 5051
1973 110,29 5.4% 10 3838
1972 12.65% B.8% 10 2403
1971 B.4% 9.6% 10 g44
1970 0.0% 0.0%G o
[ 10ED 0.0 s 007G
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TABLE 6-5 UNIT 3 - OPTION 1-1 - MODERATE GENERATION ACF TO 2015, Low TO 2020

Generation o 2015 ACKF- 40%. 2016 02020 ACF- 10
Dip=ratimg Fachor — 5555 Diperating Factor— 0=
Sy ncronous Condsnsing in 2016+ AT 40 Hrs™'r (1500 av o date + 6 mos x 20 days x7Tdiwk + T59% of time)
Sy noronous Condensing im 201 1-2101 1500 Hrs™r
Generation Synch Cond Synch Cond Total
Year ACF MWh.Yr Diperating Starts OP Hrs OF Hrs O Hrs P Hra
Factor Per Year Cumulative Per Year Cunmn Cum
9% Lifetime Lifetime
SC+Gan
2041 0.0%. ] 0.0 5 163331 AT40 ETI13 330644
2040 0.0% [i] 0.0 5 163331 474D E2573 325004
2039 0.0%: [] 0.0 5 163331 AT40 OVEES 321164
2038 0.0% [i] 0.0 5 163331 474D 53003 316424
2037 0.0%: [] 0.0 5 163331 AT40 48353 311684
2036 0.0% [i] 0.0 5 163331 474D 43613 306044
2035 0.0%. [] 0.0 5 163331 AT40 EEEEE] SI02204
2034 0.0%: [] 0.0 5 163331 AT40 4133 207464
2033 0.0% [i] 0.0 5 163331 474D 20303 200724
2032 009 o 0.0 5 163331 47ad 124653 2BT0B4
2031 0.0%: [] 0.0 5 163331 AT40 119813 2B3244
2030 0.0% [i] 0.0 5 163331 474D 115173 27rB504
2020 0.0%: [] 0.0 5 163331 AT40 110433 2T3ATEY
2028 0.0% [i] 0.0 5 163331 474D 105653 250024
2027 0.0%: [] 0.0 5 163331 AT40 100853 2642684
2026 0.0% [] D0 5 163331 474l W13 250544
2025 0.0% [i] 0.0 5 163331 474D D147 3 254804
2024 0.0%: [] 0.0 5 163331 AT40 B5r33 250064
2023 0.0%. ] 0.0 5 163331 AT40 21993 245324
2022 0.0% [i] 0.0 5 163331 474D 77253 240584
2021 0.0%: [] 0.0 5 163331 AT40 72513 235844
2020 10.0%%: 1:3 1 40 20.08: 12 163331 474D [STErE] 231104
2m9 10.0%% 1.3 1406 20.0%% 12 161578 AT40 3033 224612
2018 10.0%%: 1:3 1 40 20.08: 12 155827 474D SE293 218120
2m7T 10.0%% 1.3 1406 20.0%% 12 158075 AT40 L3553 211628
2ME 10.0%% 1.3 1406 20.0%% 12 156323 AT40 48813 205136
205 40 0% S25600 55.0% 12 154571 150 44073 108644
2014 40.0%: 525600 55.09 12 149753 1500 42573 1892326
203 40.0% S25600 CL.09% 12 144935 1500 41073 1BE00E
2m2 40.0%: 525600 5L .09 12 140117 150 30573 170690
2011 40.0% S25600 CL.09% 12 135200 1500 28073 173372
20310 40.0%%: 525600 5L 09 12 130481 1 50 36573 167054
2000 19.1% 251130 23.69%% 4 125663 35073 2507 3 1607365
2008 23.6% 35.10%: 5 122717 30856
2007 29 4% 49.39% 11 15543 26656
2006 24 7% 53.69% ] 15322 25004
2005 38.79% 5809 14 110627 23204
2004 44 B% 09.29% ] 105455 22076
2003 48_4% .29 12 100272 20022
2002 58.6% 65.39%¢ 15 Jagog 19622
2001 42 B3 5489 11 a9282 1B4EB
2000 13.0% 26.5°%¢ 4 4043 17314
10090 2609 59,29 5] 81726 16158
1098 22 6% 28.39C 4 TES41 15005
1897 33.6% 49.39% 10 T 4066 13851
1006 28.6% 42.19% =] 69745 12687
1005 30_1% 41.39 20 BE058 11542
100 18.3% 24.0%C 21 62436 10388
1293 35.0%: 5L 19C 13 59461 [Tl
1002 42 B% T3.3% 12 54633 ]
1891 2829 44 .89 =] 48216 5025
1800 39.5% 52.39% 12 SaZ0y 5771
1080 56.5% T4.79% 15 3graT AS1T
1088 39.9% £2.89% 12 II1Ta 2463
1987 61_B%: B1.69C 18 28552 ZI08
1286 14 6% 19.29% a 21402 1154
1885 56_0%: 73.99 15 19716
1084 29.6% 25.10%¢ 10 13240
1883 11.5% 15.29C a o814
1882 21.2% 2B.09%¢ ] Ba81
1881 20_B% 27.59% [F] BO2E
1580 31_1% 41.09 11 IS
1979 029 0355 =] 20
1978 0.0%: 0.0 [1]
1977 0.0% 0.0 [1]
1976 0.0%: 0.0 [1]
1975 0.0% 0.0 [1]
1974 0.0%: 0.0 [1]
1973 0.0% 0.0 [1]
1972 0.0% 0.0 [1]
1871 0.0%: 0.0 [1]
1970 0.0%. 0.0 1]
1 0.0
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Generation to 2015 ACF= s 2016 102020 ACF- T0%%
Operating Facior - BE Operating Factor- 20%:
Synocronows Gondensing in 2011 6+ A740 Hre™T (1500 av to date + & mos x 30 days x7Tdwhk + 753 of timea)
Syncromnows Gondensing in 201 1-20¢ 1500 Hre™r
Generation Synch Cond Synch Cond Total
e ar ACF MW YT Dperating Starts OF Hra OF Hrs 0P Hrs 0P Hrs
Factor Per Year Cumulative Pear Year Courm Cum
% Lifetime Lifetime
SC+Gen
2041 0,095 [1] 008G 5 179099 AT 40 167313 JaB412
2040 0.0%: [1] 0.0% = 1700090 AT 40 162573 J41E6T2
2030 0,095 [1] 008G 5 1790909 A7 40 157833 336032
2038 0,055 [1] [ 5 17900809 ] 1530893 332182
2037 0.0%: [1] 0.0% = 1700090 AT 40 14B353 3ZT452
2036 0,095 [1] 008G 5 1790909 A7 40 143613 32272
2035 0.0%: [1] 0.0% = 1700090 AT 40 13BET3 JTeTe
2034 0,095 [1] 008G 5 1790909 A7 40 134133 313232
2033 0.0%: [1] 0.0% = 1700090 AT 40 120303 J0e402
2032 0.0%: [1] 0.0% = 170099 AT 40 124653 J0ITEZ
2031 0,095 [1] 008G 5 1790909 A7 40 119913 299012
2030 0.0%: [1] 0.0% = 1700090 AT 40 115173 294272
2020 0,095 [1] 008G 5 1790909 A7 40 110433 280532
2028 0.0%: [1] 0.0% = 1700090 AT 40 105603 284702
2027 0,095 [1] 008G 5 1790909 A7 40 100853 2a0052
2026 0.0%: [1] 0.0% = 1700090 AT 40 E213 ZrE312
2025 0.0%: [1] 0.0% = 179099 AT 40 91473 Zrosye
2024 0,095 [1] 008G 5 1790909 A7 40 BET33 R
2023 0,095 [1] 008G 5 179099 AT 40 81983 261082
2022 0.0%: [1] 0.0% = 1700090 AT 40 TT253 256302
2021 0,09 [1] 008G 5 1790909 A7 40 72513 21612
2020 10.0%: 131400 20.0%: 12 1700090 AT 40 [T 2AEET2
2019 10.08% 131400 20.08: 12 177347 A7 40 [lies] 240380
2018 10.0%: 131400 20.0%: 12 175585 AT 40 ] 233BBE
2017 10.08% 131400 20.08: 12 173843 A7 40 SALLE FIT306E
2016 10.0%: 131400 20.0% 12 172081 AT 40 48813 220004
2015 T 0% S1 0800 B5.0%: 12 170330 1500 44073 214492
2014 T0.0%C S919800 B5.0%C 12 162893 1500 42573 205466
2013 T0.0%: S10B00 B5.0%C 12 155447 1500 0TI 196520
2012 T0.0% S10B00 B5.0%C 12 148001 1500 BT 187574
2011 T0.08C S919800 BE.0%C 12 140555 1500 L] 17BE2B
2010 T0.0% S10B00 B5.0%C 12 133100 1500 IELTI 160682
2009 18,19 251130 EECES 4 125663 3507 3 30T 160736
2008 2369 35.15%C 5 128717 30956
2007 20,49 40.3°% 11 119643 26656
2006 2479 53.69%C ] 115322 25904
2005 IBTIE 50.0%C 14 110627 23204
2004 44 .89 5029 ] 105455 22076
2003 48 29 E0.29C 12 100272 20922
2002 CE.G% 65.3°% 15 d4099 19622
2001 42 89C 50.39¢C 11 89232 18458
2000 13,09 26.5% a Ha0a3 17314
1900 26.0% 5029 5 a7 36 16159
1908 22B5C 2B8.3°%C 4 TE541 15005
1907 3369 40.39C 10 7 4066 13851
1906 ZE.E% 4219 g 69745 12697
1905 .19 41.38C 20 66054 11542
1904 18.3% 3400 21 652436 10388
1903 35.0%C 55.18C 13 59461 0234
1902 42.89% T3.3% 12 546533 BOBD
1901 ZB.29%C 44 880 a 48216 [
1900 059 52.3% 12 44794 5771
1980 L& 580 T4T 15 3gri1T 4E17
1988 FH.9%C 52.89C 12 33174 3463
TOET 61.8% B1.69%C 16 28552 2308
1986 14.6% 19.29% a 21402 154
1985 & 08 73.9%C 15 19716
1984 20.6% 30.1% 10 13240
1983 11.58C 5.29 a 8B14
1982 21.29% 28.0% ] BaB1
1981 2089 27 .58 ] EO2E
1980 31.1% 41.0%: 11 3623
1979 0.2% 0.3% =] 20
1978 0,095 008G [1]
1977 0.0%: 0.0% [1]
1976 0,095 008G [1]
1975 0.0%: 0.0% [1]
1974 0.0%: 0.0% [1]
1973 0,095 008G [1]
1972 0.0%: 0.0% [1]
1871 0,095 008G [1]
1970 0,095 008G a
[ 10BE0 0_05%
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For the gas turbine generator, the NL Hydro operating data provided is:
Hours Actual - Operation to Dec 2005 (Estimated from 2005 to 2010)

= 1978 - 1,749 operating hrs since new (+85,000 idle hours)
= 1985 - 2,139 operating hrs since new (+170,000 idle hours)
= 1995 - 3,475 operating hrs since new  (+256,000 idle hours)
= 2005 - 3,807 operating hrs since new  (+343,000 idle hours)
= 2010 - 4,717 operating hrs since new (+381,000 idle hours)

The starts identified (including actuals to Dec 2005 and estimated to 2010) are:

= 1978 — 611 starts, since new
= 1985 - 796 starts, since new
= 1995 - 1,440 starts, since new
= 2005 - 2,025 starts, since new
= 2010 - 2,548 starts since new

Given that the combustor and the PT volute have been replaced or refurbished, AMEC have estimated
the maximum hours of operation that the components may have experienced to an end date of 2020
(Assuming 4717 hours in 2010) to be:

= Combustor: 1,100 to 2,200 operating hours
= PT Volute: 2,600 to 4,700 operating hours
= Balance: 5,700 to 6,8400 operating hours

(NOTE: reduce or add about 100 to 200 operating hours per year for any difference in end date.)

Similarly, AMEC have estimated the maximum number of starts that the components may have
experienced to an end date of 2020 (assuming 2,548 starts in 2010) to be:

= Combustor: 1,300 starts
=  PT Volute: 2,100 starts
= Balance: 2,900 starts

(NOTE: reduce or add about 35 starts per year for any difference in end date.)
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7 OVERALL PLANT CONDITION ASSESSMENT

Holyrood is considered to be a relatively modern design plant and in good condition.

Holyrood is expected to be able to meet either the 2015 or 2020 dates for the end of its electricity
generation role with capital refurbishments and replacements primarily due to typical mid-life
refurbishment requirements, old age effects and obsolescence. Some may also be impacted by the
ambient humid, seaside environment. These are detailed later in the body of the report, but examples of
would include many of the breakers and motor control centres, the waste water treatment basin building
structure and ventilation system, the plant elevator, and equipment such as vacuum pumps, emergency
diesels and air compressors. To minimize a decrease in reliability, additional spares such as a spare 4 kV
motor for each of a boiler feed pump, a forced draft fan, and a circulating water pump are recommended.
A complete overhaul or replacement of the gas turbine generator and balance of plant would also be
recommended given its importance in a return to operation in the event of a system failure and its use as
a system emergency power source.

Holyrood is also expected to be able to meet its 2041 synchronous condenser end of life, but will require
some further substantial equipment refurbishments and replacements specific to that role that are
identified later in the report. Examples of these would include generator rewinds, powerhouse and pump
house roof replacements, switchyard breakers and motorized switches, synchronous condensing
conversions.

Fossil plants of the same era as Holyrood were designed with an economic life of 30 years. For practical
purposes, this meant at least a 40 year technical life. However, many plants in the United States are still
in active service and quite functional at over 60 years of age.

Holyrood Units 1 2, and 3 are approximately 41, 40, and 31 years of age respectively. However, given
their historical seasonal based, lightly loaded service, the operational age for the majority of its equipment
and systems is more like 20, 19, and 16 years, respectively. The plant has been well managed and
maintained. The units have also seen minimum service at either their maximum continuous rating (let
alone over-pressure/over-temperature) or at extreme minimum load. The units tend to operate between
70 and 140 MW (40% and 80% load) and most often around 110 to 125 MW (65-70%). Unit 3 has seen
modest synchronous condensing operation since its retrofit in 1986.

As mentioned previously, Units 1 and 2 were uprated from 150 to 175 MW in 1987. The components that
were modified or replaced during the unit upgrade have a longer life as compared to the original
equipment. These support a longer life expectation for the station as a whole.

The boiler and its major elements were one of the plant’s major reliability and life issues. The original high
sulphur (2.5%) and high vanadium fuel oil caused significant corrosion and fouling problems that led to
upgrades to some of the boiler heat transfer surfaces. In 2009, the change to a higher quality, lower
sulphur (0.7%) fuel oil has significantly improved boiler reliability and efficiency and is expected to have a
positive impact on the life of boiler systems.

As indicated above, there is no reason why the plant cannot continue to generate electricity reliably to the
year 2020 as identified. Similarly, if and when Units 1 and 2 are converted to synchronous condensers
(current plan is conversion in 2014) to provide system support, the units and the plant should be able to
fulfill that role to 2041. There are several pre-requisites to this, including continued and enhanced
inspection and maintenance programs, planned major equipment refurbishment such as generator stator
and rotor rewinds, controls and alarms upgrades, and switchgear and breaker refurbishments and
replacements.
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A key to extending plant life will be the generators, transformers, and switchgear. Units 1, 2, and 3 have
major generator inspections scheduled for 2012, 2014, and 2016 respectively. They also have reliability
issues that may require a near term need for stator and/or rotor rewinds and possibly core or rotor
replacement. Transformers are at the point in their lifecycle where significant degradation also occurs.
More frequent or continuous monitoring of their condition is required to forewarn of any problems arising.
Existing switchgear is in many cases at or near end of life and refurbishment and replacement is required.

Several other key issues with single contingency systems, given age and failure history also raise red
flags and include:

= The single contingency failure risk of the fresh/raw water supply from Quarry Brook Pond;
» The single contingency failure risk of the clarifier failure, at least until 2020; and
= The 42 year age and condition of the black start gas turbine — reliability, parts obsolescence

make a detailed evaluation critical; especially as the island interconnected system has indicated a
potential need for it as an emergency power source.

If Hydro addresses the key issues and maintains a vigorous maintenance and inspection program, there
is no technical reason that the plant cannot reach its 2020 generation end of life and 2041 synchronous
condensing end of life targets.

The gas turbine generator and balance of plant is in need of a major overhaul, as well as refurbishment

and replacement of its stack and air intake systems. In addition, it is likely that it's fuel receiving and
feeding system will need a major overhaul as soon as practical within the next two years.
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8 UNIT 1

8.1 Unit 1 - Key Systems

8.1.1 Asset 6696 — Unit 1 Generator

(Detailed Technical Assessment in Working Papers, Appendix 4)

FIGURE 8-1 UNIT 1 GENERATOR

Equipment/components covered in this report are:

Muskrat Falls Project - Exhibit 44
Page 85 of 725
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Unit #: 1
Asset Class # BU 1296 - Assets Generations
SCI & System: 6691 #1 Turbine & Generator

Sub-Systems:

6696 #1 Generator Assembly

6839 #1 Generator Rotor

6840 #1 Generator Stator

Components:
6849 #1 Excitation System
6850 #1 Hydrogen System
28 Jan 2011 P164200 Rev 0
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8.1.1.1 Description

Unit 1 generator, supplied by Canadian General Electric, Peterborough, is hydrogen-cooled and rated at
194,445 KVA. It went into service in 1969 and the last major inspection was in 2003. The 2003 outage
inspection report is the base reference for this assessment.

The stator core and windings are flexibly-mounted in the stator frame, which contains four vertical
hydrogen coolers. The stator windings operate at 16.0 KV and are indirectly cooled by hydrogen. The
hydrogen is circulated throughout the generator in a closed system, at a pressure of 310 kPag (45 psig)
by an axial fan mounted on each end of the rotor. An isolated phase bus delivers the power from the
generator to the unit transformer.

The generator rotor is directly-coupled to the turbine, and is supported on bearings located in the end-
shields of the stator frame. Hydrogen seals prevent hydrogen from escaping around the rotating shaft.
The seals are pressurised by oil and are located inboard of the bearings. The field windings are directly-
cooled by hydrogen, fed via axial sub-slots and radial gas passages in the copper winding. The field
windings are supported by retaining rings shrunk onto the ends of the rotor body. The field current is
supplied to the field windings via collector rings and brush gear, outboard of the main bearing — there is
no steady bearing. There is an unused thrust bearing collar at the turbine end of the generator shaft, for
future synchronous condenser use.

The excitation to the field is now supplied by an ABB Unitrol static thyristor excitation system, with a fast
response automatic voltage regulator to control the field current and MVAR output from the generator.
The excitation has a high ceiling voltage capability to enable the generator to help the power system
recover from faults and disturbances.

The auxiliary systems include:

= A static thyristor controlled exciter fed from the generator terminals, with field flashing for initial
energization;

= A seal oil system, with a differential pressure controller to keep the hydrogen contained within the
generator;

» A closed-loop distilled water cooling system and temperature controller to remove the heat from
the generator;

= A hydrogen pressure control valve to provide automatic make-up from the bulk hydrogen supply,
(at increased hydrogen pressure if overload is required);

= A scavenging system to remove the hydrogen that becomes entrained in the bearing oil and the
seal oil;

» Potential transformers (PT’s), located below the isolated phase bus, measure the generator
voltage; current transformers (CT’s) mounted over the generator lead bushings measure the
generator current. These devices provide signals to measure the generator output, and for the
electro-mechanical protection relays;

= A vibration monitoring system continuously monitors the vibration amplitudes at each turbine
generator bearing in the control room, and alerts the operator to increasing vibration, especially
during run-up, load changes and shut-down. It uses two proximity probes at 45° to the vertical to
measure the shaft vibration level; and

= A digital multi-functional generator protection relay has been added, but at present it is primarily
used for extra ground fault protection of the stator windings (which are in poor condition - see
next item). It also provides supplementary alarms and sequence-of-events monitoring.
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8.1.1.2 History

The history and requirements for the Unit 1 generator are as follows:

Manufactured/Delivered 1969
In-Service Date Sep 1970
Generation Base Load End Date Dec 2015
Generation Peak/Emerg Gen End Date Dec 2020
Synchronous Condensing Start Date Jan 2015
Synchronous Condensing End Date Dec 2041
Last Major Inspection 2003
Next Major Overhaul/Inspection 2012

The thousands of hours associated with the analyses, and the number of starts per year are:

Generation (Gen) Synchronous Condensing (SC)

Hours Actual - Ops to Dec 2009 166 0
Hours - Ops to Gen End Date Dec 2015 210 1.5
Hours - Ops to Gen End Date Dec 2020 219 25
Hours — Ops to SC End Date Dec 2040 219 120
Starts Actual - Ops to Dec 2009 482 0
Starts - Ops to Gen End Date Dec 2015 554 5
Starts - Ops to Gen End Date Dec 2020 614 30
Starts — Ops to SC End Date Dec 2040 714 130

8.1.1.3 Inspection and Repair History
Post-2003 Improvements

= Fast dump of generator hydrogen added to supplement water sprays on bearings;
=  Generator hydrogen dryer replaced;

= Hydrogen purity meter replaced; and

= Improved stator winding ground fault protection installed.

2003 Overhaul

= Full replacement of the stator slot wedges with top ripple springs;
»  Stator end-winding support system cleaned and re-tightened;

= Defective RTD repaired. Accuracy of others is poor, (but they can only be replaced during
replacement of the stator windings);

= Digital multi-functional generator protection relay installed, (for improved winding ground
protection, alarms connected, and sequence of events monitoring). Electro-mechanical protection
relays retained;

= Installed 4 new cold gas RTD’s in stator;

= Damaged epoxy dowels of fibre inner end-shields — repaired with oversize dowels. Realigned
hydrogen seal housing;

= Repaired leak in bushing box horizontal joint with RTV sealant. Joint needs a new gasket;
» Hydrogen coolers cleaned, and pressure tested. OK;
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= Rotor shaft line realigned. Stator frame re-aligned to match rotor shaft, locking keys re-welded in
frame base;

= Replaced improper flanges and gaskets and piping at liquid leak detector;
» Replaced and machined teeth of bearing oil deflectors (excessive clearances, chipped); and
= Repaired leak in horizontal joint of CE hydrogen seal with epoxy.

1997 Overhaul

=  New 18%Mn/18%Cr retaining rings fitted to rotor;

» The end-portions of the field windings would be inspected while the rings were off, but no report
was available. It is not known whether the rotor dovetails were NDE inspected for fatigue cracks;

= GE static exciter replaced by ABB Unitrol static exciter and Automotive Voltage Regulator (AVR)
(In-service 2001); and

= Partial discharge monitoring system installed in stator windings.
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8.1.1.4 Condition Assessment

The generator and its auxiliary systems are in reasonable good condition for their age.

»  Stator core: satisfactory, based on El-cid results;

= Stator Windings: Poor, based on Megger test and DC hipot test;
» Rotor Forging: Not known (appears not checked in past 20 years); and

= Field Winding: Satisfactory, but few details available (concerns are based on repairs made to similar GE rotors).

Details of the sub-systems are presented in Table 8-1 below and in more detail in Appendix 4.

TABLE 8-1 CONDITION ASSESSMENT — UNIT 1 GENERATOR

Muskrat Falls Project - Exhibit 44

Page 89 of 725
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Current
. - . Expected . Next Planned e
BU # Asset # | Asset # Asset # Asset # Asset # . - . Condition Append . EPRI Original Life Minimum End of Life Next Regular| Overhaul or Capability to Capability to In
Unit Asset Level 2 Asset Level 3 Description Detail Summary Condition N (Base Load) . (EOL) " . Reach Next .
1 3 4 5 # Identifier Remaining Inspection Major Reach EOL | Service
1D # Ops Hrs (Yrs) 5 Required . Overhaul
Life Years Inspection
(Subject to Test)
1296 6690 6691 0 0 0 1 #1 TURBINE & GENERATOR TURBINE & GENERATOR TURBINE & GENERATOR N/A 1 4 Overhaul required in 2012 4 200000 (30) 5 2041 2012 2012 Yes No 1970
Stator: core - satisfactory; Windings: Poor
1296 6690 6691 6696 0 0 1 #1 TURBINE & GENERATOR GENERATOR ASSEMBLY GENERATOR ASSEMBLY 2 4 Rotor: Forging: Not known, likely y; Winding: y, but limited ir 4 200000 (30) 5 2041 2012 2012 Yes No 1970
Overhaul required in 2012
1296 6690 6691 6696 6839 0 1 #1 TURBINE & GENERATOR GENERATOR ASSEMBLY GENERATOR ROTOR CORE 3 4 Forging: Not known, likely satisfactory 4 200000 (40) 15 2041 2012 2012 Yes No 1970
Field Winding: Satisfactory, but little information. The field current is not credible: much too low. The field winding temperature
is not monitored. No on-line monitoring for shorted field turns (most common indication the rotor needs to be re-wound) is in
1296 6690 6691 6696 6839 0 1 #1 TURBINE & GENERATOR GENERATOR ASSEMBLY GENERATOR ROTOR WINDINGS 4 4  |Ptace. Partial discharge monitoring is not working. The shaft voltage and the shaft ground current are not monitored in 4 200000 (30) 10 2041 2012 2012 Yes No 1970
operation for harmful currents through the bearing or hydrogen seal. The retaining rings, the rotor forging, and slot wedges do
not appear to have been NDE checked for defects 1997.
Core - satisfactory. The stator core and frame are reported to be in good condition, with no looseness or fretting damage at
the bore, or at the outside flexible mounting. GE reported that El-cid readings taken before and after the re-wedging of the
1296 6690 6691 6696 6840 0 1 #1 TURBINE & GENERATOR GENERATOR ASSEMBLY GENERATOR STATOR CORE 5 4 stator bars in 2003 show no significant core deterioration, and the stator core is fit to be re-wound. 4 200000 (40) (5+) 2041 2012 2012 Yes No 1970
The stator winding and core RTD’s do not read credible values: too low
Windings: Poor, requiring rewind. Reported in 2003 major outage to be in very poor condition with two of three phases
1296 6690 6691 6696 6840 0 1 #1 TURBINE & GENERATOR GENERATOR ASSEMBLY GENERATOR STATOR WINDINGS 6 4 significantly weaker and insulation weakness (or wetness). It is that more i fretting, and 4 200000 (30) (2/8) 2041 2012 2012 Yes No 1970
greasing of the end-windings will be found at the next inspection. Stator winding RTD’s do not read credible values: too low
Excessive greasing of the stand-off insulators and of the flexible line leads to the potential transformers in the past required
1296 6690 6691 6696 6840 7345 1 #1 TURBINE & GENERATOR GENERATOR ASSEMBLY GEN. STANDOFF INSULATORS N/A 7 4 their replacement. 2003 stator re-alignment is expected to have reduced the vibration and stress on these components. 4 (30) 20 2041 2012 2012 Yes No 1970
Assess in overhaul.
1206 | 6690 | 6691 6696 6849 | 271310 1 #1 TURBINE & GENERATOR GENERATOR EXCITATION SYSTEM |EXCITER N/A 8 46 S:ipc':ﬁ:"w';‘rfg;owiﬁe to difficulties in obtaining replacement parts and senice, by an ABB Unitrol static excitation system 10 200000 (30) 20 2041 2012 2012 Yes No 1999
1296 | 6690 | 6691 6696 6849 | 271310 1 #1 TURBINE & GENERATOR GENERATOR EXCITATION SYSTEM  |EXCITER Controls 9 46 |Replacedin 2000 as part of exciter Controls. Review identified reported dificulties with protective relays calibration dift, and 10 200000 (30) @ 2041 2012 2012 Yes No 1999
malfunctions and the field flashing maloperation. Subsequently identified as resolved by station.
1296 6690 6691 6696 6849 271311 1 #1 TURBINE & GENERATOR GENERATOR EXCITATION SYSTEM  |EXCITATION TRANSFORMER N/A 10 4,6 Replace with zero PCB when regulations require (2013?) 10 200000 (30) 3 2041 2012 2012 Yes No 1988
1296 6690 6691 6696 6849 271312 1 #1 TURBINE & GENERATOR GENERATOR EXCITATION SYSTEM _[EXCITER FIELD BREAKER N/A 1 4,6 Replaced with exciter 3a 200000 (30) 10 2041 2012 2012 Yes No 1999
Installed in 1969, the unit has a relatively high level of risk due to its age. No details on testing were identified. The units was
originally an Askarel oil filled unit but was changed in 2004 to Perchloroethylene with below 50mg/kg PCB's. Tests in 2005
1296 6690 6691 6696 6849 271311 1 #1 TURBINE & GENERATOR GENERATOR EXCITATION SYSTEM RT1 RECTIFYING TRANSFORMER N/A 12 56 dentified satisfactory resuts. The current PCB Regulation SOR/2008-273, posted in the CEPA Environmental Registry, 4 (45) 5 2041 2013 Yes No 1970
includes practice for the better it of PCB’s in use.
Hydrogen cooler, hydrogen dryer, and hydrogen purity meter working well. The hydrogen scavenging system (removing
1296 6690 6691 6696 6850 0 1 #1 TURBINE & GENERATOR GENERATOR ASSEMBLY GEN. HYDROGEN GAS SYSTEM N/A 13 4  [entrained hydrogen from the seal oil) appears less effective than the Unit 3 vacuum system. The hydrogen pressure is low, 3a 200000 (30) (10) 2041 2010 2012 Yes No 1970
probably due to hydrogen leaks (causes extra heating of the generator core and windings). Consumption is not recorded. The
cold gas is low at 30 °C versus GE minimum 35 °C.
The horizontal joint of the hydrogen seal assembly was epoxied, to prevent hydrogen/oil leakage into the generator, but the
1296 6690 6691 6696 6850 6806 1 #1 TURBINE & GENERATOR GENERATOR ASSEMBLY GENERATOR SEAL OIL SYSTEM N/A 14 4 risk is high that the hydrogen sealing system has not been successful in preventing oil entering the generator and 4 200000 (30) (10) 2041 2010 2012 Yes No 1970
contaminating the end-windings.
1296 6690 6691 6696 6850 6851 1 #1 TURBINE & GENERATOR GENERATOR ASSEMBLY GEN. CO2 GAS PURGE SYSTEM N/A 15 4 Not reviewed in detail. No issues identified except system capacity. 3a 200000 (30) (10) 2041 2011 2012 Yes No 2009
1296 6690 6691 6696 6850 6853 1 #1 TURBINE & GENERATOR GENERATOR ASSEMBLY GENERATOR HYDROGEN COOLING N/A 16 4 Acceptable condition. 3a 200000 (30) 10 2041 2010 2012 Yes No 1970
Notes: 1. A “(bracketed)” value in the “Current Expected Remaining Life” column is a highly probable minimum value that is considered subject to some subsequent verification during further investigation including at the next test or overhaul. It may be addressed as part of a Level 2 test. A value
identified as “(X/Y)” has been included for the steam turbine and generator where the recommended minimum value is the lower of the two, but that the higher may be achievable at a higher level of failure risk and/or unreliability.
2. The “Next Regular Inspection” column identifies a regular inspection (not necessarily an overhaul or detailed Level 2 test) that is currently planned and known to AMEC and which may provide further insight into the equipment life. The “Next Planned Overhaul or Major Inspection” column is

intended to identify known detailed inspections and/or overhauls that will definitively update current remaining life assumptions and which are a “Desired Life” stage for condition assessment purposes. Note that where a detailed inspection/overhaul date is highlighted in yellow then it is a

specific AMEC recommendation and that date is the basis for conclusions on the ability to make the next detailed inspection/overhaul. Where cells are blank, the dates may be either not scheduled or are not known by AMEC.
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8.1.1.5 Actions

The following table highlights a number of the basic issues/defects found and the actions recommended
to address them.

TABLE 8-2 RECOMMENDED ACTIONS - 6840 #1 GENERATOR STATOR

Issues

Recommended Actions

There is oil leaking into the stator, reducing
the effectiveness of the winding support. Oil
and grease has been found on the end-
windings at each past inspection, and on other
similar GE generators. A leak in the horizontal
joint of the seal assembly was found at the
last outage and a temporary repair was made
—is it still effective 7 years later?

Keep the differential seal oil/hydrogen differential pressure
constant and between 27 — 40 kPa (4 and 6 psi).

Check the oil level in the de-training tank is not high, and
the flow in the seal oil drain lines is not excessive or
foaming, which increases the risk of oil backing up and
leaking into the generator

Monitor the partial discharge activity every 3 months for
signs of increased partial discharge activity. If the end-
winding partial discharge activity exceeds 30 mV on any of
the phases, plan an early intervention for repair of the stator
end-winding looseness.

Check the hydrogen consumption and seal oil consumption
for leakage.

The stator core appears to be in satisfactory
condition, but the GE EI-Cid test report is
incomplete. (It is important to confirm the
condition of the core is sound, before ordering
a replacement stator winding for installation in
2012, see next item).

Plan for an El-cid test and a high flux test of the stator core,
during the next major inspection. Check the stepped end
packets, and record the highest defect values in each slot.

Repeat the measurements in the highest three slots and
note the positions, for boroscope inspection. Take infra-red
photos of the core and note the hot spots (areas greater
than 3 °C above the surrounding areas).

The GE tests showed the right phase of the
stator winding was in very weak condition in
2003. A rewind was recommended. An update
on the winding condition should be obtained at
the 2012 inspection (preferably from a second
source). The tests should only be done on the
winding after it has been carefully cleaned and
re-tightened, and is known to be clean and
dry.

At the next major inspection, repeat the 10 KV Megger test,
and the DC hipot test at 34 KV. (Check whether the poor
insulation condition was due to the high moisture or to the
insulation deteriorating during the re-wedging — this is useful
information for Unit 3).

Also test the bushings and the PT’s, and carry out ratio
tests on the CT's.

Decide whether the windings will last until 2015, or whether
they should be replaced during the 2012 outage.

Draft a specification now, for the manufacture, test and
installation of a replacement winding, together with new
RTD’s, and bushing and terminal plate flange seals. Also
include options for new bushings and CT'’s, in case they are
necessary. This will reduce the outage time, if a winding
failure should occur during the next two years.

At the next major inspection, have the OEM (or potential
rewind Contractors) take the stator slot and winding
dimensions.

Consider taking advance delivery of the winding and store it

at the plant until needed (make sure the new winding will fit
either Unit1 or Unit 2, or identify why this is not possible).
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Issues Recommended Actions

4. The end-winding support structure is not able Ask the OEM for an improved end-winding support system
to withstand the operating and system to be supplied with the new stator winding (modern
stresses. It loosens and allows the insulation techniques are available to allow the supports to slide when
to erode and form grease. An improved end- hot, rather than develop internal stress that loosens them).
winding support system is required. Have the effectiveness of the new winding installation

checked with the “bump” test, and additional support
provided where it is found necessary

5. Top ripple springs were installed to increase Carry out a wedge tap survey, to check for loose wedges,
the time between re-wedging the stator slots. (and find out whether Unit 2 is likely to require re-wedging at
Check that the top ripple springs are still its next major outage). Visually inspect the core teeth for
holding the slot parts of the windings firmly in signs of fretting dust or “grease”.
place, and no loosening of the
wedges/windings has occurred.

6. Further information is desirable regarding the Take Doble test measurements every 2 years, during the
deterioration of the stator winding in operation, summer outage (it is necessary to disconnect the neutral
and the possible need for more frequent bar — make sure it is replaced carefully, and check the joint
maintenance. resistance with a low resistance meter (“ductor”).

7. A hydrogen seal leak was found at the Replace the bushing seals and the terminal plate seals.
bushings and at the terminal plate seals. It This is a difficult and expensive repair that is best done
was sealed temporarily from the inside with during a stator rewind. RTV sealing of the inside is
RTV. GE recommended the area be checked satisfactory for a short time, but the deteriorated seal
annually for leaks, but it is not known if this usually leaks elsewhere. GE uses viscaseal and a dam to
was done. identify a leak, but Hitachi repairs the leak with “titeseal”

which is better.

A. Operation

1. The stator winding and core RTD’s do not Using the GE calibration from the last outage, monitor the
read credible values. They are too low. most accurate RTD of each phase, and the hottest core

RTD, on the DCS display.

2. The partial discharge monitoring is not Contact IRIS service dept, to obtain advice on how to get it
working. The GE test report shows the stator working. Record the values every 3 months and watch for
windings are in very poor condition, so the an increase of >20 % in the readings of the highest 3
partial discharge levels in operation should be sensors. Bring forward the planned outage if necessary.
monitored carefully, to minimize the risk of a
winding failure — see also item 2 above)

3. During the two month summer outage and the When the generator is out of service and de-gassed, blow
major inspection outages, moisture collects on warm dry instrument air through the generator. When the
the stator and rotor windings. Corrosion of the rotor is out, install heaters in the stator ends, and a tarp
collector distributor bolts was found on Units 1 over the ends to keep it warm and reduce dust ingress.
and 2 at the last outage. It greatly affects the Consider fitting pad heaters to the lower outer surface of the
Megger and DC hipot test results. stator ends, with a switch to turn the heat on when the unit

is off-line.
The rotor should be kept in a clean conditions “tent” and air
heaters installed to keep the windings warm and dry.
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Issues Recommended Actions

4.  Four of the stator (winding) slot temperatures Use three of the lines for the hottest winding temperature in
are monitored on the “turbine generator” each phase, and label them phase A, phase B and phase
screen, but the stator core temperature is not C. Use the fourth line to monitor the hottest stator core-end
monitored in operation. During high over- temperature. Add a fifth line to show the hottest core
excited load the centre of the stator becomes temperature at the centre of the stator.
the hottest, but during under-excited operation
the core end temperatures are the highest.

This is particularly important during

synchronous condenser operation.
TABLE 8-3 RECOMMENDED ACTIONS - 6839 #1 GENERATOR ROTOR
Issues Recommended Actions

1. The retaining rings and the rotor forging, and Remove the retaining rings and the slot wedges
slot wedges do not appear to have been NDE Carry out a detailed visual and NDE inspection for defects
checked for defects since they were installed and fatigue cracks developing, in the dovetails, wedge
in 1997. (Defects have been found in other ends, rotor bore, retaining rings, etc. Remove any crack-like
similar rotors after less than 30 years defects. Check the shrink fit areas for fretting, and contact
operation). of end-wedges with the retaining rings.

2. The condition of the end-windings is not Check the end-windings for fretting, fatigue cracks in the top
known, and some deformation of the turns in turns under the retaining rings, any distortion or cracking of
the coil stacks is expected, especially at the the flexible connections.
series connections between longer coils and
at the lead connections to the winding. The
packing blocks are expected to be fretted and
dust will have collected under the retaining
ring insulation that should be removed.

3. The turn insulation may be damaged, or the Check the insulation blocks and re-place or re-tighten as
packing blocks broken, fretted or displaced, necessary. (note the dust found probably contains
and the ends of the slot cells may be abraded, asbestos).
overheated, or crushed by the retaining rings.

4. The ventilation system of the rotor slots uses Check the radial holes near the ends of the rotor body for
sub-slots and radial ventilation ducts. It is restrictions, and record the restrictions, for future (the rotor
prone to axial elongation (creep of the copper should be re-wound when the restriction exceeds 25 % of
and restriction of the ventilation holes. the hole area).heck the sub-slots for oil, dirt and

accumulated debris. Vacuum/blow out as much of the dirt
as possible.

5. The turbine generator shaft line has been Trend the bearing vibration levels over time, and record the
realigned at each major inspection. The changes. Try to relate them to the MVAR load, as well as
adjustment seems to be too much to be due to the MW load.
bearing wear, and it appears that the If the vibration level is high put the readings on a polar plot
foundation is settling over time. (Bode) and compromise balance it with marked weights.

Re-align and re-balance the rotor after the shaft line has
been corrected, at the major inspection.
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Issues Recommended Actions

6. There is no record of the generator bearings 1. Re-furbish both generator bearings.
being re-metalled, but GE recommended 2. NDE the bearing Babbitt for good bond with the shell.
sending out the generator bearings for 3 Check th rface f
refurbishment at the next major overhaul. : eck the surface for even wear
Other rotors have found uneven wear, poor 4. Check the insulation resistance of #5 bearing and hydrogen
Babbitt bond, and electrical damage. The #5 seal, and inspect visually.
bearing insulation was found defective. 5. Replace if defective. Replace oil deflectors.

7. GE recommended that spare bearing 1. The bearing thermocouples are old, and in dubious
thermocouples be held in stock in case the condition. New thermocouples should be installed at the
installed thermocouples fail in service. next major outage.

8. A week was spent working on the hydrogen 1. Replace the insulation plates of the CE seals. Check the
seals, and numerous problems were titeseal groove at the upper and lower CE end-shield for
encountered. The hydrogen seal clearances leaks. Air-test the generator for leaks, and fix them properly
on the hydrogen side were reduced to the low at the next major inspection. A new hydrogen seal
end of the clearance, in an attempt to prevent assembly should be considered for the CE end.
oil leaking into the generator. An oil leak from
the horizontal joint of the hydrogen seal was
found at the CE and repaired temporarily with
€epoxy

A. Operation

1. The field current is not credible, it is much too 1. Check the source and calibrate the DCCT, or use the field
low. current value shown on the exciter.

2. The field winding temperature is not 1. Install a mean field winding temperature simulator(if one
monitored. (During overexcited synchronous does not already exist in the static excitation system), or -
condenser operation the field current will be obtain an algorithm for the mean field winding temperature,
higher, and there is an increased risk of based on the field current, cold resistance and the cold gas
overheating the field winding insulation). temperature. Show the mean field winding temperature on

the control room display.

3. There is no on-line monitoring for shorted field | 1. Install a flux probe in the stator bore at the next major
turns (this is the most common indication the outage, when the rotor is out of the stator core.
rotor needs to be re-wound).

4. The shaft voltage and the shaft ground current | 1. Upgrade the shaft grounding brushes with a constant-
are not monitored or checked in operation. A tension spring brush box, and replace the other with a
harmful current could flow through the bearing copper braid, to clean the shaft.
or hydrogen seal. (the risk of damage 2. Fit a shaft voltage monitoring brush at the outer end of the
increases when the starting package is added shaft, so the shaft voltage can be checked safely in
at the collector end, for synchronous operation, or

denser operation). '
con 3. Install a Shore grounding brush and shaft current and
voltage monitoring system.
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Issues Recommended Actions

5. During the two month summer outage and the When the generator is out of service and de-gassed, blow
major inspection outages, moisture collects on warm dry instrument air through the generator. When the
the stator and rotor windings. Corrosion of the rotor is out, install heaters in the stator ends, and a tarp
collector distributor bolts was found on Units 1 over the ends to keep it warm and reduce dust ingress.
and 2 at the last outage. It greatly affects the Consider fitting pad heaters to the lower outer surface of the
Megger and DC hipot test results. stator ends, with a switch to turn the heat on when the unit

is off-line. The rotor should be kept in a clean conditions
“tent” and air heaters installed to keep the windings warm
and dry.

TABLE 8-4 RECOMMENDED ACTIONS — 6850 #1 HYDROGEN SYSTEM

Issues Recommended Actions

1. Several problems were found with the float Replace the seals, and viton disk, and gaskets, and check
trap of the middle de-training tank of the seal the operating level in the tank at both 207 and 310 kPa (30
oil system. The valve disc had hardened, the and 45 psi) hydrogen pressures.
level control was incorrect, and the valve was GE recommends the seal oil supply piping be flushed
installed backwards. annually, to prevent dirt in the emergency by-pass line

entering the system.

2. The seal oil vacuum pump is a high Purchase a spare rotary seal and install it at the next major
maintenance item. It has a rotary valve that inspection. Carry out preventive maintenance on the pump
needs to be replaced at each inspection.

3. The hydrogen coolers were leak tested and Replace the gaskets and seals, and leak test at every major
found satisfactory, but GE recommended the inspection. Check cold parts for green slime (operating
gaskets be replaced at each major inspection. temp too low!)

4. The liquid leak detector valve had incorrect Check the operation of the liquid leak detector relay, and
flanges and gaskets and is prone to failure. service the parts.

5. Hydrogen dryer. The replacement hydrogen Carry out preventive maintenance on the hydrogen dryer,
dryer is of small capacity and will require replace the desiccant, check the regeneration operation,
frequent regeneration. QOil from the leaking and check for hydrogen leaks, especially at the purity meter
hydrogen seals reduces its effectiveness. A and sampling valves.
pipe blockage can burn out the heater.

6. The hydrogen pressure is automatically Service the hydrogen pressure control valve.
controlled by a valve, but this generator Locate and repair hydrogen leaks ASAP.
operates at low pressure. Is the valve not in
service or is it broken? Keeping the pressure
constant reduces the risk of oil ingress into the
generator.

A. Operation

1. The hydrogen pressure is low, probably due to Locate and repair the hydrogen leaks.
hydrogen leaks, resulting in extra heating of Increase the hydrogen pressure to 207 kPa (30 psi).
the generator core and windings.
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Issues

Recommended Actions

The hydrogen consumption of each generator
is not recorded.

Fit a totalizer in the hydrogen supply line, so the daily
hydrogen consumption of each generator can be recorded.

The cold gas temperature is low at 30 °C, GE
usually recommend a minimum of 35 °C to
avoid algae forming on the windings and the
increased risk of brittle fracture in the rotor
forging.

Ask GE to confirm the rotor forging is water-quenched, not
air-quenched.

Increase the cold gas temperature setting to 35 °C,
especially if the forging is air-quenched.

The hot gas temperatures are not recorded,
so it is not possible to check the temperature
rise across each cooler, i.e. whether the
hydrogen coolers are balanced. Sometimes a
cooler leak occurs, or a plug of the vent pipe
after return to service, that should be
detected.

Every month check the temperature rise across each
cooler, to ensure they are balanced, and no gas lock,
plugged vent, or cooler leak has occurred, which will
unbalance the temperatures across the generator, and
result in undesirable overheating.

The hydrogen pressure is automatically
controlled by a valve, but this generator
operates at low pressure. Is the valve not in
service or is it broken? Keeping the pressure
constant reduces the risk of oil ingress into the
generator.

Service the hydrogen pressure control valve.
Locate and repair hydrogen leaks ASAP.

TABLE 8-5 RECOMMENDED ACTIONS - 6849 #1 EXCITATION SYSTEM

Issues

Recommended Actions

The ABB static excitation system is reported
to be operating satisfactorily. However, the
controls and protective relays are prone to
calibration drift, and malfunctions. The field
flashing can maloperate

Check the operation of the excitation system controls,
limiters and protection relays.

Check the field breaker contacts and operation.

Check the thyristors and heat sinks, and snubbers, for signs
of overheating,

The excitation system is expected to have a
VI/f limiter to protect the generator against
over-fluxing, -the risk of generator damage is
highest during initial energization on AVR
control.

Connect the V/f element of the multi-functional generator
protection relay to trip the excitation when off-line, if over-
fluxing occurs.
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8.1.1.6

Actions - Unit 1 Generator

The following table highlights a number of the basic issues/defects found and the actions recommended to address them.

TABLE 8-6 RECOMMENDED ACTIONS — UNIT 1 GENERATOR
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BU# | Asset#
1 2

Asset #
3

Asset #
4

Asset #
5

Unit

Asset 2/3

Asset 3/4

Description

Detail

Action
#

App #

Action

Year

Priority

1296 6690

6691

6696

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR ASSEMBLY

N/A

Reduce operating intervals between major outages to 6 years.

2010

1296 6690

6691

6696

6839

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR ROTOR

N/A

NDE inspection of the rotor high-stress areas should be done in 2012 - cover the
retaining rings, changes in cross section of the rotor (journals and coupling etc), the rotor
tooth dowetails, the slot wedges and the lead wedges for fretting fatigue cracks, the rotor
core (bore sonic inspection), the bearing shells for babbitt bond, the fans for fatigue
cracks. The rotor dovetails with short steel wedges should be checked carefully, due to
the higher risk of a fatigue crack developing under the high cyclic bending stress.

2012

1296 6690

6691

6696

6839

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR ROTOR

N/A

Remove the retaining rings and the slot wedges to permit a closer inspection. Surface
defects may be found in the retaining rings, a fatigue crack may exist in the dowetails,
spitting damage may be found at the wedge ends, due to negative sequence current.

2012

1296 6690

6691

6696

6839

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR ROTOR

N/A

Install a rotor flux probe near the turbine end of the stator bore wired out through the
existing IRIS penetration and junction box to detect the presence of shorted field turns.
Usually precedes development of a rotor ground fault and that the field winding has
suffered extensive copper deformation and weakening of the turn insulation, and is close
to the end of its useful life.

2012

1296 6690

6691

6696

6839

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR ROTOR

N/A

Make a visual check of the extent of restrictions of the radial gas cooling passages, and
of any displaced turn insulation. Any accumulated debris in the radial ventilation ducts,
the sub-slots, and in the end-windings should be blown or vacuumed out.

2012

1296 6690

6691

6696

6839

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR ROTOR

N/A

Monitor the shaft ground current, or the shaft wltage at the outboard end of the generator
- replace the original equipment with on-line monitoring capability. The risk of a shaft
current flowing through the bearing or hydrogen seal increases during synchronous
condenser operation.

2012

1296 6690

6691

6696

6839

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR ROTOR

N/A

Perform annual 500 wolt megger checks on the rotor, to confirm that there is no major
deterioration of the ground insulation (below 3 Gig-ohms).

2010

1296 6690

6691

6696

6839

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR ROTOR

N/A

Install a field winding temperature indicator in control room.

2010

1296 6690

6691

6696

6840

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR STATOR

N/A

Repair hydrogen leak in the bushing box horizontal joint of the cover plate holding the
bushings bushing seals. Difficult as it necessitates breaking the main connections,
dropping the bushings, installing the gaskets, and re-installing the bushings. May be
necessary to remove the whole bushing box. An alternative repair of poorer integrity is to
seal the inside joint flanges around the bushings and terminal plates with RTV sealant.

2012

1296 6690

6691

6696

6840

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR STATOR

N/A

Install a hydrogen consumption “totalizer” in each hydrogen supply line for recording daily
and checked for leaks.

2012

1296 6690

6691

6696

6840

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR STATOR

N/A

Maintain hydrogen pressure steady at the rated value of 310 KPag to simplify differential
pressure controller operation and help to ensure a constant and appropriate oil flow
through the hydrogen seals, reducing the risk of a seal oil spill into the generator. Also
reduces the risk of the sealant at the stator end shields cracking and permitting a
hydrogen leak. It will also awoid a change in the bearing height and alignment of the rotor,
which can increase the bearing vibration levels.

2011

1296 6690

6691

6696

6840

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR STATOR

N/A

Before implementing a stator rewind, perform a flux loop test and thermal imaging of the
core to detect any hot spots and repair them before installing the new winding.

2012

1296 6690

6691

6696

6840

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR STATOR

N/A

Perform a minor inspection and Doble test after 4 or 5 years, and carefully monitor the on{

line partial discharge monitoring.

2016

Table 8-6 Cont'd
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BU# | Asset#
1 2

Asset #
3

Asset #
4

Asset #
5

Unit

Asset 2/3

Asset 3/4

Description

Detail

Action
#

App #

Action

Year

Priority

1296 6690

6691

6696

6840

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR STATOR

N/A

Take partial discharge activity readings in the slot portion of the windings and in the end-
winding portion during normal senvice conditions. Work with IRIS on a priority basis to
repair so that the results are available in time to consider replacing the windings during
the 2012 outage. Detect de-lamination of the insulation tapes, deterioration in the low-
resistivity paint at the outer surface (ground wall) in the slots, and discharges in the end-
windings.

2010

1296 6690

6691

6696

6840

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR STATOR

N/A

Repeat the DC hipot test at the next major inspection, taking extra care to ensure the
insulation is dry before the test.

2012

1296 6690

6691

6696

6840

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR STATOR

N/A

Perform an intermediate inspection of the stator end-windings after 4 years to establish
the presence of oil and grease on the end-windings to better establish the timing of the
next major inspection.

2016

1296 6690

6691

6696

6840

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR STATOR

N/A

17

Proceed with planning work for a rewind now - typically requires 9 to 12 months to plan
and carry out a stator rewind, plus site work of 4-6 months.

2010

1296 6690

6691

6696

6840

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR STATOR

N/A

18

Proceed with the installation of a new stator winding at the next major outage in 2012.

2011

1296 6690

6691

6696

6849

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

EXCITER

N/A

19

4,6

Upgrade static exciter controls compatible with the latest Unitrol 6000 system.

2013

1296 6690

6691

6696

6850

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GEN. HYDROGEN GAS SYSTEM

N/A

20

Install a hydrogen consumption “totalizer” in each hydrogen supply line, for recording
daily and checked for leaks.

2011

1296 6690

6691

6696

6850

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR SEAL OIL SYSTEM

N/A

21

Maintain hydrogen pressure steady at the rated value of 310 KPag to simplify differential
pressure controller operation and help to ensure a constant and appropriate oil flow
through the hydrogen seals, reducing the risk of a seal oil spill into the generator. Also
reduces the risk of the sealant at the stator end shields cracking and permitting a
hydrogen leak. It will also awoid a change in the bearing height, and alignment of the
rotor, which can increase the bearing vibration levels.

2011

1296 6690

6691

6696

6850

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GEN. CO2 GAS PURGE SYSTEM

N/A

22

No action recommended.

1296 6690

6691

6696

6850

#1 TURBINE & GENERATOR

GENERATOR ASSEMBLY

GENERATOR HYDROGEN COOLING

N/A

23

Maintain hydrogen pressure steady at the rated value of 310 KPag to simplify differential
pressure controller operation and help to ensure a constant and appropriate oil flow
through the hydrogen seals, reducing the risk of a seal oil spill into the generator. Also
reduces the risk of the sealant at the stator end shields cracking and permitting a
hydrogen leak. It will also awoid a change in the bearing height, and alignment of the
rotor, which can increase the bearing vibration lewels.

2011
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8.1.1.7

Risk Assessment

Table 8-7 below illustrates the risk assessment for the Unit 1 generator, both from a technological perspective and a safety perspective using the models presented in Section 3.

TABLE 8-7 RISK ASSESSMENT — UNIT 1 GENERATOR
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Remaining Life TECHNO-ECO RISK ASSESS | SAFETY RISK ASSESS
- ) Years MODEL MODEL
BU# Asset# | Asseti# | Asset# Assetif | Asset# Unit Asset 2/3 Asset 3/4 Description Component Risl Appendix Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
1 2 3 4 5 6 Assess # # Inspection Required Likeli- Conse- | _ Likeli- Conse- Safety
Risk Level
Within (x) Years) hood quence hood quence Risk
#1 TURBINE & GENERATOR GENERATOR .
1296 6690 6691 6696 0 0 1 GENERATOR ASSEMBLY ASSEMBLY N/A 5 See details below. None
Plan for a rotor rewind by 2020. Evaluate
#1 TURBINE & GENERATOR Rotor Forging and . . " . Loss of unit generator and SC capability. |techno-economic values of early
1296 6690 6691 6696 6839 0 1 GENERATOR ROTOR 6 4 Electrical Failure - EOL. 101 N 2 D Medi 2 D High
GENERATOR ASSEMBLY Field Windings ectrical Fallure " one edium 'O Ipotential life threatening. implementation in 2015 as part of
synchronous condenser conversion.
#1 TURBINE & GENERATOR Rotor Forging and Mechanical failure retaining " . Loss of unit generator and SC capability. [Removal of the retaining rings and
1296 6690 6691 6696 6839 0 " |GENERATOR ASSEMBLY GENERATOR ROTOR Field Windings 7 4 rings. 10+ None 2 b Medium 2 b High 15 tential life threatening. inspection in 2012.
V/f element of the new generator multi-
Electrical - sustained over-fluxing . ™ functional relay be set up to provide back-
1296 | 6690 | 6691 6696 6840 0 1 |#TURBINE&  GENERATOR | p\epaToR sTATOR | Stator Core and 8 4 |ofidline (e.g. if the PT has one 15 None 3 ¢ | Medum | 3 c High |-oSs of unit generator and SC capability. |, "y tection beyond standard
GENERATOR ASSEMBLY Frame Potential serious injury situation N . .
phase open or a blown fuse). protection against over-fluxing by the
wolts/hertz relay.
#1 TURBINE & GENERATOR Stator Core and Mechanical damage - inspection . . .
1296 6690 6691 6696 6840 0 1 GENERATOR ASSEMBLY GENERATOR STATOR Frame 9 4 related. 15 None 2 B Low 2 B Low |Damage is local Repair during outage.
Check for signs of red iron oxide dust in
ocrrcl Loss s
1296 6690 6691 6696 6840 0 1 #1TURBINE &  |GENERATOR GENERATOR STATOR | Stator Core and 10 4 vibrating in the magnetic field (5) None 3 c Medium 3 B Medium |-00S€ plates break off and damage the | - " ' ¢ ally be treated with
GENERATOR ASSEMBLY Frame then break off and damage the stator winding. X N
. penetrating epoxy and re-tightened by
stator winding. L .
driving tapered wedges into the loose
packets of iron.
Electrical - failures of the stator
#1 TURBINE & GENERATOR Stator Core and o . . . . .
1296 6690 6691 6696 6840 0 1 GENERATOR ASSEMBLY GENERATOR STATOR Frame 1" 4 w!nd!ng, and/or poor st?tor (10) None 3 D High 3 C High  [Damage to stator core 2012 Inspection and repairs - stator rewind.
winding ground protection.
Rewind of stator in 2012. Evaluate techno-
- . . economic risk of deferral to 2018 as soon
Electrical - insulation/winding Stator winding failure - possible stator corel as possible. (Currently relying upon the
#1 TURBINE & GENERATOR - . . . effects. GE contention that the insulation is| . . i
1296 6690 6691 6696 6840 0 1 GENERATOR ASSEMBLY GENERATOR STATOR Stator Windings 12 4 fallurt.e - system over-wltage (2/8) None 3 D High 3 C High at high risk of failing, and cannot be lightning and syrge arrestors fitted at the
transients. ; ; generator terminals to attenuate surges, or
considered to be reliable. - o
upon the statistical unlikelihood of the
worst over-voltage situation occurring.
Rewind of stator in 2012. Evaluate techno-
- . . economic risk of deferral to 2018 at next
Mechanical/electrical - glued Stator winding failure - possible stator core recommended overhaul. Very important to
1296 | 6690 | 6691 6696 6840 0 1 |#TURBINE & GENERATOR | p\epaTOR STATOR | Stator Windings 13 4 |iayers of mica flake insulation @8) None 3 D High 3 B | Medium |Sfects- GE contention that the insulation is| . 1\ the mechanical stresses that can
GENERATOR ASSEMBLY at high risk of failing, and cannot be X N
open N " open up the glued layers of insulation and
considered to be reliable. ) N
lead to mechanical breakdown of the mica
flakes, especially if re-wedging required.
Mechanical/electrical - end- The line-end coils and phase leads are at Wedge tightening and/or re-wedging.
#1 TURBINE & GENERATOR - windings loosen. Line-end coils . most risk, of distortion, and could fail ~ . y
1296 6690 6691 6696 6840 0 1 GENERATOR ASSEMBLY GENERATOR STATOR Stator Windings 14 4 & phase leads distort and fail (2/8) None 2 D Medium 2 B Low during a severe or a sustained system fault Re;?alr line-end coils and phase leads
X s = during overhaul. Stator rewind.
during system fault condition. condition.
#1 TURBINE & GENERATOR GEN. STANDOFF Mechanical vibration & electrical . Loss of unit generator and SC capability. R
12! 6690 1 96 4 734 1 N/A 1 4 2 N 2 D Medi 2 B L Repl t. Red tat bration.
96 o 669 66 6840 345 GENERATOR ASSEMBLY INSULATORS I 5 fault greasing. 0 one ecium % | potential serious injury situation eplacement. Reduce stator vioration
#1 TURBINE & GENERATOR . . Electrical fault, mechanical " . . . Inspect and Test per current maintenance
1296 6690 6691 6696 6849 271310 1 GENERATOR ASSEMBLY EXCITER Static Exciter 16 4,6 fatigue, controls fault, ops error. 20 None 2 C Medium 2 B Low Loss 1 unit generation. Damage to Unit program.
#1 TURBINE & GENERATOR Static Exciter Electrical fault, mechanical . . . ’ -
1296 6690 6691 6696 6849 271310 1 GENERATOR ASSEMBLY EXCITER Controls 17 4,6 fatigue, controls fault, ops error. 2) None 2 C Medium 3 A Low Loss 1 unit generation. Damage to Unit Upgrade controls for compatibility by 2013.
#1 TURBINE & GENERATOR EXCITATION . L . . .
1296 6690 6691 6696 6849 271311 1 GENERATOR ASSEMBLY TRANSFORMER N/A 18 4,6 Regulatory PCB. 3 None 3 C Medium 2 B Low |Qil spill/PCB contamination Replace per regulations when required.
#1 TURBINE & GENERATOR EXCITER FIELD Electrical fault, mechanical . . . . Inspect and Test per current maintenance
1296 6690 6691 6696 6849 271312 1 GENERATOR ASSEMBLY BREAKER N/A 19 4,6 fatigue, controls fault, ops error. 20 None 1 (o} Medium 2 B Low |Loss 1 unit generation. Damage to Unit program.
Seal Leak, Hydrogen Fire/Expl - oil leaks
#1 TURBINE & GENERATOR GEN. HYDROGEN GAS | Auxiliaries - Hydrogen . . . . into the stator if the flow rate is too high, .
12! 0 1 6 1 20 4 Mech: |/electrical fire. 2 N 3 (o} Medi 3 D High New hyd | d totalizer.
96 669 669 669 6850 0 GENERATOR ASSEMBLY SYSTEM Pressure Control echanicalielectrical fire one edium ' and overheating and failure of the hydrogen ew hydrogen seals and totalizer
seals if the flow rate is too low.
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Remaining Life TECHNO-ECO RISK ASSESS SAFETY RISK ASSESS
P P P P P . g Years MODEL MODEL
BU# Asset Asset Asset Asset Asset Unit Asset 2/3 Asset 3/4 Description Component Risl Appendix Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
1 2 3 4 5 6 Assess # # Inspection Required Likeli- Conse- . Likeli- Conse- Safety
Risk Level ;
Within (x) Years) hood quence hood quence Risk
Auxiliaries - Hydrogen . .
#1 TURBINE & GENERATOR GEN. HYDROGEN GAS N . . y . Recent replacement - monitor condition
1296 6690 6691 6696 6850 0 1 GENERATOR ASSEMBLY SYSTEM Syster:ndPDurrylt;/r meter 21 4 Electrical/fire 2 None 1 Cc Low 1 D High  |Hydrogen Fire/Explosion and maintain.
#1 TURBINE & GENERATOR GENERATOR SEAL OIL Mech - loss, spill - hydrogen . N . Inspect and Test per current maintenance
1296 6690 6691 6696 6850 6806 1 GENERATOR ASSEMBLY SYSTEM 22 4 leak. 10 None 1 C Low 2 C Medium [Hydrogen Fire/Explosion program.
#1 TURBINE & GENERATOR GEN. CO2 GAS CO2 Supply, Purge . R . . Inspect and Test per current maintenance
1296 6690 6691 6696 6850 6851 1 GENERATOR ASSEMBLY PURGE SYSTEM System 23 4 Mech failure. 30 None 1 C Low 2 C Medium [Hydrogen Fire/Explosion program
#1 TURBINE & GENERATOR GENERATOR Auxiliaries - Hydrogen . . . . . . L
1296 6690 6691 6696 6850 6853 1 GENERATOR ASSEMBLY HYDROGEN COOLING Coolers 24 4 Electricalffire. 10 None 1 C Low 1 C Medium |Hydrogen Fire/Explosion Monitor condition and maintain.
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8.1.1.8 Life Cycle Curve and Remaining Life

Figures 8-2 and 8-3 below, illustrate the life cycle curve for the Unit 1 generator system. It is broken into two parts — the generator and the exciter. Differences in the scenarios in Section 6 do not materially affect the curve. The curves are plots of current
and projected operating hours (generation plus synchronous condensing mode) on the y-axis versus calendar year on the x-axis. Vertical lines represent bands of nominal years of normal base loaded life (typically thirty years and 200,000 to 240,000
operating hours to forty years and 280,000 to 320,000 operating hours). Horizontal lines represent the ranges of equipment life based on current and historical information and expert opinion. The risk area boxes provide an indication of the timing of
potential issues either from an age or equivalent operating hours view.

The generator figure below shows the operating hours as an electricity generator, in synchronous condensing mode (beginning in 2015), as well as the sum of the two. Only one set of curves is required, given that the major elements of the generator
(stator and rotor windings and core) and much of the hydrogen system are the same age. The new parts of the hydrogen system are not identified due to their shorter time in-service. One vertical line illustrates the timing of the next generator overhaul in
2012. The lowest two horizontal lines represent the ranges of expected generator life for Holyrood Unit 1 based on current and historical information and expert opinion. The “Rewind Unit 1 Recommended” line is based on the recommended estimated
remaining reliable stator winding life of five years at current generation levels. The two upper lines also represent an assessment of a longer 10 + year of the lower reliability, higher failure risk, remaining life of the rotor winding as well as a maximum 20
years likely for the stator and rotor cores.
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FIGURE 8-2 LIFE CYCLE CURVE — UNIT 1 GENERATOR
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The exciter figure shows only the total operating hours as an electricity generator plus in synchronous condensing mode (beginning in 2015). It has two curves for any remaining original equipment as well as for the upgrades to the system made in 2001.
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FIGURE 8-3 LIFE CYCLE CURVE — UNIT 1 GENERATOR - EXCITER

The curves indicate that the remaining life (RL) of the Unit 1 generator exceeds the desired life (DL) which is the lesser of the time to its next major planned overhaul/inspection (2012) or to the desired End of Life (EOL) date of 2041. Thus no specific
dedicated Level 2 is required, but sufficient inspection and testing will be required in the 2012 overhaul to demonstrate the ability to meet the 2041 EOL date. The exciter should for the most part be able to meet an EOL of 2020, and with periodic
refurbishment may meet 2041.The highlighted nearer term risk areas include the stator winding, exciter controls (upgrade only), the rectifying transformer, and some original BOP components. These systems are candidates for replacement or
refurbishment — addressed in later sections. The curve also suggests that a nine year time between generator overhauls is impractical at this time in the generator’s life and should be a six year cycle.
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8.1.1.9

Level 2 Inspections — Unit 1 Generator
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No Level 2 analyses are specifically required given their current condition and their ability to make their next major outage/overhauls. This is provided that the plant maintains their current maintenance and inspection programs and addresses the
issues identified in the Issues and Actions list. The current overhaul interval was increased from 6 years to 9 years based on a recent (2005) assessment by the Hartford Steam Boiler Consulting, a company that was contracted by NL Hydro to
review the frequency of steam turbine and generator inspections. This nine year interval between major overhauls is considered excessive, given the age and condition of the generators. A return to a six year interval is considered necessary.

TABLE 8-8 LEVEL 2 INSPECTIONS — UNIT 1 GENERATOR

BL]J_ # ASS? # Ass;t # Ass;et # Assst # Assgt # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work Year Priority CIS;I
1296 6690 6691 6696 0 0 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY GENERATOR ASSEMBLY None 0 4 Level 2 "Pre-Major Outage Inspection" Work Allowance. 2011 1 $100
No Level 2 work required before the next inspection/overhaul. Work required to scope and be
ready for the next planned inspection/overhaul includes:
- Review generator drawings, contract information, and operating manual to clarify design
1296 6690 6691 6696 0 0 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY GENERATOR ASSEMBLY None 1 4 details. 2012 1 $1,849
- Stator core: Core loop test and thermal image of core for hot spots, before the stator is re-
wound.
- Stator Winding: Obtain Doble test data and on-line partial discharge measurements.
1296 6690 6691 6696 6839 0 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY GENERATOR ROTOR None 2 4 Included above. No Level 2 required prior to overhaul. 2012
1296 6690 6691 6696 6840 0 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY GENERATOR STATOR None 3 4 Included above. No Level 2 required prior to overhaul. 2012
1296 6690 6691 6696 6840 7345 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY | GEN. STANDOFF INSULATORS None 4 4 Included above. No Level 2 required prior to overhaul. 2012
1296 6690 6691 6696 6849 271310 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY EXCITER None 5 4 Included above. No Level 2 required prior to overhaul. 2012
1296 6690 6691 6696 6849 271311 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY | EXCITATION TRANSFORMER None 6 4 Included above. No Level 2 required prior to overhaul. 2012
1296 6690 6691 6696 6849 271312 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY EXCITER FIELD BREAKER None 7 4 Included above. No Level 2 required prior to overhaul. 2012
1296 6690 6691 6696 6850 0 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY GEN. H\S(\?SR.?EGNEIEN GAS None 8 4 Included above. No Level 2 required prior to overhaul. 2012
GENERATOR SEAL OIL
1296 6690 6691 6696 6850 6806 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY SYSTEM None 9 4 Included above. No Level 2 required prior to overhaul. 2012
1296 6690 6691 6696 6850 6851 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY GEN. CgiSGéS“APURGE None 10 4 Included above. No Level 2 required prior to overhaul. 2012
1296 6690 6691 6696 6850 6853 1 #1 TURBINE & GENERATOR | GENERATOR ASSEMBLY GENERAJSSLT’\T(?ROGEN None 11 4 Included above. No Level 2 required prior to overhaul. 2012
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8.1.1.10 2011 Level 2 Inspection Requirements and Costs — Hydro Request

As part of the effort to optimize the requirements of the 2012, 2014, and 2016 Generator Outages, Hydro
staff asked for an assessment of testing and inspections (Level 2) that could be performed in 2011 with
the generator rotor in place. AMEC provided the following generic initial preliminary listing, with an
allowance of $200,000 per unit. Given the major overhaul in 2012, AMEC recommends that those items
that would assist in better preparing for the 2012 overhaul be undertaken and that an allowance of
$100,000 per unit be set aside pending further detailed review.

The following are the tests that could be considered, with the scope adjusted as appropriate within the
$100K/unit allowance suggested. It must be recognized that the list appears much more all-
encompassing than it is. It is a generic checklist and will not and cannot address much of what needs to
be addressed in the major outage in 2012 when the rotor is removed from the stator. There are several
safety related issues that would have to be addressed when considering the scope.

INSPECTIONS

Inspections — External Components: The following external component items could be inspected:

» Frame footing and bolts — torque for tightness, damage (likely not an issue — no vibration issue);

= Generator foundation — free from cracks other structural damage; footing grouting
cracking/spalling;

= Grounding cables — tightness, condition (corrosion, overheating, fraying, cracking), current flow
(unexpected);

= Piping & connections — condition, grounding, gasket and o-ring conditions, tightness, oil-free;

= Generator end brackets (end doors) — seal damage, cleaning/replacement of seal material,
hydrogen leaks (NDE surface penetrant if leaking);

» Bearing Insulation & pedestals — grounding and bearing insulation device condition; bearing and
journal pitting, insulation carbon contamination, insulation resistance (>Million ohm range);

= RTD, Thermocouple and Misc devices, Instrument Panel - hydrogen leak test, gaskets/O-ring
check, wiring to external device — condition, operational check.

Inspection — Stator Internal Components: The following stator internal component items may be able
to be inspected with the rotor in:

= Frame & support structure - compression bolts — greasing (oil/dust indicating loose bolts/core/nut
lock device vibration), surge ring supports — cracking/looseness; fingerplates — cracked/bent
fingers — likely very limited access; stator core — looseness, mechanical damage; stator windings
— looseness, cracking, greasing;

= RTD and TC wiring and monitoring devices — visually inspect wiring to and from stator RTD and
TC devices as possible — tightly secured. Damaged ones that are accessible may be replaced,
others left for major overhaul/rewind;

=  Winding TC’s — inspect and check for function.

Inspection — Stator Core: The following stator core items could be inspected with the Stator Core (Rotor
In) to the Extent Possible

= Core back — partial through cooler openings;

= Core Compression plates — inspect at turbine end (difficult at generator end due to phase leads)
for looseness and condition;
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Core End Flux Screens and Flux Shunts — overheating, insulation resistance and thermal and
distortion damage; and

Frame to Core Compression Bands — check through cooler openings. No stator casing underbelly
inspection ports so unlikely to tighten if required — stator vibration does not appear to be an issue
so likely unnecessary.

Inspection — Stator Windings: The following stator windings could be inspected with the Stator Core
(Rotor In) to the Extent Possible. If the inner end shields can be moved out of way, up to about 50% of
turbine end and 25% of the generator end (phase lead interference) can be checked.

End winding blocking and roving — inspect condition of blocking, roving, ties — looseness,
greasing, dryness, powder, abrasion, cracked painting, missing bits;

Surge rings - inspect condition of blocking, roving, ties — looseness, greasing, dryness, powder,
abrasion, cracked painting, missing bits;

Surge ring insulation - inspect (mirrors) integrity of insulation, especially beneath ties;

End winding support structures - inspect (mirrors/other) condition — looseness, loose parts,
missing/loose bolts/nuts, cracked supports (solid insulation material), greasing bolts,
cracked/loose welding; retighten carefully and if possible; check retightening system condition (if
exists);

Tape separation/Girth cracking — inspect for near ends;
Insulation galling/necking beyond slot — inspect for lack of insulation or cracking/separation;

Corona discharge: End windings — white or brownish powder on end bars, dark brown burn
marks; and

End Wedge Migration Out of Slot — inspection by eye or mirror (likely difficult to see (may not be
applicable — locking mechanism);

Inspection — Phase Bus Connectors and Terminals: The following could be inspected with the Stator
Core (Rotor In) to the Extent Possible. Access is very tight and may not be possible from a safety
perspective. Lower part may be more accessible through bussing box.

Phase Bus Circumferential Bus Insulation: fretting, greasing, cracking insulation/paint, cracks in
connectors/support ties;

Phase Bus Phase Droppers: greasing, cracking insulation;

High Voltage Bushings: Cracks, oil leakage (if applicable), looseness, dirt, tracking residues, Vent
clogging (if applicable);
Stand-off Insulators: Cracks, oil leakage (if applicable), looseness, dirt, tracking residues;

Bushing Well (If Applicable) Insulators & Hydrogen Sealant Condition: sealant condition, gasket
condition; and

Generator Current Transformers (CT’s): visual if in bushing box (IPB less accessible) - cracks,
leaking resin, discolouration.

Inspection - Hydrogen Coolers: The hydrogen coolers could be inspected with the Rotor, assuming the
coolers can be readily removed, in to the Extent Practical

Tube clogging: visual inspection and descale;
Tube leaks: hydrogen sensors, water inside casing, pressure test; and
Tube thinning: eddy current tests.
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Inspection — Rotor: The following rotor item could be inspected with the Rotor in to the Extent Practical

Rotor cleanliness: copper dust (dc field coils on turning gear), copper dust in vent holes in
winding slot wedges (shorted turns/ground faults) — short turn testing; copper dust in rotor end
winding — blocking, insulation; “megger” to check insulation resistance; inspect before and after
cleaning;

Fan Rings/Hubs: Cracks in shrink area — visual if possible, NDE if fans removed,;
cracks/snugness at fan blade attachment to hub — NDE as appropriate;

Bearings & Journals: (if bearing dismantled) journals, Babbitt materials, oil-baffle labyrinth, oil-
seal ring clearance, bearing clearance; used oil condition (including tiny rounded electrical pits);
bearing insulation and grounding brush integrity;

End Wedges (using boroscope): discoloration, electric pitting between wedges and slot; different
wedges, wedges and retaining ring;

C-Channel Subslot (if applicable): physical damage - boroscope examination through slot under
retaining ring may be possible but very difficult;

Collector Rings: condition, insulation condition, collector thickness/groove depth, spring condition;
Shaft Voltage Discharge Brushes: visual inspection, monitor system (applicable?);

Rotor Winding main Lead Hydrogen Sealing: Pressure test, visual not practical;

Couplings and Coupling Bolts: chafing, fretting, thread condition;

Bearing insulation: inspect grounding devices, insulation, electric pitting of Babbitt, insulation
carbon dust, electrical testing — megger; and

Hydrogen Seals: Requires hydrogen seals be dismantled. Seals: inspect Babbitt and steel shell,
seal rings, seal housing, wipers, springs/pressure components, gaskets/O-rings, NDE — Liquid
Penetrant inspection (LPI) for cracks, Ultrasonics (UT) for Babbitt bonding to shell, Insulation
resistance — megger seal insulation to ground.

Inspection — Auxiliaries: The following systems could undergo inspections as part of overall generator
program, but specific details to be developed:

TESTS

Lube oil system — pre-shutdown detailed system readings, tank condition/cleanliness, piping
looseness defects, valve operation, oil coolers condition (possible leak test), filters, switches,
gauges, pump bearings, monitoring instrumentation check, purifier/centrifuge check;

Hydrogen Cooling System: general condition and functionality — dryers and control, bulk supply,
controls and instruments, desiccant condition;

Seal Oil System: general condition and functionality — coolers condition (possible leak test),
filters, reservoirs condition/cleanliness, hydrogen detraining, piping looseness defects, switches,
gauges, pump bearings, monitoring instrumentation check; and

Exciters: Electrical and Mechanical systems.

Test — Stator: The tests to be further evaluated for the Stator with the rotor in could include:

Stator Winding Electrical Tests — dry, phase isolation

o0 Insulation Resistance: Megger - ohmic resistance between conductors in each phase and
ground (stator core) — gross insulation issues so that further hi-voltage testing can be
carried out safely;

0 Polarization Index (PI) — Megger - change in IR in first minutes (IR minute 10/IR minute 1)
= function of insulation condition, contamination, moisture;
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A Doble test can be done to measure the insulation power factor and tip-up of the stator
winding, with the rotor in place. (all the stator coils are raised in steps, up to rated phase
voltage, during this test, and each phase is energized separately);

DC Hi Pot: high voltage to winding (each phase separately or all) — done in hydrogen;
Series Winding Resistance: ohmic resistance of copper in each phase — shorted
windings, bad connections, wrong/open connections;

Dielectric Absorption during DC voltage Application: measures aging of resin binder in
ground wall insulation — time dependent current flow. Affected by voids in insulation;

DC leakage or Ramped Voltage: leakage current versus applied voltage applied
increasingly over time — warns of impending insulation breakdown; and

Dissipation/Power Factor Tip-Up Testing: measures the void content of insulation, also
other ionizing losses (PD or slot discharges).

Test — Rotor: The tests to be further evaluated for the rotor with the rotor in could include:

= Mechanical Testing

(0]

Rotor Vibration: typically on-line measurements, detailed testing (using on-line device
connections — characterize magnitude, phase relation, frequency spectrum .

= Test — Rotor Electrical Testing

28 Jan 2011
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Rotor Winding Resistance Tests: Megger - ohmic resistance of total copper winding
shorter turns, bad connections, wrong/open connections;

Insulation Resistance: Megger - ohmic resistance between conductors in each phase and
ground (rotor forging) — gross insulation issues so that further hi-voltage testing can be
carried out safely;

Polarization Index (PIl) — Megger - change in IR in first minutes (IR minute 10/IR minute 1)
= function of insulation condition, contamination, moisture;

Shorted turns Detection;

Off-Line Testing: winding impedance measurement during acceleration and deceleration
for comparison with past tests (Low Voltage DC — Volt Drop Shorted Turn Test likely
preferred otherwise);

Hydrogen Seals: NDE - Megger seal insulation; and
Bearings: Megger bearing insulation.
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8.1.1.11 Capital Program Suggestions

Table 8-9 below shows the suggested typical capital enhancements that should be considered for the Unit 1 generators:

TABLE 8-9 SUGGESTED TYPICAL CAPITAL ENHANCEMENTS — UNIT 1 GENERATOR
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BL1J # ASSZEt # Assget # Ass4et # AssSet # Assset # Unit Asset 2/3 Asset 3/4 Description Detail CAP# Appendix # Capital Item Date Priority
1296 6690 6691 6696 0 0 1 ?ELLIJEsRBAl"FIOER& CZEZEER“?;&R (iES'\ISEERl\?;&R N/A 1 4 See details below. 2012 1
1296 6690 6691 6696 6839 0 1 @ELLIJERR?'II\'IOER& GAESI\ISEERI\?;?YR GENERATOR ROTOR N/A 2 4 No capital required.

1296 6690 6691 6696 6840 0 1 @E-II:IUET;{"I\'I(ER& (,J‘AESNSEERA?; I?YR GENERATOR STATOR N/A 3 4 EEIZEEE;: %Eﬁié?jrz %??E:jg%?%gﬁr?jr: n2§ ?; 1SlfJ?)Eect to 2011 1
1296 6690 6691 6696 6840 7345 1 @ELUE?E:_INSR& GAESNSEER'\?;&R GIIENNSLSJE:'IIEJODROSF F N/A 4 4 No capital required.

1296 | 6690 6691 6696 6849 271310 1 @EL%RR?%R& c/;\ESNSEER,\':g&R EXCITER N/A 5 46 Il;'t’gs?fjﬁl t?:g%gg‘:ﬁ;ecnfrmo's compatible with the 2013 1
1296 6690 6691 6696 6849 271311 1 @ELUET??'INSR& GAESNSEER'\?;&R T:KI%E%E&ER N/A 6 4,5 Replace rectifying transformer. 2013 1
1296 6690 6691 6696 6849 271312 1 @E-II:ILIJERR?'II\'IOER& GAESI\ISEERI\?;?YR EXE:IEE EKEFE{LD N/A 7 No capital required.

1296 6690 6691 6696 6850 0 1 @ELL[J;RR?"FIQER& GAESI\ISEERI\?I;'&R GEN. H\S(SSR_I(_)EGNIIEN GAS NA 8 4 Lr;s;?!;ey:rscsjgz)irllyc"c:]r;s-umpt|on totalizer” in each 2011 1
1296 6690 6691 6696 6850 6806 1 @ELL[JE:A{"FIQER& GAESI\ISEERI\?I;'&R GENER@$2$ESNI|EAL OIL NA 9 18 (Ijsgrlzct:izln?verhaul seal oil skids required for SC 2015 1
1296 6690 6691 6696 6850 6851 1 @ELLIJET??'IN(ER& GAESI\ISEERI\'/T;&R GEN. Cg\Z(SGTAI‘ESMPURGE N/A 10 No capital required.

1296 6690 6691 6696 6850 6853 1 @E-II:IUET;{"I\'I(ER& CZESI\ISEERI\;\;E)YR HYDsggEEACngLIN G N/A 11 4 No capital required.
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8.1.2 Asset 6805 — Unit 1 Generator Lube Oil System

(Detailed Technical Assessment in Working Papers, Appendix 9)

Unit 1: 1
Asset Class # BU 1296 - Assets Generations
SCI & System: 6691 #1 Turbine & Generator

6805 #1 Turbine Lubricating Oil

Sub-Systems:
6807 #1Turbine Hydraulic Oil Systems

6803 #1 Tank & Equipment

6804 #1 Purification

6829 #1 Pump South

6830 #1 Pump North

6833 #1 DC Pump

6835 #1 Hydraulic Oil Pump North
6838 #1 Hydraulic Oil Pump South

Components:

8.1.2.1 Description

The generator lube oil system is integrated into the steam turbine system. It consists of a storage system,
AC and DC pumping systems, filtration, and heat exchangers. The lube oil tank holds approximately
98400 L (2600 US gallons) of Turboflo R&O 32 lubricating oil. Within the lube oil tank, there are three
pumping units (two 100% AC motor driven and one 100% DC motor driven) and three 100% duty lube oil
heat exchangers. The system supplies 35-45 °C oil to the turbine/generator lubrication and hydrogen seal
oil systems. Pump discharge pressures at 275 — 300 kPa would be normal.

Lubricating oil heat exchanger cooling water heads can be isolated and removed for easy cleaning. An
oil purifier is connected to the oil tank through a separate piping arrangement and is used primarily to
remove water from the oil which accumulates because of the condensation throughout the process. The
system is fitted with two 100% duty oil filters insuring heavy particles in the oil are removed and do not
reach the bearings during lubrication.

Two 100% positive displacement hydraulic oil pumps are used to operate the emergency stop valve, the
combined intercept reheat stop valves, the control valves and other miscellaneous valves on the steam
turbine. The pumps operate at a pressure of 15.5 MPa to counteract the large springs which normally
hold the valves closed. The hydraulic oil system has its own network of high pressure piping external to
the lubricating oil system which makes it somewhat easier to maintain if problems occur.
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8.1.2.2 History

Manufactured/Delivered 1969

In-Service Date Sep 1970
Generation Base Load End Date Dec 2015
Generation Peak/Emerg Gen End Date Dec 2020
Synchronous Condensing Start Date Jan 2015
Synchronous Condensing End Date Dec 2041
Next Major Overhaul/Inspection 2012

The thousands of hours associated with the analyses, and the number of starts per year are:

Generation (Gen) Synchronous Condensing (SC)

Hours Actual - Ops to Dec 2009 166 0
Hours - Ops to Gen End Date Dec 2015 210 1.5
Hours - Ops to Gen End Date Dec 2020 219 25
Hours — Ops to SC End Date Dec 2040 219 120
Starts Actual - Ops to Dec 2009 482 0
Starts - Ops to Gen End Date Dec 2015 554 5
Starts - Ops to Gen End Date Dec 2020 614 30
Starts — Ops to SC End Date Dec 2040 714 130

8.1.2.3 Inspection and Repair History
The system was examined extensively as part of a plant fire protection system evaluation. It is in very

good condition as part of the plant’s normal maintenance and inspection program and is examined as well
during major generator inspections.
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8.1.2.4 Condition Assessment

This system has been in service since the unit was placed in service in 1970. Although the lubrication system is critical to the operation of the steam turbine/generator and may cause a short unit shutdown in the event of a failure, a longer
shutdown may occur due to a failure of the lubricating oil piping system which cannot be inspected easily because the supply piping is installed inside of the oil return piping which is connected to the oil storage tank.

The oil storage tank appears externally to be in good condition. Internal inspection reports were not available at this time. Failures of any of the oil pumps or the oil purifier are easily repaired and, barring no hidden problems, this system should
continue to operate for the time frame required. If this unit is required to support synchronous condenser operation after generation mode, this system will be required to operate at all times and should not present any major issue.

All parts of the generator lube oil system are expected to be able to make their next inspection date. All are expected to undergo more rigorous evaluation at that time. Most will be able, with maintenance and replacement, to meet the generation
end date of 2020. None are expected to be able to make their 2041 synchronous condensing end date without a major refurbishment and replacement program.

TABLE 8-10 CONDITION ASSESSMENT — UNIT 1 GENERATOR LUBE OIL SYSTEM

Current
. . Expected ; Next Planned "
Condition Original Life L End of Life Capability to "
BU# |Asset#| Asset# | Asset# Asset # | Asset # Unit Asset Level 2 Asset Level 3 Description Detail Summary Append Condition EPRI (Base Load) Minimum (E0L) Next Regular | Overhaul or Reach Next Capability to In
1 2 3 4 5 6 # Identifier Remaining . Inspection Major Reach EOL Service
ID # Ops Hrs (Yrs) N Required . Overhaul
Life Years Inspection
(Subject to Test)
1296 6690 6691 271309 6695 0 1 #1 TURBINE & GENERATOR TURBINE TURBINE OIL SYSTEMS NA 27 18 Generally good condition. 3a 200000 (30) 10 2041 2011 2012 Yes Yes 1970
1206 | 6690 | 6691 | 271300 | es95 | 6805 1 #1 TURBINE & GENERATOR TURBINE TURBINE LUBE OIL SYSTEM NA 28 4 |Lube oil systemis in good condiion. No NDE of piping was obtained and reviewed, but interviews indicated no issues. Failures 3a 200000 (30) 10 2041 2011 2012 Yes Yes 1970
of any of the oil pumps or the oil purifier are easily repaired.

1296 6690 6691 271309 6695 6805 1 #1 TURBINE & GENERATOR TURBINE TURB LUBE OIL TANK & EQUIP NA 29 18 Lube oil tank appears to be in good condition. Internal inspection reports were not available. 4 200000 (30) (10) 2041 2012 2012 Yes No 1970
1296 6690 6691 271309 6695 6805 1 #1 TURBINE & GENERATOR TURBINE TURB. LUBE OIL PURIFICATION NA 30 18 Lube oil purification system is relatively new and in good condition. 3a 200000 (30) 10 2041 2011 2012 Yes Yes 2001

Notes: 1. A *“(bracketed)” value in the “Current Expected Remaining Life” column is a highly probable minimum value that is considered subject to some subsequent verification during further investigation including at the next test or overhaul. It may be addressed as part of a Level 2 test. A value
identified as “(X/Y)” has been included for the steam turbine and generator where the recommended minimum value is the lower of the two, but that the higher may be achievable at a higher level of failure risk and/or unreliability.

2. The “Next Regular Inspection” column identifies a regular inspection (not necessarily an overhaul or detailed Level 2 test) that is currently planned and known to AMEC and which may provide further insight into the equipment life. The “Next Planned Overhaul or Major Inspection” column is
intended to identify known detailed inspections and/or overhauls that will definitively update current remaining life assumptions and which are a “Desired Life” stage for condition assessment purposes. Note that where a detailed inspection/overhaul date is highlighted in yellow then it is a
specific AMEC recommendation and that date is the basis for conclusions on the ability to make the next detailed inspection/overhaul. Where cells are blank, the dates may be either not scheduled or are not known by AMEC.

8.1.2.5 Actions
Based on the condition assessment, the following actions are recommended for the Unit 1 lube oil system.

TABLE 8-11 RECOMMENDED ACTIONS — UNIT 1 GENERATOR LUBE OIL SYSTEM

BL1J # Asszet # Assset # Ass49t # Assset # Unit Asset 2/3 Asset 3/4 Description Detail Ac;;on App # Action Year Priority
1296 | 6690 6691 271309 | 6695 1 #1 TURBINE & GENERATOR TURBINE TURBINE OIL SYSTEMS N/A 55 9 Z\'I:Sr‘; )',L;Zf oil, seal oil and seal oil bypass lines prior to the seasonal restart of the unit 2010 1
1296 | 6690 | 6691 | 271309 | 6695 | 1 #1 TURBINE & GENERATOR TURBINE TURBINE LUBE OIL SYSTEM N/A 56 9 Z\'}:ﬁy";‘;’;ﬁ oil, seal oil and seal oil bypass lines prior to the seasonal restart of the unit 2010 1
1296 | 6690 6691 | 271309 | 6695 1 #1 TURBINE & GENERATOR TURBINE TURB LUBE OIL TANK & EQUIP N/A 57 9 |Perform Level Il inspections on oil storage tanks and intemnals. 2011 1
1296 | 6690 6691 | 271309 | 6695 1 #1 TURBINE & GENERATOR TURBINE TURB. LUBE OIL PURIFICATION N/A 58 9 |No action recommended.
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8.1.2.6

Risk Assessment

Table 8-12 below illustrates the risk assessment for the system, both from a technological perspective and a safety perspective using the models presented in Section 3.

TABLE 8-12 RISK ASSESSMENT — UNIT 1 GENERATOR LUBE OIL SYSTEM
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Remaining Life TECHNO-ECO RISK ASSESS |  SAFETY RISK ASSESS
) ) Years MODEL MODEL
BU# Asset# | Asset# | Asset# Asset# | Asset# Unit Asset 2/3 Asset 3/4 Description Component Risk Appendix Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
1 2 3 4 5 6 Assess # # Inspection Required Likeli- Conse- Likeli- Conse- Safety
Risk Level
Within (x) Years) hood quence hood quence Risk

#1 TURBINE & TURB LUBE OIL TANK . . ) . . L
1296 6690 6691 271309 6695 6805 1 GENERATOR TURBINE & EQUIP Lube Oil Tanks 50 9 Corrosion, erosion. 10+ None 1 A Low 1 A Low |Oil leak — containment overflow. Inspect and maintain.

#1 TURBINE & TURB LUBE OIL TANK Lube Oil Pumps & Mechanical and/or electrical . . T
1296 6690 6691 271309 6695 6805 1 GENERATOR TURBINE & EQUIP Motors 51 9 failure. 10 None 1 A Low 1 A Low  |Unit shutdown — multiple systems. Inspect and maintain.

Bearing Damage - duty on the

#1 TURBINE & TURB LUBE OIL TANK Lube Oil Pumps & starting equipment, during . _ . Maintain and inspect full-flow filter and by-

1296 6690 6691 271309 6695 6805 1 GENERATOR TURBINE & EQUIP Motors 52 9 synchronous condenser 10 None 1 A Low 1 C Low  |Unit shutdown — multiple systems. pass 1o reduce the risk of bearing damage.
operation

#1 TURBINE & TURB LUBE OIL TANK . . . . . T
1296 6690 6691 271309 6695 6805 1 GENERATOR TURBINE & EQUIP Lube Oil Coolers 53 9 Mechanical failure/leaks. 10 None 1 A Low 1 A Low  |Unit shutdown for repairs. Inspect and maintain.

#1 TURBINE & TURB. LUBE OIL P Mechanical and/or pluggage . . N
1296 6690 6691 271309 6695 6805 1 GENERATOR TURBINE PURIFICATION Lube Oil Filters 54 9 failure - water and particulate 10 None 1 A Low 1 A Low  |Unit shutdown for repairs. Inspect and maintain.

Notes: 1. The risk assessment for the lube oil pumps is based on the lube oil pump controls being added to the control room as per the recommendations of the 2009 Emergency Shutdown Procedure study.
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8.1.2.7 Life Cycle Curve and Remaining Life

Figure 8-4 below illustrates the life cycle curve for the Unit 1 generator lube oil system. Two curves are required given that the upgraded purification system entered service in 2001, while other major elements of the lube oil system are largely of
the same age. There is insufficient information to develop specific accurate curves for the storage tank, and coolers. Further detailed examination during the 2012 turbine overhaul should provide the basis going forward. The life curve is a plot of
current and projected operating hours (generation plus synchronous condensing model on the y-axis versus calendar year on the x-axis. Vertical lines represent bands of nominal years of normal base loaded life (typically 200,000 operating
hours, thirty years and 200,000 to 240,000 operating hours, and forty years, and 280,000 to 320,000 operating hours). Horizontal lines represent the ranges of equipment life based on current and historical information and expert opinion. The
risk area box provides an indication of the timing of potential issues either from an age or equivalent operating hours view.
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FIGURE 8-4 LIFE CYCLE CURVE — UNIT 1 GENERATOR LUBE OIL SYSTEM

The curves indicate that the remaining life (RL) of the Unit 1 generator lube oil system exceeds the desired life (DL) which is the lesser of the time to its next major planned overhaul/inspection (2012) or to the desired end of life (EOL) date of
2041. Thus no specific dedicated Level 2 is required of the system as a whole, but sufficient inspection and testing will be required in 2012 steam turbine generator overhaul to demonstrate the ability to meet the EOL date. The exception is the
storage tank for which information was considered inadequate to form a firm conclusion and level 2 testing is recommended in 2011, albeit of a modest level and lower priority. The figure’s highlighted risk areas is primarily operating hours driven
and likely to shift further out in time after the 2012 turbine generator overhaul. The 2012 overhaul/inspection is a fundamental element in changing the current assessment.
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8.1.2.8
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Given the condition historical data reviewed, a Level 2 analysis of the lube oil storage tank is recommended. No other Level 2 analyses is required, provided the current inspection and maintenance program for the system is maintained and a
more detailed inspection is performed at the turbine overhaul.

TABLE 8-13 LEVEL 2 INSPECTIONS — UNIT 1 GENERATOR LUBE OIL SYSTEM

BLlj # ASS;t # ASS? # Ass:t # ASS:t # Assgt # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work Year Priority Cf;t
1296 6690 6691 271309 6695 0 1 #1 TURBINE & GENERATOR TURBINE TURBINE OIL SYSTEMS None 38 9 See details below.
1296 6690 6691 271309 6695 6805 1 #1 TURBINE & GENERATOR TURBINE TURBINE LUBE OIL SYSTEM None 39 9 No Level 2 required.
1296 6690 6691 271309 6695 6805 1 #1 TURBINE & GENERATOR TURBINE TURB LUBE OIL TANK & EQUIP None 40 9 NDE inspection and visual inspections of lube oil tanks and internals. 2011 2 $6
1296 6690 6691 271309 6695 6805 1 #1 TURBINE & GENERATOR TURBINE TURB. LUBE OIL PURIFICATION None 41 9 No Level 2 required.
8.1.2.9 Capital Projects
The suggested capital enhancements include:
TABLE 8-14 SUGGESTED TYPICAL CAPITAL ENHANCEMENTS — UNIT 1 GENERATOR LUBE OIL SYSTEM
BU # Asset # Asset # Asset # Asset # Asset #
1 SS; SS; ss;e ssse SS: Unit Asset 2/3 Asset 3/4 Description Detail CAP# | Appendix # Capital Item Date Priority
#1 TURBINE & TURBINE OIL . .
1296 6690 6691 271309 6695 0 1 GENERATOR TURBINE SYSTEMS N/A 22 9 No capital required.
#1 TURBINE & TURB LUBE OIL TANK . .
1296 6690 6691 271309 6695 6805 1 GENERATOR TURBINE 8 EQUIP N/A 24 9 No capital required.
#1 TURBINE & TURB. LUBE OIL . . o
1296 6690 6691 271309 6695 6805 1 GENERATOR TURBINE PURIFICATION N/A 25 9 Replace turbine lube oil conditioners. 2013 1
28 Jan 2011 P164200 Rev 0
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8.1.3 Asset 6723 — Unit 1 Electrical and Control Systems Associated with Generators

(Detailed Technical Assessment in Working Papers, Appendix 6)

The requirements for the electrical and control systems associated with Unit 1 are as follows:

Unit #: 1

Asset Class # BU 1296 - Assets Generation

SCI & System: 6723 #1 Electrical & System & Controls
Sub-Systems: 6723 #1 Electrical & System & Controls

6721 #1 Relay Room Protection & Control
6722 #1 Main Controls

6724 #1 Generator Bus-Duct and Connections
6728 #1 Battery Chargers
7184/7186/7187 MCC'’s, C2, C3, C4

7193 #1 UPS1 Inverter

270151 #1Turbine Supervisory System
270295 #1Switchgear, 4160V/600V

7182 #1 Power Centre “A” UAB1, (600V)
291668 #1 DCS

COMMON SYSTEMS

270297 Control Cables

270298, Power Cables

600V Metric Plugs

Components:

8.1.3.1 Description
Asset 6721 Unit 1 Relay Room Protection & Control

Generator G1, Transformer T1 and Auxiliaries P&C Panels, were manufactured by Canadian General
Electric, and installed in 1969.

Generator 1 and Transformer T1 Protection Panels: These panels utilize GE electro-mechanical relays
and blocking switches. In addition, they show annunciation and T1/UST1 gas and winding temperature
trips and indications.

Unit 1 Protection Auxiliary Panel: This panel shows DC buses indications and blocking switches.

Unit 1 Metering Panel: This panel shows Generator 1 and Static Exciter 1 WHR’s, runtime, flexitests and
stator ground fault protection added in 2008. (Schweitzer SEL 300G multi-function relay and AREVA
MML GO1 test plugs.)

The rear of the panels show the original GE and Brown Boveri Control relays, Agastat timers and
transducers.
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Station Service Transformers UT1 and UT2 Protection Panels and Gas Turbine Metering and
Protection Panels: These panels utilize GE electro-mechanical relays and blocking switches. In addition
they show annunciation and SST1/SST2 gas and winding temperature trip indications.

Unit 1 Services Protection Panel: This panel shows UT1/SST/UT2 MWatts, WHR’s, DC buses
indications, voltages and blocking switches.

Gas Turbine Metering and Protection Panel: This panel includes relaying for differential, WHR, neutral
over-current, annunciation and blocking switches.

Asset 6722 Unit 1 Main Controls

The original Unit 1 Main Controls were console mounted and utilized, typically GE SBM type switches,
incandescent indications, analog instruments, and Panalarm annunciation. Modifications have been
made to adapt the generator, turbine and boiler controls to the Distributed Control System (DCS) and to
replace some of the original controls, indications and annunciation. In addition, a newly commissioned
auto-synchronizing system has been added for automatically synchronizing Unit 1 to the Island Grid via
the GE Speedtronic Mark V turbine control system. This allows the operator to select the U1 breaker and
activate the Mark V synch. control, which incorporates a 25C synch. check function to permit placement
of U1 on the grid.

G1, MW, Amps, MVA'’s, kV, Field Volts, Speed Load Position, Load Limit position and Balance, are
shown on the original analog instruments above the console, and are also indicated on the screens via
the DCS.

Screens and keyboards are provided to include control, indications, and annunciation of unit functions
with boiler purge to be included in Sept. 2010.

Original controls, located in the console desk include the following. Circulating pumps, cooling water
pumps and valves, thermo probe, AC and DC oil pumps, extraction and hydraulic pumps, Vacuum
pumps, speed load and load limit, AVR set-point and selection.

Unit 1 trip and raise/lower volts and Unit 1 Turbine Trip pushbutton.

One screen and keyboard is provided for common indications.

The original manually operated switches and indications remain for synchronizing and operation of
breakers B1B11 and B1L17. See auto synch. modifications above.

Original common analog instruments, for Unit 1 and Unit 2, (Stage 1), indicate incoming and running
volts, incoming and running frequencies, and synchronizing.

Unit 1 relaying and transducers are situated in the Unit 1 logic cubicles behind Unit 1 control room.
Relays are Struthers & Dunne with Agastat timers.

Other Information: Common screens and keyboards are provided to monitor and control the 4160/600V

bus system via the DCS, and indicate, station service current alarms, D1 and D2 diesels control and
indications, system frequency and the 4160/600V bussing, including gas turbine.
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Asset 6724 Unit 1 Generator Bus-Duct and Connections

The generator bus-duct is a 3 phase Isolated Phase Bus complete with PT's and Neutral Cubicle
manufactured by ITE and installed in 1969.

Asset 6728 Unit 1 Battery Chargers

Units 1/2, 129VDC Battery Charger 1, manufactured by Primax Technologies Inc. and installed in 2006.
Charger 1 is a type P4500F-3-125-60, 575V Input, 129VDC Output, max. charger output rated 60A.

Units 1/2, 129VDC Battery Charger 2, manufactured by Staticon and installed in 1969.

Charger is original. A new Primax Charger was installed in 2010(Similar to Charger 1 above).

Unit 1, 258VDC Battery Charger, manufactured by CIGENTEC Inc. and installed in 2001. Charger is a
type C3-250-200PAF3BHRGCUOD3S2X9, 600V Input, 258VDC Output, max. 200A Charger rated
maximum output.

Reference Holyrood Plant Charger Database. Last equipment check 04 Feb 2010.

Other information:

Unit 1, 258VDC Panel was manufactured by Westinghouse, installed in 1969, and is a type CDP,
complete with Westinghouse breakers.

Assets 7184/7186/7187, MCC'’s, C2, C3, C4

Reference the Stantec Report — Holyrood Generating Station MCC Assessment, dated January 15, 2009,
for details regarding the MCC'’s.

Asset 7193 Unit 1, UPS1 Inverter

Inverter UPS1 was manufactured by Eaton Powerware, Series 9315 and installed in 1997. Battery
manufactured by C&D Technologies, Inc. (UPS Dynasty batteries), 600V input (transformer 600V:480V
into Inverter), 120/208V output, 30kVA rated power, 93Ah @ 20 hour rate to 1.75V per cell @ 77°F
(25°C).

Other Information: The 120/208V, 3 phase Distribution Panel-boards fed from UPS1 inverter, via
Distribution Splitter are as follows:

= Unit 1 UPS Panel No.1 at Col L10, El 24’-2”, fed via 125A fused disconnect, Siemens, Type
NLAB, 3 phase, 4W, 225A, 42 circuit, branch breakers type BQ, and was installed in 1998.

= Unit 1 UPS Panel No.1/A at Col L10, El 24’-2”, fed from Panel No.1. Siemens, Type P1, 3 phase,
4W, 250A, 42 circuit, branch breakers type BL, and was installed in 1998.

= Unit 1 WDPF Panel,DP-1 relay room, fed via 125A fused disconnect, Siemens, Type NLAB, 3
phase, 4W, 225A, 42 circuit, branch breakers type BQ, and was installed in 1998.

Asset 270151 Unit 1 Turbine Supervisory System

The turbine supervisory system was manufactured by Bently Nevada and installed in 1990. It is a type
3300 System, complete with TDXnet Transient Data Interface and Delta Manager.
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The functionality of the Bently Nevada system has been partially transferred to the GE Speedtronic Mark
V Turbine Governor System. There is a link to the DCS. Data acquisition is still part of the Bently Nevada,
and is transferred via a DDX link to the instrument shop. Machine protection is provided by the Mark V
using information from the Bently Nevada, and is part of the Unit 1 mechanical protection.

Asset 270295 Unit 1 Switchgear 4160V/600V

Unit Board UB1 (4160V) was manufactured by ITE and installed in 1968. The 4160V switchgear, utilizes
original draw-out power, air-magnetic breakers, Type 5HK, 1200A and 2000A. All protection, synch, and
control relays are original CGE electro-mechanical. Schweitzer 701, Motor Protection Relaying is used
on U1 Circulating Water Pumps and North and South Condensate Extraction Pumps. All other loads
utilize the original P&B Golds relays.

AT-A
2

UB1-4180V
TIE B - s . > 4 . - ) \ - 4

BFP FDF CWP CEP
BFP -  BOILER FEEDWATER PUMP 8 O
CEP -  CONDENSATE EXTRACTION PUMPS Ara PONY
FOF -  FORCED DRAFT FANS MOTOR
CWP -  COOLING WATER PUMPS

FIGURE 8-5 UNIT 1 UB1 SWITCHGEAR
Asset 7182 Power Centre “A” UAB1, (600V)
The unit was manufactured by CGE and installed in 1968. The switchboard utilizes CGE AK-50 Incoming/
Tie Breakers, and CGE AK-25 Feeder air-circuit breakers. The Unit Aux. Transformer, AT-A, is a
Westinghouse, 1500kVA, 4160V:600/347V, complete with primary taps.
Asset 291668 Unit 1, DCS
The DCS was manufactured by Foxboro, and is an Invensys system installed in 2004.
The Westinghouse panels housing the DCS were installed in the late 1990’s, and new cabling installed at
that time. Original system was hard-wired, but later updated to a Westinghouse system. Westinghouse
could not support the system which was then updated to Foxboro in 2004. The process CPU — ZCP is

set-up in the original enclosures, (Westinghouse Migration Cards). All 1/O is tied-in to these for analog
and digital functions.
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The following system and programs being used are:

= |A series — Version 8.4.2;
= JACC, Version 2.3.1 (Configuration Program); and
= FoxView Version 10.2. Sept. 30, 2008 (Graphics Program).

Reference: Foxboro Drawing D545390-SA-001 in station files for system configuration.

8.1.3.2 History

Manufactured/Delivered 1969
In-Service Date Sep 1970
Replaced (DCS) 2004
Replaced Exciter 2000
Generation Base Load End Date Dec 2015
Generation Peak/Emerg Gen End Date Dec 2020
Synchronous Condensing Start Date Jan 2015
Synchronous Condensing End Date Dec 2041

8.1.3.3 Inspection and Repair History

Inspections and refurbishments are done on an ongoing basis and identified in Section 8.1.3.1
Description and in 8.1.3.4 Condition Assessment.
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The basic DCS, protections, alarms associated with generators and auxiliaries are in good shape, but will over the next fifteen years need to be re-examined about every five years or so. The areas of most concern are the exciter controls and
protection and motor controls, which have in fact been identified by the plant as an area in need of upgrade in the very short term. Some auxiliary systems such as hydrogen monitoring and generator temperature monitoring needs replacement

or refurbishing. The condition assessment for the various systems is presented in the following table.

TABLE 8-15 CONDITION ASSESSMENT - UNIT 1 ELECTRICAL AND CONTROL SYSTEMS ASSOCIATED WITH GENERATORS

Current
- . . Expected . Next Planned .
Conditi o I Lif End of Lif Capability t .
BU# Asset # | Asset # Asset # Asset # Asset # B . h ondition Append . EPRI riginal Lite Minimum na ot Lite Next Regular| Overhaul or apapility to Capability to In
Unit Asset Level 2 Asset Level 3 Description Detail Summary Condition (Base Load) (EOL) " N Reach Next .
1 2 3 4 5 6 # Identifier Remaining . Inspection Major Reach EOL | Service
ID # Ops Hrs (Yrs) Required . Overhaul
Life Years Inspection
(Subject to Test)
1296 6690 | 6723 0 0 0 T #1 UNIT GENERATION SERVICES __|ELEC & CONTROLS SYSTEM [ELEC & CONTROLS SYSTEM NA 276 5 [VA
1206 | 6690 | 6723 6721 0 0 1 |#1 UNIT GENERATION SERVICES  |RELAY RM PROTECTN & CONTROL  [RELAY RM PROTECTN & CONTROL NIA 280 g  |Generator & Transformer & Auxiliary Protection and Metering Panels tests in 2005 were satisfactory. Some ingress of dust 10 (40) 10 2041 2011 No No 1970
and foreign material. Testing is on a 6 year cycle (2011, 2017, 2023, etc.).
Station Senice UT1 and UT2 Protection and Gas Turbine Metering and Protection Panels and Unit 1 Services Protection
Panel tests in 2006 were satisfactory Some ingress of dust and foreign material. Testing conducted on a 6 year cycle
1296 6690 | 6723 6721 0 0 1 #1 UNIT GENERATION SERVICES ~ |RELAY RM PROTECTN & CONTROL  [RELAY RM PROTECTN & CONTROL NA 281 6 [*2012, 2018, 2024, etc). Gas Turbine Metering and Protection Panel tests (GT Protection, Transformer T9 Protection and GT| 10 30) 10 2041 2014 No No 1970
Sync) in 2008 were satisfactory. Some ingress of dust and foreign material. Testing on a 6 year cycle (2014, 2020, 2026,
tc.),
1206 | 6690 | 6723 | 270206 0 0 1 |#1 UNIT GENERATION SERVICES  |SWITCHGEAR 4160/600V SWITCHGEAR 4160/600V NA 282 6 l-g'?ake' overhauls have been carried out, between 1995 and 2007 (See Appendix). All 4160V switchgear is applied within 10 (25-30) 5 2041 No No 1970
ratings. Overhauls due. Past normal life, extended by overhauls/n
1296 6690 | 6723 6722 0 0 1 #1 UNIT GENERATION SERVICES __|MAIN CONTROLS MAIN CONTROLS N/A 283 6 |There are age and spares problems with the relaying system. 7 (30) 10 2041 No No 1970
1296 6690 | 6723 291668 0 0 1 #1 UNIT GENERATION SERVICES _|DCS DCS NA 284 6 [installed in 2004 - state of the ar, 3a (20) 10 2041 Yes No 2004
1296 6690 | 6723 6724 0 0 1 #1 UNIT GENERATION SERVICES ~ |GENERATOR BUS DUCT & CONNS ~ |GENERATOR BUS DUCT & CONNS NA 285 g  |Apartial maintenance inspection in May 2009 using a SkV Meggar indicated good insulation test readings. No testing was 4 200000 (30) (10) 2041 2012 2012 Yes No 1970
indicated of Section 1 (A-toward generator and B-toward main transformer).
1296 6690 | 6723 6726 0 0 1 #1 UNIT GENERATION SERVICES __|UNIT SERVICE POWER SYSTEM UNIT SERVICE POWER SYSTEM N/A 286 6 |See details below. 3a (30) 10 2041 No No 1970
1296 6690 6723 6726 7181 0 1 #1 UNIT GENERATION SERVICES  |UNIT SERVICE POWER SYSTEM UNIT BOARD UB-1 NA 287 6 x’::ei:‘a’d UB1 Protection 2005 are satisfactory. Relays and cases required cleaning due to ingress of dust and foreign 3a (25) 10 2041 No No 1970
1296 6690 6723 6726 7182 0 1 #1 UNIT GENERATION SERVICES ~ [UNIT SERVICE POWER SYSTEM POWER CENTRE A NA 288 6  |PM performed between 1992 and 1997. and the relay changed on some breakers. All 600V 3a (30) 10 2041 No No 1970
switchgear is applied within their ratings.
1296 6690 | 6723 6726 7183 0 1 #1 UNIT GENERATION SERVICES __|UNIT SERVICE POWER SYSTEM _|TURBINE & BOILER AREA MCC A1 N/A 289 6 |Aging. Selective refurbishment required over time to maintain senice. 10 25) 5 2041 No No 1970
1296 6690 | 6723 6728 0 0 1 #1 UNIT GENERATION SERVICES __ |BATIERY CHARGERS BATIERY CHARGERS NA 290 6 |Last equipment check 04 Feb 2010. 129VDC Battery Charger 2 (1969) to be replaced in 2010. 3a (20) 20 2041 2010 Yes No 2010
1296 6690 | 6723 672899043229 0 1 #1 UNIT GENERATION SERVICES __|BATIERY CHARGERS 250 VOLT DC BATTERY BANK N/A 291 6 [installed 1998. date 2023. Last equipment maintenance check was 04 Feb. 2010. 3a 25) 15 2041 2011 Yes No 1998
1296 6690 | 6723 6728 99043230 0 1 #1 UNIT GENERATION SERVICES __|BATIERY CHARGERS 250 VOLT DC BATTERY CHARGE NA 292 6 |End of Life. Plan to replace in 2010. 3a 25) 10 2041 2010 Yes Yes 2010
1296 6690 6723 7184 0 0 1 #1 UNIT GENERATION SERVICES ~ |TURBINE & BOILER AREA MCC C2  [TURBINE & BOILER AREA MCC C2 NA 295 6  [MCC's C1, C2 C3, E1 (GE) and GPB34, SDB34 (Siemens) available fauit currents exceed the rating of the short circuit 3a (25) 3 2041 No No 1970
protection devices within the individual wrappers.
1296 | 6690 | 6723 7186 0 0 1 #1 UNIT GENERATION SERVICES ~ |TURBINE & BOILER AREA MCC C3  |TURBINE & BOILER AREA MCC C3 NA 296 g  |MCC's Ct. C2, C3, E1 (GE)and GPB34, SDB34 (Siemens) awailable fault curents exceed the rating of the short circuit 3a @5) 3 2041 No No 1970
protection devices within the individual wrappers.
1296 6690 6723 7193 0 1 #1 UNIT GENERATION SERVICES UPS INVERTER UPS INVERTER N/A 297 Batteries changed at 7 years and tested every 4 weeks. Maintenance performed 04 Feb. 2010. 3a (25) 10 2041 No No 1997
Normal inspections and PM every 10 years have not been done since 1995. Some contamination of trays in the boiler areas
1296 6690 6723 270296 0 0 1 #1 UNIT GENERATION SERVICES CABLE RACEWAYS CABLE RACEWAYS N/A 298 6 due to asbestos and heawy metal-dust. Some cables, power and control, are “thrown” into trays that have been convenient in 4 (50) (30) 2041 Yes No 1970
the routings associated with the new installations.
1296 6690 | 6723 270297 0 0 1 #1 UNIT GENERATION SERVICES __|CONTROL CABLES CONTROL CABLES NA 299 6 |No recent testing. 7 (50) (10) 2041 No No 1970
1296 6690 | 6723 270298 0 0 1 #1 UNIT GENERATION SERVICES __|POWER CABLES POWER CABLES N/A 300 6 |No recent testing. 7 (50) (10) 2041 No No 1970
1296 6690 | 6723 309894 0 0 1 #1 UNIT GENERATION SERVICES __ [600 V METRIC PLUGS 600 V METRIC PLUGS NA 301 6 [New. 3a (30) 30 2041 Yes Yes 2009
Notes: 1. A “(bracketed)” value in the “Current Expected Remaining Life” column is a highly probable minimum value that is considered subject to some subsequent verification during further investigation including at the next test or overhaul. It may be addressed as part of a Level 2 test. A value
identified as “(X/Y)” has been included for the steam turbine and generator where the recommended minimum value is the lower of the two, but that the higher may be achievable at a higher level of failure risk and/or unreliability.
2. The “Next Regular Inspection” column identifies a regular inspection (not necessarily an overhaul or detailed Level 2 test) that is currently planned and known to AMEC and which may provide further insight into the equipment life. The “Next Planned Overhaul or Major Inspection”

28 Jan 2011

column is intended to identify known detailed inspections and/or overhauls that will definitively update current remaining life assumptions and which are a “Desired Life” stage for condition assessment purposes. Note that where a detailed inspection/overhaul date is highlighted in
yellow then it is a specific AMEC recommendation and that date is the basis for conclusions on the ability to make the next detailed inspection/overhaul. Where cells are blank, the dates may be either not scheduled or are not known by AMEC.
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8.1.3.5 Actions — Unit 1 Electrical and Control Systems
Where a system is fully or partially required for synchronous condensing, it is included here. The following actions are recommended for the Unit 1 electrical and control systems:

TABLE 8-16 ACTIONS — UNIT 1 ELECTRICAL AND CONTROL SYSTEMS ASSOCIATED WITH GENERATORS

BU# Asset# | Asset# Asset# | Asset#
1 2 3 4 5

Action

Unit Asset 2/3 #

Asset 3/4 Description Detail App # Action Year Priority

Test Generator G1, Transformer T1 and Auxiliaries P&C Panels - next tests planned for
2011, 2017, 2023, etc.

Test Station Service Transformers UT1 and UT2 Protection Panels - next tests planned for
2012, 2018, 2024, etc.

Conduct a modernization study - refurbishing the old GE electro-magnetic relays versus
multi-function relaying for periods to 2015, to 2020 then to 2041. Extend scope of existing
Schweitzer SEL 300G from present ground fault monitoring to include all unit protection. 2011 1
Assess similar multi-function relay for back-up protection and consider for control,
indication and annunciation functions an ABB Combiflex system.

Assess migrating Governor System and Burner Management to DCS - remove existing
control relaying and transducers, re-direct field cabling to the DCS and re-configure the 2011 1
software.

1296 6690 6723 6721 0 1 #1 UNIT GENERATION SERVICES| RELAY RM PROTECTION & CONTROL RELAY RM PROTECTION & CONTROL N/A 191 6 2011 1

1296 6690 6723 6721 #1 UNIT GENERATION SERVICES| RELAY RM PROTECTION & CONTROL RELAY RM PROTECTION & CONTROL N/A 192 6 2012 1

1296 6690 6723 6721 0 1 #1 UNIT GENERATION SERVICES| RELAY RM PROTECTION & CONTROL RELAY RM PROTECTION & CONTROL N/A 193 6

1296 6690 6723 6722 0 1 #1 UNIT GENERATION SERVICES MAIN CONTROLS MAIN CONTROLS N/A 194 6

1296 6690 6723 291668 0 1 #1 UNIT GENERATION SERVICES | DISTRIBUTED CONTROL SYSTEM (DCS) DCS N/A 195 6 Maintain DCS system current through existing Foxboro replacement service agreement. 2014 1

Conduct generator bus-duct inspection tests using Holyrood Bus-Duct PM Inspection
sheet extended to also record the low resistance tests and comments on the condition of
sectional gaskets, sectional grounding straps and condition of all grounding points. Tests
are as follows:

Low Resistance Test : Measure the resistance of bolted connections using a low-
resistance ohmmeter (Ductor). Compare resistance readings between similar bolted 2011 1
connections. There must not be any difference greater than 50% between resistance
readings. Check the resistance values are below the manufacturer’s recommended
maximum value.

Insulation Resistance Test: Measure the phase-to-phase and phase-to-ground insulation
resistance, which must be at least 100Mohm per 1000 ft. of bus-duct.

1296 6690 6723 6724 0 1 |#1 UNIT GENERATION SERVICES GENERATOR BUS DUCT & CONNS GENERATOR BUS DUCT & CONNS N/A 196 6

1296 6690

6723

6726

#1 UNIT GENERATION SERVICES

UNIT SERVICE POWER SYSTEM

UNIT SERVICE POWER SYSTEM

N/A

197

See details below.

1296 6690

6723

6726

7181

#1 UNIT GENERATION SERVICES

UNIT SERVICE POWER SYSTEM

UNIT BOARD UB-1

N/A

198

No action recommended.

1296 6690

6723

6726

7182

#1 UNIT GENERATION SERVICES

UNIT SERVICE POWER SYSTEM

POWER CENTRE A

Power Centre “A”
UAB1, (600V)

199

Change all Power Centre “A” UAB1, (600V) protection setting to improve arc-flash ratings,
unless already completed, including:

- Protection settings adjustment on breaker A1, secondary of transformer AT-A

- Replacement of trip unit on breaker A3, Lighting Transformer LT-A feeder.

2011

1296 6690

6723

6726

7182

#1 UNIT GENERATION SERVICES

UNIT SERVICE POWER SYSTEM

POWER CENTRE A

Power Centre “A”
UAB1, (600V)

200

Inspect and test transformer AT-A and the individual AK-50 / AK-25 air circuit breakers,
and the bussing checked - turns ratio, power and dissipation factor, winding resistance,
movement of coils, core grounds, taps and general condition and cleanliness. If the plant
three year thermal scan program has not included this equipment then bus-bar bolts should
be checked and re-torqued.

2011

1296 6690

6723

6726

7182

#1 UNIT GENERATION SERVICES

UNIT SERVICE POWER SYSTEM

POWER CENTRE A

Power Centre “A”
UAB1, (600V)

201

Overhaul to an “as new condition” or replace the switchgear, including cubicles and
breaker elements, extending the life expectancy of the existing switchgear for a further 15-
20 years. Consider the availability of spare breaker elements to allow a program can be set
up to overhaul each breaker off site with essentially no interruption to plant requirements.

2012

1296 6690

6723

6726

7183

#1 UNIT GENERATION SERVICES

UNIT SERVICE POWER SYSTEM

TURBINE & BOILER AREA MCC A1

202

Not reviewed.

1296 6690

6723

6728

#1 UNIT GENERATION SERVICES

BATTERY CHARGERS

BATTERY CHARGERS

Battery Chargers

203

Continue Planned Maintenance on newer units

2011

1296 6690

6723

6728

#1 UNIT GENERATION SERVICES

BATTERY CHARGERS

BATTERY CHARGERS

Battery Chargers

204

Replace Units 1/2, 129VDC Battery Charger 2 with a new Primax Charger alongside in
2010.

2010

1296 6690

6723

6728

#1 UNIT GENERATION SERVICES

BATTERY CHARGERS

BATTERY CHARGERS

Battery Chargers

205

Replace Unit 1, 258VDC Panel and breakers installed in 1969

2010

Table 8-16 Cont'd
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BU # Asset #

Asset #

Asset #

Asset #

Unit

Asset 2/3

Asset 3/4

Description

Detail

Action

App #

Action

Year

Priority

1296 6690

6723

6728

99043229

#1 UNIT GENERATION SERVICES

BATTERY CHARGERS

250 VOLT DC BATTERY BANK

N/A

206

No action recommended.

1296 6690

6723

6728

99043230

#1 UNIT GENERATION SERVICES

BATTERY CHARGERS

250 VOLT DC BATTERY CHARGE

N/A

207

No action recommended.

1296 6690

6723

7184

#1 UNIT GENERATION SERVICES

TURBINE & BOILER AREA MCC C2

TURBINE & BOILER AREA MCC C2

MCC’s, C2, C3, C4

208

Conduct a study of how the distribution system (4160V, 600V, MCC’s, cabling, efc.) is
impacted by changes between 2010 and 2020, and before the start of the suggested
Condition Evaluation Report addressed in other sections.

2011

1296 6690

6723

7186

#1 UNIT GENERATION SERVICES

TURBINE & BOILER AREA MCC C3

TURBINE & BOILER AREA MCC C3

MCC’s, C2, C3, C4

21

Address issues of MCC’s C1, C2, C3, E1 (GE) and GPB34, SDB34 (Siemens) available
fault currents exceeding the rating of the short circuit protection devices within the
individual wrappers of each MCC (Reference the Stantec Report — Holyrood Generating
Station MCC Assessment, dated January 15, 2009).

2011

1296 6690

6723

7193

#1 UNIT GENERATION SERVICES

UPS INVERTER

UPS INVERTER

UPS1 Inverter

212

Overhaul/upgrade unit to extend the life expectancy to at least 2020.

2012

1296 6690

6723

7193

#1 UNIT GENERATION SERVICES

UPS INVERTER

UPS INVERTER

UPS1 Inverter

213

Optimize in conjunction with UPS2, UPS3 and UPS4 the possible replacement of the four
units with two parallel units for requirement for inverters from 2020 to 2041.

2012

1296 6690

6723

7193

#1 UNIT GENERATION SERVICES

UPS INVERTER

UPS INVERTER

UPS1 Inverter

214

Maintain PM program for the 120/208V, 3ph Distribution Panel-boards panels and
breakers fed from UPS1 inverter, via Distribution Spilitter.

2011

1296 6690

6723

270295

#1 UNIT GENERATION SERVICES

SWITCHGEAR 4160/600V

SWITCHGEAR 4160/600V

Switchgear,
4160V/600V

215

Assess Switchgear, 4160V/600V relaying in UB1modernization study for the protection
relays. Consider that the remaining P&B Golds relays remain and not be replaced by
Schweitzer 701 MPR’s. As of 2015 the breakers utilizing these will become standby and as
of 2020 will become spare.

2011

1296 6690

6723

270295

#1 UNIT GENERATION SERVICES

SWITCHGEAR 4160/600V

SWITCHGEAR 4160/600V

N/A

216

Overhaul all 4160V switchgear breakers. Consider with the availability of spare breaker
elements a program to overhaul breakers 4,5,6,7,8,9,10,11 off site if necessary, with
essentially no interruption to plant requirements recognizing that these will be in standby
mode from 2015-2020 and as of 2020 will become “spare” but in good condition.

2011

1296 6690

6723

270295

#1 UNIT GENERATION SERVICES

SWITCHGEAR 4160/600V

SWITCHGEAR 4160/600V

N/A

217

Replace existing breakers 1, 2 and 3 during the complete overhaul with Eaton Electrical VR{
Series breakers for a life expectancy to at least 2041. Use spare cubicle (UB1-12) for the
new U1 Synchronous Condenser Start Pony Motor breaker 12 using a new Eaton
Electrical VR-Series type direct replacements for ITE, 4160V, Type 5HK). Consider the
Eaton Electrical Remote racking device (RPR2) to allow remote racking of breaker from up
to 50ft away, and is programmable for other types of breakers. One RPR2 would service

U1 and U2 needs.

2012

1296 6690

6723

270296

#1 UNIT GENERATION SERVICES

CABLE RACEWAYS

CABLE RACEWAYS

N/A

218

Clean raceways, trays and cables to be tested by a crew of specialized hazardous area
cleaners before any inspections or tests are carried out.

2011

1296 6690

6723

270297

#1 UNIT GENERATION SERVICES

CONTROL CABLES

CONTROL CABLES

N/A

219

Test selected control cables selected based on how the distribution will be affected post SC
conversion, especially if the cables are required to be re-run.

Low Resistance Test: Measure the resistance of bolted connections using a low-resistance
ohmmeter (Ductor). Compare resistance readings between similar bolted connections.
There must not be any difference greater than 50% between resistance readings. Check
the resistance values are below the manufacturer’'s recommended maximum value.

2011

1296 6690

6723

270298

#1 UNIT GENERATION SERVICES

POWER CABLES

POWER CABLES

N/A

220

Test selected power cables - 4160V, 600V cables selected based on how the distribution
will be affected post SC conversion, especially if the cables are required to be re-run.

Low Resistance Test: Measure the resistance of bolted connections using a low-resistance
ohmmeter (Ductor). Compare resistance readings between similar bolted connections.
There must not be any difference greater than 50% between resistance readings. Check
the resistance values are below the manufacturer’'s recommended maximum value.
Insulation Resistance Test: Apply a test voltage of 5kV for cable used for 4160V, 1000V for
cable rated at 600V, and 500V for cable rated at 300V. Record phase-to-phase and phase-
to-ground insulation resistance tests, which must be at least 100Mohm per 1000 ft. of
cable.

2011

1296 6690

6723

309894

#1 UNIT GENERATION SERVICES

600 V MELTRIC PLUGS

600 V MELTRIC PLUGS

N/A

221

No recommended action. Complete install.
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8.1.3.6

Risk Assessment
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Where a system is fully or partially required for synchronous condensing, it is included here. Table 8-17 below illustrates the risk assessment for the Unit 1 electrical and control systems associated with generators, both from a technological
perspective and a safety perspective using the models presented in Section 3.

TABLE 8-17 RISK ASSESSMENT — UNIT 1 ELECTRICAL AND CONTROL SYSTEMS ASSOCIATED WITH GENERATORS

Remaining Life TECHNO-ECO RISK ASSESS SAFETY RISK ASSESS
BU# | Asset# | Asset# | Asset# | Asset# | Asset# Risk Years MODEL MODEL
1 sze SS: 5549 sse ss6e Unit Asset 2/3 Asset 3/4 Description Component Ass:esss % Appendix # Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
Inspection Required Likeli-nood | 2" | Risk Level | Likeli-nood | "% | satety Risk
Within (x) Years) quence quence
#1 UNIT ELEC &
1296 6690 6723 0 0 0 1 GENERATION CONTROLS E\I}z?.E%\ACONTROLS NA 181 See details below. None
SERVICES SYSTEM
#1 UNIT RELAY RM . . . . .
1296 6690 6723 6721 0 0 1 |GENERATION PROTECTN & EEC"SJ_I_F;'(\’;E ROTECTN Pmt::t'ii‘; §022n1m| 182 6 E'escgr'f;' fautt, mechanical faut, 10 None 2 C-D | Medium 2 C-D | Medium ';"LS"S :n:;:’ 2‘2?:;’"0”' damage fo unitor | o ot inspection and maintain.
SERVICES CONTROL P : quipment.
#1 UNIT . . . . .
1296 6690 6723 | 270295 0 0 1 |GENERATION SWITCHGEAR | SWITCHGEAR Switchgear, 183 6 Electrical fault, mechanical 5 None 3 B-C | Medium 3 B-C | Medium |-OSS UP o 1 unitgeneration. Damage fo g ik or replace.
SERVICES 4160/600V 4160/600V 4160V/600V fatigue, ops error. equipment.
#1UNIT Electrical fault, mechanical
1296 6690 6723 6722 0 0 1 GENERATION MAIN CONTROLS |MAIN CONTROLS Main Controls 184 6 X N 10 None 1 C Low 1 C Low |Loss of unit. Safety Current inspection and maintain.
fatigue, ops error.
SERVICES
#1 UNIT DISTRIBUTED
1296 6690 6723 291668 0 0 1 GENERATION CONTROL DCS DCs 185 6 Electrical fault, ops error. 10 None 1 C Low 1 C Low |Loss 1 unit generation. Damage to unit Maintain.
SERVICES SYSTEM (DCS)
#1 UNIT . . " .
GENERATOR BUS |GENERATOR BUS Generator Bus-Duct . Medium/ . Loss 1 unit generation, damage to unit . " _—
1296 6690 6723 6724 0 0 1 SES\EEAE-ZON DUCT & CONNS | DUCT & CONNS and Connections 186 6 Electrical fault. (10) None 3 C-D High 3 C-D High Safety Current inspection and maintain.
#1UNIT UNIT SERVICE UNIT SERVICE POWER
1296 6690 6723 6726 0 0 1 GENERATION POWER SYSTEM |SYSTEM 187 See details below. 10 None
SERVICES
#1UNIT UNIT SERVICE Electrical fault, mechanical L f part of 1 unit generation. Dam t
1296 6690 6723 6726 7181 0 1 |GENERATION UNIT BOARD UB-1 188 ectrical fau, mechanica 10 None 3 B Medium 3 B Medium |-0%S 0" Partot 1 unit generation. Damage 0] g rhish or replace.
POWER SYSTEM fatigue, ops error. equipment.
SERVICES
#1UNIT UNIT SERVICE Electrical fault, mechanical Loss of part of 1 unit generation. Damage to|
1296 6690 6723 6726 7182 0 1 GENERATION POWER CENTRE A Power Centre (600V) 189 6 " N 10 None 3 B Medium 3 B Medium N P 9 : 9 Refurbish or replace.
POWER SYSTEM fatigue, ops error. equipment.
SERVICES
#1UNIT UNIT SERVICE TURBINE & BOILER Loss of part of 1 unit generation. Damage to
1296 6690 6723 6726 7183 0 1 GENERATION NA 190 Mech/elect failure. 5 None 3 B Medium 3 A Low S Of P 9 ’ 9 Refurbish or replace.
POWER SYSTEM |AREA MCC A1 equipment.
SERVICES
#1 UNIT BATTERY
1296 6690 6723 6728 0 0 1 GENERATION BATTERY CHARGERS Battery Chargers 191 6 Electrical or chemical fault. 20 None 1 B Low 1 B Low  |Unit damage on fail to safe shutdown Refurbish or replace.
CHARGERS
SERVICES
#1UNIT BATTERY 250 VOLT DC BATTERY
1296 6690 6723 6728 99043229 0 1 GENERATION NA 192 Electric failure. 15 None 1 B Low 1 B Low Unit damage on fail to safe shutdown Refurbish or replace.
CHARGERS BANK
SERVICES
#1UNIT BATTERY 250 VOLT DC BATTERY
1296 6690 6723 6728 99043230 0 1 GENERATION NA 193 Electric failure. 10 None 1 B Low 1 B Low |Unit damage on fail to safe shutdown Refurbish or replace.
CHARGERS CHARGE
SERVICES
#1 UNIT TURBINE & . . ) !
1296 6690 6723 7184 0 0 1 |GENERATION BOILER AREA XURE?\”:AECE BCg'LER MCC's, C2, C3,C4 | 194 6 2?::1 f:L‘e"r’rZ:EChan'“" 3 None 3 c Medium 3 c High 'e"’fns :n::{' generation, damage to Refurbish or replace.
SERVICES MCC C2 gue, op: : quip!
#1 UNIT TURBINE & . . . .
1296 6690 6723 7186 0 0 1 |GENERATION BOILER AREA KE?NME% 'ég'LER MCC's, C2, C3,C4 | 195 6 g:cf::ao' fzﬂ:’rgrmha"'ca' 3 None 3 c Medium 3 c High "°3i5 :n:::' generation, damage to Refurbish or replace.
SERVICES MCC C3 gue, ops error equp
#1 UNIT Medium
1296 6690 6723 7193 0 0 1 GENERATION UPS INVERTER UPS INVERTER UPS Inverter 1,2,3,4 196 6 Electrical fault. 10 None 3,1 B Low ! 1 B Low Unit damage on fail to safe shutdown Refurbish or replace.
SERVICES
#1UNIT CABLE Loss up to 1 unit generation. Damage to
1296 6690 6723 270296 0 0 1 GENERATION CABLE RACEWAYS NA 197 Electrical fault. (30) None 1 C Low 1 B Low S up 9 ) 9 Clean and re-organize.
RACEWAYS equipment.
SERVICES
#1UNIT CONTROL Loss of up to 1 unit generation
1296 6690 6723 270297 0 0 1 GENERATION CONTROL CABLES Cables 198 6 Electrical fault. (10) None 2 B-C Low 2 B-C Low ) plo’ 9 ’ Test indicative number.
CABLES Equipment/unit damage
SERVICES
#1UNIT Loss of up to 1 unit generation
1296 6690 6723 270298 0 0 1 GENERATION POWER CABLES |POWER CABLES Cables 199 6 Electrical fault. (10) None 2 B-C Low 2 B-C Low X P . 9 : Test indicative number.
Equipment/unit damage
SERVICES
#1UNIT 600 V MELTRIC . .
1296 6690 6723 309894 0 0 1 GENERATION 600 V MELTRIC PLUGS NA 200 Not addressed in detail. 30 None 1 C Low 1 C Low
PLUGS
SERVICES
28 Jan 2011 P164200 Rev 0
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8.1.3.7 Life Cycle Curve and Remaining Life

Figures 8-6 and 8-7 below, illustrate the life cycle curves for the Unit 1 electrical and control systems associated with generators. Several curves are required to represent the various elements. They have been broken into two parts — the
electrical and control systems (MCC'’s, relays, breakers, TSI, DCS) and those primarily associated with batteries and chargers. The curves are plots of current and projected years in service on the y-axis versus calendar year on the x-axis. Age
in-service due to either aging or obsolescence is more an issue than unit operating hours. Vertical lines represent bands of nominal years of in-service life for different in service dates. Horizontal lines represent the ranges of equipment life based
on current and historical information and expert opinion. The risk area boxes provide an indication of the timing of potential issues either from an age or equivalent operating hours view.

28 Jan 2011
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The curves indicate that the remaining life (RL) of much of the equipment does not exceed the desired life (DL) for generation of 2020 and for synchronous condensing of 2041, without extensive refurbishment or replacement. This is well
illustrated by the highlighted risk areas which highlights that many original MCC’s and relays as well as the TSI are in need or replacement or extensive refurbishment in the very near term. The risk figures also illustrate that most of the rest of the

equipment (DCS, batteries, and chargers) will require replacement or refurbishment in the 2020+ period.
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8.1.3.8

Level 2 Inspections — Unit 1 Electrical and Control Systems Associated with Generators

Where a system is fully or partially required for synchronous condensing, it is included here. Recommended Level 2 analyses are identified in the Table 8-18.

TABLE 8-18 LEVEL 2 INSPECTIONS— UNIT 1 ELECTRICAL AND CONTROL SYSTEMS ASSOCIATED WITH GENERATORS
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BLi # Asszet # Assael # Ass;l # ASS? # Assﬁet # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work Year Priority CIS$St
#1 UNIT GENERATION ELEC & CONTROLS )
1296 6690 6723 0 0 0 1 SERVICES SYSTEM ELEC & CONTROLS SYSTEM None 169 6 No Level 2 required.
#1 UNIT GENERATION RELAY RM PROTECTN & RELAY RM PROTECTN & .
1296 6690 6723 6721 0 0 1 SERVICES CONTROL CONTROL None 170 6 No Level 2 required.
1296 6690 6723 270295 0 0 1 # Ulezis:\‘CEERSAmON SWITCHGEAR 4160/600V SWITCHGEAR 4160/600V None 171 6 No Level 2 required.
1206 | 6690 | 6723 | 6722 0 0 1 # UN'SL‘;\E/:“CEERSAHON MAIN CONTROLS MAIN CONTROLS None 172 6 No Level 2 required.
#1 UNIT GENERATION DISTRIBUTED CONTROL .
1296 6690 6723 291668 0 0 1 SERVICES SYSTEM (DCS) DCS None 173 6 No Level 2 required.
Conduct in 2011 a complete generator bus-duct partial maintenance inspection and tests on the
U1 bus-duct:
Low Resistance Test : Measure the resistance of bolted connections using a low-resistance
#1 UNIT GENERATION GENERATOR BUS DUCT & GENERATOR BUS DUCT & _ . ohmmeter (Ductor). Compare resistance readings between similar bolted connections. There
1296 6690 6723 6724 0 0 1 SERVICES CONNS CONNS Generator Bus-Duct and Connections 174 6 must not be any difference greater than 50% between resistance readings. Check the resistance 201 ! $15
values are below the manufacturer’s recommended maximum value.
Insulation Resistance Test: Measure the phase-to-phase and phase-to-ground insulation
resistance, which must be at least 100Mohm per 1000 ft. of bus-duct.
#1 UNIT GENERATION UNIT SERVICE POWER .
1296 6690 6723 6726 0 0 1 SERVICES SYSTEM UNIT SERVICE POWER SYSTEM None 175 6 No Level 2 required.
#1 UNIT GENERATION UNIT SERVICE POWER .
1296 6690 6723 6726 7181 0 1 SERVICES SYSTEM UNIT BOARD UB-1 None 176 6 No Level 2 required.
Inspection and testing of transformer AT-A and the individual AK-50 / AK-25 air circuit breakers,
and the bussing checked. If the plant three year thermal scan program has not included this
1296 6690 6723 6726 7182 0 1 #1 UNIT GENERATION UNIT SERVICE POWER POWER CENTRE A Power Centre “A” UAB1, (600 177 6 equipment then bus-bar bolts should be checked and re-torqued. Inspection and testing of the 2011 2 $6
SERVICES SYSTEM . . o - .
transformer should include turns ratio, power and dissipation factor, winding resistance,
movement of coils, core grounds, taps and general condition and cleanliness.
#1 UNIT GENERATION UNIT SERVICE POWER | TURBINE & BOILER AREA MCC .
1296 6690 6723 6726 7183 0 1 SERVICES SYSTEM A1 None 178 6 No Level 2 required.
1296 6690 6723 6728 0 0 1 # UNISTE(;\E”'\(‘:EERSAHON BATTERY CHARGERS BATTERY CHARGERS None 179 6 No Level 2 required.
1296 6690 6723 6728 |99043229 0 1 # UNISTE(;\E/:EEERSA“ON BATTERY CHARGERS 250 VOLT DC BATTERY BANK None 180 6 No Level 2 required.
1206 | 6690 | 6723 | 6728 |ooo432z0| o 1 # UN'STE%E”'\‘CEERSA“ON BATTERY CHARGERS | 250 VOLT DC BATTERY CHARGE None 181 6 No Level 2 required.
#1 UNIT GENERATION TURBINE & BOILER AREA | TURBINE & BOILER AREA MCC .
1296 6690 6723 7184 0 0 1 SERVICES MCC C2 c2 None 182 6 No Level 2 required.
#1 UNIT GENERATION TURBINE & BOILER AREA | TURBINE & BOILER AREA MCC .
1296 6690 6723 7186 0 0 1 SERVICES MCC C3 c3 None 183 6 No Level 2 required.
1296 6690 6723 7193 0 0 1 # UNISTEE\E/:\::EERSAHON UPS INVERTER UPS INVERTER None 184 6 No Level 2 required.
#1 UNIT GENERATION Units 1, 2, 3 Cable Raceways, Control .
1296 6690 6723 270296 0 0 1 SERVICES CABLE RACEWAYS CABLE RACEWAYS Cables, Power Cables 185 6 No Level 2 required. 2
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BL]J_ # ASS? # Ass;t # Ass;et # Ass:t # Assgt # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work Year Priority CIS;I
Inspection and test selected control cables (especially if the cables are required to be re-run to
different equipment):

#1 UNIT GENERATION Units 1, 2, 3 Cable Raceways, Control - Low Resistance Test: Measure the resistance of bolted connections using a low-resistance

1296 6690 6723 270297 0 0 L SERVICES CONTROL CABLES CONTROL CABLES Cables, Power Cables 186 6 ohmmeter (Ductor). Compare resistance readings between similar bolted connections. There 2011 2 7
must not be any difference greater than 50% between resistance readings. Check the
resistance values are below the manufacturer's recommended maximum value.
Inspection and test selected power (4160V, 600V) cables (especially if the cables are required
to be re-run to different equipment):
- Low Resistance Test: Measure the resistance of bolted connections using a low-resistance

1296 6690 6723 270298 0 0 1 #1 UNIT GENERATION POWER CABLES POWER CABLES Units 1, 2, 3 Cable Raceways, Control 187 6 ohmmgter (Ductor). Compare resistance readlngs’ between similar boltgd connections. Check 2011 2 $10

SERVICES Cables, Power Cables the resistance values are below the manufacturer's recommended maximum value.

- Insulation Resistance Test: Apply a test woltage of 5kV for cable used for 4160V, 1000V for
cable rated at 600V, and 500V for cable rated at 300V. Record phase-to-phase and phase-to-
ground insulation resistance tests, which must be at least 100Mohm per 1000 ft. of cable.

1296 6690 6723 309894 0 0 1 #1 UNéTEGR\E/T::EERSATION 600 V METRIC PLUGS 600 V METRIC PLUGS None 188 6 No Level 2 required.
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8.1.3.9 Capital Projects

Where a system is fully or partially required for synchronous condensing, it is included here. The suggested typical capital enhancements include:
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TABLE 8-19 SUGGESTED TYPICAL CAPITAL ENHANCEMENTS — UNIT 1 ELECTRICAL AND CONTROL SYSTEMS ASSOCIATED WITH GENERATORS

BU # Asset # Asset # | Asset # Asset # Asset #
1 SS; SS; sz ssse SS: Unit Asset 2/3 Asset 3/4 Description Detail CAP# | Appendix # Capital Item Date Priority
#1 UNIT GENERATION ELEC & CONTROLS ELEC & CONTROLS . .
1296 6690 6723 0 0 0 1 SERVICES SYSTEM SYSTEM N/A 136 No capital required.
RELAY RM Implement modernization study re: appraise the cost of]
1296 6690 6723 6721 0 0 1 #1 UNIT GENERATION PROTECTN & RELAY RM PROTECTN N/A 137 6 refurbishing the old GE electro-magnetic relays against| 2014 1
SERVICES & CONTROL : . .
CONTROL the cost of multi-function relaying.
Implement study to migrate Governor System and
#1 UNIT GENERATION Burner Management to DCS - remove existing control
1296 6690 6723 6722 0 0 1 SERVICES MAIN CONTROLS MAIN CONTROLS N/A 138 6 relaying and transducers, re-direct field cabling to the 2014 2
DCS and re-configure the software.
#1 UNIT GENERATION GENERATOR BUS GENERATOR BUS None planned, but may result from inspection and
1296 6690 6723 6724 0 0 1 SERVICES DUCT & CONNS DUCT & CONNS N/A 139 6 tests.
#1 UNIT GENERATION UNIT SERVICE UNIT SERVICE POWER . .
1296 6690 6723 6726 0 0 1 SERVICES POWER SYSTEM SYSTEM N/A 140 6 No capital required.
#1 UNIT GENERATION UNIT SERVICE . .
1296 6690 6723 6726 7181 0 1 SERVICES POWER SYSTEM UNIT BOARD UB-1 N/A 141 6 No capital required.
Change all protection setting to improve arc-flash
ratings, unless already completed, including:
#1 UNIT GENERATION UNIT SERVICE - Protection settings adjustment on breaker A1,
1296 6690 6723 6726 7182 0 1 SERVICES POWER SYSTEM POWER CENTRE A N/A 142 6 secondary of transformer AT-A. 2011 1
- Replacement of trip unit on breaker A3, Lighting
Transformer LT-A feeder.
Conduct a complete overhaul to an “as new condition”
or replacement of the switchgear, including cubicles
and breaker elements, extending the life expectancy of
#1 UNIT GENERATION UNIT SERVICE . .
1296 6690 6723 6726 7182 0 1 SERVICES POWER SYSTEM POWER CENTRE A N/A 143 6 the existing switchgear for a further 15-20 years. Use 2012 1
spare breaker elements to allow a program can be set
up to overhaul each breaker off site with essentially no
interruption to plant requirements.
#1 UNIT GENERATION UNIT SERVICE TURBINE & BOILER . .
1296 6690 6723 6726 7183 0 1 SERVICES POWER SYSTEM AREA MCC A1 N/A 144 No capital required.
1296 6690 6723 6728 0 0 1 # UNgE(;\E/II\::EEZATION BATTERY CHARGERS | BATTERY CHARGERS N/A 145 No capital required.
#1 UNIT GENERATION 250 VOLT DC BATTERY Replace Units 1/2, 129VDC Battery Charger 2 with a
1296 6690 6723 6728 99043229 0 1 SERVICES BATTERY CHARGERS BANK N/A 146 6 new Primax Charger alongside in 2010, 2010 2
#1 UNIT GENERATION 250 VOLT DC BATTERY .
1296 6690 6723 6728 99043230 0 1 SERVICES BATTERY CHARGERS CHARGE N/A 147 6 Replace Unit 1, 258VDC Panel and breakers. 2010 2
Address issues of MCC’s C1, C2, C3, E1 (GE) and
#1 UNIT GENERATION TURBINE & BOILER TURBINE & BOILER GPB34, SDB34 (Siemens) available fault currents
12 72 7184 1 N/A 1 2012 1
% 6690 6723 8 0 0 SERVICES AREA MCC C2 AREA MCC C2 / %0 6 exceeding the rating of the short circuit protection 0
devices within the individual wrappers of each MCC.
Address issues of MCC’s C1, C2, C3, E1 (GE) and
#1 UNIT GENERATION TURBINE & BOILER TURBINE & BOILER GPB34, SDB34 (Siemens) available fault currents
1296 6690 6723 7186 0 0 L SERVICES AREA MCC C3 AREA MCC C3 N/A 151 6 exceeding the rating of the short circuit protection 2012 L
devices within the individual wrappers of each MCC.
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Bli # ASSZEt # ASS,:t # Ass;et # Assset # Ass:t # Unit Asset 2/3 Asset 3/4 Description Detail CAP# | Appendix # Capital Item Date Priority
1296 6690 6723 7193 0 0 1 #1 UNIT GENERATION UPS INVERTER #1 UPS INVERTER N/A 152 6 Overhaul/upgrade unit to extend the life expectancy to 2012 1
SERVICES at least 2020.
#1 UNIT GENERATION Implement optimization study in conjunction with
1296 6690 6723 7193 0 0 1 SERVICES UPS INVERTER #1 UPS INVERTER N/A 153 6 UPS2, UPS3 and UPS4 replacement. 2012 2
Implement changes to this Switchgear, 4160V/600V
relaying in UB1modernization study (5.3.2.2 IV) for the
#1 UNIT GENERATION SWITCHGEAR SWITCHGEAR protection relays. Consider that the remaining P&B
1296 6690 6723 270295 0 0 1 SERVICES 4160/600V 4160/600V N/A 154 6 Golds relays remain and not be replaced by 2012 2
Schweitzer 701 MPR’s. As of 2015 the breakers
utilizing these will become standby and as of 2020 will
become spare.
Overhaul all 4160V switchgear breakers. Use spare
breaker elements to overhaul breakers
#1 UNIT GENERATION SWITCHGEAR SWITCHGEAR 4,5,6,7,8,9,10,11 off site if necessary with essentially
1296 6690 6723 270295 0 0 1 SERVICES 4160/600V 4160/600V NA 195 6 no interruption to plant requirements recognizing that 2012 2
these will be in standby mode from 2015-2020 and as
of 2020 will become “spare” but in good condition.
Replace existing breakers 1, 2 and 3 during the
complete overhaul with Eaton Electrical VR-Series
breakers for a life expectancy to at least 2041. Use
spare cubicle (UB1-12) can be for the new U1
Synchronous Condenser Start Pony Motor breaker 12
#1 UNIT GENERATION SWITCHGEAR SWITCHGEAR using a new Eaton Electrical VR-Series type direct
1296 6690 6723 270295 0 0 ! SERVICES 4160/600V 4160/600V NA 196 6 replacements for ITE, 4160V, Type 5HK). 2012 !
Consideration should be given to the Eaton Electrical
Remote racking device (RPR2), which allows remote
racking of a breaker from up to 50ft away, and is
programmable for other types of breaker that might be
used. One RPR2 would senice U1 and U2 needs.
Implement changes to this Switchgear, 4160V/600V
relaying in UB1modernization study (5.3.2.2 IV) for the
#1 UNIT GENERATION SWITCHGEAR SWITCHGEAR protection relays. Consider that the remaining P&B
1296 6690 6723 270295 0 0 1 SERVICES 4160/600V 4160/600V N/A 157 6 Golds relays remain and not be replaced by 2012 2
Schweitzer 701 MPR'’s. As of 2015 the breakers
utilizing these will become standby and as of 2020 will
become spare.
#1 UNIT GENERATION SWITCHGEAR SWITCHGEAR . .
1296 6690 6723 270295 0 0 1 SERVICES 4160/600V 4160/600V N/A 158 6 No capital required.
1296 | 6690 6723 | 270296 0 0 1 #1UNIT GENERATION | - \5| E RACEWAYS | CABLE RACEWAYS N/A 159 6 Install new cable installations on new tray, and in 2011 1
SERVICES accordance with the applicable Codes.
1296 | 6690 6723 | 270207 0 0 1 #1UNIT GENERATION | \TROL CABLES | CONTROL CABLES N/A 160 6 Install new cable installations on new tray, and in 2011 1
SERVICES accordance with the applicable Codes.
1296 | 6690 6723 | 270298 0 0 1 #1UNIT GENERATION | 55\vER cABLES POWER CABLES N/A 161 6 Install any new cable installations on new tray, andin | 544 1
SERVICES accordance with the applicable Codes.
#1 UNIT GENERATION DISTRIBUTED . .
1296 6690 6723 291668 0 0 1 SERVICES CONTROL SYSTEM DCS N/A 162 6 No capital required.
Complete the NLH program of 600V, 3ph, plugs and
#1 UNIT GENERATION receptacles on the four Pump feeders left to modify,
1296 6690 6723 309894 0 0 1 SERVICES 600 V METRIC PLUGS | 600 V METRIC PLUGS N/A 163 6 two on Unit 1 and two on Unit 2 to the LP Drains 2010 3
Pumps.
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8.1.4 Asset 280182 - Unit 1 Cooling Water Systems Associated with Generators

(Detailed Technical Assessment in Working Papers, Appendices 8 and 11)

The requirements for the cooling water systems associated with generators for Holyrood are as follows:

Unit #: 1

Asset Class # BU 1296 - Assets Generations
SCI & System: 8715 #1 Unit Generation Services
Sub-Systems: 270182 #1 CW System

7137 #1 CW Travelling Screens East

7138 #1 CW Travelling Screens West

7146 #1 CW Pump East

Components: 7147 #1 CW Pump West

7134 #1 CW Intake

7138 #1 CW Discharge to Outfall

6719 #1 General Service Water

6782 #1 Turbine Generator Cooling Water

8.1.4.1 Description

The items examined were limited to those required to achieve the 2041 synchronous condensing end
date:

= The main pumphouse sea water intake, traveling screens, and general service water system;
= Sea water heat exchanger system;

= Seawater discharge system; and

= Electrical and control requirements.

Circulating Water (CW) Pump & Screen Systems: Circulating water (CW) systems servicing Unit 1
consist of two 50% CW vertical turbine pumps driven by 4 kV motors and auxiliary systems. The pump
drive motors are original. Two travelling screen systems are used to remove debris from the cooling water
prior to entering the pumps. The primary function of the CW system is to provide condenser cooling
water, but also cooling water for other closed loop systems. It is necessary that the CW system operate
efficiently in order to maintain optimal plant thermal efficiency by minimizing steam turbine condenser
backpressures.

Turbine Generator (TG) Auxiliary Cooling Water System: Sea water cooling is required for the TG

Auxiliary Cooling Water system required for synchronous condensing operation. For Unit 3, it can
currently be supplied by a sump pump and dedicated line from the Stage 2 pumphouse (Unit 4 CW pump
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pit), from the water take-off from the Stage 2 pumphouse cooling water pumps, and from an
interconnection with the Units 1 and 2 cooling water system. Typically when only Unit 3 is running as
synchronous condenser, the smaller sump pump and dedicated line from the Stage 2 pumphouse is
used.

For the purpose of long term synchronous generation operation to 2041 of all three units, the intent is to
supply seawater from a small, permanent pump arrangement similar to Unit 3. It may come from the one
pumphouse or in the form of two separate, but interconnected systems.

FIGURE 8-8 DEDICATED SEAWATER COOLING WATER LINE FOR UNIT 3 SYNCHRONOUS CONDENSING TG
AUXILIARY COOLING WATER

8.1.4.2 History

Manufactured/Delivered 1969
In-Service Date Sep 1970
Generation Base Load End Date Dec 2015
Generation Peak/Emerg Gen End Date Dec 2020
Synchronous Condensing Start Date Jan 2015
Synchronous Condensing End Date Dec 2041
Last Major Overhaul/Inspection Not identified
Next Major Overhaul/Inspection Not Identified
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The thousands of hours associated with the analyses, and the number of starts per year are:

Generation (Gen) Synchronous Condensing (SC)

Hours Actual - Ops to Dec 2009 166 0
Hours - Ops to Gen End Date Dec 2015 210 1.5
Hours - Ops to Gen End Date Dec 2020 219 25
Hours — Ops to SC End Date Dec 2040 219 120
Starts Actual - Ops to Dec 2009 482 0
Starts - Ops to Gen End Date Dec 2015 554 5
Starts - Ops to Gen End Date Dec 2020 614 30
Starts — Ops to SC End Date Dec 2040 714 130

8.1.4.3 Inspection and Repair History

CW Travelling Screens: Travelling screen internals have been replaced on Unit 1 in the last 5 to 10
years. Interviews suggest that no recent issues have been experienced with these units. Visual
examination confirms that generally the Unit 1 screens appear to be in good shape.

The external casings have some corroded parts, but nothing that appears to impair current or short term
performance.

CW Wash Water Pumps and Motors: An external inspection of the pumps and motors indicated that
they have extensive corrosion but were running at the time of the visual inspection. They are considered
to be a minor maintenance issue and not addressed as a part of this assessment.

CW Pumps: CW pumps are performing fairly well. No reports were available on the condition of the
pumps, but interviews suggest that regular maintenance has been ongoing and the units should be able
to meet 2015 and 2020 timelines with continued maintenance. Major pump overhauls are scheduled on a
twelve year cycle as indicated in Table 8-20 below.

TABLE 8-20 MAJOR PumP OVERHAULS

Annual Asset Maintenance

Pumps 2000 | 2001 | 2002 | 2003 | 2004 2005 2006 | 2007 | 2008 2009 2010 2011 2012 2013 2014 2015 2016

2017

1 CW Pump East X 83,000.00

1 CW Pump West 75,000.00

2 CW Pump East X X §7,000.00

2 CW Pump West 77,000.00

3 CW Pump East X 75,000.00

3 CW Pump West 10,000.00

89,000.00

It is understood that a temporary CW pump is being used in the existing Unit 4 intake to supply smaller
quantities of cooling water to Unit 3 for Synchronous Condensing duty. Further the system has been
designed to supply all three units if and when converted. In addition, there are interconnections between
Units 1 to 3 CW systems to allow them to provide back-up for this purpose if necessary.
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CW Pump Motors: The CW Pumps are driven by 4 kV motors. The motors are the original equipment
and are tested electrically every year in accordance with the plant PM process. They are in good
condition, but beyond their normal physical life expectation.

CW Pump Outlet Piping, Valves & Fittings: Outlet piping, valves, and fittings from the CW pump
discharge to the inlet of the 162 cm (64 inch) concrete piping that goes underground to the Unit 1
condenser has generally experienced significant corrosion and some patching of the system has been
done. It requires a Level 2 inspection and possibly a complete replacement.

Cooling Water System Intake & Discharge: The 91 cm (36 inch) and 162 cm (64 inch) CW intake and
discharge concrete piping that is installed underground to the unit condenser has periodically been
dewatered and inspected by plant staff. No specific corrosion, spalling, cracks or fractures were identified,
and no patching of the system has been done. There have been no obvious issues with the systems, but
no detailed engineering evaluations and NDE work has been undertaken.

PM inspections are planned going forward on a three year cycle as per schedule below in Table 8-21.

TABLE 8-21 PM INSPECTIONS

Annual Asset Maintenance

CW Inspection 1 2000 | 2001 {2002{2003| 2004 [ 2005 | 2006 2007 | 2008 | 2009 2010 2011 212 013 2014 | 2015

Unit1 25625.00 26,625.00

Unit2 25,625.00 26,625.00

Unit 3 25,000.00 25,626.00
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8.1.4.4 Condition Assessment

The condition assessment of the Unit 1 cooling water systems associated with generators is illustrated below in Table 8-22.

TABLE 8-22 CONDITION ASSESSMENT — UNIT 1 COOLING WATER SYSTEMS ASSOCIATED WITH GENERATORS
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Current
- " . Expected . Next Planned .
BU # Asset # | Asset # Asset # Asset # Asset # B - h Condition Append . EPRI Criginal Life Minimum End of Life Next Regular| Overhaul or Capability to Capability to In
Unit Asset Level 2 Asset Level 3 Description Detail Summary Condition . (Base Load) - (EOL) Reach Next .
1 2 3 4 5 6 # Identifier Remaining . Inspection Major Reach EOL | Service
ID# Ops Hrs (Yrs) s Required Overhaul
Life Years Inspection
(Subject to Test)

1296 6690 6715 6719 0 0 1 #1 UNIT GENERATION SERVICES ~ |GENERAL SERVICE COOLING GENERAL SERVICE COOLING N/A 255 12 :Lig‘é’é"g can have lifetimes of up to 100 years. The current pipe is less than 20 years old. No difficulties identified or 4 (50) 30 2041 2011 Yes Yes 1990

Piping, pumps, and heat exchangers appear in good condition. Heat exchangers are cleaned and checked for leaks annually,
1296 6690 6715 6782 0 0 1 #1 UNIT GENERATION SERVICES TURB/GEN COOLING SYSTEM TURB/GEN COOLING SYSTEM N/A 256 11,16  |and are cathodically protected and a closed cooling system corrosion inhibitor used. No issues had been encountered with 4 200000 (30) 10 2041 2011 Yes No 1970

the heat exchangers. No inspection or maintenance data was available.
1296 6690 6715 6782 0 0 1 #1 UNIT GENERATION SERVICES ~ |TURB/GEN COOLING SYSTEM TURB/GEN COOLING SYSTEM Sea Water Piping 257 11,15 | Sea Water piping 18" ines and associated vahing is original equipment for all units. No condition data bu no significant 3a 200000 (30) (10) 2041 2011 Yes No 1970

issues identified. Piping and valves have external corrosion and pitting, but rate seems not to be rapid.
1296 6690 6715 270182 7134 0 1 #1 UNIT GENERATION SERVICES CW SYSTEM C.W. INTAKE Intake structure and 269 1 No recent unqenwa(er inspections of intake structures or bay, but surface visual check looked good. There is no reason to 4 (60) (20) 2041 2011 No No 1970

foreay expect any kind of aggressive attack.
1296 6690 | 6715 270182 7135 0 1 #1 UNIT GENERATION SERVICES ~ [CW SYSTEM C.W. DISCHARGE TO OUTFALL Pit, ;‘S"c‘;l'z‘f;ea"d 270 11 |No recent underwater inspections of pit, stoplogs or outfall structures. 4 (60) (20) 2041 2011 No No 1970
1296 6690 6715 270182 7137 0 1 #1 UNIT GENERATION SERVICES ~ [CW SYSTEM C.W.TRAVELLING SCREENS EAST N/A 271 1 g‘;sg‘:fni" good condition after major upgrade within the last five to ten years. External casings and auxiliaries have some 4 (20) (10) 2041 2011 No No 2000
1296 6690 | 6715 | 270182 | 7138 0 1 #1 UNIT GENERATION SERVICES ~ [CW SYSTEM C.W.TRAVELLING SCREENS WEST NA 272 11 g‘;s’::fn‘" good condition after major upgrade within the last five to ten years. Extemal casings and auxiliaries have some 4 (20) (10) 2041 2011 No No 2000
1296 6690 | 6715 270182 8819 0 1 #1 UNIT GENERATION SERVICES ~ [CW SYSTEM C.W. SCREEN WASH SYSTEM N/A 273 11 |Significant corrosion. Likely near end of life. 4 (30) 5 2041 No No 1970
Notes: 1. A *“(bracketed)” value in the “Current Expected Remaining Life” column is a highly probable minimum value that is considered subject to some subsequent verification during further investigation including at the next test or overhaul. It may be addressed as part of a Level 2 test. A value
identified as “(X/Y)” has been included for the steam turbine and generator where the recommended minimum value is the lower of the two, but that the higher may be achievable at a higher level of failure risk and/or unreliability.
2. The “Next Regular Inspection” column identifies a regular inspection (not necessarily an overhaul or detailed Level 2 test) that is currently planned and known to AMEC and which may provide further insight into the equipment life. The “Next Planned Overhaul or Major Inspection” column is

intended to identify known detailed inspections and/or overhauls that will definitively update current remaining life assumptions and which are a “Desired Life” stage for condition assessment purposes. Note that where a detailed inspection/overhaul date is highlighted in yellow then itis a
specific AMEC recommendation and that date is the basis for conclusions on the ability to make the next detailed inspection/overhaul. Where cells are blank, the dates may be either not scheduled or are not known by AMEC.
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8.1.4.5 Actions

Based on the condition assessment, the following actions are recommended for the Unit 1 cooling water system associated with generators:
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TABLE 8-23 RECOMMENDED ACTIONS — UNIT 1 COOLING WATER SYSTEMS ASSOCIATED WITH GENERATORS

BL: # Asszet # Assset # Ass4et # Ass5et # Unit Asset 2/3 Asset 3/4 Description Detail Act;#on App # Action Year Priority

1296 6690 6715 0 0 1 #1 UleTE(;\E/II\é:EEZAﬂON UNIT GENERATION SERVICES UNIT GENERATION SERVICES N/A 162 12 Continue current condition monitoring and heat exchanger senicing. 2011 2

1296 6690 6715 6719 0 1 #1 UNISTEGRI\E/:\(I:EEI?SATION GENERAL SERVICE COOLING GENERAL SERVICE COOLING N/A 163 12 Continue current inspection and maintenance activities. 2011 2

1296 6690 6715 6782 0 1 #1 UleTE(F;{\E/II\ICEEZAﬂON TURB/GEN COOLING SYSTEM TURB/GEN COOLING SYSTEM N/A 164 8 Continue current condition monitoring and heat exchanger senvicing. 2011 2

1296 6690 6715 6782 0 1 #1 UNISTEGRI\E/'I\éEERSATION TURB/GEN COOLING SYSTEM TURB/GEN COOLING SYSTEM N/A 165 8 Clean and coat remaining Auxiliary Cooling water piping. 2011 2

1296 6690 6715 6782 0 1 #1 UNISTEGR\E/II\ICEERSATION TURB/GEN COOLING SYSTEM TURB/GEN COOLING SYSTEM N/A 166 8 Eizli';o;'m representative Level Il pipe thickness checks on seawater intake and discharge 2011 2

1296 6690 6715 6782 0 1 #1 UNISTE(;\E/II\éEERSATION TURB/GEN COOLING SYSTEM TURB/GEN COOLING SYSTEM N/A 167 8 Perform Level 2 inspection on Aux Cooling Pipes during next five years. 2011 2

1296 6690 6715 6782 0 1 # UNéTEeRsTéEEzAT|ON TURB/GEN COOLING SYSTEM TURB/GEN COOLING SYSTEM N/A 168 8 See details below.

1296 6690 6715 6782 9592 1 #1 UleTE(;\E/II\ICEEZATION T/G COOLING PUMP SOUTH T/G COOLING PUMP SOUTH N/A 169 8 Continue current condition monitoring and heat exchanger senvicing. 2011 2

1296 6690 6715 6782 9593 1 #1 UNISTEGRI\E/'I\éEERSATION T/G COOLING PUMP NORTH T/G COOLING PUMP NORTH N/A 170 8 Continue current condition monitoring and heat exchanger senvicing. 2011 2

1296 6690 6715 270182 0 1 #1 UNIT GENERATION CW SYSTEM CW SYSTEM N/A 182 1 Malnta.ln c.urrent program of ongomgllns;.)ectlons and overhguls. Procurg alspare. motor 2011 2
SERVICES be maintained to senvice all three units, in the event of a failure of an existing unit.

1296 6690 6715 270182 7134 1 #1 UNIT GENERATION CW SYSTEM C.W. INTAKE Intake 183 11 Perform an underwater inspection of intake and outfall structures - including areas such 2011 2
SERVICES as stoplogs.

1296 6690 6715 270182 7135 1 #1 UNIT GENERATION CW SYSTEM C.W. DISCHARGE TO OUTFALL Ooutfall 184 1 Perform an underwater inspection of intake and outfall structures - including areas such 2011 2
SERVICES as stoplogs.

1296 6690 6715 270182 7137 1 # UNISTEGR\E/II\ICEERSATION CW SYSTEM C.W.TRAVELLING SCREENS EAST N/A 185 11 Continue current condition monitoring and heat exchanger senicing. 2011 2

1296 6690 6715 270182 7138 1 #1 UleTE(;\E/II\éEEZATION CW SYSTEM C.W.TRAVELLING SCREENS WEST N/A 186 11 Continue current condition monitoring and heat exchanger senvicing. 2011 2

1 UNIT GENERATION
1296 6690 6715 270182 8819 1 #u SEGRVICES © CW SYSTEM C.W. SCREEN WASH SYSTEM N/A 187 11 Refurbish pump/motor. 2011 3
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8.1.4.6

Risk Assessment

Table 8-24 below illustrates the risk assessment for the cooling water systems associated with generators, both from a technological perspective and a safety perspective using the models presented in Section 3.

TABLE 8-24 RISK ASSESSMENT — UNIT 1 COOLING WATER SYSTEMS ASSOCIATED WITH GENERATORS
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Remaining Life TECHNO-ECO RISK ASSESS SAFETY RISK ASSESS
. . Years MODEL MODEL
Bli # ASSZEI # ASS;‘ # Assf‘ # Ass:t # ASS:‘ # Unit Asset 2/3 Asset 3/4 Description Component A Risk # Appindlx Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
SSess Inspection Required Likeli- Conse- Risk Level Likeli- Conse- Safety
Within (x) Years) hood quence hood quence Risk
#1 UNIT UNIT
1296 6690 6715 0 0 0 1 GENERATION GENERATION ggvalgé\ISERATION N/A 156 See details below. None
SERVICES SERVICES
#1 UNIT GENERAL
1296 6690 6715 6719 0 0 1 GENERATION SERVICE Sggfml' SERVICE csw E;:EIZMomr 157 12 Mechanical or electrical failure. 10 None 1 A Low 1 A Low  |Minimum Current inspection and maintain.
SERVICES COOLING
#1 UNIT GENERAL GENERAL SERVICE
1296 6690 6715 6719 0 0 1 GENERATION SERVICE GSW Ht Exch Failure 158 12 Mechanical failure/pluggage. 10 None 1 A Low 1 A Low |Seawater contamination (unlikely) Inspect and maintain.
COOLING
SERVICES COOLING
#1 UNIT GENERAL GENERAL SERVICE - . . . - .
1296 6690 6715 6719 0 0 1 GENERATION SERVICE COOLING GSW Piping Failure 159 12 Mechanical failure. 10 None 1 A Low 1 A Low |Leak and short duration impact Inspect and maintain.
SERVICES COOLING
#1 UNIT TURB/GEN .
1296 6690 6715 6782 0 0 1 GENERATION COOLING ;li’;?%G'\fN COOLING Umts;i&iﬁ ACW 160 8 Corrosion, mechanical failure. 10 None 1 A Low 1 A Low |Leak and short duration impact Inspect and maintain.
SERVICES SYSTEM ping
#1 UNIT TURB/GEN .
TURB/GEN COOLING Units 1& 2 S t
1206 6690 6715 6782 0 0 1 |GENERATION COOLING SYSTEM nits P cawaler| g1 8 Corrosion, mechanical failure. (10) None 1 A Low 1 A Low |Leak and short duration impact Inspect and maintain.
SERVICES SYSTEM ping
#1 UNIT .
1296 6690 6715 6782 9592 0 1 GENERATION T/G COOLING T/G COOLING PUMP Units 182 ACW 162 8 Mechanical or electrical failure. 10 None 1 A Low 1 A Low  |Sparing, minimal Current inspection and maintain.
PUMP SOUTH SOUTH Pump/Motor
SERVICES
#1 UNIT T/G COOLING T/G COOLING PUMP Units 1&2 ACW
1296 6690 6715 6782 9593 0 1 GENERATION 163 8 Mechanical or electrical failure. 10 None 1 A Low 1 A Low  |Sparing, minimal Current inspection and maintain.
PUMP NORTH NORTH Pump/Motor
SERVICES
#1 UNIT C.W. DISCHARGE TO Unit #1 CW Ouitfall Cracking or failure — major leak requirin
1296 6690 6715 270182 7135 0 1 GENERATION CW SYSTEM o L 175 1 Concrete cracking. (20) None 1 B Low 1 A Low . 9 ) q 9 Inspect and maintain.
OUTFALL Piping repair
SERVICES
#1 UNIT C.W.TRAVELLING
1296 6690 6715 270182 7137 0 1 GENERATION CW SYSTEM SbRiEENS EAST Travelling Screens 176 11 Corrosion- Internal/Ext. (10) None 2 B Low 2 A Low |Condenser plugging Current inspection and maintain.
SERVICES
#1 UNIT C.W.TRAVELLING
1296 6690 6715 270182 7138 0 1 GENERATION CW SYSTEM o Trawelling Screens 177 1 Corrosion- Internal/Ext. (10) None 2 B Low 2 A Low |Condenser plugging Current inspection and maintain.
SCREENS WEST
SERVICES
#1 UNIT
C.W. SCREEN WASH . . . L
1296 6690 6715 270182 8819 0 1 GENERATION CW SYSTEM SYSTEM Pumps\ & Motors 178 11 Corrosion- Internal/Ext. (5) None 3 A Low 2 A Low |Major leak and repair/patch Inspect and maintain.
SERVICES
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8.1.4.7 Life Cycle Curve and Remaining Life

Figure 8-9 below, illustrates the life cycle curves for the major elements of the Unit 1 cooling water systems associated with generators. The life curves are plots of current and projected operating hours (generation plus synchronous condensing
mode) on the y-axis versus calendar year on the x-axis. The figure has vertical lines representing differing representative nominal age limits for various components. It has horizontal lines that represent a range of practical equivalent base
loaded operating hour life limits. Data specific to the intake and outfall structures were not sufficient to include them at this time, but they are not expected to be an issue (perhaps the condition of some operational equipment such as stoplogs or
their supports). Data specific to the pumps and motors for the general service cooling water and the turbine generator cooling water are also not presented as they are relatively new and/or modest equipment elements. The risk area boxes
provide an indication of the timing of potential issues either from an age or equivalent operating hours view.
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FIGURE 8-9 LIFE CYCLE CURVE — UNIT 1 COOLING WATER SYSTEMS ASSOCIATED WITH GENERATORS
The curve indicates that the remaining life (RL) of most elements of the Unit 1 cooling water systems associated with generators is sufficient to reach the end date of 2020 for generation, but not necessarily the 2041 end date for synchronous

condensing. The CW pumps and associated equipment are the primary nearer term issues highlighted by the risk boxes. The actual end date and remaining life will become clearer through the series of ongoing routine inspections that forms
part of the plant’'s PM program and the Level 2 inspections recommended in the report. Curves for the intake and outfall structures and associated sub-components should be added subsequent to the undertaking of a Level 2 inspection.
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8.1.4.8 Level 2 Inspections — Unit 1 Cooling Water Systems Associated with Generators

Given the condition historical data reviewed, the required Level 2 analyses are provided in Table 8-25 below, assuming that the current plant inspection and maintenance program is maintained or improved.

TABLE 8-25 LEVEL 2 INSPECTIONS — UNIT 1 COOLING WATER SYSTEMS ASSOCIATED WITH GENERATORS
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BL; # Ass;t # ASS;‘ # Ass;l # Asssel # Assgt # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work Year Priority C;;l
#1 UNIT GENERATION UNIT GENERATION .
1296 6690 6715 0 0 0 1 SERVICES SERVICES UNIT GENERATION SERVICES None 147 N/A No Level 2 required.
#1 UNIT GENERATION GENERAL SERVICE .
1296 6690 6715 6719 0 0 1 SERVICES COOLING GENERAL SERVICE COOLING None 148 12 No Level 2 required.
1296 6690 6715 6782 0 0 1 #1 UNIT GENERATION TURB/GEN COOLING TURB/GEN COOLING SYSTEM [ Seawater intake and discharge piping 149 8 Perform representative Level 2 pipe thickness checks. 2011 2 $6
SERVICES SYSTEM
#1 UNIT GENERATION TURB/GEN COOLING - . .
1296 6690 6715 6782 0 0 1 SERVICES SYSTEM TURB/GEN COOLING SYSTEM AC Water piping 150 8 Thickness spot checks within 5 years. 2011 2 $6
#1 UNIT GENERATION TURB/GEN COOLING L
1296 6690 6715 6782 0 0 1 SERVICES SYSTEM TURB/GEN COOLING SYSTEM None 151 8 AC Water Ht Exchangers shell and tubes within 5 years. 2011 2 $6
#1 UNIT GENERATION T/G COOLING PUMP .
1296 6690 6715 6782 9592 0 1 SERVICES SOUTH T/G COOLING PUMP SOUTH None 152 8 No Level 2 required.
#1 UNIT GENERATION T/G COOLING PUMP X
1296 6690 6715 6782 9593 0 1 SERVICES NORTH T/G COOLING PUMP NORTH None 153 8 No Level 2 required.
1296 | 6690 6715 270182 7134 0 1 #1 UNIT GENERATION CW SYSTEM C.W. INTAKE CW intake and discharge structures | ¢, 11 Inspections — diver visual inspection within 2 to 4 years. 2011 2 $30
SERVICES and piping
1206 | 6690 6715 270182 7135 0 1 #1 UNIT GENERATION CW SYSTEM C.W. DISGHARGE To oUTFALL | Y intake and discharge structures | o, 11 Inspections — diver visual inspection within 2 to 4 years. 2011 2 $30
SERVICES and piping
#1 UNIT GENERATION C.W.TRAVELLING SCREENS .
1296 6690 6715 270182 7137 0 1 SERVICES CW SYSTEM EAST None 164 1" No Level 2 required.
#1 UNIT GENERATION C.W.TRAVELLING SCREENS .
1296 6690 6715 270182 7138 0 1 SERVICES CW SYSTEM WEST None 165 1" No Level 2 required.
1296 6690 6715 270182 8819 0 1 # UNISTE(;\E/'l\éEERSATION CW SYSTEM C.W. SCREEN WASH SYSTEM None 166 1 No Level 2 required.
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8.1.4.9

Capital Projects

Table 8-26 below shows the suggested typical capital enhancements that should be considered for the Unit 1 cooling water systems associated with generators:

TABLE 8-26 SUGGESTED TYPICAL CAPITAL ENHANCEMENTS — UNIT 1 COOLING WATER SYSTEMS ASSOCIATED WITH GENERATORS
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amec”

Bli # Ass;t # Ass:t # Ass:t # Assset # Assgt # Unit Asset 2/3 Asset 3/4 Description Detail CAP# | Appendix # Capital Item Date Priority
1296 6690 6715 6719 0 0 1 #1 UN;TEC;\E/II\éEERSATION GENEC?(;AOLLSIESVICE GENECRC')A(ID'LS'SSVICE N/A 115 12 No capital required.

1296 6690 6715 6782 0 0 1 #1 UNéTEisTéEEZAT|ON TURB/SEQITE('\DAOLING TURB/;I(EQITE('\DAOLING N/A 116 8 Clean and coat AC Water pipes. 2012
1296 6690 6715 6782 0 0 1 #1 UN;TEC;\E/II\éEERSATION TURB/SIYE QTESAOLING TURB/SIYE QTE?AOLING N/A 117 8 No capital required.

1296 6690 6715 6782 9592 0 1 #1 UNéTE(;\E/II\ICEERSATION e COS(’) (ID-IL'J\IT(I;-l PUMP | T/G COSO (I)'IUNT?_' PUMP N/A 118 8 No capital required.

1296 6690 6715 6782 9593 0 1 #1 UNéTE(;\E/II\éEEZATION e CO’\? (I)_Ig\lT(I;-i PUMP | T/G CO’\? (I)_Ig\lT(I;-I PUMP N/A 119 8 No capital required.

1296 6690 6715 270182 7134 0 1 #1 UNIT GENERATION CW SYSTEM C.W. INTAKE Intake structure and 129 11 Adq system for synchronous condensing similar to 2014

SERVICES foreay Unit 3.

1296 6690 6715 | 270182 7135 0 1 #1 UNgE(;\E/'I\éEERSAT'ON CW SYSTEM C.W. %ﬁﬁ?ﬁ&GE 0 P“*;tsipr:gfsea”d 130 11 No capital required.

1296 6690 6715 270182 7137 0 1 #1 UNéTE(;\E/ll\éEERSATION CW SYSTEM CS\C/:VREE?\I\QEE;IQ_? N/A 131 11 No capital required.

1296 6690 6715 270182 7138 0 1 #1 UNéTE(;\E/II\é:EERSATION CW SYSTEM gxgiﬁl\éﬂ"’lég? N/A 132 11 No capital required.

1296 6690 6715 270182 8819 0 1 # UN;TE(;\E/'I\::EEZATION CW SYSTEM C.W. SSCYRSETEENMWASH N/A 133 11 No capital required.
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8.2 Unit 1 — Lower Priority Systems

8.2.1 Asset 6699 Unit 1 Boiler System

(Detailed Technical Assessment in Working Papers, Appendices 29, 30 and 34)

The equipment associated with the Unit 1 boiler system is listed below:

amec”

Unit #:

1

Asset Class #

BU 1296 - Assets Generations

SCI & System:

6899 #1 Boiler Plant

Sub-Systems:

6700 #1 Boiler Structure

6701 #1 Boiler F.W. & Sat. Steam

6702 #1 Boiler Superheater and Reheater

Components:

6869 #1 Economizer, tubing and headers

6871 #1 Linking piping (boiler internal)

6871 #1 Furnace water circuit

6870 #1 Steam drum,

6871 #1 Downcomers and feeder piping

6871 #1 Lower Waterwall headers

6871 #1 Waterwall tubing

6871 #1 Upper Waterwall headers, and riser piping

6873/6878 #1Superheater,headers and tubing

6878 #1 Reheater, headers and tubing

6871 #1 Safety Valves

6876 #1 Boiler Main Steam lines

6902 #1 Boiler Stop Valve

6700 #1 Furnace structural, hangers and casing

6706 #1 Boiler Blowdown Tank
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8.2.1.1 Description

Unit 1 boiler is a Combustion Engineering (now supported by ALSTOM), natural circulation, single reheat,
pressurized unit. The boiler was originally designed in 1968 for an output of 150 MW with a maximum
steam flow of 127 kg/s (1,050,000 Ibs/hr), at 12.41 MPag (1800 psig) and 538 °C (1000 °F) with an inlet
feedwater temperature of 240 °C (464 °F). The reheat steam flow was designed for 116 kg/s (921,000
Ibs/hr) with an inlet temperature of 365 °C (690 °F) and an outlet temperature of 541 °C (1005 °F). HTGS
Stage | (Units 1 & 2) was commissioned in 1969/1970.

Unit 1 was uprated to nominal output of 175 MW in 1988/1889. The boiler was analyzed to determine if
this increased load could be accommodated by raising the superheat steam flow approximately 11% to
141 kg/s (1,167,200 Ib/hr) and the reheat steam flow approximately 13% to 126 kg/s (1,044,630 Ib/hr).
Associated boiler pressure part modifications were evaluated such that the boiler design pressure of 15.2
MPa (2205 psig) could be maintained with the increased steam outlet pressure. All the pressure parts
were analyzed for ASME Code compliance and optimized operation. In order to reduce anticipated
attemperator spray water in the superheater section, heating surface was removed from the primary
superheater sections. Additional modifications were made to the boiler non-pressure part equipment.
After uprating, the boiler is rated at a maximum steam flow of 141 kg/s (1,167,000 Ibs/hr), at 13.58 MPag
(1970 psig) and 541 °C (1005 °F) with an inlet feedwater temperature of 240 °C (464 °F)353 °C (667 °F)
and an outlet temperature of 541 °C (1005 °F).

The system includes:

= Economizer, tubing and headers;
» Linking piping (boiler internal);
» Furnace water circuit;

o Steam drum,

o Downcomers and feeder piping as required

0 Lower Waterwall headers

o Waterwall tubing

0 Upper Waterwall headers, and riser piping as required

»  Superheater; headers and tubing;

= Reheater; headers and tubing;

= Safety valves;

= Furnace combustion systems; burners, fans, air heaters;
= Furnace structural, hangers and casing; and

= Boiler Main Steam lines

= Boiler Stop Valve

= Boiler blow down tank.

Boiler #1 had superheater sections replaced in 2007. Boiler sootblowers were added in 1995. Unit 1 was
upgraded in 1988 to 175 MW from 150 MW.

8.2.1.2 History

Manufactured/Delivered 1969

In-Service Date Sep 1970

Generation Base Load End Date Dec 2015

Generation Peak/Emerg Gen End Date Dec 2020

Major Inspection/Maintenance Repair Annual May to Sep on all units
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The hours associated with the analyses are:

Hours Generation Actual - Ops to Dec 2009 166
Max Hours Generation Ops — to Dec 2015 210
Max Hrs Gen Ops to Gen End Date Dec 2020 219
Max Hours Ops — 1986 to Dec 2009 121
Max Hrs - 1986 to Dec 2015 165
Max Hrs — 1986 to Gen End Date Dec 2020 174
Max Hours Ops — 2007/8 to Dec 2009 8
Max Hrs — 2007/8 to Dec 2015 54
Max Hrs — 2007/8 to Gen End Date Dec 2020 174

8.2.1.3 Inspection and Repair History
Asset 6869 Economizer

As per part of routine non destructive evaluation (NDE) inspections, ultrasonic thickness (UT)
measurement readings are taken at specified locations on the economizer inlet and outlet headers
(inspection results were not available). The following discussion summarizes the significant inspections
and repairs completed on the economizer section servicing Unit 1.

During the 2002 outage, a thermocouple was installed on the economizer inlet header near the inlet pipe.
Also, the economizer inlet and outlet headers were opened for debris removal and internal inspection.
Loose debris was found in the inlet header and was removed.

There was a failure in the economizer inlet header stub tube in November 2003. A small circumferential
crack was observed on the top side of the horizontal element at a location less than 2.5 cm (1 inch) from
the economizer inlet header, in the bottom row of economizer assembly #1 (counting left to right). When
the tube sample was split longitudinally, deep circumferential cracking was observed on both the top and
bottom sides of the horizontal element at the leak site. The destructive examination of the sample
established that the section of economizer nipple tubing had suffered extensive internal damage and that
this internal damage was the direct cause of the leak. It was concluded that the damage was due to
combination of thermal fatigue and corrosion-fatigue cracking related mechanisms. The fact that the
cracking was concentrated on the top and bottom sides of the tube in the failure area may indicate the
influence of a bending load during service. It was further noted that the internal damage had been
substantially augmented by significant external wastage due to low temperature corrosion related to
condensation. The failed tube section was removed and replaced with available tube material.

During the 2004 outage, an inspection of the selected tube stubs at both ends and middle of the inlet
header (visual and angle beam UT) found no indication of damage similar to the failure that occurred in
the fall of 2003 discussed above. The inlet header supports were exposed and found to be in good
condition. However, the sootblower pipe supports were removed from the header to eliminate any
external loads.

Asset 6871 Waterwall Headers, Downcomers, and Lower and Upper Feeder Tubes

Exterior visual inspections of the lower and upper waterwall headers are carried out during the boiler
outage inspections. Lower waterwall headers were opened a number of times for debris removal after
boiler repairs. Apart from the repair debris, pipe stubs were also found in the header. The stubs were
about 23 cm (9.5 inch) long by 6.3 cm (2.5 inch) outside diameter (OD) and were threaded at one end. It
is believed that these pipe stubs were used for the initial fit-up and welding of the sidewalls. There were
no internal inspections to check for ligament cracking or cracking at other locations.
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UT measurements were taken on the waterwall circuit feeder and riser tubes and some of the riser tubes
were found in contact with each other but no damage was noted.

Asset 6870 Steam Drum

All the accessible internal seam and nozzle welds are inspected using the Wet Fluorescent Magnetic
Particle Examination (WFMT) method during every outage. A varying degree of magnetite layer was
observed during outage inspections. Although slight pitting was observed but not active, it is not
considered a pressure integrity issue for the steam drum.

Asset 6871 High Temperature Headers and Piping

During annual maintenance outages, Magnetic Particle Inspection (MPI) is carried out on selective tube to
header welds on the superheater and reheater section headers subject to accessibility. There has been
no abnormality observed to date. Also, UT measurements were taken on the headers next to MPI
locations. No significant header wall thinning was noted.

The superheater five (SH5) and superheater six (SH6) headers were opened and cleaned as part of the
superheater work during the 2008 maintenance outage. Significant cracking was found in the handhole
bore on the SH6 header located on the east side. These cracks were removed and repaired. There has
been no internal inspection carried out for ligament cracking on any of the headers in the superheater
section.

A visual inspection of the header supports is performed during every maintenance outage. During the
2008 outage, it was observed that all hangers appeared to be bearing load except for 2, 3 and 4 from the
east and 2 and 3 from the west under SH3 and number 2 from each side under SH4. These hangers
should normally support the casing floor under the headers.

During every maintenance outage, MPI on the selective tube to header welds is carried out on all the
reheat section headers (RH1 and RH2) subject to accessibility. There has been no abnormality observed
to date. Also, UT measurements are taken on the headers next to MPI location. No significant header wall
thinning was observed.

A visual inspection of the superheater link piping is carried out during outage inspections.
Asset 6873 Superheater Link Piping and Attemperator

A visual inspection of the superheater link piping is carried out during every outage. There was no internal
inspection carried out on superheater attemperators during the 2001-2009 period.

Asset 6869 Economizer Tubes

In November 2003, there was a failure in the economizer inlet header stub tube. It was documented
during 2005 outage inspection that the third tube from the west side previously failed and was removed
from service and plugged at the headers. The cause of this failure is unknown. This was the same
location of a tube failure on Unit 2 in April 2005 due to corrosion fatigue at a mill defect in the tube. The
Unit 2 tube alignment was reported to have been in good condition.

During 2009 outage, some of the baffle plates were found to be dislocated. This was repaired and the

plates secured. As per part of routine NDE inspection, UT measurements are taken at specified locations
on the economizer tube bends.
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Asset 6871 Waterwall Tubes

During 2007 outage, a boiler chemical cleaning was performed. The tube damage apparent after the
cleaning of the waterwalls for the 2006 thickness survey was repaired. Two viewports were rebuilt due to
their deteriorating condition. A thermocouple was installed on each side waterwall as requested by the
Department of Government Services. A LFET was completed on the waterwall tubes in 2007 and the
tubes in the high heat zone of the furnace were found to be in good shape.

During the 2008 outage, an internal boroscope inspection was completed on six front wall tubes and ten
baffle wall tubes over the full length of each tube. No significant problems were observed. Extensive
pitting was observed around many of the burners and significant corrosion was noted in the lower furnace
on the south side as observed during previous outages. Two observation ports were selected for
replacement based on inspections of the refractory completed during the previous year. The sealboxes
were found in good condition. It is not mentioned in the 2008 outage report whether a furnace floor tubes
thickness survey was completed. (NOTE: A LFET was completed on the water wall tubes in 2007 and
the tubes in the high heat zone of the furnace were found to be in good shape.)

Asset 6873/6878 Superheater and Reheater Tubes

The anti-vibration baffles were noted to be in very poor condition. There are minor tube alignment issues
as some tubes had drifted laterally. However, the alignment did not appear to be worsening at that time.
No significant tube thickness loss was discovered during the UT inspections performed at selective
locations on the Unit 1 superheater and reheater sections during the 2008 outage. The tubes were well
above the minimum wall thickness required. No tube sample analysis has been performed on the lower
secondary superheater section on Unit 1. Also, recent tube thickness data is not available for the lower
section.

During the 2005 outage, a tube spread and thickness survey was completed in the secondary
superheater section to document tube thinning and alignment. The results indicated extensive thinning in
the upper stainless steel section between the 7th and 8th floor cavities where the metal temperatures are
the highest and the conditions most conducive for liquid ash corrosion.

A partial replacement of the Unit 1 secondary superheater was completed during the 2008 annual
maintenance outage. Thirty one upper superheater assemblies (SA-213-EP-321H) were replaced
because of severe thinning caused by OD corrosion and forced outages as a result of six tube failures
from 2005 to 2008. The new assemblies were fabricated from 347H stainless steel tubes. This was an
upgrade from the original 321H tubes. The assemblies were supplied with T22 (2-%a chrome) safe-ends
for welding to the T22 tube ends in the boiler and vestibule. Hence, the old DMWs (Dissimilar Metal
Welds) were removed and replaced with new DMWs that were completed in the shop. In addition, one
lower superheater assembly was replaced as well, which had been removed from service (plugged)
during a forced outage repair completed in February of 2008.

Asset 6878 Reheater

There is a history of failure of spacer bars due to long term exposure to high temperatures causing a
slight misalignment of the reheater tubes. The problem areas identified have been repaired and 309
grade stainless steel material has been used for all new spacers. Additional problem areas are likely to be
identified during inspections. Although hanger tubes have bowed and touch each other at certain
locations since 2001, the alignment of the reheater is not adversely affected. During the 2005 outage,
extensive thinning in the bottom loop (stainless steel section) was noted.

During the 2008 outage, physical damage was discovered directly above the 7" superheater assembly
from the east side due to previous catastrophic failures of that assembly. Thickness measurements were
taken in the remaining reheater section. The results indicated little or no change since 2005 and no
further tube failures have been observed in the reheater section.
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Asset 6871/6700 Safety Valves, Casings, & Structure/Hangers

Safety relief valves (SRVs) are inspected and maintained as per the plant SRV testing and overhaul
program. The program is considered adequate to maintain the SRVs for the 2020 desired life.

Casing: The casing has a history of failures of both fabric and metallic expansion joints. These are
repaired and replaced as required. Failures of both fabric and metallic expansion joints are an ongoing
issue. During the AMEC field walkdown, some boiler expansion joints were found leaking.

Steel structure and hangers - corrosion in the boiler penthouse areas was identified in walkdowns of the
unit. The condition of the boiler refractory is uncertain.

Asset 6706/7014 Boiler Blow Down Tank
The unit is inspected annually, except in 2009 and 2010. In 2009, the unit was inspected externally only

due to access and isolation issues. Deterioration of internals and corrosion have been continuing issues,
but safety concerns with access, isolation, and cramped spaces are primary concerns.
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8.2.1.4 Condition Assessment

The condition assessment of the Unit 1 boiler system is illustrated below in Table 8-27.

TABLE 8-27 CONDITION ASSESSMENT — UNIT 1 BOILER SYSTEM
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amec”

Current
- . . Expected . Next Planned -
BU# Asset # | Asset # Asset # Asset # | Asset # Condition Append EPRI Original Life Minimum End of Life Next Regular| Overhaul or Capability to Capability to In
Unit Asset Level 2 Asset Level 3 Description Detail Summary Condition e (Base Load) L (EOL) L N Reach Next .
1 2 3 4 5 6 # Identifier Remaining Inspection Major Reach EOL Service
ID# Ops Hrs (Yrs) Required Overhaul
Life Years Inspection
(Subject to Test)
No active high energy piping management program. High temperature piping constant support hanger monitoring program
1296 6690 6699 0 0 0 1 #1 BOILER PLANT BOILER PLANT BOILER PLANT NA 52 30 discontinued after 2001. A few skewed hangers, topped or bottomed up constant spring support, and interference problem for 4 200000 (30) (10+) 2020 2011 2012 Yes Yes 1970
main steam, hot reheat and cold reheat lines.
1296 6690 6699 6701 0 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM |BOILER F.W. & SATD STEAM NA 53 30 No information on recent inspections of the sample of the upper waterwall headers flat end welds. 4 200000 (30) (10) 2020 2011 2012 Yes Yes 1970
1296 6690 | 6699 6701 0 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER F.W. & SATD STEAM NA 54 3p  |Migh heatfluxand challenging chemistry are related to numerous damage mechanisms on interior and exterior surfaces of 4 200000 (30) (10) 2020 2011 2012 Yes Yes 1970
waterwall tubing. No information on recent destructive testing reports of waterwall tubes that were removed in 2006.
1296 6690 | 6699 6701 6869 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER ECONOMIZER Headers & link Piping 55 3p |Qutetheaders or link piping o the steam drum in good condition. Thermal/corrosion fatigue related failure experienced in the 4 200000 (30) (10) 2020 2011 2012 Yes Yes 1970
inlet headers stub tubes. Only partial internal and stub tube inspections in 2004 outage.
1296 | 6690 | 6699 6701 6869 ) 1 |#1 BOLER PLANT BOILER F.W. & SATD STEAM BOILER ECONOMIZER Tubing 56 30 :r':z:‘g‘;': d"f,‘sngggz"ms (o assess condition Wall thickness review inconclusive -some 2009 readings decreased and some 4 200000 (30) (10) 2020 2011 2012 Yes Yes 1970
1296 | 6690 | 6699 6701 6870 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER STEAM DRUM NA 57 3p  |Nomaorfife limiting issues observed during previous limited steam drum inspections. Design assessed as having no significant 4 200000 (30) 10+ 2020 2011 2012 Yes Yes 1970
concerns. Inspections were focused at visible areas only and many of the susceptible locations have not been inspected.
1296 6690 | 6699 6702 6873 0 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASSY __|BOILER PRIMARY SUPERHEATER Tubes 60 30 |No significant life limiting issue has been observed in the primary superheater section tubes. 4 200000 (30) 10 2020 2011 2012 Yes Yes 1970
1296 6690 | 6699 6702 6874 0 1 #1 BOILER PLANT BLR SUPERHEAT& REHEATASSY  |BOILER SUPERHEATER ATTEMP. NA 61 3p  |Design caleulations for combination creep and fatigue damage from thermal fatigue raises concern with attemporators. No 4 200000 (30) (10) 2020 2011 2012 Yes Yes 1970
internal inspections of the attemporaters and link piping done to confirm the absence of thermal fatigue damage.
1296 6690 | 6699 6702 6877 0 1 #1 BOILER PLANT BLR SUPERHEAT& REHEATASSY  |BOILER REHEATER ATTEMPERATOR NA 62 30 |Pesion calculations for combination creep and fatigue damage from thermal fatigue raises concern with attemporators. No 4 200000 (30) (5) 2020 2011 2012 Yes Yes 1970
internal inspections of the attemporaters and link piping done to confirm the absence of thermal fatigue damage.
1206 | eso0 | 6699 | 6702 6878 0 1 |#1 BOILER PLANT BLR SUPERHEAT& REHEATASSY  |BOILER REHEATER Piping 63 3 |Previous metalographic examinations of hot reheat piping discovered partially degraded microsiructure but no evidence of 4 200000 (30) (10) 2020 2011 2012 Yes Yes 1970
creep. No NDE or metallographic examination after 2002.
1296 6690 6699 6702 6878 0 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BOILER REHEATER Headers & link Piping 64 30 Design creep life calculations for reheater outlet headers suggest concern. 4 200000 (30) (10) 2020 2011 2012 Yes Yes 1970
1296 6690 | 6699 6702 6878 0 1 #1 BOILER PLANT BLR SUPERHEAT& REHEATASSY  |BOILER REHEATER Tubing 65 30 |Noinspections, including destructive tube sample analysis, done assessing the extent of damage due to creep, sagging, OD 4 200000 (30) (10) 2020 2011 2012 Yes Yes 1970
liquid ash corrosion and ID high temperature corrosion.
1296 6690 6699 6702 322990 0 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y SECONDARY SUPERHEATER Headers & link Piping 66 30 Design creep life calculations for secondary superheater outlet headers suggest concern. 4 200000 (30) (10) 2020 2011 2012 Yes Yes 1970
1296 | 6690 | 6699 6702 | 322990 0 1 |#1 BOILER PLANT BLR SUPERHEAT& REHEATASSY | SECONDARY SUPERHEATER Tubes 67 3p  |Partial replacement with upgraded materials of the secondary superheater sections in 2008 - expected to operate without failure 4 200000 (30) (10) 2020 2011 2012 Yes Yes 1970
up to the desired life. Destructive tube sample analysis is required for the lower secondary superheater section not replaced.
1296 6690 | 6699 6701 6701 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER BLOWDOWN TANK A 68 30 |Thinning, corrosion. Sefety issues - isolation and access 10 200000 (30) 2 2020 2011 2011 Yes No 1970
1296 | 6690 | 6699 6702 6876 0 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASSYY  |BOILER MAIN STEAM LINES Piping 69 39 |Previous metallographic examinations of main steam piping discovered partially degraded microstructure but no evidence of 4 200000 (30) (10) 2020 2011 Yes Yes 1970
creep. No NDE or metallographic examination after 2002.
1296 6690 | 6699 6702 6876 6902 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASSY __|BOILER STOP VALVE NA 70 30 |No recent information review. 4 200000 (30) (10) 2020 2011 2011 Yes No 1970
Notes: 1. A “(bracketed)” value in the “Current Expected Remaining Life” column is a highly probable minimum value that is considered subject to some subsequent verification during further investigation including at the next test or overhaul. It may be addressed as part of a Level 2 test. A value
identified as “(X/Y)” has been included for the steam turbine and generator where the recommended minimum value is the lower of the two, but that the higher may be achievable at a higher level of failure risk and/or unreliability.
2. The “Next Regular Inspection” column identifies a regular inspection (not necessarily an overhaul or detailed Level 2 test) that is currently planned and known to AMEC and which may provide further insight into the equipment life. The “Next Planned Overhaul or Major Inspection” column is

intended to identify known detailed inspections and/or overhauls that will definitively update current remaining life assumptions and which are a “Desired Life” stage for condition assessment purposes. Note that where a detailed inspection/overhaul date is highlighted in yellow then it is a
specific AMEC recommendation and that date is the basis for conclusions on the ability to make the next detailed inspection/overhaul. Where cells are blank, the dates may be either not scheduled or are not known by AMEC.
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8.2.1.5

Actions

Based on the condition assessment, the following actions are recommended for the Unit 1 boiler system:

TABLE 8-28 RECOMMENDED ACTIONS — UNIT 1 BOILER SYSTEM
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amec”

Bl: # Asszet # Ass3et # Ass4et # Assset # Unit Asset 2/3 Asset 3/4 Description Detail AC::’“ App # Action Year Priority
1296 6690 6699 0 0 1 #1 BOILER PLANT BOILER PLANT BOILER PLANT N/A 61 30 See details below.
1296 6690 6699 6701 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER F.W. & SATD STEAM N/A 62 30 Monitor pitting on the tubes adjacent to the burners. 2011 2
1296 6690 6699 6701 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER F.W. & SATD STEAM N/A 63 30 Monitor pitting on the waterwall slope under the economizer. 2011 2
1296 6690 6699 6701 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER F.W. & SATD STEAM N/A 64 30 Monitor wall thinning on the south side waterwall floor tubes. 2012 2
1296 6690 6699 6701 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER F.W. & SATD STEAM N/A 65 30 Review the destructive testing 2006 report of waterwall tubes to evaluate the findings. 2011 2
1296 6690 6699 6701 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER F.W. & SATD STEAM N/A 66 30 Inspect selective flat end welds of the upper waterwall headers. 2012 2
1296 6690 6699 6701 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER F.W. & SATD STEAM N/A 67 30 Inspect the selective feeder and riser tubes for corrosion fatigue damage. 2012 2
Perform preliminary internal inspection of the lower waterwall headers at the locations of
1206 | 6690 6699 6701 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER F.W. & SATD STEAM N/A 68 3p |the degradation mechanisms identified for the steam drum, using boroscope; inspection | 5,1, 2
of selective flat end welds, feeder tube attachment welds and downcomers connection
welds.
1206 | 6690 | 6699 6701 0 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER F.W. & SATD STEAM N/A 69 3p  |Perform preliminary inspection of superheater and reheater headers support locations on | 51, 2
the downcomers for thermal/mechanical fatigue.
Perform inspection including sample tube removal and ultrasonic sonic testing survey at
1296 6690 6699 6701 6869 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER ECONOMIZER N/A 70 30 the accessible locations to assess the potential corrosion fatigue damage due to mill 2012 2
defects that had caused a failure in the economizer tube in Unit 2 in 2005.
1206 | 6690 6699 6701 6869 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER ECONOMIZER N/A 71 3p |Modify start-up procedures to include monitoring of the thermocouple temperature and 2012 2
using the continuous feed during start-ups.
Perform Lewvel 2 inspections of the economizer inlet header:
i ID visual inspection of bore holes, girth welds and tee welds. If cracking is
1296 6690 6699 6701 6869 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER ECONOMIZER N/A 72 30 identified, depth must be assessed. 2012 2
ii.  UTinspection of stub tubes.
iii. Stub tube sample to assess evidence of FAC.
Visually inspect the economizer outlet headers and supports and the economizer link
1296 6690 6699 6701 6869 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER ECONOMIZER N/A 73 30 piping during annual outages to ensure there is no change in the state and/or abnormal 2012 2
movement.
1206 | 6690 6699 6701 6870 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER STEAM DRUM N/A 74 30 |Remow the drum fumiture and a section of the liner fo inspect seam welds, nozzle 2012 2
welds, ligaments, downcomers and feedwater inlet pipe.
1296 6690 6699 6701 6870 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER STEAM DRUM N/A 75 30 Perform external inspection of feeder tube welds. 2012 2
1296 | 6690 6699 6701 6870 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER STEAM DRUM N/A 76 30 gﬂnzniqggnstzifcimm target life with appropriate operational control and routine inspection | 5, 2
1296 6690 6699 6701 6871 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM FURNACE N/A 77 30 See details below.
Inspect SH-5, SH-6 and RH-2 for creep and creep fatigue damage including internal
1296 6690 6699 6702 0 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BLR SUPERHEAT& REHEAT ASS'Y N/A 78 30 boroscopic, for external visual, dimensional on body spool pieces, UT inspections on 2012 2
welds and stub tubes and replica inspection.
1296 | 6690 | 6699 6702 0 1 #1 BOILER PLANT BLR SUPERHEAT& REHEATASSY | BLR SUPERHEAT& REHEAT ASS'Y N/A 79 30 g‘r:’gsggaetr‘:;h:ﬁ:;"sd't'°” that SH3 and SH4 hanger's not bearing load to identify cause 2012 2
1296 6690 6699 6702 6873 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BOILER PRIMARY SUPERHEATER N/A 80 30 Inspect for the presence of inside pitting and scaling 2012 2
1296 | 6690 | 6699 6702 6873 1 #1 BOILER PLANT BLR SUPERHEAT& REHEATASSY | BOILER PRIMARY SUPERHEATER N/A 81 30  |Enhance the present inspection and maintenance program to monitor and control the 2012 2
tubes alignment issues and failures of AVBs.
1296 6690 6699 6702 6874 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BOILER SUPERHEATER ATTEMP. N/A 82 30 Inspect attemperator and ID of the link piping for evidence of thermal fatigue. 2012 2
1296 6690 6699 6702 6877 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BOILER REHEATER ATTEMP. N/A 83 30 Inspect attemperator and ID of the link piping for evidence of thermal fatigue. 2012 2
1296 6690 6699 6702 6878 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BOILER REHEATER N/A 84 30 Inspect to check the presence of inside pitting and scaling. 2012 2
1296 | 6690 | 6699 6702 6878 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BOILER REHEATER N/A 85 3o  |Enhance the present inspection and maintenance program to monitor and control the 2012 2
tubes alignment issues.
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BL1J # Ass;t # Assset # Ass4et # Assset # Unit Asset 2/3 Asset 3/4 Description Detail Ac;on App # Action Year Priority

1296 | 6690 | 6699 6702 6878 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BOILER REHEATER N/A 86 o  |Perform destructive tube sample analysis to assess the extent of the damage due to 2012 2
creep, sagging, OD liquid ash corrosion, ID high temperature corrosion and DMWs.

1206 | 6690 | 6699 6702 6878 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BOILER REHEATER N/A 87 30 |Enhance the present inspection and maintenance program to monitor and control failures | - 544, 2
of tube saddle supports and other alignment issues. .

1206 | 6690 | 6699 6702 6878 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BOILER REHEATER N/A 88 30  |As economically justified assess and implement the addition of reheater surface for 2012 2
reheat temperature and efficiency.
Perform destructive tube sample analysis on the lower secondary superheater section

1296 6690 6699 6702 322990 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y SECONDARY SUPERHEATER N/A 89 30 that is not replaced so far, to assess the extent of the damage due to creep, sagging, 2012 2
OD liquid ash corrosion and ID high temperature corrosion.

1296 | 6690 | 6699 6702 | 322990 | 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y SECONDARY SUPERHEATER N/A 90 3p  |Enhance the present inspection and maintenance program to monitor and control failures | - 5, 2
of tube saddle supports and other alignment issues.

1296 6690 6699 6702 322990 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y SECONDARY SUPERHEATER N/A 91 30 Refurbish and use the furnace exit thermoprobe during start-up activities. 2011 2

1296 6690 6699 6701 6701 1 #1 BOILER PLANT BOILER F.W. & SATD STEAM BOILER BLOWDOWN TANK N/A 92 30 Replace tank 2011 1
Implement an active high energy piping management program including NDE testing at

1296 6690 6699 6702 6876 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BOILER MAIN STEAM LINES N/A 93 30 key locations and an high temperature piping constant support hanger monitoring 2011 2
program.

1296 6690 6699 6702 6876 1 #1 BOILER PLANT BLR SUPERHEAT& REHEAT ASS'Y BOILER STOP VALVE N/A 94 30 Inspect and refurbish/replace during next major boiler outage. 2012 2
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8.2.1.6 Risk Assessment
Table 8-29 below illustrates the risk assessment for the Unit 1 boiler system, both from a technological perspective and a safety perspective using the models presented in Section 3.

TABLE 8-29 RISK ASSESSMENT — UNIT 1 BOILER SYSTEM

Remaining Life TECHNO-ECO RISK ASSESS | SAFETY RISK ASSESS
! ) Years MODEL MODEL
BU# Asset# | Asseti# | Asset# Assetif | Asset# Unit Asset 2/3 Asset 3/4 Description Component Risk Appendix Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
1 2 3 4 5 6 Assess # # Inspection Required Likeli- Conse- | o Lever|  Likel- Conse- | safety
Within (x) Years) hood quence isk Leve hood quence Risk
Thermal fatigue cracking, . . . . i
1296 6690 6699 6701 0 0 1 |#1BoLER PLANT |BOLERFW. & IBOLERF.W. & SATD )0 \wiy Headers 58 30 |corrosion-fatigue cracking in flat 10 Could meet the desired life with 2 B Low 2 c Medium |2t end weld cracking. Wall thinning due o o+ g maintain.
SATD STEAM STEAM . routine inspections. to corrosion.
end welds. Corrosion.
BOILER F.W. & BOILER F.W. & SATD " . . . Inspections are required to assess " . . . Inspections are required to assess
12! 701 1 1 BOILER PLANT Ri T t 3 1 B M 2 M fat king - fc tage.
96 6690 6699 670 0 0 #1 BO SATD STEAM STEAM iser Tubes 59 30 Corrosion, corrosion fatigue. (10) the remaining Iife. 3 ed (03 edium |Corrosion fatigue cracking - forced outage remaining life.
Thermal fatigue cracking, e . . . .
BOILER F.W. BOILER F.W. ATD N | life limiti . Additi | Li it ki I king. -
1296 6690 6699 6701 0 0 1 |#1Borerpiant |9 & |BO &S Lower WW Headers | 60 30 |corrosion-fatigue cracking. (10) o real life limiting issue. Additional| B Med 3 B Medium |-i98ment cracking and weld cracking Additional inspections required.
SATD STEAM STEAM corrosion inspections required. forced outage.
. . Corrosion fatigue cracking and wall thinning . .
1296 6690 6699 6701 0 0 1 |#1BoLER PLANT [BOLERF.W. & |BOLERF.W. & SATD Feeder Tubes 61 30 |corrosion, corrosion fatigue. (10) Inspections are required to assess 3 B Med 3 B Medium |due to corrosion related mechanism - Inspections are required to assess
SATD STEAM STEAM the remaining life. X remaining life.
Forced outage for repair.
Thermal/mechanical fatigue . . Thermal/Mechanical Fatigue Cracking at . .
BOILER F.W. & BOILER F.W. & SATD I t d t I 1 d t
1296 6690 6699 6701 0 0 1 |#1 BOILER PLANT Downcomers 62 30 |cracking at the header support (10) nspections are requirec to assess 3 B Med 3 B Medium [the header support locations - forced nspections are required fo assess
SATD STEAM STEAM X the remaining life. N remaining life.
locations. outage for repair.
&Zﬂﬁjﬁ;iﬁﬁéal fatigue. Some sections of floor tubes and Tube wall thinning due to falling slag
BOILER F.W. & BOILER F.W. & SATD . M pitting in some areas require . erosion on the floor tubes. Extensive pitting|Some sections of floor tubes and pitting in
1296 6690 6699 6701 0 0 1 #1 BOILER PLANT SATD STEAM STEAM Watenwall Tubes 63 30 water §|de under-deposit (10) attention, other than that no major 3 B Med 3 B Medium leading to tube failure. Tube leak/ forced some areas require attention.
corrosion, short-term overheat, e . N
. . life limiting issue observed. outage for repair
fireside corrosion.
. Thermal/Mechanical Fatigue . . . Ligament cracking, tube stub
BOILER F.W. & E Inlet N | tion t
1296 6690 6699 6701 6869 0 1 |#1 BOILER PLANT BOILER ECONOMIZER | =conomizer inie 64 30 |Cracking, Corrosion-Fatigue (10) 0 real 1ssue as per inspection to 3 B Med 3 B Medium [thinning/cracking, weld cracking. Forced  |Additional inspections required.
SATD STEAM Headers . . date. Additional inspections required R
Cracking, Corrosion, FAC. outage for repair.
Economizer Outlet Mechanical fatigue cracking, . R . . .
BOILER F.W. I t th life with Wel ki t rt fail -
1206 | 6690 | 6699 6701 6869 0 1 |#1sorerpLant [BC & |BOILER ECONOMIZER | Headers and Link 65 30 |corrosion fatigue cracking, 10 Could meet the desired life wi 1 B Low 1 B Low | Weld cracking due to support failure Routine inspections.
SATD STEAM . R routine inspections. forced outage for repair.
Piping corrosion.
1206 6690 6699 6701 6869 0 1 #1 BOILER PLANT BOILER F.W. & BOILER ECONOMIZER | Economizer Tubes 66 30 Ex.temal corrosion and corrosion (10) Inspections are re.ql.Jired. to assess 1 B Low 1 B Low Tupe failure due to corrosion, corrosion- ) Inspe.ctions. are required to assess
SATD STEAM fatigue. the remaining life fatigue. Tube leak/ forced outage for repair. [remaining life.
BOILERF.W. & Thermal fatigue cracking, No real issue as per inspection to . Ligament cracking. Weld cracking. Forced L . N .
1296 6690 6699 6701 6870 0 1 #1 BOILER PLANT SATD STEAM BOILER STEAM DRUM Steam Drum 67 30 comosion fatigue cracking. (10) date. Additional inspections required 3 C Med 3 [} High outage. Safety threat. Additional inspections required.
BLR Superheater Steam No real life limiting issue. Could . .
1296 6690 6699 6702 6873 0 1 |#1BOLER PLANT |suPERHEATE  |BOLER PRIMARY Cooled Walls Outlet | 70 30 [Thermal fatigue. 10 meet the desired life with routine 1 B Low 1 D Medium | /1ermal fatigue cracking. Forced outage. |, 4 ional inspections required.
. SUPERHEATER R N Life Safety.
REHEAT ASS'Y Header inspections.
BLR Superheater Rear No real life limiting issue. Could . .
BOILER PRIMARY Th | fati king. Fi d outage.
1296 6690 6699 6702 6873 0 1 |#1 BOILER PLANT |SUPERHEAT& Horizontal Spaced 71 30 |Thermal fatigue. 10 meet the desired life with routine 1 B Low 1 D Medium | o fatigue cracking. Forced outage. ) yitional inspections required.
SUPERHEATER B ) Life Safety.
REHEAT ASS'Y Inlet Header inspections.
BLR Superheater Rear No real life limiting issue. Could . .
1206 6690 6699 6702 6873 0 1 |#1BOLER PLANT |suPERHEATS  |BOLER PRIMARY Horizontal Spaced 72 30 [Creep and thermal fatigue. 10 meet the desired life with routine 1 c Low 1 D Medium |CreeP and thermal fatigue cracking. Forced ), yional inspections required.
\ SUPERHEATER R . outage. Life Safety.
REHEAT ASS'Y Outlet Header inspections.
BLR Superheater Front s . N . . . . . . .
BOILER PRIMARY Additi | i d t Ci d th | fati king. Fi d | Addit | t d t
1296 6690 6699 6702 6873 0 1 |#1 BOILER PLANT |SUPERHEAT& Support Tube Inlet 73 30 [Creep and thermal fatigue. (10) tional Inspections required to 3 c Med 2 D High | -reep and thermal fatigue cracking. Forced)Additional Inspections required to assess
i SUPERHEATER assess the remaining life. outage. Life Safety. the remaining life.
REHEAT ASS'Y Header
BLR Superheater Front No real life limiting issue. Could . .
1206 6690 6699 6702 6875 0 1 |#1BOLER PLANT |suPERHEATS  |BOLER PRIMARY Horizontal Platen Inlet| 74 30 [Creep and thermal fatigue. 10 meet the desired life with routine 1 c Low 1 D Medium |CreeP @nd thermal fatigue cracking. Forced) , yional inspections required.
., SUPERHEATER R . outage. Life Safety.
REHEAT ASS'Y Header inspections.
BLR Superheater Front s . N . . . . . . .
BOILER PRIMARY Additi | t d t C d th | fat king. Fi d | Addit | t d t
1296 6690 6699 6702 6875 0 1 |#1 BOILER PLANT |SUPERHEAT& Horizontal Space 75 30 [Creep and thermal fatigue. (10) ttlonal Inspections required o 3 D High 3 D High | -reep and thermal fatigue cracking. Force itonalinspections fequired to assess
SUPERHEATER assess the remaining life. outage. Life Safety. the remaining life.
REHEAT ASS'Y Outlet Header
BLR . . . No real life limiting issues; however, . . e
BOILER PRIMARY P rh Fat D/ID ID ! T | t
1206 6690 6699 6702 6873 0 1 |#1 BOILER PLANT |SUPERHEAT& 0 rimary Superheater | 30 atigue, OD/ID corrosion, 10 the presence inside pitting and 1 c Low 1 D Medium | 1ube failure due to excessive pitting and ) . o1 incoections required.
., SUPERHEATER Tubes pitting. - corrosion. Forced outage. Life Safety.
REHEAT ASS'Y scaling is not known.
BLR BOILER Superheater Link Thermal/mechanical fatigue, No real issue as per exteral isual Thermal/Mechanical Fatigue Crackin,
1296 6690 6699 6702 6874 0 1 #1 BOILER PLANT [SUPERHEAT& SUPERHEATER Piping and 79 30 it X gue. (10) inspection to date. Additional 3 B Med 1 D Medium F 4 out Safet 9 9. Additional inspections required.
REHEAT ASS'Y  |ATTEMP. Attemperator pitting corrosion. inspections required orced outage. Saiety.
BLR s . N . .
1206 | 6690 | 6699 6702 6877 0 1 |#1 BOLER PLANT |SUPERHEATS  |BOILER REHEATER N/A 80 33 |Not addressed in detail. (10) Additional inspections required to 3 B Medium 3 c High |Altemperator failure. Overtemperature of |6 tion and refurbish or replace.
. ATTEMPERATOR assess the remaining life. tubing and pipe failure
REHEAT ASS'Y
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Remaining Life TECHNO-ECO RISK ASSESS SAFETY RISK ASSESS
“ “ “ isk Years MODEL MODEL
BL:JL Asszet # Ass3et # Assft # Assset ASSGEt Unit Asset 2/3 Asset 3/4 Description Component As?esss # Appendix # Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
Inspection Required Likeli-hood | 2" | Risk Level | Likeli-nood | ™" | sarety Risk
Within (x) Years) quence quence
Major issue is creep and creep
fatigue. Creep life fraction expended
is high (more than 60% for Units 1 &
2 and more than 25% for Unit 3 at
the end of 2009). No evidence of
upset or thermal fatigue. Inspect hot and cold walkdowns to assess
Metallographic inspections hanger condition and potential high stress
BLR Thermal/mechanical fatique: conducted in past for Units 1. No Pipe and/or weld failures at potentially high |locations. FOCUS Phased Array and
1296 6690 6699 6702 6878 0 1 #1 BOILER PLANT [SUPERHEAT& BOILER REHEATER Hot Reheat 81 33 I que; (10) evidence of upset or thermal fatigue. 3 Cc Med 3 D High |stress locations Forced outage. Life Metallographic Inspections at key locations.
! creep, creep fatigue; corrosion. L N " -
REHEAT ASS'Y Metallographic inspections Safety. Hanger/Support Inspection and monitoring.
conducted in past for Units 1 & 2 Program Level 2 assessments.
(1987 to 2002); carbide particles in
ferrite matrix; no significant crack or
damage were found.. No major
damages found during walkdowns.
Walkdown summary part describes
specific observations.
No seam-welded pipe. No NDE
inspection or material testing has
BLR Thermal/Mechanical Fatigue; 052?;2 :i)ogzslss;ezs:rteiz:?ézztion Pipe and/or weld failures at potentially high |Piping Management Program.
1296 6690 6699 6702 6878 0 1 #1 BOILER PLANT [SUPERHEAT& BOILER REHEATER Cold Reheat 82 33 Corrosion-Fatigue; Cracking; (10) P PN . 1 B Low 1 D Low |stress locations Forced outage. Life Hanger/Support Inspection and Monitoring
! N or remaining life. No major damage
REHEAT ASS'Y Corrosion N Safety. Program. Level Il assessments
found during walkdowns. Walkdown
summary part describes specific
observations.
BLR Could meet the desired life with Thermal fatigue cracking. Forced outage.
1296 6690 6699 6702 6878 0 1 #1 BOILER PLANT [SUPERHEAT& BOILER REHEATER Reheater Inlet Header 83 30 Thermal fatigue. 10 M- N 1 B Low 1 B Low . 9 9 g€ Inspect and maintain.
; routine inspections. Life Safety.
REHEAT ASS'Y
BLR . . . . . .
1296 6690 6699 6702 6878 0 1 |#1BOILERPLANT [SUPERHEAT&  |BOILER REHEATER Reheater Outiet 84 30 |Creep and thermal fatigue. (10) Additional inspections reqired to 3 D High 3 D High | Creep and thermal fatigue cracking. Forced |\ o ot 2nd maintain,
§ Header assess the remaining life. outage. Life Safety.
REHEAT ASS'Y
BLR Creep, OD/ID corrosion, ID Inspections are required to assess Srl':;z;‘fa;gl’:;ﬂ;d;;l]fﬁni?:‘rozl‘?g to
1296 | 6690 | 6699 6702 6678 0 1 |#1BOILERPLANT |SUPERHEAT&  |BOILER REHEATER Reheater Tubes 85 30 |piting, stress corrosion cracking (10) Pef equire 3 c Med 3 D High ng damage, 9 du Inspect and maintain.
" the remaining life. corrosion and pitting and DMW failures.
REHEAT ASS'Y and DMWs. .
Unit shutdown
BLR SECONDARY Secondary Creep, OD/ID corrosion, ID Inspections are required to assess Tube failure due to creep and Creep, OD/ID
1296 6690 6699 6702 322990 0 1 #1 BOILER PLANT [SUPERHEAT& SUPERHEATER Superheater Tubes 86 30 itlinpyand saggin ' (10) Pef the remair?in life. 3 C Med 3 D High corrosion, ID pittin um‘: shuldownp Inspect and maintain.
REHEAT ASS'Y (Lower) piting 99ing. g e 1D piting.
Secondary
BLR SECONDARY Superheater Tubes Creep, OD/ID corrosion, ID Inspections are required o assess Creep, fatigue and stress corrosion
1296 6690 6699 6702 322990 0 1 #1 BOILER PLANT [SUPERHEAT& (Upper part that was 87 30 pitting and stress corrosion (10) Pef q - 2 (o} Med 2 D High |cracking damage, and wall thinning due to  [Inspect and maintain.
. SUPERHEATER N . the remaining life. . " "
REHEAT ASS'Y replaced during the cracking corrosion and pitting. Unit shutdown
uprate in 1988/1989)
Secondary
BLR Superheater Tubes Creep, OD/ID corrosion, ID . S " Creep, fatigue and stress corrosion
1296 6690 6699 6702 322990 0 1 |#1BOLERPLANT |SUPERHEATE | SECONDARY (Upper partthatwas | 88 30 |pitting and stress corrosion 10 This section is relatively new and 1 c Low 1 D Low |cracking damage, and wall thinning due to ~ |Inspect and maintain.
. SUPERHEATER N i could meet the desired life. . L N
REHEAT ASS'Y replaced during the cracking corrosion and pitting. Unit shutdown
2008 outage)
Major issue is creep and creep
fatigue. Creep life fraction expended
is high (more than 60% at the end of
2009). No evidence of upset or
BLR irfzsg?t?;;ztlcgz:ami:j"?v? ::;psrt“;:or Pipe and/or weld failures at potentially high Inspect hot and cold walkdowns 0 assess
1296 6690 6699 6702 6876 0 1 |#1BOLERPLANT |suPERHEATS  |BOILERMAIN STEAM NA 89 33 | Mhermalmechanical faigue; (10) Unit 1 (1987 to 2002); carbide 3 D High 3 D High |stress locations Forced outage. Life hanger condition and potential high stress
! LINES creep, creep fatigue; corrosion. . N N ) locations. Conduct inspections of welds at
REHEAT ASS'Y particles in ferrite matrix; no Safety. " . "
L potentially high stress locations.
significant crack or damage were
found. No major damage found
during walkdowns. Walkdown
summary part describes specific
observations.
BLR Not addressed in detail Additional inspections required to Steam erosion - unintended flow to turbine.
1296 6690 6699 6702 6876 6902 1 #1 BOILER PLANT | SUPERHEAT& BOILER STOP VALVE N/A 92 33 Thermal/mechanical fatigue; (5) P 'S requ 3 C Medium 3 C High N " " |Inspection and refurbish or replace.
: S . assess the remaining life. Material failure and rupture.
REHEAT ASS'Y creep, creep fatigue; corrosion.
Not addressed in detail. . .
1296 | 6690 | 6699 6701 6701 0 1| #1BoLER PLANT | BOILERF.W. & | BOILER BLOWDOWN NA 91 33 |Thermal/mechanical fatigue; ) Safety issue. End of life. 2 B Medium | 3 c High | \echanical failure. Steam leak. Personal |po o
SATD STEAM TANK " . injury.
creep, creep fatigue; corrosion.

28 Jan 2011

P164200 Rev 0

Page 65



Muskrat Falls Project - Exhibit 44
Page 150 of 725
Newfoundland and Labrador Hydro a NALCOR Energy Co.

Holyrood Thermal Generating Station
Condition Assessment & Life Extension Study ame

8.2.1.7 Life Cycle Curve and Remaining Life

The life cycle curves for the various elements of the Unit 1 boiler system is broken into three separate parts — the boiler headers and components outside the flue gas path, the high pressure and temperature steam lines (main steam, reheat
steam), and the tubes exposed to the combustion process and/or flue gas within the boiler. Differences between the scenarios do not materially affect the curve.

The boiler headers and components are subject primarily to time spent under the effects of steam pressure and temperature. Their equivalent expended life presented in figure below is primarily related to the material properties and the steam
conditions. As a result, several curves are required to represent the range of the various elements of the system. Details are included in Appendix 30. The life curves are plots on the y-axis of current and projected consumed equivalent life hours
based on the theoretical metallurgical assessments. This differs from other sections that use nominal operating hours of usage on the y-axis versus calendar year on the x-axis. The figure has several vertical lines representing differing
representative nominal age limits for various components. It also has several horizontal lines that represent a range of practical equipment equivalent base loaded operating hour life limits. The figure also includes two highlighted boxes. The risk
box is representative of typical life expectations. The second identified as the “Level 2 Test” box identifies where EPRI recommends an initial Level 2 analyses or equivalent for these sorts of components (consumed life = 10% of expected or
design life).
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FIGURE 8-10 LIFE CyCLE CURVE —UNIT 1 BOILER SYSTEM (BOILER HEADERS AND COMPONENTS OUTSIDE THE FLUE GAS PATH)
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The header life curves indicate that the remaining life (RL) of the Unit 1 boiler headers and associated components is expected to exceed the desired life (DL) which is the generation end of life in 2020. Nevertheless, it also identifies that some of
higher temperature components should undergo a Level 2 inspection (identified later in this section of the report) if not already planned or undertaken.

Three curves represent the high pressure, high temperature steam lines (main steam, hot reheat, and cold reheat). Their life expenditure (illustrated in figure below) is primarily related to the time spent under the effects of steam pressure and
temperature, similar to the boiler headers, and to the material properties of the steam lines. Details are included in Appendix 33.The life curves are plots on the y-axis of current and projected “consumed equivalent life hours” based on the
theoretical metallurgical assessments. The figure has three vertical lines representing differing representative nominal age limits. It also has several horizontal lines that represent a range of practical equipment equivalent base loaded operating
hour life limits. The figure also included two highlighted boxes. The risk box is representative of typical life expectations. The second identified as the “Level 2 Test” box identifies where an initial Level 2 analyses or equivalent is likely required

(consumed life = 10% of expected life).
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FIGURE 8-11 LIFE CyCLE CURVE —UNIT 1 BOILER SYSTEM (HIGH PRESSURE AND TEMPERATURE STEAM LINES

)

The high pressure steam line life curves indicate that the remaining life (RL) of the Unit 1 steam lines and their associated components are expected to exceed the desired life (DL) which is the generation end of life in 2020. Nevertheless, it also

identifies that both the main steam and hot reheat steam lines exceed EPRI's 10% consumed life guide for a Level 2 inspection of these systems. Given that they have not been tested for some time, this is considered appropriate at this time.

The Unit 1 boiler system tubes and associated components (exposed to combustion process and/or flue gas within the boiler) are subject to both internal water and/or steam intermediate temperatures and high pressures, but also externally to

higher combustion temperatures, and corrosive and erosive conditions. Typically the externally conditions often are the life limiting factor. This is certainly the case for Holyrood units which were fuelled with a high sulphur, high vanadium,
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moderate ash heavy oil up until 2009. This is evident in the reliability statistics for the boilers, the multiple boiler outages for air preheater cleaning, economizer fouling history, and in the fairly extensive tube surface changes to 2009. The move to
a lower sulphur, lower vanadium oil has effectively minimized these going forward, but some legacy effects are inevitable.

Newfoundland and Labrador Hydro a NALCOR Energy Co.
Holyrood Thermal Generating Station
Condition Assessment & Life Extension Study

A single life cycle curve is presented beginning with the in-service date of the unit. It is meant to represent initial design goals, using nominally operating hours. It was considered impractical to accurately document or reasonably present in one
curve the many changes that have occurred, and are likely to continue to occur going forward due to legacy impacts. It is shows the current status of the boiler blowdown tank, which is both a life issue and a safety issue. It uses nominal
operating hours as opposed to metallurgical equivalent hours in the two previous boiler curves as a more appropriate way of expressing its normal lifetime.

400000 » » »

1970+60

1970+ 30 1970+40
Years

Years Years
350000 T

40 Years
8000 Hrs/Yr
300000+— Maximum

250000+— 30 Years h
— 4 8000 Hrs/Yr X M e e XX M Y =3 K M e =3 K M K e X M = - - ¢ —x— 2= 3 e = —x—— =
Normal —8— SH&RH Tube 1970

Maximum Risk Area Tubes, Walls
Econom Tube1970

200000 = 200,000 Hrs - - E—— - - - - - - Risk BIr ) - - —=— Wall 1970
Nominal End Blow
of Life Down Tk
LIFE - LOWER
150000 —— H /I:E)E( I-M r\llJOMRMAL

@ | |FE - UPPER
MAXIMUM

1970+ 30 Years

100000

rl/‘/r././././././

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

== 1970 + 40 Years

== 1970 + 60 Years

Year

FIGURE 8-12 LIFE CyCLE CURVE —UNIT 1 BOILER SYSTEM (TUBES EXPOSED TO THE COMBUSTION PROCESS, BOILER BLOWDOWN)
The curve indicates that the boiler tubes within the furnace envelope would have been expected to be seeing some end of life component concerns with original equipment. Nevertheless, it is more likely legacy impacts that will have greater

effects on component replacements and refurbishments going forward to 2020. With ongoing inspections and refurbishments, 2020 is achievable with good reliability with the new fuel. It also shows that the boiler blowdown tank should be
replaced.
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8.2.1.8

Level 2 Inspections — Unit 1 Boiler System

Given the condition historical data reviewed, the required Level 2 analyses are provided in Table 8-30 below, assuming that the current plant inspection and maintenance program is maintained or improved.

TABLE 8-30 LEVEL 2 INSPECTIONS — UNIT 1 BOILER SYSTEM
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BL]J_ # ASS? # Ass;t # Ass;et # Assst # Assgt # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work Year Priority CIS;I
1296 6690 6699 0 0 0 1 #1 BOILER PLANT BOILER PLANT BOILER PLANT None 44 30 Costs consolidated here. See boiler section for details. 2012 2 $1,433
BOILER F.W. & SATD . . . )
1296 6690 6699 6701 0 0 1 #1 BOILER PLANT STEAM BOILER F.W. & SATD STEAM Upper WW Headers 45 30 Inspection of selective flat end welds. External visual and thickness measurement. 2012 3
1296 6690 6699 6701 0 0 1 #1 BOILER PLANT BOILERS’.:I_'I;NAN? SATD BOILER F.W. & SATD STEAM Riser Tubes 46 30 Inspection of selective riser tubes for corrosion fatigue cracking. 2012 2
1296 6690 6699 6701 0 0 1 #1 BOILER PLANT BOILER F.W. & SATD BOILER F.W. & SATD STEAM Lower WW Headers 47 20 Inspections of ligament cracking, selective flat er.1d welds, body spool pieces welds, feeder 2012 2
STEAM tube attachment welds and downcomers connection welds.
1296 6690 6699 6701 0 0 1 #1 BOILER PLANT BOILERS'.:I.'EVX'N? SATD BOILER F.W. & SATD STEAM Feeder Tubes 48 30 Inspection of selective feeder tubes for corrosion fatigue cracking. 2012 2
BOILER F.W. & SATD . . ) )
1296 6690 6699 6701 0 0 1 #1 BOILER PLANT STEAM BOILER F.W. & SATD STEAM Downcomers 49 30 Inspections of thermal/mechanical fatigue damage at the headers support locations. 2012 3
1296 6690 6699 6701 0 0 1 #1 BOILER PLANT BOILER F.W. & SATD BOILER F.W. & SATD STEAM Waterwall Tubes 50 30 Assessment of the floor tubes wall thinning. Evaluation of pitting in pitting on the tubes adjacent 2012 2
STEAM to burners and on the waterwall slope under the economizer.
BOILER F.W. & SATD Inspection of internal surfaces, ligaments, major girth and seam welds and drain line
1296 6690 6699 6701 6869 0 1 #1 BOILER PLANT ST'EA'M BOILER ECONOMIZER Economizer Inlet Headers 51 30 penetrations. UT inspection of stub tubes and a stub tube sample removal to assess evidence 2012 2
of FAC.
1296 6690 6699 6701 6869 0 1 #1 BOILER PLANT BOILER F.W. & SATD BOILER ECONOMIZER Economizer Outlgt_ Headers and Link 50 30 External visual inspection to ensure that there is no change in the state and/or abnormal 2012 3
STEAM Piping movement.
BOILER F.W. & SATD Sample tubes removal and ultrasonic sonic testing survey at the accessible locations to
1296 6690 6699 6701 6869 0 1 #1 BOILER PLANT ST'EA'M BOILER ECONOMIZER Economizer Tubes 53 30 assess the potential corrosion fatigue damage due to mill defects that had caused a failure in 2012 3
the Unit economizer tube in Unit 2 in 2005.
1296 6690 6699 6701 6870 0 1 #1 BOILER PLANT BOILER F.W. & SATD BOILER STEAM DRUM Steam Drum 54 30 Removal of the drum fumniture and a se(?tlon ofthe liner to |pspect §eam welds, nozzle welds, 2012 2
STEAM ligaments, downcomers and feedwater inlet pipe. External inspection of feeder tube welds.
1296 6690 6699 6701 6871 0 1 #1 BOILER PLANT BOILERS’.:I.'EVX'M& SATD FURNACE None 55 30 No Level 2 required.
BLR SUPERHEAT& BLR SUPERHEAT& REHEAT Superheater Steam Cooled Walls h
1296 6690 6699 6702 0 0 1 #1 BOILER PLANT REHEAT ASS'Y ASSY Outlet Header 56 30 No Level 2 required. 3
BLR SUPERHEAT& BOILER PRIMARY Superheater Rear Horizontal Spaced .
1296 6690 6699 6702 6873 0 1 #1 BOILER PLANT REHEAT ASS'Y SUPERHEATER Inlet Header 57 30 No Level 2 required. 3
BLR SUPERHEAT& BOILER PRIMARY Superheater Rear Horizontal Spaced .
1296 6690 6699 6702 6873 0 1 #1 BOILER PLANT REHEAT ASS'Y SUPERHEATER Outlet Header 58 30 No Level 2 required. 3
BLR SUPERHEAT& BOILER PRIMARY Superheater Front Support Tube Inlet Creep and creep fatigue damage including internal boroscopic, external visual, dimensional on
1296 6690 6699 6702 6873 0 1 #1 BOILER PLANT REHEAT ASS'Y SUPERHEATER Header 9 30 body spool pieces, UT inspections on welds and stub tubes and replica inspection. 2
BLR SUPERHEAT& BOILER PRIMARY Superheater Front Horizontal Platen .
1296 6690 6699 6702 6873 0 1 #1 BOILER PLANT REHEAT ASS'Y SUPERHEATER Inlet Header 60 30 No Level 2 required. 3
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BL; # ASS:‘ # ASS? # Ass;et # Ass:t # Assgt # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work Year Priority C;)$st
BLR SUPERHEAT& BOILER PRIMARY Superheater Front Horizontal Space Creep and creep fatigue damage including internal boroscopic, external visual, dimensional on
12 702 7 1 1 BOILER PLANT 1 2012 1
% 6650 6699 670 6873 0 #180 REHEAT ASS'Y SUPERHEATER Outlet Header 6 0 body spool pieces, UT inspections on welds and stub tubes and replica inspection. 0
BLR SUPERHEAT& BOILER PRIMARY Superheater Link Piping and Inspections for assessment of damage caused by Thermal/Mechanical Fatigue Cracking,
1296 | 669 6699 6702 6873 0 ! #1 BOILER PLANT REHEAT ASS'Y SUPERHEATER Attemperator 62 0 Corrosion-Fatigue Cracking and Corrosion. 2012 2
BLR SUPERHEAT& BOILER PRIMARY ) . - )
1296 6690 6699 6702 6873 0 1 #1 BOILER PLANT REHEAT ASSY SUPERHEATER Primary Superheater Tubes 63 30 Inspections to check the presence inside pitting and scaling. 2012 3
BLR SUPERHEAT& BOILER SUPERHEATER ’
1296 | 6690 6699 6702 6874 0 1 #1 BOILER PLANT REHEAT ASS'Y ATTEMP. None 64 30 No Level 2 required.
BLR SUPERHEAT& BOILER REHEATER X
1296 | 6690 6699 6702 6877 0 1 #1 BOILER PLANT REHEAT ASSY ATTEMPERATOR None 65 30 No Level 2 required.
1296 | 6690 6699 6702 6878 0 1 #1 BOILER PLANT BLR SUPERHEATE BOILER REHEATER Reheater Inlet Header 66 30 No Level 2 required. 3
REHEAT ASS'Y
BLR SUPERHEAT& Creep and creep fatigue damage including internal boroscopic, extemnal visual, dimensional on
1296 | 6690 6699 6702 6878 0 1 #1 BOILER PLANT REHEAT ASS'Y BOILER REHEATER Reheater Outlet Header 67 30 body spool pieces, UT inspections on welds and stub tubes and replica inspection. 2012 1
BLR SUPERHEAT& Inspections to assess the extent of the damage due to destructive tube sample analysis to
1296 6690 6699 6702 6878 0 1 #1 BOILER PLANT REHEAT ASSY BOILER REHEATER Reheater Tubes 68 30 assess the extent of the damage due to creep, OD liquid ash corrosion, ID high temperature 2012 2
corrosion, stress corrosion cracking and DMWs.
1296 | 6690 | 6699 | 6702 | 322000 | © 1 #1 BOILER PLANT BLRSUPERHEATE | or CONDARY SUPERHEATER |Secondary Superheater Tubes (Lowen)| 69 30 Inspections to assess the extent of the damage due to creep, sagging, OD liquid ash corosion |, 2
REHEAT ASS'Y and ID high temperature corrosion for creep, fatigue corrosion and pitting.
BLR SUPERHEATA Secondary Superheater Tubes (Upper
1296 | 6690 6699 6702 322990 0 1 #1 BOILER PLANT f SECONDARY SUPERHEATER part that was replaced during the 70 30 Inspections for creep, fatigue, corrosion, pitting and stress corrosion cracking. 2012 2
REHEAT ASS'Y .
uprate in 1988/1989)
BLR SUPERHEAT& Secondary Superheater Tubes (Upper
1296 6690 6699 6702 322990 0 1 #1 BOILER PLANT REHEAT ASS'Y SECONDARY SUPERHEATER |part that was replaced during the 2008 7 30 No Level 2 required. 3
outage)
1206 | 690 | 6699 | 6701 | 6701 0 1 #1 BOILER PLANT BO'LERSFT‘EVXM& SATD | BOILER BLOWDOWN TANK NIA 72 33 |NoLevel 2 required
BLR SUPERHEAT& (Testing of Main Steam, Hot Reheat, . . .
1296 | 6690 6699 6702 6876 0 1 #1 BOILER PLANT REHEAT ASS'Y BOILER MAIN STEAM LINES Cold Reheat, HP feedwater) 73 33 Level 2 testing of steam and high pressure feedwater lines. 2011 1 $395
BLR SUPERHEAT& . . . )
1296 6690 6699 6702 6876 6902 1 #1 BOILER PLANT REHEAT ASS'Y BOILER STOP VALVE None 74 33 Level 2 Testing of boiler stop valves as part of Main Steam Lines Program. 2011 1 $30
1296 | 6690 | 6699 | 6700 0 0 1 #1 BOILER PLANT BOILER STRUCTURE BOILER STRUCTURE None 75 17 ::‘)?)fLIZ:!SZ required. Undertake preliminary visual inspection of inaccessible areas subject to 2012 2 $6
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8.2.1.9

Capital Projects

Table 8-31 below shows the suggested typical capital enhancements that should be considered for the Unit 1 boiler system:

TABLE 8-31 SUGGESTED TYPICAL CAPITAL ENHANCEMENTS — UNIT 1 BOILER SYSTEM
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BL1J # ASSZEt # ASS;t # Ass;t # ASSSEt # ASSGEt # Unit Asset 2/3 Asset 3/4 Description Detail CAP# Appendix # Capital ltem Date Priority
1296 | 6690 6699 0 0 0 1 #1 BOILER PLANT BOILER PLANT BOILER PLANT N/A 42 30 Install nitrogen blanketing. No other pending Level 2 or | 51 2
next inspection.
BOILER F.W. & SATD | BOILER F.W. & SATD . . .
1296 6690 6699 6701 0 0 1 #1 BOILER PLANT STEAM STEAM N/A 43 30 None , pending Level 2 or next inspection.
1296 6690 6699 6701 6869 0 1 #1 BOILERPLANT | BOLERFW. & SATD | 5y R EcONOMIZER N/A 44 30 None, pending Level 2 or next inspection possible new
STEAM recirc line.
1296 6690 6699 6701 6870 0 1 #1 BOILER PLANT BOILERS'TILI\EA;\'N? SATD BOILER STEAM DRUM N/A 45 30 None, pending Level 2 or next inspection.
1296 6690 6699 6701 6871 0 1 #1 BOILER PLANT BOILERSEILI\EA;\'N? SATD FURNACE N/A 46 30 None, pending Level 2 or next inspection.
BLR SUPERHEAT & BLR SUPERHEAT& . . )
1296 6690 6699 6702 0 0 1 #1 BOILER PLANT REHEAT ASS'Y REHEAT ASS'Y N/A 47 30 None, pending Level 2 or next inspection.
BLR SUPERHEAT & BOILER PRIMARY . . .
1296 6690 6699 6702 6873 0 1 #1 BOILER PLANT REHEAT ASS'Y SUPERHEATER N/A 48 30 None, pending Level 2 or next inspection.
BLR SUPERHEAT & (BOILER SUPERHEATER . . .
1296 6690 6699 6702 6874 0 1 #1 BOILER PLANT REHEAT ASS'Y ATTEMP. N/A 49 30 None, pending Level 2 or next inspection.
BLR SUPERHEAT & BOILER REHEATER . . .
1296 6690 6699 6702 6877 0 1 #1 BOILER PLANT REHEAT ASS'Y ATTEMPERATOR N/A 50 30 None, pending Level 2 or next inspection.
BLR SUPERHEAT & Implement addition of RH surface to match design
1296 6690 6699 6702 6878 0 1 #1 BOILER PLANT REHEAT ASS'Y BOILER REHEATER N/A 51 30 temps and efficiency, subject to decision on Holyrood. 2012 2
BLR SUPERHEAT & SECONDARY . . .
1296 6690 6699 6702 322990 0 1 #1 BOILER PLANT REHEAT ASS'Y SUPERHEATER N/A 52 30 None, pending Level 2 or next inspection.
BOILER F.W. & SATD | BOILER BLOWDOWN
1296 6690 6699 6701 6701 0 1 #1 BOILER PLANT STEAM TANK N/A 53 30 Replace tank 2011 1
BLR SUPERHEAT & | BOILER MAIN STEAM . . .
1296 6690 6699 6702 6876 0 1 #1 BOILER PLANT REHEAT ASS'Y LINES N/A 54 30 None, pending Level 2 or next inspection.
1296 6690 6699 6702 6876 6902 1 #1 BOILER PLANT BLR SUPERHEA,‘T & BOILER STOP VALVE N/A 55 30 None, pending Level 2 or next inspection.
REHEAT ASS'Y
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8.2.2 Asset 6708 — Unit 1 Feedwater System High Pressure (HP) Heat Exchangers

(Detailed Technical Assessment in Working Papers, Appendices 32 and 34)

Unit #: 1

Asset Class # BU 1296 - Assets Generations

SCI & System: 6708 #1 Condensate & Feedwater System
Sub-Systems: 6713 #1 High Pressure Feedwater

7112 #1 HP Heater 4

7113 #1 HP Heater 5

Components:
7114 #1 HP Heater 6

8835 #1 Boiler Feed Pump East

8838 #1 Boiler Feed Pump West

8.2.2.1 Description

The high pressure (HP) feedwater system servicing Unit 1 contains three HP feedwater heat exchangers
that are referred to as HP-4, HP-5 and HP-6. The primary function of the HP feedwater heat exchangers
is to optimize the unit thermal efficiency by preheating the feedwater prior to entering the boilers.

Each HP feedwater heater is a horizontally mounted, 100% capacity pressure vessels of the U-tube type
construction. There are two tube passes on the feedwater side and a divided flow of heating steam on
the shell side of the HP feedwater heater The main components of the HP feedwater heat exchangers are
shell, shell skirt, tubes, tubesheet, channel, impingement plates, tube support plates/pass partition
plates/baffles, shrouds, impingement plate and channel cover. Tubesheet and channel are made from a
single forging. The tubes material for all three HP feedwater heat exchangers is stainless steel SA-688-
304.

There are three zones on the shell side that are commonly referred to as desuperheating, condensing,
and drains subcooling zones.

1. Desuperheating Zone: This is an enclosed portion at the outlet end of the tube bundle. An
impingement plate is installed below the steam inlet nozzle to prevent impingement damage to
the tubes. The desuperheating zone is enveloped by a separate shroud which conducts the
steam from the inlet nozzle to the condensing zone.

2. Condensing Zone: Steam exiting the desuperheating zone is condensed as it traverses through
the condensing zone. Also, any drains from higher pressure heater flow into the condensing zone
through the drains inlet nozzle. An impingement plate is installed just inside this nozzle to protect
the tubes from these flashing drains. The condensing zone is vented continuously to remove non-
condensable gases.
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3. Drains Subcooling Zone: This zone is an enclosed portion of the inlet end of the tube bundle to
maximize heat transfer from the shell side condensate to the incoming feedwater before the
condensate exits. The condensate should be sub-cooled sufficiently to prevent flashing as the
condensate leaves the HP feedwater heater shell through the drains outlet nozzle.

Two motor driven boiler feed pumps (BFP) service Unit 1. The pumps are multiple stage barrel centrifugal
pumps. Each provides up to 60% of full load flow. They have been in service since 1970, with some
upgrades when the unit was uprated in 1988. The pump motors are 4 kV motors, approximately 2000 kW.
They directly drive the pumps. There is no variable speed device such as variable frequency drives or
fluid couplings.

8.2.2.2 History

The requirements for the Unit 1 generators are as follows:

Manufactured/Delivered 1969

In-Service Date Sep 1970
Generation Base Load End Date Dec 2015
Generation Peak/Emerg Gen End Date Dec 2020

The hours associated with the analyses vary for systems/equipment that has been replaced (specifically
the HP5 heat exchangers) are:

Hours Generation Actual - Ops to Dec 2009 166
Max Hours Generation Ops — to Dec 2015 210
Max Hrs Gen Ops to Gen End Date Dec 2020 219

Unit 1
HP-4 HP-5 HP-6
Year Installed 1985 1987 1988

8.2.2.3 Inspection and Repair History

With the exception of tube leak testing, there have been no NDE inspections carried out on the currently
in service HP feedwater heat exchangers in the past. A long term commitment (life-cycle management
plan) is required to diagnose and track all the failures to identify possible remedial actions so as to
preclude similar future occurrences, and provides the best chance for optimizing feedwater heaters.

The original Unit 1 HP feedwater heat exchangers were replaced from the years 1985 to 1988. HP-4, HP-
5 and HP-6 had about 16, 15 and 14 years of base loaded equivalent operation respectively by the end of
year 2009 because the plant does not operate all year around. There would be approximately an
additional 6 to 8 years of base loaded plant equivalent operation up to the end forecasted operating
period of 2020 required. Hence, the feedwater heat exchangers will exceed the average life expectancy
of 20 years before the year 2020. The HP-4 is more critical in terms of operating years and it was not
designed for the uprated operating conditions. Level 2 inspections are required in order to assess the
remaining life on all the Unit 1 HP feedwater heat exchangers.

The Unit 1 boiler feed pumps and motors are regularly maintained. The plant has a common spare pump
barrel that they use to be able to refurbish all of the plant pumps on a six to seven year cycle. The 4 kV
motors are tested electrically annually. No specific issues have been identified, but the BFP motors are at
a stage in life where failures or lower reliability may be anticipated.
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8.2.2.4 Condition Assessment

The condition assessment of the Unit 1 feedwater system — HP feedwater heat exchangers is illustrated below in Table 8-32.

TABLE 8-32 CONDITION ASSESSMENT — UNIT 1 FEEDWATER SYSTEM - HP FEEDWATER HEAT EXCHANGERS

Current
. . Expected . Next Planned .
BU # Asset # | Asset # Asset # Asset # Asset # . . . Condition Append . EPRI Original Life Minimum End of Life Next Regular| Overhaul or Capability to Capability to In
Unit Asset Level 2 Asset Level 3 Description Detail Summary Condition " (Base Load) . (EOL) Reach Next .
1 2 3 4 5 6 # Identifier Remaining . Inspection Major Reach EOL | Service
ID # Ops Hrs (Yrs) Required Overhaul
Life Years Inspection
(Subject to Test)
1296 6690 6709 6712 0 0 1 #1 CONDENSATE & F.W. SYSTEM BOILER FEEDWATER PUMPING BOILER FEEDWATER PUMPING N/A 243 23 All existing feedwater pumps are original equipment, but motors replaced in 1989. 3a 200000 (30) 10 2020 2010 Yes Yes 1970/1989
1296 6690 6709 6712 8835 0 1 #1 CONDENSATE & F.W. SYSTEM  |BOILER FEEDWATER PUMPING BOILER FEED PUMP EAST N/A 244 23 fe;'u’:t';zh‘::‘:ez‘:)gy%g and motors in 1989. Good condition due to pump refurbishment using spare barrel. Last pump 3a 200000 (30) 10+ 2020 2016 2016 Yes Yes 1970/1989
1296 6690 6709 6712 8835 0 1 #1 CONDENSATE & F.W. SYSTEM BOILER FEEDWATER PUMPING BOILER FEED PUMP EAST Motor 245 23,25  |Motors installed in 1989. Inspected and tested yearly. 3a 200000 (25) (5+) 2020 2016 2016 Yes No 1989
1296 6690 6709 6712 8836 0 1 #1 CONDENSATE & F.W. SYSTEM  |BOILER FEEDWATER PUMPING LBOILER FEED PUMP WEST N/A 246 23 fe:::;zr"’r‘:;‘('ezdm')”;zg:;‘g f':r";‘(’;fo'" 1989 Good condition due to pump refurbishment using spare barrel. Last pump 3a 200000 (30) 10+ 2020 2010 2010 Yes Yes 1970/1989
1296 6690 6709 6712 8836 0 1 #1 CONDENSATE & F.W. SYSTEM BOILER FEEDWATER PUMPING BOILER FEED PUMP WEST Motor 247 23,25  |Motors installed in 1989. Inspected and tested yearly. 3a 200000 (25) (5+) 2020 2010 2010 Yes No 1989
1296 6690 | 6709 6713 0 0 1 #1 CONDENSATE & F.W. SYSTEM  |HIGH PRESSURE FEEDWATER SYS |HIGH PRESSURE FEEDWATER SYS NA 248 32,33 |No Flow Accelerated Corrosion (FAC) management program. Present water chemistry and operating conditions indicates that 4 150000 (25) ®) 2020 2012 2012 Yes Yes 1970
the feedwater system is susceptible to FAC.
Installed 1985. No NDE inspections carried out on the currently in senice HP feedwater heaters. HP feedwater tube leaks
experienced plugged in order to satisfy the short-term problem with cause uncertain. Numbers of leaks and locations not
1 1 W, .P. 4
1296 6690 6709 6713 7112 0 1 #1 CONDENSATE & F.W. SYSTEM HIGH PRESSURE FEEDWATER SYS [H.P. HEATER 4 N/A 249 32 known. Uncertain if SCC tube failure degradation mechanism observed at Unit 2 HP-5 applicable to other HP feedwater 4 (25) (10) 2020 2011 2012 Yes Yes 1985
heaters.
Installed 1986. No NDE inspections carried out on the currently in senice HP feedwater heaters. HP feedwater tube leaks
experienced plugged in order to satisfy the short-term problem with cause uncertain. Numbers of leaks and locations not
12 7 71 i 1 1 INDENSATE & F.W. SYSTEM HIGH PRE! RE FEEDWATER SYS [H.P. HEATER N/A 2 2 1 2 1 202 2011 2012 Y Y 1987
96 6690 6709 6713 3 0 #1CO S & SYs G Ssu sYs 5 50 3 known. Uncertain if SCC tube failure degradation mechanism observed at Unit 2 HP-5 applicable to other HP feedwater 0 @ (10 020 0 0 es s 98
heaters.
Installed 1987. No NDE inspections carried out on the currently in senice HP feedwater heaters. HP feedwater tube leaks
experienced plugged in order to satisfy the short-term problem with cause uncertain. Numbers of leaks and locations not
1296 6690 6709 6713 7114 0 1 #1 CONDENSATE & F.W. SYSTEM HIGH PRESSURE FEEDWATER SYS [H.P. HEATER 6 N/A 251 32 known. Uncertain if SCC tube failure degradation mechanism observed at Unit 2 HP-5 applicable to other HP feedwater 4 (25) (10) 2020 2011 2012 Yes Yes 1988
heaters.

Notes: 1. A “(bracketed)” value in the “Current Expected Remaining Life” column is a highly probable minimum value that is considered subject to some subsequent verification during further investigation including at the next test or overhaul. It may be addressed as part of a Level 2 test. A value
identified as “(X/Y)” has been included for the steam turbine and generator where the recommended minimum value is the lower of the two, but that the higher may be achievable at a higher level of failure risk and/or unreliability.

2. The “Next Regular Inspection” column identifies a regular inspection (not necessarily an overhaul or detailed Level 2 test) that is currently planned and known to AMEC and which may provide further insight into the equipment life. The “Next Planned Overhaul or Major Inspection” column is
intended to identify known detailed inspections and/or overhauls that will definitively update current remaining life assumptions and which are a “Desired Life” stage for condition assessment purposes. Note that where a detailed inspection/overhaul date is highlighted in yellow then itis a
specific AMEC recommendation and that date is the basis for conclusions on the ability to make the next detailed inspection/overhaul. Where cells are blank, the dates may be either not scheduled or are not known by AMEC.

8.2.25 Actions
Based on the condition assessment, the following actions are recommended for the Unit 1 feedwater system — HP feedwater heat exchangers:

TABLE 8-33 RECOMMENDED ACTIONS — UNIT 1 FEEDWATER SYSTEM - HP FEEDWATER HEAT EXCHANGERS

BL1J # Asszet # Assset # Ass49t # Assset # Unit Asset 2/3 Asset 3/4 Description Detail AC:;O” App # Action Year Priority
1296 6690 6709 6712 0 1 #1 CONDSEY'\‘SST'ELE &F.W. BOILER FEEDWATER PUMPING BOILER FEEDWATER PUMPING N/A 145 23 Assess potential for variable speed control of BFW pumps. 2011 2
1296 | 6690 | 6709 6712 0 1 # CONDSEYNSST/ELE &FW. BOILER FEEDWATER PUMPING BOILER FEEDWATER PUMPING N/A 146 23 ':ﬁ;s: potential for spare BFP motor, and subsequent refurbishment/rewind of Unit 3 2011 2
1296 6690 6709 6712 8835 1 #1 CONDSEY'\‘SS_I_AEIAE & F.W. BOILER FEEDWATER PUMPING BOILER FEED PUMP EAST N/A 147 23 Maintain current program of ongoing inspections and overhauls. 2011 2
1296 6690 6709 6712 8836 1 #1 CONIDSil\lSi:ELE & F.W. BOILER FEEDWATER PUMPING BOILER FEED PUMP WEST N/A 148 23 Maintain current program of ongoing inspections and overhauls. 2011 2
1296 6690 6709 6713 0 1 # CONDSE('\‘SS_I_/ELE &FW. HIGH PRESSURE FEEDWATER SYS HIGH PRESSURE FEEDWATER SYS N/A 149 32 See details below.

1296 6690 6709 6713 7112 1 #1 CONDSEY'\‘SST':II;/IE &F.W. HIGH PRESSURE FEEDWATER SYS H.P. HEATER 4 N/A 150 32 Perform Level 2 inspections. 2012 2
1296 6690 6709 6713 7113 1 i CONDSE('\‘SS_I_/ELE &FW. HIGH PRESSURE FEEDWATER SYS H.P. HEATER 5 N/A 151 32 Perform Level 2 inspections. 2012 2
1296 6690 6709 6713 7114 1 # CONDSEY'\‘sS.I_AEIAE &FW. HIGH PRESSURE FEEDWATER SYS H.P. HEATER 6 N/A 152 32 Perform Level 2 inspections. 2012 2
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8.2.2.6

Risk Assessment

Muskrat Falls Project - Exhibit 44
Page 159 of 725

amec®

Table 8-34 below illustrates the risk assessment for the Unit 1 feedwater systems — HP feedwater heat exchangers, both from a technological perspective and a safety perspective using the models presented in Section 3.

TABLE 8-34 RISK ASSESSMENT — UNIT 1 FEEDWATER SYSTEM - HP FEEDWATER HEAT EXCHANGERS

Remaining Life TECHNO-ECO RISK ASSESS |  SAFETY RISK ASSESS
) ) Years MODEL MODEL
BU# Assel# | Asset# | Asset# Asset# | Asset# Unit Asset 2/3 Asset 3/4 Description Component Risk Appendix Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
1 2 3 4 5 6 Assess # # Inspection Required Likeli- Conse- Likeli- Conse- Safety
Risk Level
Within (x) Years) hood quence hood quence Risk
#1 CONDENSATE BOILER BOILER FEEDWATER
1296 6690 6709 6712 0 0 1 FEEDWATER N/A 142 See details below. None
& F.W. SYSTEM PUMPING
PUMPING
#1 CONDENSATE BOILER BOILER FEED PUMP
1296 6690 6709 6712 8835 0 1 & F.W. SYSTEM FEEDWATER EAST FW Pump East 143 23 Seal, bearing, impeller failure. 10+ None 1 Cc Low 1 C Low  |Pump failure; 50% capability reduction Current inspection and maintain.
o PUMPING
#1 CONDENSATE BOILER BOILER FEED PUMP  [Unit #1 FW Pp Motor
1296 6690 6709 6712 8835 0 1 FEEDWATER P 144 23 Electric fault. (5+) None 1 C Low 1 B Low |Pump failure; 50% capability reduction Spare and current inspection and maintain.
& F.W. SYSTEM EAST East
PUMPING
BOILER ’ ) - - )
1296 6690 6709 6712 8836 0 1 #1 CONDENSATE FEEDWATER BOILER FEED PUMP 4 kV Boiler Feed 145 25 Elt_actncal fault, mechanical +) None 1 c Low 1 B Low L.oss 60% unit generation for extended Spare and current inspection and maintain.
& F.W. SYSTEM PUMPING WEST Pump Motor fatigue, ops error. time
BOILER " . . . .
#1 CONDENSATE BOILER FEED PUMP 4 kV Boiler Feed Electrical fault. h: | L 609 t tion fc tended
1296 6690 6709 6712 8835 0 1 FEEDWATER oller Fee 146 25 ectrical fault, mechanica (5+) None 1 c Low 1 B Low |-oSS 60% unit generation for extende Spare and current inspection and maintain.
& F.W. SYSTEM PUMPING EAST Pump Motor fatigue, ops error. time
#1 CONDENSATE BOILER BOILER FEED PUMP
1296 6690 6709 6712 8836 0 1 FEEDWATER FW Pump West 147 23 Seal, bearing, impeller failure. 10+ None 1 C Low 1 C Low  |Pump failure; 50% capability reduction Current inspection and maintain.
& F.W. SYSTEM WEST
PUMPING
#1 CONDENSATE BOILER BOILER FEED PUMP  |Unit #1 FW Pp Motor
1296 6690 6709 6712 8836 0 1 FEEDWATER P 148 23 Electric fault. (5+) None 1 C Low 1 C Low |Pump failure; 50% capability reduction Spare and current inspection and maintain.
& F.W. SYSTEM WEST West
PUMPING
. Major issue is FAC; No NDE
HIGH PRESSURE Flow Accelerated Corrosion inspection or material testing has
#1 CONDENSATE HIGH PRESSURE . (FAC); thermal/mechanical . " . - . " Conduct sample FAC inspections using
1296 6690 6709 6713 0 0 1 & F.W. SYSTEM FEEDWATER FEEDWATER SYS Feedwater Discharge 149 33 fatigue cracking; corrosion- (10) b(_aen done in recent past. No.t. 3 D High 3 D High |Piping failure. High energy release. EPRI methodology.
SYS . L . possible to assess current condition
fatigue cracking; corrosion. L
or remaining life.
#1 CONDENSATE HIGH PRESSURE HIGH PRESSURE All HP Feedwater SCC, Thermal/ mechanical Life management program is Excessive tube failure event resulting in
1296 | 6690 | 6709 6713 0 0 T |a Fw. SYSTEM gEgDWATER FEEDWATER SYS Heaters 150 82 atigue. (10 required. 1 ¢ Low 2 B Low  |rurbine water induction. Inspect and maintain.
HIGH PRESSURE . SCC, FAC, thermal/ . . Tube failures, intemal hardware failure and
1 NDENSATE t #1 HP Fi t ’ ’ I t t i
1206 | 6690 | 6709 6713 7112 0 1 [ CONDENS, FEEDWATER  |H.P. HEATER 4 Unit # eedwater| g 32 |mechanical fatigue, corrosion (10) nspections are required o assess 3 B Medium 2 B Low |shell wall thinning due FAC and weld Inspect and maintain.
& F.W. SYSTEM Heater #4 N the remaining life. X
SYS fatigue. cracking. Safety
HIGH PRESSURE . SCC, FAC, thermal/ . . Tube failures, intemal hardware failure and
#1 CONDENSATE Unit #1 HP Feedwat ; ’ | t d t X
1296 6690 6709 6713 7113 0 1 FEEDWATER  |H.P. HEATER 5 n eeawater] 5o 32 |mechanical fatigue, corrosion (10) nspections are required to assess 3 B Medium 2 B Low |shell wall thinning due FAC and weld Inspect and maintain.
& F.W. SYSTEM Heater #5 N the remaining life. X
SYS fatigue. cracking. Safety threat.
HIGH PRESSURE . SCC, FAC, thermal/ . . Tube failures, intemal hardware failure and
12096 | 6690 | 6709 6713 7114 0 1 |1 CONDENSATE 1erenwatER  |H.P. HEATER 6 Unit #1 HP Feedwater| 55 32 |mechanical fatigue, corrosion (10) Inspections are reqired to assess 3 B Medium 2 B Low |shell wall thinning due FAC and weld Inspect and maintain.
& F.W. SYSTEM Heater #6 X the remaining life. X
SYS fatigue. cracking. Safety threat.
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8.2.2.7 Life Cycle Curve and Remaining Life
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The life cycle curves for the Unit 1 feedwater system - HP heat exchangers and Unit 1 boiler feed pumps are illustrated below. The life curves are plots of current and projected operating hours (generation mode only) on the y-axis versus
calendar year on the x-axis. The figure has several vertical lines representing differing representative nominal age limits for various components. It also has several horizontal lines that represent a range of practical equipment equivalent base
loaded operating hour life limits. The risk area boxes provide an indication of the timing of potential issues either from an age or equivalent operating hours view. The risk area boxes provide an indication of the timing of potential issues either

from an age or equivalent operating hours view.

For the Unit 1 feedwater system HP heat exchangers, individual curves represent the three heat exchangers and components, as well as a curve to represent any balance of plant that is original equipment.
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FIGURE 8-13 LIFE CyCLE CURVE — UNIT 1 FEEDWATER SYSTEM - HP FEEDWATER HEAT EXCHANGERS

The curves indicate that the remaining life (RL) of the Unit 1 HP heat exchangers (and the associated feedwater systems) may be able to reach the desired life (DL) 2020 end date for generation. Nevertheless, given that no detailed NDE
information has been obtained on the HP heat exchangers for some time, a detailed Level 2 inspection is recommended for 2012.
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For the Unit 1 Boiler Feed Pumps, a single curve represents each of the two boiler feed pumps dating back to their original installation. While indicative of expected life with good maintenance practice, the pumps have been and continue to be
refurbished on a six year cycle using a spare pump section. Their actual condition is therefore substantially better than might otherwise be expected.
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FIGURE 8-14 LIFE CyCLE CURVE — UNIT 1 FEEDWATER SYSTEM - HP BOILER FEED PUMPS

The curve indicates that the remaining life (RL) of the Unit 1 HP boiler feed pumps is likely able to reach desired end date which is the 2020 end date for generation. Given their six year refurbishment cycle and a spare pump section, they are
expected to continue to perform reliably well past the 2020 end date for generation. The BFP motors are approaching older age and entering areas where reliability and unexpected failure may become more an issue than expected life.
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8.2.2.8

Level 2 Inspections — Unit 1 Feedwater System HP Heat Exchangers

Given the condition historical data reviewed, the required Level 2 analyses are provided in Table 8-35 below, assuming that the current plant inspection and maintenance program is maintained or improved.

TABLE 8-35 LEVEL 2 INSPECTIONS — UNIT 1 FEEDWATER SYSTEM - HP FEEDWATER HEAT EXCHANGERS
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BL]J_ # ASS? # Ass;t # Ass;et # Ass:t # Assgt # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work Year Priority CIS;I
1296 6690 6709 6712 0 0 1 #1 CONDENSATE & F.W. BOILER FEEDWATER BOILER FEEDWATER PUMPING None 129 23 No Level 2 inspections required at this time. Continue program of regular tests and overhauls.
SYSTEM PUMPING
1296 6690 6709 6712 8835 0 1 #1 CONDENSATE & F.W. BOILER FEEDWATER BOILER FEED PUMP EAST None 130 23 No Lewel 2 inspections required at this time. Continue program of regular tests and overhauls.
SYSTEM PUMPING
1296 6690 6709 6712 8836 0 1 #1 CONDENSATE & F.W. BOILER FEEDWATER BOILER FEED PUMP WEST None 131 23 No Level 2 inspections required at this time. Continue program of regular tests and overhauls.
SYSTEM PUMPING
#1 CONDENSATE & F.W. HIGH PRESSURE HIGH PRESSURE FEEDWATER Level 2 of high pressure feedwater heaters summarized here. Level 2 testing of high pressure
1296 6690 6709 6713 0 0 ! SYSTEM FEEDWATER SYS SYS None 132 32 feedwater lines is included within the costs of the Main Steam Line Item. 2012 2 $225
#1 CONDENSATE & F.W. HIGH PRESSURE o . . ) .
1296 6690 6709 6713 7112 0 1 SYSTEM FEEDWATER SYS H.P. HEATER 4 None 133 32 Shell side inspections and channel side for the degradation mechanisms. 2012 2
#1 CONDENSATE & F.W. HIGH PRESSURE
1296 6690 6709 6713 7112 0 1 SYSTEM FEEDWATER SYS H.P. HEATER 4 None 134 32 Assessment of the tube plug map. 2012 2
#1 CONDENSATE & F.W. HIGH PRESSURE ET inspection of tubes to assess the present condition (metallurgical evaluation may also be
12 7 71 7112 1 H.P. HEATER 4 N 1 2 2012 2
9% | 660 6709 6713 0 SYSTEM FEEDWATER SYS one 3% 3 required depending upon the condition of the tubes). 0
NDE inspection the major welds (seam, supports and nozzle welds) for the degradation
1296 6690 6709 6713 7112 0 1 #1 CONDENSATE & F.W. HIGH PRESSURE H.P. HEATER 4 None 136 32 mechanisms. PT or Magnetic particle testing (MT) or Conventional UT or Phased array 2012 2
SYSTEM FEEDWATER SYS . .
(focused) can be used depending upon location.
#1 CONDENSATE & F.W. HIGH PRESSURE S . . . .
1296 6690 6709 6713 7113 0 1 SYSTEM FEEDWATER SYS H.P. HEATER 5 None 137 32 Shell side inspections and channel side for the degradation mechanisms. 2012 2
#1 CONDENSATE & F.W. HIGH PRESSURE
1296 6690 6709 6713 7113 0 1 SYSTEM FEEDWATER SYS H.P. HEATER 5 None 138 32 Assessment of the tube plug map. 2012 2
#1 CONDENSATE & F.W. HIGH PRESSURE ET inspection of tubes to assess the present condition (metallurgical evaluation may also be
12 7 71 711 1 H.P. HEATER N 1 2 2012 2
96 6690 6709 6713 3 0 SYSTEM FEEDWATER SYS 5 one 3 3 required depending upon the condition of the tubes). 0
NDE inspection the major welds (seam, supports and nozzle welds) for the degradation
1296 6690 6709 6713 7113 0 1 #1 CONDENSATE & F.W. HIGH PRESSURE H.P. HEATER 5 None 140 32 mechanisms. PT or Magnetic particle testing (MT) or Conventional UT or Phased array 2012 2
SYSTEM FEEDWATER SYS : ;
(focused) can be used depending upon location.
#1 CONDENSATE & F.W. HIGH PRESSURE L . . ; .
1296 6690 6709 6713 7114 0 1 SYSTEM FEEDWATER SYS H.P. HEATER 6 None 141 32 Shell side inspections and channel side for the degradation mechanisms. 2012 2
#1 CONDENSATE & F.W. HIGH PRESSURE
1296 6690 6709 6713 7114 0 1 SYSTEM FEEDWATER SYS H.P. HEATER 6 None 142 32 Assessment of the tube plug map. 2012 2
#1 CONDENSATE & F.W. HIGH PRESSURE ET inspection of tubes to assess the present condition (metallurgical evaluation may also be
1296 | 6690 6709 6713 714 0 1 SYSTEM FEEDWATER SYS HP. HEATER 6 None 143 32 required depending upon the condition of the tubes). 2012 2
NDE inspection the major welds (seam, supports and nozzle welds) for the degradation
1296 6690 6709 6713 7114 0 1 #1 CONDENSATE & F.W. HIGH PRESSURE H.P. HEATER 6 None 144 32 mechanisms. PT or Magnetic particle testing (MT) or Conventional UT or Phased array 2012 2
SYSTEM FEEDWATER SYS : -
(focused) can be used depending upon location.
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8.2.2.9

Capital Projects

Table 8-36 below shows the suggested typical capital enhancements that should be considered for the Unit 1 feedwater system — HP feedwater heat exchangers:
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TABLE 8-36 SUGGESTED TYPICAL CAPITAL ENHANCEMENTS — UNIT 1 FEEDWATER SYSTEM - HP FEEDWATER HEAT EXCHANGERS

BLlJ# Asszet# Assset# Ass::t # Assset# Assgt# Unit Asset 2/3 Asset 3/4 Description Detail CAP# | Appendix # Capital Item Date Priority
#1 CONDENSATE & F.W. [ BOILER FEEDWATER | BOILER FEEDWATER . .
1296 6690 6709 6712 0 0 1 SYSTEM PUMPING PUMPING N/A 101 23 No capital required.
Retrofit of variable speed control — fluid couplings or
#1 CONDENSATE & F.W. [ BOILER FEEDWATER | BOILER FEED PUMP . . .
1296 6690 6709 6712 8835 0 1 SYSTEM PUMPING EAST N/A 102 23 vana.ble speed dr.lves to reduce energy consumption 2013 2
and improve efficiency.
#1 CONDENSATE & F.W. | BOILER FEEDWATER | BOILER FEED PUMP Procure a spare 4 kV motor, to allow rewind of Units 1
1296 6690 6709 6712 8835 0 L SYSTEM PUMPING EAST N/A 103 23 and 2 and if practical Unit 3 motors as required. 2012 L
#1 CONDENSATE & F.W. [ BOILER FEEDWATER | BOILER FEED PUMP I .
1296 6690 6709 6712 8835 0 1 SYSTEM PUMPING EAST N/A 104 23 Install vibration monitoring. 2012 1
Retrofit of variable speed control — fluid couplings or
#1 CONDENSATE & F.W. | BOILER FEEDWATER | BOILER FEED PUMP . . .
1296 6690 6709 6712 8836 0 1 SYSTEM PUMPING WEST N/A 105 23 varla.ble speed drllves to reduce energy consumption 2013 2
and improve efficiency.
#1 CONDENSATE & F.W. | BOILER FEEDWATER | BOILER FEED PUMP Procure a spare 4 kV motor, to allow rewind of Units 1
1296 6690 6709 6712 8836 0 ! SYSTEM PUMPING WEST NA 106 2 and 2 and if practical Unit 3 motors as required. 2012 !
#1 CONDENSATE & F.W. [ BOILER FEEDWATER | BOILER FEED PUMP _— .
1296 6690 6709 6712 8836 0 1 SYSTEM PUMPING WEST N/A 107 23 Install vibration monitoring. 2012 1
#1 CONDENSATE & F.W. HIGH PRESSURE HIGH PRESSURE . .
1296 6690 6709 6713 0 0 1 SYSTEM FEEDWATER SYS FEEDWATER SYS N/A 108 32 No capital required.
#1 CONDENSATE & F.W. HIGH PRESSURE . .
1296 6690 6709 6713 7112 0 1 SYSTEM FEEDWATER SYS H.P. HEATER 4 N/A 109 32 No capital required.
#1 CONDENSATE & F.W. HIGH PRESSURE
1296 6690 6709 6713 7113 0 1 SYSTEM FEEDWATER SYS H.P. HEATER 5 N/A 110 32 Replace HP #5 Heater. 2013 1
#1 CONDENSATE & F.W. HIGH PRESSURE . .
1296 6690 6709 6713 7114 0 1 SYSTEM FEEDWATER SYS H.P. HEATER 6 N/A 111 32 No capital required.
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8.2.3 Asset 7053 — Unit 1 Feedwater System - Deaerator

(Detailed Technical Assessment in Working Papers, Appendices 31 and 34)

Unit #: 1

Asset Class # BU 1296 - Assets Generations

SCI & System: 6708 #1 Condensate & Feedwater System

Sub-Systems: 6711 #1 Low Pressure Feedwater System

Components: 7053 #1 Deaerator System (Deaerator and Deaerator
Storage Tank)

8.2.3.1 Description

The deaerator system consists of two vessels, a heater (deaerator) and a storage tank (deaerator storage
tank). The Unit 1 deaerator is a horizontal spray type, with the deaerator mounted on the horizontal
deaerator storage tank. The deaerator and deaerator storage tank vessels are of welded construction
using carbon steel with some of the deaerator internal hardware fabricated from stainless steel. The
vessels are designed as per American Society of Mechanical Engineers (ASME) Boilers and Pressure
Vessels Code Section VIII, Div. 1. There is one safety valve on the top of the deaerator.

The function of the deaerator is to remove oxygen and other dissolved gases in the feedwater in order to
lower the potential for corrosion in the steam/water cycle. Condensate is sprayed over a cascading
series of trays to maximize the surface area of the water. Bleed steam is used as a main source of steam
to strip the oxygen and other non-condensable gases from the condensate. Pegging steam is provided
from the auxiliary steam system. The steam and gases are vented from the top of the deaerator vessel.

The deaerated water is collected in the storage tank where steam coil heaters maintain water
temperatures during off-line periods. The deaerator storage tank is the suction tank for the boiler
feedwater pumps (BFP’s). High pressure (HP) feedwater heater drains are fed to the deaerator. The
BFP recirculation is fed back to the storage tank.

The deaerator storage tank is provided with two cradle type supports. One end is anchored and the other
support is free to allow thermal expansion.

8.2.3.2 History

Manufactured/Delivered 1969

In-Service Date Sep 1970
Generation Base Load End Date Dec 2015
Generation Peak/Emerg Gen End Date Dec 2020

The hours associated with the analyses are:

Hours Generation Actual - Ops to Dec 2009 166
Max Hours Generation Ops — to Dec 2015 210
Max Hrs Gen Ops to Gen End Date Dec 2020 219
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8.2.3.3 Inspection and Repair History

The deaerator and deaerator storage tank vessel internal visual inspections and NDE of selective welds
were carried out in accordance with the plant annual outage inspection plan. The inspections were mostly
focused on the accessible areas. There were very limited inspections carried out on the deaerator vessel
as there is no real access to the shell without removing the trays. The following is a summary of the
inspection findings that were reported in the ALSTOM outage reports from year 2001 to 2009:

Deaerator

= Cracks in the stainless steel liner;
» Warped stainless liner causing sealing issues for spray nozzles;
= Loose trays;

» Circumferential ridges in the deaerator shell on both the north and south sides; Minor corrosion,
pitting, and wall thinning possibly due to flow accelerated corrosion in the bottom of the shell was
noted when a section of trays was removed in 2007; and

= No evidence of cracking in the accessible shell seam welds during limited inspections.

Deaerator Storage Tank

= Corrosion fatigue was found in the storage tank on the inside surface of the shell around the
saddle support locations during the 2003 inspection. All damage was removed and the thickness
of the tank was restored by pad welding. A semi-circle was cut in the centre gusset plates in the
saddles to increase flexibility. Also, the stitch weld between the vessel shell and saddle plate was
removed at the centre gusset plate location. Corrosion fatigue was not observed during
subsequent inspections at these locations.

= Light pitting has been observed on the inside surfaces in general and especially around the weld
seams and in the bottom of shell.

= The manway gasket seating surface was noted to be in poor condition.

= Significant undercut was noted in the first can to can girth weld from the east side during the 2004
outage. The undercut was at a repair weld that was done some time in the past - possibly during
fabrication and runs along the bottom one third to one quarter of the shell.

= |t was noted in the 2004 outage report that the hot feedwater inlet nozzle to shell attachment
welds appeared to be in poor condition. These have not been repaired.
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8.2.3.4 Condition Assessment

The condition assessment of the Unit 1 feedwater system - deaerator is illustrated below in Table 8-37.
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TABLE 8-37 CONDITION ASSESSMENT — UNIT 1 FEEDWATER SYSTEM — DEAERATOR

Current
. . Expected . Next Planned -
BU# | Asset# | Asset# | Asset# | Asset# [ Asset# . - . Condition Append - EPRI Original Life Minimum End of Life Next Regular| Overhaul or Capability to Capability to In
Unit Asset Level 2 Asset Level 3 Description Detail Summary Condition ) (Base Load) - (EOL) ’ . Reach Next )
1 2 3 4 5 6 # Identifier Remaining . Inspection Major Reach EOL | Service
ID# Ops Hrs (Yrs) Required . Overhaul
Life Years Inspection
(Subject to Test)
No major life limiting issue observed during the past limited deaerator and deaerator storage tank inspections. Many
tible locations have not been inspected. Th ion fatigue i ienced in the past are not re-occurring.
1296 | 660 | 6709 | 6711 | 703 0 1 |#1 CONDENSATE & F.W. SYSTEM |CONDENSATE & FW. SYSTEM  |DEAERATOR SYSTEM NIA 20 g [susceptble locations have not been inspected. The corrosion afigue issues experienced in the past are not re-occuring 4 200000 (30) (10) 2020 2011 2012 Yes 1970
Some pitting in the both deaerator and deaerator storage tank vessels observed. Wall thinning observed in the bottom of the
deaerator shells. Ridges observed may be due to erosion. Undercut obsenved in storage tank.
Notes: 1. A “(bracketed)” value in the “Current Expected Remaining Life” column is a highly probable minimum value that is considered subject to some subsequent verification during further investigation including at the next test or overhaul. It may be addressed as part of a Level 2 test. A value
identified as “(X/Y)” has been included for the steam turbine and generator where the recommended minimum value is the lower of the two, but that the higher may be achievable at a higher level of failure risk and/or unreliability.
2. The “Next Regular Inspection” column identifies a regular inspection (not necessarily an overhaul or detailed Level 2 test) that is currently planned and known to AMEC and which may provide further insight into the equipment life. The “Next Planned Overhaul or Major Inspection” column is
intended to identify known detailed inspections and/or overhauls that will definitively update current remaining life assumptions and which are a “Desired Life” stage for condition assessment purposes. Note that where a detailed inspection/overhaul date is highlighted in yellow then it is a
specific AMEC recommendation and that date is the basis for conclusions on the ability to make the next detailed inspection/overhaul. Where cells are blank, the dates may be either not scheduled or are not known by AMEC.
8.2.3.5 Actions

Based on the condition assessment, the following actions are recommended for the Unit 1 feedwater system - deaerator.

TABLE 8-38 RECOMMENDED ACTIONS — UNIT 1 FEEDWATER SYSTEM — DEAERATOR

BL1J # Ass;t # Assset # Ass4et # Assset # Unit Asset 2/3 Asset 3/4 Description Detail Ac:;on App # Action Year Priority
1296 6690 6709 6711 7053 1 #1 CONDSEY'\‘sSTAEI/lE & F.W. CONDENSATE & F.W. SYSTEM DEAERATOR SYSTEM N/A 135 31 Perform Level 2 inspections. 2012 2
1296 6690 6709 6711 7053 1 # CON%EY'\‘SST'E-II;/IE &FW. CONDENSATE & F.W. SYSTEM DEAERATOR SYSTEM N/A 136 31 Implement ongoing inspections and performance testing based on industry practices. 2012 3
1296 6690 6709 6711 7053 1 #1 CONDS?\‘SS,I_AELE & FW. CONDENSATE & F.W. SYSTEM DEAERATOR SYSTEM N/A 137 31 Repair the feedwater recirculation inlet nozzles at the deaerator storage tank from inside. 2012 1
1296 6690 6709 6711 7053 1 #1 CONDSEY'\‘SS_I_AEIAE & F.W. CONDENSATE & F.W. SYSTEM DEAERATOR SYSTEM N/A 138 31 Refurbish manway seating surfaces that are in poor condition. 2012 2
1296 6690 6709 6711 7053 1 #1 CONDENSATE & F.W. CONDENSATE & F.W. SYSTEM DEAERATOR SYSTEM N/A 139 31 MloniFor pitting corrosion in the deaerator and deaerator storage tank vessels and wall 2012 2
SYSTEM thinning in the bottom of the deaerator.
1296 6690 6709 6711 7053 1 #1 CONE;E('\‘SS,I_AEIAE & F.W. CONDENSATE & F.W. SYSTEM DEAERATOR SYSTEM N/A 140 31 Investigate the root cause of the ridges observed in the deaerator. 2012 2
1296 6690 6709 6711 7053 1 #1 CONIZéIi{I\JSi,ELE & F.W. CONDENSATE & F.W. SYSTEM DEAERATOR SYSTEM N/A 141 31 gsni?ss the significance of weld undercut that was observed in Unit 1 deaerator storage 2012 2
1296 6690 6709 6711 7053 1 # CONDSEY,\‘SS.I_AE-I’;AE &FW. CONDENSATE & F.W. SYSTEM DEAERATOR SYSTEM N/A 142 31 Evaluate condition of spray nozzles that were observed eroding in Unit 3. 2012 2
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8.2.3.6

Risk Assessment

The risk assessment associated with the Unit 1 feedwater system - deaerator, both from a technological perspective and a safety perspective, is illustrated below in Table 8-39.

TABLE 8-39 RISK ASSESSMENT - UNIT 1 FEEDWATER SYSTEM — DEAERATOR
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Remaining Life TECHNO-ECO RISK ASSESS | SAFETY RISK ASSESS
) ) Years MODEL MODEL
BU# Asset# | Asseti | Assel# Asset# | Assel# Unit Asset 2/3 Asset 3/4 Description Component Risk Appendix Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
1 2 3 4 5 6 Assess # # Inspection Required Likeli- Conse- Risk Level Likeli- Conse- Safety
Within (x) Years) hood quence isk Leve hood quence Risk
No real life limiting issue as per Weld cracking, corrosion fatigue, wall
#1 CONDENSATE [CONDENSATE & Corrosion fatigue, thermal . . - . " thinning due FAC and internal hardware _
12 7 711 7 1 DEAERATOR SYSTEM D t 1 1 1 tion t te. Addit | B M B M I t tain.
% | 66%0 | 6709 6 053 0 & F.W. SYSTEM  |F.W. SYSTEM ORSYS caerators 8 3 fatigue, corrosion & FAC. (10) inspection to date. Additiona 3 edium |3 edium |- ilure leading to functional failure. Forced |"PeCt and maintain
inspections required. .
outage. Life Safety.
. . No evidence of susceptibly during
#1 CONDENSATE [CONDENSATE & Deaerators/ Storage Corrosion fatigue, thermal AN ] ) ) . _—
1296 6690 6709 6711 7053 0 1 & EW. SYSTEM  |F.W. SYSTEM DEAERATOR SYSTEM Tanks 139 31 fatigue, corrosion & FAC. 10 limited |nspgctlf)n to da‘te. Ongoing 1 D Medium 2 D Low Forced outage. Life Safety. Inspect and maintain.
monitoring required.
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8.2.3.7 Life Cycle Curve and Remaining Life
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Figure 8-15 below illustrates the life cycle curve for the Unit 1 Unit 1 feedwater system — deaerator. One curve is used as the major elements of the deaerator are largely of the same age and condition. The life curve is a plot of current and
projected operating hours in generation mode only on the y-axis versus calendar year on the x-axis. The figure has several vertical lines representing differing representative nominal age limits for various components. It also has several

horizontal lines that represent a range of practical equipment equivalent base loaded operating hour life limits. The risk area boxes provide an indication of the timing of potential issues either from an age or equivalent operating hours view.
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FIGURE 8-15 LIFE CYCLE CURVE — UNIT 1 FEEDWATER SYSTEM - DEAERATOR

The curve indicates that the remaining life (RL) of the Unit 1 feedwater system - deaerator exceeds the desired life (DL) which is end date for generation of 2020, with the potential though unlikely exception of some deaerator internals. The plant
inspections form an excellent base of condition information supporting the ability of the deaerator as a whole to meet the EOL date. There is however insufficient detailed inspection information of some of the difficult to reach internals to fully
assess their condition. A detailed Level 2 inspection in 2012 is recommended to provide information for that assessment.
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8.2.3.8

Level 2 Inspections — Unit 1 Feedwater System - Deaerator

Given the condition historical data reviewed, the required Level 2 analyses are provided in Table 8-40 below, assuming that the current plant inspection and maintenance program is maintained or improved.

TABLE 8-40 LEVEL 2 INSPECTIONS — UNIT 1 FEEDWATER SYSTEM — DEAERATOR
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Bli # Ass;t # Ass;'t # Ass;t # Ass:t # AssGet # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work Year Priority le;t
1296 6690 6709 6711 7053 0 1 #1 CONDENSATE & F.W. CONDENSATE & F.W. DEAERATOR SYSTEM None 121 31 NDE inspection of the areas that were not inspected is required. 2012 2 $216
SYSTEM SYSTEM
#1 CONDENSATE & F.W. CONDENSATE & F.W. Visual inspection for FAC damage (shiny black surface) of the susceptible areas. UT thickness
1296 6690 6709 6711 7083 0 ! SYSTEM SYSTEM DEAERATOR SYSTEM None 122 31 measurement to be carried out if FAC damage is evident. 2012 2
1296 6690 6709 6711 7053 0 1 #1 CONDENSATE & F.W. CONDENSATE & F.W. DEAERATOR SYSTEM None 123 31 Inspgction oflaII ac‘cessible shell and head surface§ for pitting, and for water streaks or signs of 2012 2
SYSTEM SYSTEM erosion (erosion will normally appear as a clean, pitted surface).
#1 CONDENSATE & F.W. CONDENSATE & F.W. .
1296 6690 6709 6711 7053 0 1 SYSTEM SYSTEM DEAERATOR SYSTEM None 124 31 Inspection of the tray stack. 2012 2
#1 CONDENSATE & F.W. CONDENSATE & F.W. .
1296 6690 6709 6711 7053 0 1 SYSTEM SYSTEM DEAERATOR SYSTEM None 125 31 Inspection of the spray valves. 2012 2
#1 CONDENSATE & F.W. CONDENSATE & F.W. Inspections for cracking Re-inspection intervals to be based on operating/inspection/repair
1296 6690 6709 6711 7053 0 1 SYSTEM SYSTEM DEAERATOR SYSTEM None 126 31 history as per NACE recommendations and local regulations. 2012 2
8.2.3.9 Capital Projects
Table 8-41 below shows the suggested typical capital enhancements that should be considered for the Unit 1 feedwater system —deaerator:
TABLE 8-41 SUGGESTED TYPICAL CAPITAL ENHANCEMENTS — UNIT 1 FEEDWATER SYSTEM — DEAERATOR
BU # Asset # | Asset# | Asset# Asset # Asset # . L . . . Lo
1 2 3 4 5 6 Unit Asset 2/3 Asset 3/4 Description Detail CAP# [ Appendix # Capital Item Date Priority
#1 CONDENSATE & F.W. | CONDENSATE & F.W.
1296 6690 6709 6711 7053 0 1 DEAERATOR SYSTEM 98 31 No capital required.
SYSTEM SYSTEM pral req
28 Jan 2011 P164200 Rev 0

Page 85



Muskrat Falls Project - Exhibit 44
Page 170 of 725

Newfoundland and Labrador Hydro a NALCOR Energy Co.
Holyrood Thermal Generating Station
Condition Assessment & Life Extension Study ame

8.24 Asset 6711 — Unit 1 Feedwater System - Low Pressure (LP) Feedwater Heat
Exchangers

(Detailed Technical Assessment in Working Papers, Appendix 24)

Unit #: 1

Asset Class # BU 1296 - Assets Generations

SCI & System: 6708 #1 Condensate & Feedwater System
Sub-Systems: 6711 #1 Low Pressure Feedwater

7059 #1 LP Heater 1

7066 #1 LP Heater 2

Components:
7058 #1 LP FW Reserve

8799 #1 Condensate Extraction System

8.2.4.1 Description

The low pressure (LP) feedwater system servicing Unit 1 contains two LP feedwater heat exchangers that
are referred to as LP-1 and LP-2. The primary function of the LP feedwater heat exchangers is to
increase plant thermal efficiency by preheating the boiler feedwater prior entering to the deaerators.

The LP feedwater heat exchangers are horizontally mounted, 100% capacity pressure vessels of the U-
tube type construction. There are two tube passes on the feedwater side and a divided flow of heating
steam on the shell side of each heater.

The main components of the LP feedwater heat exchangers are shell, shell skirt, tubes, tubesheet,
channel, impingement plates, tube support plates/pass partition plates/baffles, shrouds, impingement
plate and channel cover. The tubesheet and channel are made from a single forging. The heat
exchangers are designed according to ASME Boiler and Pressure Vessel Code Section VIII Div. 1, Heat
Exchanger Institute standard for closed feedwater heat exchangers.

Two condensate extraction pumps serve Unit 1, driven by 4 kV electric motors. The pumps are original
equipment and the motors installed with the unit upgrade in 1989. The pumps draw condensate from the
condenser and circulate it to the low pressure feedwater heaters and deaerator. The system also includes
condensate make-up and a low pressure feedwater reserve tank system to enable the unit to manage
high and low water levels throughout the condensate and feedwater system.

8.2.4.2 History

Manufactured/Delivered 1969

In-Service Date Sep 1970
Generation Base Load End Date Dec 2015
Generation Peak/Emerg Gen End Date Dec 2020
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The hours associated with the analyses are:

Hours Generation Actual - Ops to Dec 2009 166
Max Hours Generation Ops — to Dec 2015 210
Max Hrs Gen Ops to Gen End Date Dec 2020 219

8.2.4.3 Inspection and Repair History

Leak tests are generally performed on the LP feedwater heat exchangers during annual outages, but
records of these tests were not available. Leaking tubes are plugged when identified during a leak test.
In addition, tube plugging maps and history were not available. During interviews with plant operations
staff, it was noted that there were no performance issues associated with the LP feedwater heat
exchangers servicing Unit 1.

The condensate extraction system is regularly inspected as part of the plant PM program. No significant
issues have been identified with the pumps or motors. The motors are electrically checked annually and
appear to be in reasonable condition for their age. The motors are however at an age where reliability and
failure may be issues in the future. The condensate extraction piping is experiencing some external
corrosion, but no leaks or failures were identified.

No internal inspections of the reserve tanks have been undertaken recently, primarily due to concerns

associated with enclosed space requirements. Externally, minor surface pitting was evident but no
significant problems or leaks were noted.
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8.2.4.4 Condition Assessment
The condition assessment of the Unit 1 feedwater system — LP feedwater heat exchangers (and associated condensate extraction system) components is illustrated below in Table 8-42.

TABLE 8-42 CONDITION ASSESSMENT — UNIT 1 FEEDWATER SYSTEM - LP FEEDWATER HEAT EXCHANGERS

Current
. . Expected . Next Planned
BU# Asset # | Asset # | Asset # Asset # | Asset # - " Condition Append . EPRI Original Life Minimum End of Life Next Regular | Overhaul or Capability to Capability to In
Unit Asset Level 2 Asset Level 3 Description Detail Summary Condition ) (Base Load) . (EOL) Reach Next
1 2 3 4 5 6 # Identifier Remaining Inspection Major Reach EOL Service
ID# Ops Hrs (Yrs) N Required . Overhaul
Life Years Inspection
(Subject to Test)

1296 6690 6709 7040 0 0 1 #1 CONDENSATE & F.W. SYSTEM CONDENSATE MAKE UP SYSTEM CONDENSATE MAKE UP SYSTEM NA 146 21 Not reviewed. 3a 200000 (30) 10 2020 2011 Yes Yes 1970
1296 6690 6709 8799 0 0 1 #1 CONDENSATE & F.W. SYSTEM CONDENSATE EXTRACTION SYSTEM |CONDENSATE EXTRACTION SYSTEM NA 147 20 Limited review. No issues identified. 3a (30) 10 2020 2011 Yes Yes 1970
1296 6690 6709 8799 7045 0 1 #1 CONDENSATE & F.W. SYSTEM CONDENSATE EXTRACTION SYSTEM |COND EXTRACTION PUMP NORTH NA 148 20 Pump installed in 1969 and motor in 1989. No issue identified. 3a (30) 10 2020 2012 Yes Yes 1970/1989
1296 6690 6709 8799 7049 0 1 #1 CONDENSATE & F.W. SYSTEM CONDENSATE EXTRACTION SYSTEM [COND EXTRACTION PUMP SOUTH NA 231 20 Pump installed in 1969 and motor in 1989. No issue identified. 3a (30) 10 2020 2012 Yes Yes 1970/1989
1296 6690 6709 6711 0 0 1 #1 CONDENSATE & F.W. SYSTEM CONDENSATE & F.W. SYSTEM LOW PRESSURE FEEDWATER SYS NA 234 24,26 |Not reviewed in detail. No issues identified. 4 200000 (30) 10 2020 2011 2011 Yes Yes 1970
1206 | 6690 | 6709 6711 7056 0 1 |#1 CONDENSATE & F.W. SYSTEM | CONDENSATE & F.W. SYSTEM LOW PRESSURE FW RESERVE NA 235 26 |Nointeral visual inspections recently. Minor external pitting corrosion. Relatively minor infernal corrosion identified during 4 (60) (20) 2020 2011 2011 Yes Yes 1970

interviews. No recent NDE inspections.
1296 6690 | 6709 6711 7059 0 1 #1 CONDENSATE & F.W. SYSTEM  [#1 CONDENSATE & F.W. SYSTEM  |LOW PRESSURE HEATER 1 NA 236 26 | N NDE inspections done. Annual cleaning and tube leak testing. Two heaters on the units may have been replaced, but no 4 (30) (10) 2020 2011 2011 Yes Yes 1970

records or other interviews could confirm.
1296 6690 | 6709 6711 7066 0 1 #1 CONDENSATE & F.W. SYSTEM  |#1 CONDENSATE & F.W. SYSTEM  |LOW PRESSURE HEATER 2 NA 237 26  |NoNDE inspections done. Annual cleaning and tube leak testing. Two heaters on the units may have been replaced, but no 4 (30) (10) 2020 2011 2011 Yes Yes 1970

records or other interviews could confirm..

Notes: 1. A “(bracketed)” value in the “Current Expected Remaining Life” column is a highly probable minimum value that is considered subject to some subsequent verification during further investigation including at the next test or overhaul. It may be addressed as part of a Level 2 test. A value
identified as “(X/Y)” has been included for the steam turbine and generator where the recommended minimum value is the lower of the two, but that the higher may be achievable at a higher level of failure risk and/or unreliability.

2. The “Next Regular Inspection” column identifies a regular inspection (not necessarily an overhaul or detailed Level 2 test) that is currently planned and known to AMEC and which may provide further insight into the equipment life. The “Next Planned Overhaul or Major Inspection” column is
intended to identify known detailed inspections and/or overhauls that will definitively update current remaining life assumptions and which are a “Desired Life” stage for condition assessment purposes. Note that where a detailed inspection/overhaul date is highlighted in yellow then itis a
specific AMEC recommendation and that date is the basis for conclusions on the ability to make the next detailed inspection/overhaul. Where cells are blank, the dates may be either not scheduled or are not known by AMEC.

8.2.4.5 Actions

Based on the condition assessment, the following actions are recommended for the Unit 1 feedwater system (and associated condensate extraction system) components - LP feedwater heat exchangers.

TABLE 8-43 RECOMMENDED ACTIONS — UNIT 1 FEEDWATER SYSTEM - LP FEEDWATER HEAT EXCHANGERS

B:’ # Asszet # ASS;t # Ass4et # Assset # Unit Asset 2/3 Asset 3/4 Description Detail Ac;on App # Action Year Priority
1296 6690 6709 0 0 1 #1 CONDSEYI\ISS_I%-I; &F.W. CONDENSATE & F.W. SYSTEM CONDENSATE & F.W. SYSTEM N/A 127 20 See details below.
#1 CONDENSATE & F.W. —_ . . . .
1296 6690 6709 6711 0 1 SYSTEM CONDENSATE & F.W. SYSTEM LOW PRESSURE FEEDWATER SYS N/A 128 24 Implement ongoing inspections and performance testing based on industry practices. 2011 2
1296 6690 6709 6711 7056 1 #1 CONDSEYI\ISS_’I_AI;-I; &F.W. CONDENSATE & F.W. SYSTEM LOW PRESSURE FW RESERVE N/A 129 24 Perform Lewel 2 inspections on tanks — thickness checks and internals inspections. 2011 2
1296 6690 6709 6711 7056 1 #1 CONDSiNSS_é:;f &F.W. CONDENSATE & F.W. SYSTEM LOW PRESSURE FW RESERVE N/A 130 24 Continue a program of ongoing inspections and compare against industry practices. 2011 2
1296 6690 6709 6711 7059 1 # CONDS?\ISS_I%-I; &F.W. #1 CONDENSATE & F.W. SYSTEM LOW PRESSURE HEATER 1 N/A 131 24 Perform Lewel 2 inspections. 2011 3
1296 6690 6709 6711 7066 1 #1 CONDSEYI\ISS_I%I; &F.W. #1 CONDENSATE & F.W. SYSTEM LOW PRESSURE HEATER 2 N/A 132 24 Perform Lewel 2 inspections. 2011 3
1296 6690 6709 7040 0 1 #1 CONDSEYNSSTAE-:;/I? &F.W. CONDENSATE MAKE UP SYSTEM CONDENSATE MAKE UP SYSTEM N/A 155 21 See WTP and Polishers.
#1 CONDENSATE & F.W. . . - ] . .
1296 6690 6709 8799 0 1 SYSTEM CONDENSATE EXTRACTION SYSTEM | CONDENSATE EXTRACTION SYSTEM N/A 156 20 Spot check likely critical parts of piping and valving — thickness and corrosion. 2011 2
1296 | 6690 | 6709 8799 0 1 #1 CONDENSATE & F.W. CONDENSATE EXTRACTION SYSTEM | CONDENSATE EXTRACTION SYSTEM N/A 157 20  |Maintain current program of ongoing inspections and owrhauls. Procure a spare motor fo| 54 2
SYSTEM senvice all three units, in the event of a failure of an existing unit.
1206 | 6690 | 6709 8799 7045 1 #1 CONDENSATE & F.W. CONDENSATE EXTRACTION SYSTEM | COND EXTRACTION PUMP NORTH N/A 158 20 |Procure a spare condensate extraction motor, primarily for Units 1 & 2 but compatible 2012 1
SYSTEM with Unit 3. Continue current inspection and maintenance activities.
1206 | 6690 6709 8799 7049 1 #1 CONDENSATE & F.W. CONDENSATE EXTRACTION SYSTEM | COND EXTRACTION PUMP SOUTH N/A 159 g0 |Procure a spare condensate extraction motor, primarily for Units 1 & 2 but compatible 2012 1
SYSTEM with Unit 3. Continue current inspection and maintenance activities.
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8.2.4.6

Risk Assessment
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Table 8-44 below illustrates the risk assessment for the Unit 1 feedwater system — LP feedwater heat exchangers (and associated condensate extraction system) components, both from a technological perspective and a safety perspective using
the models presented in Section 3.

TABLE 8-44 RISK ASSESSMENT — UNIT 1 FEEDWATER SYSTEM - LP FEEDWATER HEAT EXCHANGERS

Remaining Life TECHNO-ECO RISK ASSESS |  SAFETY RISK ASSESS
) ) Years MODEL MODEL
BU# Asset# | Asset# | Asset# Asset# | Asset# Unit Asset 2/3 Asset 3/4 Description Component Risk Appendix Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
1 2 3 4 5 6 Assess # # Inspection Required Likeli- Conse- | _ Likeli- Conse- | safety
Risk Level ;
Within (x) Years) hood quence hood quence Risk
#1 CONDENSATE |CONDENSATE & |CONDENSATE & F.W. .
1296 6690 6709 0 0 0 1 & FW. SYSTEM FW. SYSTEM SYSTEM N/A 123 See details below. (5) None
CONDENSATE ‘
#1 CONDENSATE CONDENSATE MAKE Not addressed. Mechanical
1296 6690 6709 7040 0 0 1 & F.W. SYSTEM MAKE UP UP SYSTEM N/A 124 collapse. None
SYSTEM
CONDENSATE - .
#1 CONDENSATE CONDENSATE - . Piping leak; short duration shutdown for —
1296 6690 6709 8799 0 0 1 & F.W. SYSTEM gﬁéﬂ—lo,\‘ EXTRACTION SYSTEM CE Piping/Valves 125 20 Weld failure, rupture. 10 None 1 A Low 1 B Low repair Inspect and maintain.
CONDENSATE . . .
1 NDENSATE ND EXTRACTION P lure; 0% lit t
1296 | 6690 | 6709 8799 7045 0 1 [ CONDENS, EXTRACTION co CTio CE Pumps 126 20 |Seal, bearing, impeller failure. 10 None 1 A Low 1 B Low |ump failure; 0% capability reduction due | 4 ncnection and maintain.
& F.W. SYSTEM SYSTEM PUMP NORTH to redundancy
CONDENSATE 4 kV Condensate . .
1296 6690 6709 8799 7045 0 1 |#1 CONDENSATE o pnCTioN COND EXTRACTION Extraction Pump 127 25  |Electrical fault, mechanical 10 None 1 A Low 1 B Low |Loss 60% unit generation Spare and current inspection and maintain.
& F.W. SYSTEM PUMP NORTH fatigue, ops error.
SYSTEM Motor - A, B
CONDENSATE S o, - .
1206 6690 6709 8799 7049 0 1 |#1 CONDENSATE |- i\ CTION COND EXTRACTION CE Pumps 128 20 |Seal, bearing, impeller failure. 10 None 1 A Low 1 B Low |PumP failure; 0% capability reduction due | -\ i oo stion and maintain.
& F.W. SYSTEM SYSTEM PUMP SOUTH to redundancy
CONDENSATE TRA 4 kV Condensate . .
1296 6690 6709 8799 7049 0 1 #1 CONDENSATE EXTRACTION CONDE CTION Extraction Pump 129 25 EI(_ectrlcaI fault, mechanical 10 None 1 A Low 1 B Low |Loss 60% unit generation Spare and current inspection and maintain.
& F.W. SYSTEM PUMP SOUTH fatigue, ops error.
SYSTEM Motor - A, B
#1 CONDENSATE |CONDENSATE & |LOW PRESSURE All LP Feedwater SCC, thermal/ mechanical Life management program is Excessive tube failure event resulting in L
1296 6690 6709 6711 0 0 " |aFw.sYSTEM |Fw.SYSTEM |FEEDWATER sYS Heaters 182 % atigue. (10) required L ¢ Low ! B LoW | rbine water induction. Inspect and maintain.
#1 CONDENSATE |CONDENSATE & [LOW PRESSURE FW LP Feedwater Lo >10 Years. Inspections are required . _—
1296 6690 6709 6711 7056 0 1 & F.W. SYSTEM F.W. SYSTEM RESERVE Reserve Tanks 133 26 Corrosion, impingement. (20) to confirm 1 A Low 1 A Low |Major Leak, loss condensate Inspect and maintain.
SCC, FAC, thermal/ Tube failures, intemal hardware failure and
#1 CONDENSATE |#1 CONDENSATE |LOW PRESSURE LP Feedwater Heater Coo . Inspections are required to assess . —
1296 6690 6709 6711 7059 0 1 & F.W. SYSTEM & FW. SYSTEM |HEATER 1 # 134 24 mephanlcal fatigue, corrosion (10) the remaining Iife. 1 B Low 1 B Low |shell wall thlr.mmg due FAC and weld Inspect and maintain.
fatigue. cracking. Unit shutdown/htr bypass
SCC, FAC, thermal/ . . Tube failures, intemal hardware failure and
#1 CONDENSATE |#1 CONDENSATE |LOW PRESSURE LP Feedwater Heater o . Inspections are required to assess - _—
1296 6690 6709 6711 7066 0 1 & F.W. SYSTEM & F.W. SYSTEM |HEATER 2 # 135 24 mgchanlcal fatigue, corrosion (10) the remaining life 1 B Low 1 B Low |shell \lNaII thlr.mlng due FAC and weld Inspect and maintain.
fatigue. cracking. Unit shutdown/htr bypass
28 Jan 2011 P164200 Rev 0 Page 89




Newfoundland and Labrador Hydro a NALCOR Energy Co.
Holyrood Thermal Generating Station
Condition Assessment & Life Extension Study

8.2.4.7 Life Cycle Curve and Remaining Life
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The life cycle curve for the Unit 1 feedwater system - LP feedwater heat exchangers is illustrated below. One curve represents both of the low pressure heat exchangers which are original equipment. The life curve is a plot of current and
projected operating hours (generation mode only) on the y-axis versus calendar year on the x-axis. The figure has several vertical lines representing differing representative nominal age limits for various components. It also has several

horizontal lines that represent a range of practical equipment equivalent base loaded operating hour life limits. The risk area boxes provide an indication of the timing of potential issues either from an age or equivalent operating hours view.
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FIGURE 8-16 LIFE CYCLE CURVE — UNIT 1 FEEDWATER SYSTEM - LP FEEDWATER HEAT EXCHANGERS

The curves indicate that the remaining life (RL) of the feedwater system LP heat exchangers may not be able to reach the desired life (DL) 2020 end date for generation. Given that no detailed NDE information has been obtained on the LP heat
exchangers, a detailed Level 2 inspection is recommended for 2011.

The life cycle curve for the Unit 1 condensate extraction pumps and motors is illustrated below. Two curves are used to represent the original equipment pump and the pump motor (upgraded in 1989). The life curve is a plot of current and
projected operating hours (generation mode only) on the y-axis versus calendar year on the x-axis. The figure has several vertical lines representing differing representative nominal age limits for various components. It also has several

horizontal lines that represent a range of practical equipment equivalent base loaded operating hour life limits. The risk area boxes provide an indication of the timing of potential issues either from an age or equivalent operating hours view.
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FIGURE 8-17 LIFE CYCLE CURVE — UNIT 1 FEEDWATER SYSTEM — CONDENSATE EXTRACTION PUMPS AND MOTORS

The curves indicate that the remaining life (RL) of the condenser condensate extraction pumps and motors can likely be able to reach the desired life (DL) 2020 end date for generation. The condensate extraction pump motors are expected
however to be entering a period of higher unreliability.
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8.2.4.8 Level 2 Inspections — Unit 1 Feedwater System - LP Feedwater Heat Exchangers

Given the condition historical data reviewed, the required Level 2 analyses are provided in Table 8-45 below, assuming that the current plant inspection and maintenance program is maintained or improved.

TABLE 8-45 LEVEL 2 INSPECTIONS — UNIT 1 FEEDWATER SYSTEM - LP FEEDWATER HEAT EXCHANGERS

BL; # ASSZEt # ASS;t # Ass;t # ASS:t # Assﬁet # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work
#1 CONDENSATE & F.W. CONDENSATE & F.W. )
1296 6690 6709 0 0 0 1 SYSTEM SYSTEM CONDENSATE & F.W. SYSTEM None 102 24 No Level 2 required.
#1 CONDENSATE & F.W. CONDENSATE MAKE UP CONDENSATE MAKE UP )
1296 6690 6709 7040 0 0 1 SYSTEM SYSTEM SYSTEM None 103 20 No Level 2 required.
#1 CONDENSATE & F.W. CONDENSATE CONDENSATE EXTRACTION No Level 2 inspections required at this time. Continue program of regular inspections and
129 | 6690 | 6709 | 8799 0 0 ! SYSTEM EXTRACTION SYSTEM SYSTEM None 104 2 overhauls.
#1 CONDENSATE & F.W. CONDENSATE COND EXTRACTION PUMP No Level 2 inspections required at this time. Continue program of regular inspections and
129 | 6690 | 6709 | 8799 | 7045 0 ! SYSTEM EXTRACTION SYSTEM NORTH None 105 2 overhauls.
#1 CONDENSATE & F.W. CONDENSATE COND EXTRACTION PUMP No Level 2 inspections required at this time. Continue program of regular inspections and
129 | 6690 | 6709 | 8799 | 7049 0 1 SYSTEM EXTRACTION SYSTEM SOUTH None 106 2 overhauls.
#1 CONDENSATE & F.W. CONDENSATE & F.W. LOW PRESSURE FEEDWATER
1296 6690 6709 6711 0 0 1 SYSTEM SYSTEM Svs None 107 24
1296 6690 6709 6711 7056 0 1 #1 CONDENSATE & F.W. CONDENSATE & F.W. LOW PRESSURE FW RESERVE None 110 % Inspections of |nt§r|or yvall |nspect|ons and thickness measurements of walls and impaired major
SYSTEM SYSTEM welds. Internals visual inspection.
1296 6690 6709 6711 7059 0 1 #1 CONDENSATE & F.W. #1 CONDENSATE & F.W. LOW PRESSURE HEATER 1 None 111 24 Shell side inspections and channel side for the degradation mechanisms.
SYSTEM SYSTEM
#1 CONDENSATE & F.W. #1 CONDENSATE & F.W.
1296 6690 6709 6711 7059 0 1 SYSTEM SYSTEM LOW PRESSURE HEATER 1 None 112 24 Assessment of the tube plug map.
#1 CONDENSATE & F.W. #1 CONDENSATE & F.W. ET inspection of tubes to assess the present condition (metallurgical evaluation may also be
1296 6690 6709 6711 7059 0 ! SYSTEM SYSTEM LOW PRESSURE HEATER 1 None 13 24 required depending upon the condition of the tubes).
NDE inspection the major welds (seam, supports and nozzle welds) for the degradation
1296 6690 6709 6711 7059 0 1 #1 CONDENSATE & F.W. #1 CONDENSATE & F.W. LOW PRESSURE HEATER 1 None 114 24 mechanisms. PT or Magnetic particle testing (MT) or Conventional UT or Phased array (focused)
SYSTEM SYSTEM ) )
can be used depending upon location.
1296 6690 6709 6711 7066 0 1 #1 CONDENSATE & F.W. #1 CONDENSATE & F.W. LOW PRESSURE HEATER 2 None 115 24 Shell side inspections and channel side for the degradation mechanisms.
SYSTEM SYSTEM
#1 CONDENSATE & F.W. #1 CONDENSATE & F.W.
1296 6690 6709 6711 7066 0 1 SYSTEM SYSTEM LOW PRESSURE HEATER 2 None 116 24 Assessment of the tube plug map.
#1 CONDENSATE & F.W. #1 CONDENSATE & F.W. ET inspection of tubes to assess the present condition (metallurgical evaluation may also be
1296 6690 6709 6711 7066 0 ! SYSTEM SYSTEM LOW PRESSURE HEATER 2 None "7 24 required depending upon the condition of the tubes).
NDE inspection the major welds (seam, supports and nozzle welds) for the degradation
1296 6690 6709 6711 7066 0 1 #1 CONDENSATE & F.W. #1 CONDENSATE & F.W. LOW PRESSURE HEATER 2 None 118 24 mechanisms. PT or Magnetic particle testing (MT) or Conventional UT or Phased array (focused)
SYSTEM SYSTEM ) .
can be used depending upon location.
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8.2.4.9

Capital Projects
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Table 8-46 below shows the suggested typical capital enhancements that should be considered for the Unit 1 feedwater system — LP feedwater heat exchangers (and associated condensate extraction system) components:

TABLE 8-46 SUGGESTED TYPICAL CAPITAL ENHANCEMENTS — UNIT 1 FEEDWATER SYSTEM - LP FEEDWATER HEAT EXCHANGERS

BU # Asset # Asset # | Asset # Asset # Asset #
1 SS; SS: sz ssse ssg Unit Asset 2/3 Asset 3/4 Description Detail CAP# [ Appendix # Capital Item Date Priority

#1 CONDENSATE & F.W. | CONDENSATE & F.W.| CONDENSATE & F.W. . .

1296 6690 6709 0 0 0 1 SYSTEM SYSTEM SYSTEM N/A 85 No capital required.
#1 CONDENSATE & F.W. | CONDENSATE MAKE | CONDENSATE MAKE . .

1296 6690 6709 7040 0 0 1 SYSTEM UP SYSTEM UP SYSTEM N/A 86 No capital required.
#1 CONDENSATE & F.W. CONDENSATE CONDENSATE . .

1296 6690 6709 8799 0 0 1 SYSTEM EXTRACTION SYSTEM| EXTRACTION SYSTEM N/A 87 20 No capital required.
#1 CONDENSATE & F.W. CONDENSATE COND EXTRACTION Replace as required per current inspection and

129 6690 6709 8799 7045 0 ! SYSTEM EXTRACTION SYSTEM PUMP NORTH N/A 88 20 overhaul findings. 2013
#1 CONDENSATE & F.W. CONDENSATE COND EXTRACTION Replace as required per current inspection and

1296 6690 6709 8799 7049 0 ! SYSTEM EXTRACTION SYSTEM PUMP SOUTH NIA 89 20 overhaul findings. 2013
#1 CONDENSATE & F.W. | CONDENSATE & F.W. LOW PRESSURE . .

1296 6690 6709 6711 0 0 1 SYSTEM SYSTEM FEEDWATER SYS N/A 92 26 No capital required.
#1 CONDENSATE & F.W. | CONDENSATE & F.W.| LOW PRESSURE FW . .

1296 6690 6709 6711 7056 0 1 SYSTEM SYSTEM RESERVE N/A 93 26 No capital required.
#1 CONDENSATE & F.W.| #1 CONDENSATE & LOW PRESSURE . .

1296 6690 6709 6711 7059 0 1 SYSTEM FW. SYSTEM HEATER 1 N/A 94 24 No capital required.
#1 CONDENSATE & F.W.| #1 CONDENSATE & LOW PRESSURE . .

1296 6690 6709 6711 7066 0 1 SYSTEM FW. SYSTEM HEATER 2 N/A 95 24 No capital required.
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8.25 Asset 271316 — Unit 1 Condenser

(Detailed Technical Assessment in Working Papers, Appendix 22)
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Unit #: 1

Asset Class # BU 1296 - Assets Generations
SCI & System: 6691 #1 Turbine & Generator
Sub-Systems: 6739 # 1 Turbine & Condenser

271316 #1 Condenser

Components:

6895 #2 Condenser Air Extraction

8.2.5.1 Description

The Unit 1 condenser is shell and tube type heat exchanger with two passes. There are two tube bundles
in a single shell. The inlet and the outlet waterboxes are divided. Each tube bundle has an air removing
zone (ARZ) in the middle of the bundle. There are 2 x 100% liquid ring vacuum pumps to remove the air
and non condensable gases from the condenser shell. The pumps are sized to allow the unit to run at full
vacuum with only one pump operating. Each pump is equipped with a nominally 70 kW, 600 V motor. The
condenser also has a stainless steel metal bellow joint between the condenser shell and the turbine lower

exhaust casing to compensate for turbine and condenser expansion.

The condenser cooling water is a combination of sea water and fresh water. The carbon steel waterbox
material is protected by an epoxy coating and a sacrificial anodic system. The condenser waterboxes are
equipped with a back wash system for cleaning the tubes internally while the unit is in operation. Nylon

brushes are used to clean the tubes prior to the condenser lay-up.

The condenser was designed, fabricated and supplied Foster Wheeler in 1969/70.

8.2.5.2 History

Manufactured/Delivered 1969
In-Service Date Sep 1970
Generation Base Load End Date Dec 2015
Generation Peak/Emerg Gen End Date Dec 2020
Next Major Overhaul/Inspection 2012

The hours associated with the analyses vary from element to element are:

Hours Generation Actual - Ops to Dec 2009 166
Max Hours Generation Ops — to Dec 2015 210
Max Hrs Gen Ops to Gen End Date Dec 2020 219
28 Jan 2011 P164200 Rev 0
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8.2.5.3 Inspection and Repair History

Unit 1 condenser is in good shape for its age. The number of plugged tubes is quite low, and the rate of
increase in plugging has remained steadily low. The condition is monitored, but no aggressive inspection
program is either in place or seems to be required.

A recent tube plug survey completed in 2010 indicated that 5.7% of the condenser tubes are plugged.
The 2001 survey indicated that 5.3% of the tubes were plugged at that time. Based on this result, the in-
service tube degradation rate of 0.4% over 9 years is very slow. This is also supported by the eddy
current testing that was completed in 1998 when 70% of the total condenser tubes were inspected.
Results show that 85% of the tubes tested had a wall loss of less than 25%. This is very close to the tube
nominal wall thickness and the accuracy of the eddy current testing. These results indicate that the tubes
have minimal degradation.

Inspections also confirm that there is no condensate grooving on the tube outside diameter (OD) in the air
removing zone of the tube bundle. With the exception of minor wear, the waterboxes and the condenser
shell are in good condition.

According to station staff, the steel piping at the inlet and outlet between the condenser and the
underground concrete pipes has been replaced but the date was unknown. Some patching is evident on
some units.

Shell & Hotwell: A review of the 2003 and 2008 inspection reports confirm that both the shell and hotwell
are in good condition.

Waterboxes: The 2003 report indicated that the water boxes and the epoxy lining were in good condition.
However, the condition of the water boxes was not mentioned in the 2008 inspection report.

Vacuum Pumps: The two condenser air extraction vacuum pumps and system are original equipment
and approaching their expected end of life. No major issues were identified when achieving the required
condenser back pressure at turbine full load or during unit start up. The pumps and motors are serviced
yearly under the plant PM program. The plant is modifying the existing vent system to enable venting
externally in order to eliminate the exhaust of its moisture into the powerhouse.
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8.2.5.4 Condition Assessment

The condition assessment of the Unit 1 condenser is illustrated below in Table 8-47.

TABLE 8-47 CONDITION ASSESSMENT — UNIT 1 CONDENSER
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Current
Expected Next Planned
Condition Original Life End of Life Capability to -
BU# Asset# | Asset# Asset # Asset# Asset # Unit Asset Level 2 Asset Level 3 Description Detail Summary Append Condition EPRI (Base Load) Minimum (EOL) Next Regular| Overhaul or Reach Next Capability to I",
1 2 3 4 5 6 D# # Identifier Obs H Remaining . Inspection Major Reach EOL Service
ps Hrs (Yrs) Required Overhaul
Life Years Inspection
(Subject to Test)
1296 6690 6691 6733 0 0 1 #1 TURBINE & GENERATOR TURBINE CONDENSER SYSTEM TURBINE CONDENSER SYSTEM N/A 19 22 Good condition. 3a 200000 (40, 10 2020 2011 2012 Yes Yes 1970
1296 6690 6691 6733 6780 0 1 #1 TURBINE & GENERATOR ' TURBINE CONDENSER SYSTEM CONDENSER AIR EXTRACTION N/A 20 22 System in good condition. Extemnal venting needed. 10 150000 (30 5 2020 2011 2012 Yes No 1970
1296 6690 6691 6733 6780 8876 1 #1 TURBINE & GENERATOR ' TURBINE CONDENSER SYSTEM CONDENSER VACUUM PUMP NORTH N/A 21 22 Near end of life. 10 150000 (30 (2) 2020 2011 2012 Yes No 1970
1296 6690 6691 6733 6780 8877 1 #1 TURBINE & GENERATOR ' TURBINE CONDENSER SYSTEM CONDENSER VACUUM PUMP SOUTH N/A 22 22 Near end of life. 10 150000 (30 (2) 2020 2011 2012 Yes No 1970
Condition is very good. 2010 tubes plug survey shows 5.7 % of tubes plugged vs 5.3% in 2001. No condensate grooving on
1296 6690 6691 6733 271316 0 1 #1 TURBINE & GENERATOR TURBINE CONDENSER SYSTEM TURBINE CONDENSER N/A 23 22 the tube OD in the air removing zone. Minor wear and tear of waterboxes and condenser shell. The condenser steel piping at 3a 300000 (50) 20 2020 2011 2012 Yes Yes 1970
inlet and outlet has some patching evident on some units
Notes: 1. A “(bracketed)” value in the “Current Expected Remaining Life” column is a highly probable minimum value that is considered subject to some subsequent verification during further investigation including at the next test or overhaul. It may be addressed as part of a Level 2 test. A value
identified as “(X/Y)” has been included for the steam turbine and generator where the recommended minimum value is the lower of the two, but that the higher may be achievable at a higher level of failure risk and/or unreliability.

2. The “Next Regular Inspection” column identifies a regular inspection (not necessarily an overhaul or detailed Level 2 test) that is currently planned and known to AMEC and which may provide further insight into the equipment life. The “Next Planned Overhaul or Major Inspection” column is
intended to identify known detailed inspections and/or overhauls that will definitively update current remaining life assumptions and which are a “Desired Life” stage for condition assessment purposes. Note that where a detailed inspection/overhaul date is highlighted in yellow then itis a
specific AMEC recommendation and that date is the basis for conclusions on the ability to make the next detailed inspection/overhaul. Where cells are blank, the dates may be either not scheduled or are not known by AMEC.

8.2.5.5 Actions

Based on the condition assessment, the following actions are recommended for the Unit 1 condenser:

TABLE 8-48 RECOMMENDED ACTIONS — UNIT 1 CONDENSER

BL1J # Asszet # Assset # Ass4et # Assset # Unit Asset 2/3 Asset 3/4 Description Detail Ac;on App # Action Year Priority
1296 6690 6691 6733 0 1 #1 TURBINE & GENERATOR TURBINE CONDENSER SYSTEM TURBINE CONDENSER SYSTEM N/A 26 22 Develop a ongoing program of monitoring CW inlet/outlet pipe conditions 2011 2
1296 6690 6691 6733 6780 1 #1 TURBINE & GENERATOR TURBINE CONDENSER SYSTEM CONDENSER AIR EXTRACTION N/A 27 22 Perform Level Il inspections on waterboxes for Unit 2 at a practical time. 2011 2
1296 6690 6691 6733 6780 1 #1 TURBINE & GENERATOR TURBINE CONDENSER SYSTEM CONDENSER VACUUM PUMP NORTH N/A 28 22 Inspect CW Vacuum pump and refurbish or replace motor and pump 2011 3
1296 6690 6691 6733 6780 1 #1 TURBINE & GENERATOR TURBINE CONDENSER SYSTEM CONDENSER VACUUM PUMP SOUTH N/A 29 22 Inspect CW Vacuum pump and refurbish or replace motor and pump 2011 3
1296 6690 6691 6733 271316 1 #1 TURBINE & GENERATOR TURBINE CONDENSER SYSTEM TURBINE CONDENSER N/A 30 22 No action recommended.
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8.2.5.6 Risk Assessment
Table 8-49 below illustrates the risk assessment for the Unit 1 condenser, both from a technological perspective and a safety perspective using the models presented in Section 3.

TABLE 8-49 RISk ASSESSMENT — UNIT 1 CONDENSER

Remaining Life TECHNO-ECO RISK ASSESS |  SAFETY RISK ASSESS
) ) Years MODEL MODEL
BU# Asset# | Asset# | Asset# Asset# | Asset# Unit Asset 2/3 Asset 3/4 Description Component Risk Appendix Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
1 2 3 4 5 6 Assess # # Inspection Required Likeli- Conse- Likeli- Conse- Safety
Risk Level
Within (x) Years) hood quence hood quence Risk
TURBINE
1296 6690 6691 6733 0 0 1 #1 TURBINE & CONDENSER TURBINE CONDENSER N/A 27 See details below. None
GENERATOR SYSTEM
SYSTEM
TURBINE
#1 TURBINE & CONDENSER AIR .
1296 6690 6691 6733 6780 0 1 GENERATOR CONDENSER EXTRACTION N/A 28 See details below. 10 None
SYSTEM
#1 TURBINE & TURBINE CONDENSER VACUUM| Condenser Vacuum
1296 6690 6691 6733 6780 8876 1 CONDENSER 29 22 Mechanical failure/leaks. 2 None 1 A Low 1 A Low |Derate/Eff Decrease while replaced Maintain, refurbish or replace as required.
GENERATOR SYSTEM PUMP NORTH Pumps & System
#1TURBINE &  [[URBINE CONDENSER VACUUM| Condenser Vacuum
1296 6690 6691 6733 6780 8877 1 CONDENSER 30 22 Mechanical failure/leaks. 2 None 1 A Low 1 A Low |Derate/Eff Decrease while replaced Maintain, refurbish or replace as required.
GENERATOR SYSTEM PUMP SOUTH Pumps & System
#1 TURBINE & TURBINE Maji ter leak t d it
1296 6690 6691 6733 271316 0 1 CONDENSER TURBINE CONDENSER Condenser 31 22 Corrosion, erosion. 20 None 2 B Low 2 A Low [ |ialorseawaterleak to condenser- unit |\ oot and repair, Track history.
GENERATOR SYSTEM shutdown.. Water cleanup
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8.2.5.7 Life Cycle Curve and Remaining Life

The life cycle curve for the Unit 1 condenser is illustrated below. Only one curve is used as the major elements of the condenser are of the same age and condition. The life curve is a plot of current and projected operating hours (generation
mode only) on the y-axis versus calendar year on the x-axis. The figure has several vertical lines representing differing representative nominal age limits for various components. It also has several horizontal lines that represent a range of
practical equipment equivalent base loaded operating hour life limits. The risk area boxes provide an indication of the timing of potential issues either from an age or equivalent operating hours view.
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FIGURE 8-18 LIFE CyCLE CURVE — UNIT 1 CONDENSER

The curves indicate that the remaining life (RL) of the Unit 1 condenser can easily reach the desired life (DL) 2020 end date for generation. The exception to this, as illustrated by the risk boxes, is the vacuum pumps. These are original
equipment, and likely at or near end of life.
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8.2.5.8

Level 2 Inspections — Unit 1 Condenser
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Given the condition historical data reviewed, the required Level 2 analyses are provided in Table 8-50 below, assuming that the current plant inspection and maintenance program is maintained or improved.

TABLE 8-50 LEVEL 2 INSPECTIONS — UNIT 1 CONDENSER

BL; # ASS? # Ass;t # Ass;et # ASS:t # Assgt # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work Year Priority CIS;I
1296 6690 6691 6733 0 0 #1 TURBINE & GENERATOR TURBINE CONDENSER TURBINE CONDENSER SYSTEM None 14 2 NDE- spot check inspection of major inlet and outlet pipes. Continue condensers ongoing mtce 2011 2 4
SYSTEM and inspection.
At next turbine and valve overhaul in 2012:
- Leak test and update of the tubesheet maps for both the waterboxes.
TURBINE CONDENSER - Check the inlet waterboxes for tubes with water erosion at the tube inlets. Where required,
1296 6690 6691 6733 0 0 #1 TURBINE & GENERATOR SYSTEM TURBINE CONDENSER SYSTEM None 15 22 install 10” plastic inserts into the tubes to protect them 2011 2 $0
- Inspect condenser hotwell internal piping and supports for steam and water erosion.
Investigate and repair as necessary
- Inspect hotwell drip drains for eroded or missing baffle plates. Replace if eroded or missing
1296 6690 6691 6733 6780 0 #1 TURBINE & GENERATOR TURBINéEYCS?_EI'\DAENSER CONDENSER AIR EXTRACTION None 16 22 No Level 2 required.
1296 6690 6691 6733 6780 8876 #1 TURBINE & GENERATOR TURBINEYCS?’;aENSER CONDENSE’\TO\;ATE'UUM PUMP None 17 22 No Level 2 required.
1296 6690 6691 6733 6780 8877 #1 TURBINE & GENERATOR TURBIN;EY%?_E’\DAENSER CONDENSEgo\(J/:.EUUM PUMP None 18 22 No Level 2 required.
1296 6690 6691 6733 271316 0 #1 TURBINE & GENERATOR TURBINgYCS?I_E,\DAENSER TURBINE CONDENSER None 19 22 No Level 2 required.
8.2.5.9 Capital Projects
Table 8-51 below shows the suggested typical capital enhancements that should be considered for the Unit 1 condenser:
TABLE 8-51 SUGGESTED TYPICAL CAPITAL ENHANCEMENTS — UNIT 1 CONDENSER
BU# |Asset#| Asset# Asset # Asset # Asset # . L . . . -
1 5 3 4 5 6 Unit Asset 2/3 Asset 3/4 Description Detail CAP# | Appendix # Capital Item Date |Priority
TURBINE
1296 6690 6691 6733 0 0 1 #1 TURBINE & CONDENSER TURBINE CONDENSER N/A 14 22 See details below.
GENERATOR SYSTEM
SYSTEM
#1 TURBINE & TURBINE CONDENSER AIR Procure spare vacuum pump and motor for Units 1 & 2
1296 6690 6691 6733 6780 0 1 GENERATOR CONDENSER EXTRACTION N/A 15 22 (and 3 as practical). 2012 2
SYSTEM
#1 TURBINE & TURBINE CONDENSER VACUUM Refurbish/Replace vacuum pumps and motors as
1296 6690 6691 6733 6780 8876 1 CONDENSER N/A 16 22 . P pump 2012 2
GENERATOR PUMP NORTH required.
SYSTEM
#1 TURBINE & TURBINE CONDENSER VACUUM Refurbish/Replace vacuum pumps and motors as
1296 6690 6691 6733 6780 8877 1 CONDENSER N/A 17 22 . P pump 2012 2
GENERATOR PUMP SOUTH required.
SYSTEM
#1 TURBINE & TURBINE . .
1296 6690 6691 6733 271316 0 1 CONDENSER TURBINE CONDENSER N/A 18 22 No capital required.
GENERATOR
SYSTEM
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Asset 8777 — Unit 1 FD Fans (and System)

(Detailed Technical Assessment in Working Papers, Appendix 19)

Unit #: 1
Asset Class # BU 1296 - Assets Generations
SCI & System: 6699 #1 Boiler Plant

Sub-Systems:

6703 #1 Boiler Air System

6704 #1 Boiler Gas System

6705 #1 Boiler Fuel Firing System

6987 #1 Bir Heavy Oil System

6990 #1 Boiler Light Oil

Components:

8777 #1 Boiler FD Fan System

6943 #1 Boiler FD Fan East

6944 #1 Boiler FD Fan West

6954 #1 Boiler Steam Air Heater East
6955 #1 Boiler Steam Air Heater West
6914 #1 Boiler Main Air Heater East
6915 #1 Boiler Main Air Heater West

6917 #1 Boiler Gas Passes

6920 #1 Boiler Sootblowing System
6933 #1 Retractable Sootblowers
6934 #1 Rotary Sootblowers

8789 #1 Air Heater Sootblowers

6988 #1 Boiler Heavy Oil Pump East

6994 #1 Boiler Heavy Oil Pump West

6995 #1 Boiler Heavy Oil Pump steam, valves and pipe
6998 #1 Boiler Heavy Qil Firing

6999 #1 Boiler Light Oil Pump West

8976 #1 Boiler Light Oil Pump East

8977 #1 Boiler Light Oil Pump West

6979 #1 Boiler Air Supply Seal Air
6982 #1 Boiler Scanner Air System
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8.2.6.1 Description

The Unit 1 Combustion Engineering (CE) boiler has two 50% duty 4KV AC constant speed motor driven
Howden Forced Draft Fans (East/West) which supply the combustion air for both the heavy #6 residual oil
and the lighter #2 ignition oil. These fans are centrifugal in design and draw air from the top of the boiler
house through ducts specifically connected to each fan inlet.

The air flow required for combustion is regulated by the use of variable inlet vanes which allow the
required amount of air into the boiler furnace to ensure that the fuel oil is completely burned. The FD fan
inlet vanes are controlled automatically either by the plant DCS system or manually by the operator if
required.

In addition, each FD fan has set of steam coil air heaters and a rotating Ljungstrom air heater to heat the
air used in the combustion process. The combustion air is heated prior to being admitted to the furnace
windbox in order to improve fuel firing and also to reduce back end corrosion. Before using the steam coil
air heater to heat the combustion air, at least one boiler in the plant must be generating sufficient steam
for this function.

8.2.6.2 History

Manufactured/Delivered 1969

In-Service Date Sep 1970
Generation Base Load End Date Dec 2015
Generation Peak/Emerg Gen End Date Dec 2020

The hours associated with the analyses are:

Hours Generation Actual - Ops to Dec 2009 166
Max Hours Generation Ops — to Dec 2015 210
Max Hrs Gen Ops to Gen End Date Dec 2020 219
Max Hours Ops — 1986 to Dec 2009 121
Max Hrs - 1986 to Dec 2015 165
Max Hrs — 1986 to Gen End Date Dec 2020 174

8.2.6.3 Inspection and Repair History

The FD fans, Ljungstrom air heaters, and steam coil air heaters were installed when the unit was
constructed in the late 1960’s. They are checked annually as part of the boiler inspection program.
Generally, all are in reasonable condition considering their age. Issues such as fan component cracking
and air heater corrosion are addressed as required. The steam coil air heater was upgraded in 1990 to
include a second row of steam coils.

On March 3%, 2007, the West FD fan self destructed during operation. As a result of the failure, the
components that required refurbishment included the fan rotating element, the fan casing, the variable
inlet vanes (VIV), and bearing support pedestals. As well, new bearings, sole plates, and alignment
shims were installed. The root cause of the forced outage was a vibration related dorsal fin failure. The
dorsal fins were re-designed so that they would not be susceptible to a vibration induced failure. During
the 2007 outage, the Unit 1 East FD fan dorsal fins were also modified to reflect changes that Howden
(the fan OEM) had recommended to the dorsal fin arrangement on the West FD fan. The flow induced
vibration still exists on the Unit 1 FD fan system. A change to the ductwork geometry has been identified
as being required to reduce or eliminate the turbulence causing the flow induced vibration.
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The last outage report completed in 2009 indicates that detailed inspections of this equipment were
carried out with minor repairs made to cracks in the ductwork, seals replaced in the Ljungstrom air
heaters, some gap discrepancies rectified and an observation that some fins on the steam coil air heater
had bent during operation.

The continued use of the much lower sulphur residual fuel oil (0.7% Sulphur) may reduce the corrosion
levels noted, especially in the air heaters, and may reduce the maintenance requirements performed by
Alstom, depending on a series of operating parameters. The steam coils are pressure tested every year,
although no data sheets were reviewed and the inspection dates were not marked on the tubes as had
been done previously.

The unit has experienced significant forced draft system vibration, as a consequence of the original
ductwork design. Flow induced turbulence in ductwork causing vibration has the potential to result in
significant damage to forced draft fans and in cracks in the ductwork. The plant has plans to modify the
ductwork system in an effort to reduce vibration levels caused by air flow turbulence and also to improve
overall noise and efficiency. These changes are strongly supported.

Asset 6704 Boilers Flue Gas System, Sootblowers

The Unit 1 back end flue gas ductwork is original and was installed in 1969. During yearly plant outages,
the accessible ductwork has been inspected by Alstom. Reports obtained from the plant indicate that due
diligence has been carried out to ensure the structural integrity of the ductwork is maintained and any
repairs were completed at the time of inspection. Structural supports were inspected and all have been
identified to be in good condition and will last for the foreseeable future.

With regards to the sootblowing system, minor maintenance is carried out during normal operation. Any
major work requires a unit shutdown. Boiler fouling and opacity excursions were observed and changes
were implemented to improve the sootblowing sequences. With the use of a lower sulphur fuel oil, the
implementation of an Intelligent Sootblowing Control system should be considered so that sootblowing is
only carried out when needed.

Asset 6705 Fuel Oil Firing

Reports at plant regarding the condition of the light and heavy oil systems were not available. However,
they appear to have been properly maintained. Although these two systems are critical to unit operation,
replacement parts or systems will typically be available for the life of a plant and therefore not considered
to be life limiting.

Asset 6789 Boiler Air Supply Seal Air and Scanner Air

These two auxiliary systems are totally external to the main boiler and have limited control circuitry to
ensure they operate correctly. Any piping or hose leaks can be repaired at minimum costs as long as
proper maintenance activity is carried out. Replacement of flame scanner heads is the single most costly
expenditure if the system fails. Both of these systems appear to be well maintained as noted during
AMEC'’s inspection.
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8.2.6.4 Condition Assessment
The condition assessment of the Unit 1 FD fans and system is illustrated below in Table 8-52.

TABLE 8-52 CONDITION ASSESSMENT — UNIT 1 FD FANS (AND SYSTEM)

Current
. . . Expected . Next Planned e
BU # Asset # | Asset # Asset # Asset # Asset # . . . Condition Append . EPRI Original Life Minimum End of Life Next Regular| Overhaul or Capability to Capability to In
Unit Asset Level 2 Asset Level 3 Description Detail Summary Condition . (Base Load) - (EOL) Reach Next .
1 2 3 4 5 6 # Identifier Remaining . Inspection Major Reach EOL | Service
ID # Ops Hrs (Yrs) Required . Overhaul
Life Years Inspection
(Subject to Test)

1296 | 6690 | 6699 6703 0 0 T #1 BOILER PLANT BOILER AR SYSTEM BOILER AR SYSTEM NIA 72 19, 30 _[Inspected yearly and repairs completed. 3a 200000 (40 10 2020 2011 Yes Yes 1970
1296 | 6690 | 6699 6703 6879 0 1 #1 BOILER PLANT BOILER AR SYSTEM BOILER AR SUPPLY (A/H TO NA 73 19,30 _|[inspected yearly and repairs completed. 3a 200000 (40 10 2020 2011 Yes Yes 1970
1296 | 6690 | 6699 6703 6879 6979 1 #1 BOILER PLANT BOILER AR SYSTEM BOILER SEAL AR FAN NIA 74 19,30 _|[inspected yearly and repairs completed. 3a 200000 (30 10 2020 2011 Yes Yes 1970
1296 | 6690 | 6699 6703 6879 6982 1 #1 BOILER PLANT BOILER AR SYSTEM BOILER SCANNER AR SYSTEM N/A 75 19, 30 _[Inspected yearly and repairs completed. 3a 200000 (30 10 2020 2011 Yes Yes 1970
1296 | 6690 | 6699 6703 6880 0 1 #1 BOILER PLANT BOILER AR SYSTEM BOILER WINDBOX N/A 76 19, 30 _|[Inspected yearly and repairs completed. 3a 200000 (40 10 2020 2011 Yes Yes 1970
1296 | 6690 | 6699 6703 8777 0 1 #1 BOILER PLANT BOILER AR SYSTEM BOILER F.D. FAN SYSTEM N/A 77 19, 30 _|[Inspected yearly and repairs completed. 3a 200000 (40 10 2020 2011 Yes Yes 1970
1296 | 6690 | 6699 6703 8777 6943 1 #1 BOILER PLANT BOILER AR SYSTEM BOILER F.D. FAN EAST N/A 78 19, 30 _|Inspected yearly_and repairs completed as required. Modified dorsal fin arangement. 3a 200000 (40 10 2020 2011 Yes Yes 1970
1206 | 6690 | 6699 6703 8777 6944 1 |#1BOLER PLANT BOILER AIR SYSTEM BOILER F.D. FAN WEST NIA 79 19,30 |//est fanrotating element, the fan casing, a new dorsal fin amrangement on the air inlet duct, the VIV west ring along with new| 5, 200000 (40) 20 2020 2011 Yes Yes 2007

bearings, a new FD fan motor, new sole plates and shims replaced in 2007. Inspected yearly and repairs completed.
1206 | 6690 | 6699 6703 8777 6943 1 |#1BOILER PLANT BOILER AIR SYSTEM BOILER F.D. FAN EAST Motor 80 25  |mspected yearly and repairs completed as required. - Flow induced turbulence in ductwork causing vibration with potential for| 5, (30) ®) 2020 2011 Yes No 1988

damage to FD fans and cracks in ductwork.
1296 6690 6699 6703 8777 6944 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER F.D. FAN WEST Motor 81 25 |Anew FD fan molor, new sole plates and shims replaced in 2007. Inspected yearty and repairs completed. Flow induced 3a (30) 20 2020 2011 Yes Yes 2007

turbulence in ductwork causing vibration with potential for damage to FD fans and cracks in ductwork.
1296 6690 6699 6703 8783 0 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER STEAM AIR HEATER N/A 82 19, 30 rnigg;: farge number of the fins were bent possibly creating a higher FD fan differential pressure across these coils - status 3a 200000 (30) 10 2020 2011 Yes Yes 1990
129 | 6690 | 6699 6703 8783 6954 1 |#1BOILER PLANT BOILER AIR SYSTEM #1BOILER STEAM AIR HEATER EAST NIA 83 19, 30 :‘niggg: farge number of the fins were bent possibly creating a higher FD fan  differential pressure across these colls - status| 5, 200000 (30) 10 2020 2011 Yes Yes 1990
1296 | 6690 | 6699 6703 8783 6955 1 |#1BOILER PLANT BOILER AIR SYSTEM #1BOILER STEAM AIR HEATER WEST NA 84 19, 30 :‘niggg: farge number of the fins were bent possibly creating a higher FD fan  differential pressure across these colls - status| 5, 200000 (30) 10 2020 2011 Yes Yes 1990
1296 | 6690 | 6699 6703 8784 0 [ #1 BOILER PLANT BOILER AR SYSTEM BOILER MAIN AR HEATER N/A 85 19, 30 _|[inspected yearly_and repairs completed as required. 3a 200000 (30) 10 2020 2011 Yes Yes 1970
1296 | 6690 | 6699 6703 8784 6914 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER MAIN AIR HEATER EAST NIA 86 19,30 |inspected yearly and repairs completed as required. 3a 200000 (30) 10 2020 2011 Yes Yes 1970
1296 6690 6699 6703 8784 6915 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER MAIN AIR HEATER WEST N/A 87 19, 30 |Inspected yearly and repairs completed as required. 3a 200000 (30) 10 2020 2011 Yes Yes 1970
1296 6690 6699 6704 0 0 1 #1 BOILER PLANT BOILER GAS SYSTEM BOILER GAS SYSTEM N/A 88 19, 30 [Inspected yearly and repairs completed. 3a 200000 (40! 10 2020 2011 Yes Yes 1970
1296 | 6690 | 6699 6704 6920 0 1 #1 BOILER PLANT BOILER GAS SYSTEM BOILER SOOTBLOWING SYSTEM /A 89 19 [installed about 1979, with yearly major or minor overhauls. 3a 200000 (30 10 2020 2011 No Yes 1970
1296 | 6690 | 6699 6705 0 0 7 #1 BOILER PLANT BOILER FUEL FIRING SYSTEM BOILER FUEL FIRING SYSTEM NIA 90 19 |Inspected yearly_and repairs completed as required. 3a 200000 (30 10 2020 2011 No Yes 1970
1296 | 6690 | 6699 6705 6990 0 1 #1 BOILER PLANT BOILER FUEL FIRING SYSTEM BOILER LIGHT OIL N/A 135 19 yearly_and repairs completed as required. 3a 200000 (30 10 2020 2011 No Yes 1970
1296 6690 6699 6707 0 0 1 #1 BOILER PLANT BLR AUXSTM & COND SYSTEM BLR AUXSTM & COND SYSTEM N/A 136 Not reviewed in detail - primarily unit heaters from good to poor condition. New source needed after close of generation. 4 200000 (30, (5) 2041 2011 No No 1970
1296 | 6690 | 6699 6700 0 0 1 #1 BOILER PLANT BOILER STRUCTURE BOILER STRUCTURE N/A 137 17 ___|SH3 and SH4 hangers found not bearing any load. 7 200000 (30 30 2041 2011 2011 Yes Yes 1970

Notes: 1. A “(bracketed)” value in the “Current Expected Remaining Life” column is a highly probable minimum value that is considered subject to some subsequent verification during further investigation including at the next test or overhaul. It may be addressed as part of a Level 2 test. A value
identified as “(X/Y)” has been included for the steam turbine and generator where the recommended minimum value is the lower of the two, but that the higher may be achievable at a higher level of failure risk and/or unreliability.

2. The “Next Regular Inspection” column identifies a regular inspection (not necessarily an overhaul or detailed Level 2 test) that is currently planned and known to AMEC and which may provide further insight into the equipment life. The “Next Planned Overhaul or Major Inspection” column is
intended to identify known detailed inspections and/or overhauls that will definitively update current remaining life assumptions and which are a “Desired Life” stage for condition assessment purposes. Note that where a detailed inspection/overhaul date is highlighted in yellow then it is a
specific AMEC recommendation and that date is the basis for conclusions on the ability to make the next detailed inspection/overhaul. Where cells are blank, the dates may be either not scheduled or are not known by AMEC.

3. The ability of the east and west FD fans to meet a 2020 EOL may be affected if the planned duct reconfiguration is not undertaken.
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8.2.6.5

Actions

Based on the condition assessment, the following actions are recommended for the Unit 1 FD fans (and system):

TABLE 8-53 RECOMMENDED ACTIONS — UNIT 1 FD FANS (AND SYSTEM)
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BL: # Asszet # Assset # Ass4et # Ass5et # Unit Asset 2/3 Asset 3/4 Description Detail Act;#on App # Action Year Priority
Continue routine inspection, maintenance and overhaul - evaluating air heater hot end

1296 | 6690 | 6699 6703 0 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER AIR SYSTEM N/A 9% 19,30 [Paskets; connecting installed FD fans vibration probes to online monitoring system; 2010 1
refurbish and use the furnace exit thermoprobe during start-up activities to avoid distortion
and overheating of the secondary superheater and reheater sections tubes

1296 6690 6699 6703 6879 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER AIR SUPPLY (A/H TO N/A 97 19,30 [No action recommended. 2010 2

1296 6690 6699 6703 6879 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER SEAL AIR FAN N/A 98 19,30 [No action recommended. 2010 2

1296 6690 6699 6703 6879 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER SCANNER AIR SYSTEM N/A 99 19,30 [No action recommended. 2010 2

1296 6690 6699 6703 6880 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER WINDBOX N/A 100 19,30 [No action recommended. 2010 2

1296 | 6690 | 6699 6703 8777 1 #1 BOILER PLANT BOILER AR SYSTEM BOILER F.D. FAN SYSTEM N/A 101 19,30 [Maintain ongoing inspection and maintenance programs. Maintain a spare motor be 2010 2
maintained to senvice all three units, in the event of a failure of an existing unit.

1296 6690 6699 6703 8777 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER F.D. FAN EAST N/A 102 19,30 [No action recommended. 2010 2

1296 6690 6699 6703 8777 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER F.D. FAN WEST N/A 103 19,30 [No action recommended. 2010 2

1296 6690 6699 6703 8783 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER STEAM AIR HEATER N/A 104 19,30 [Continue current inspection and maintenance activities. 2010 2

1296 6690 6699 6703 8783 1 #1 BOILER PLANT BOILER AIR SYSTEM #1BOILER STEAM AIR HEATER EAST N/A 105 19,30 [Continue current inspection and maintenance activities. 2010 2

1296 6690 6699 6703 8783 1 #1 BOILER PLANT BOILER AIR SYSTEM #1BOILER STEAM AIR HEATER WEST N/A 106 19,30 [Continue current inspection and maintenance activities. 2010 2

1296 6690 6699 6703 8784 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER MAIN AIR HEATER N/A 107 19,30 [Continue current inspection and maintenance activities. 2010 2

1296 6690 6699 6703 8784 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER MAIN AIR HEATER EAST N/A 108 19,30 [Continue current inspection and maintenance activities. 2010 2

1296 6690 6699 6703 8784 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER MAIN AIR HEATER WEST N/A 109 19,30 [Continue current inspection and maintenance activities. 2010 2

1206 | 6690 | 6699 6704 6920 1 #1 BOILER PLANT BOILER GAS SYSTEM BOILER SOOTBLOWING SYSTEM N/A 111 19  |Update obsolete controls as appropriate. Evaluate/implement Intelligent Sootblowing 2012 2
(ISB) to reduce sootblowing energy consumption and mechanical damage impacts.

1296 6690 6699 6704 6920 1 #1 BOILER PLANT BOILER GAS SYSTEM BOILER SOOTBLOWING SYSTEM N/A 112 19 Continue yearly inspections and repair work. 2011 2

1296 6690 6699 6705 0 1 #1 BOILER PLANT BOILER FUEL FIRING SYSTEM BOILER FUEL FIRING SYSTEM N/A 113 19 Continue yearly inspections and repair work. 2011 3

1296 6690 6699 6705 6990 1 #1 BOILER PLANT BOILER FUEL FIRING SYSTEM BOILER LIGHT OIL N/A 114 19 Continue yearly inspections and repair work. 2011 3

1296 6690 6699 6707 0 1 #1 BOILER PLANT BLR AUXSTM & COND SYSTEM BLR AUXSTM & COND SYSTEM N/A 115 Refurbish and replace unit heaters as required. 2012 3

1296 6690 6699 6700 0 1 #1 BOILER PLANT BOILER STRUCTURE BOILER STRUCTURE N/A 116 17 Visually inspect difficult to access areas.

1296 | 6690 6699 6700 0 1 #1 BOILER PLANT BOILER STRUCTURE BOILER STRUCTURE N/A 117 30 g")rl‘;r:rig;fi‘:T;;”;gﬁec:'zzpzr:lIg“:;’;fi{‘:”ce program. Evaluate a preventive 2011 2
Evaluate corrosion on the steel structure and hangers in the boilers penthouse areas

1296 | 6690 | 6699 6700 0 1 #1 BOILER PLANT BOILER STRUCTURE BOILER STRUCTURE N/A 118 30 gzlrl'gfrg;:::)";rtg’:zgz:g;:‘:;xz:qg:?sz:;:gzeanfg‘::'zznrze‘t":e"vbf;l’lre":':(ms;the 2011 2
maintenance and inspection activities.

28 Jan 2011 P164200 Rev 0 Page 104



Newfoundland and Labrador Hydro a NALCOR Energy Co.
Holyrood Thermal Generating Station
Condition Assessment & Life Extension Study

8.2.6.6

Risk Assessment

Table 8-54 below illustrates the risk assessment for the Unit 1 FD fans (and system), both from a technological perspective and a safety perspective using the models presented in Section 3.

TABLE 8-54 RISK ASSESSMENT — UNIT 1 FD FANS (AND SYSTEM)
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Remaining Life TECHNO-ECO RISK ASSESS |  SAFETY RISK ASSESS
) ) Years MODEL MODEL
BU# Asset# | Asset# | Asset# Asset# | Asset# Unit Asset 2/3 Asset 3/4 Description Component Risk Appendix Major Issues (Insufficient Info - Remaining Life Comments Possible Failure Event Mitigation
1 2 3 4 5 6 Assess # # Inspection Required Likeli- Conse- Likeli- Conse- Safety
Risk Level ;
Within (x) Years) hood quence hood quence Risk
BOILER AIR .
1296 6690 6699 6703 0 0 1 #1 BOILER PLANT SYSTEM BOILER AIR SYSTEM N/A 93 See details below. None
BOILER AIR BOILER AIR SUPPLY .
1296 6690 6699 6703 6879 0 1 #1 BOILER PLANT SYSTEM (WHTO N/A 94 See details below. None
1296 | 6690 | 6699 6703 6879 6979 1 |#1soLer pLanT [BOLERAR BOILER SEAL AIR FAN | Scanner & Seal Air | 95 19 [Mechanical fatigue, comosion, 10 None 1 A Low 1 A Low |Worstcase - Short duration shutdown for | 4 coection and maintain.
SYSTEM ops error. repair. Safety
1206 6690 6699 6703 6879 6982 1 |#1BoLer PLANT [EOERAR BOLER SCANNERAR | o ner & Seal Air | 96 19 |Mechanical fatigue, corrosion, 10 None 1 A Low 1 A Low |WVorstcase - Short duration shutdown for . o\ i e stion and maintain.
SYSTEM SYSTEM ops error. repair. Safety
1296 | 6690 6699 6703 6880 0 1 |#1BoLER PLANT [BOLERAR BOILER WINDBOX N/A 97 Not Addressed. Mechanical 10 None
SYSTEM collapse.
BOILER AIR [BOILER F.D. FAN .
1296 6690 6699 6703 8777 0 1 #1 BOILER PLANT SYSTEM SYSTEM 98 See details below. None
. . . N . .
1296 6690 6699 6703 8777 6943 1 |#1BoILER PLANT |BOLERAIR BOILERF.D. FAN Unit #1 LP FD Fan 99 19 Mechanical fatigue, corrosion, 10 None 1 B Low 1 B Low |Derate by 50% for short period. Consider | o+ inspection and maintain.
SYSTEM EAST ops error. spare motor
- N - o - -
1206 | 6690 | 6699 6703 8777 6044 1 |#1BoLER PLANT [BOLERAR BOILER F.D. FAN Unit#1 LP FDFan | 100 19 |Mechanical fatigue, corrosion, 10 None 1 B Low 1 B Low |Derate by 50% for short period. Consider ¢\t inspection and maintain.
SYSTEM WEST ops error. spare motor
1296 6690 6699 6703 8777 6943 1 #1 BOILER PLANT BOLER AR BOILER F.D. FAN 4 kV Forced Draft Fan 101 25 Elgctrlcal fault, mechanical 5+ None 1 C Low 1 B Low |Loss 60% of 1 unit generation + damages |Spare and current inspection and maintain.
SYSTEM EAST Motor fatigue, ops error.
1206 | 6690 | 6699 6703 8777 6044 1 |#1BoLER PLANT [BOLERAR BOILER F.D. FAN 5kV Forced Draft Fan| 4, 25  |Flectrical fault, mechanical 5¢ None 1 c Low 1 B Low |Loss 60% of 1 unit generation + damages |Spare and Current Inspection and maintain.
SYSTEM WEST Motor fatigue, ops error.
BOILER AIR BOILER STEAM AIR .
1296 6690 6699 6703 8783 0 1 #1 BOILER PLANT SYSTEM HEATER N/A 103 See details below. None
BOILER AIR #1BOILER STEAM AIR Unit #1 Steam Corrosion, erosion, mech Short term shutdown for repairs, derated or . . o
1296 6690 6699 6703 8783 6954 1 #1 BOILER PLANT SYSTEM HEATER EAST Preheat Coils 104 19 distortion. 10 None 1 A Low 1 B Low run at increased impact Current inspection and maintain.
BOILER AIR #1BOILER STEAM AIR Unit #1 Steam Corrosion, Erosion, Mech Short term shutdown for repairs, derated or . . -
1296 6690 6699 6703 8783 6955 1 #1 BOILER PLANT SYSTEM HEATER WEST Preheat Coils 105 19 distortion 10 None 1 A Low 1 B Low run at increased impact Current inspection and maintain.
1296 6690 6699 6703 8784 0 1 #1 BOILER PLANT BOLER AR BOILER MAIN AIR APH Ductwt?rk - Gas 106 19 Corrosion, erosion thinning. 10 None 2 A Low 1 B Short duration shutdown for repair/patch Current inspection and maintain.
SYSTEM HEATER & Air
BOILER AIR BOILER MAIN AIR . . . o . . . N
1296 6690 6699 6703 8784 6914 1 #1 BOILER PLANT SYSTEM HEATER EAST Unit #1 APH 107 19 Corrosion, mech failure. 10 None 1 A Low 1 B Low |50% shutdown for mtce and repairs Current inspection and maintain.
BOILER AIR BOILER MAIN AIR : ) ) o ) . ) -
1296 6690 6699 6703 8784 6915 1 #1 BOILER PLANT SYSTEM HEATER WEST Unit #1 APH 108 19 Corrosion, mech failure. 10 None 1 B Low 1 A Low |50% shutdown for mtce and repairs Current inspection and maintain.
BOILER GAS .
1296 6690 6699 6704 0 0 1 #1 BOILER PLANT SYSTEM BOILER GAS SYSTEM N/A 109 See details below. None
BOILER GAS BOILER
1296 6690 6699 6704 6920 0 1 #1 BOILER PLANT SYSTEM SOOTBLOWING N/A 110 Mechanical failure. 10 None 2 B Low 2 B Low |Steam leak. Tube erosion Current inspection and maintain.
SYSTEM
BOILER FUEL BOILER FUEL FIRING Mechanical fatigue, corrosion, " . . . —
1296 6690 6699 6705 0 0 1 #1 BOILER PLANT FIRING SYSTEM |SYSTEM Fuel Feed System 11 19 ops ermor. 10 None 1 A Low 1 C Medium |Derate for short period. Safety Current inspection and maintain.
1296 6690 6699 6705 6990 0 1 #1 BOILER PLANT EIIOQIIII_\IEGRSF\}JSE'II'_EM BOILER LIGHT OIL N/A 112 Mechanical failure, leak. 10 None 3 A Low 3 B Medium |Qil spill (hot) Current inspection and maintain.
BLRAUXSTM & |BLR AUXSTM & COND . . . . . -
1296 6690 6699 6707 0 0 1 #1 BOILER PLANT COND SYSTEM |;YSTEM N/A 113 Mechanical failure. (5) None 3 A Low 3 B Medium |Steam leak Current inspection and maintain.
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8.2.6.7

Life Cycle Curve and Remaining Life
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The life cycle curve for the Unit 1 FD fans (and system) is illustrated below. Several curves are required to represent the various elements given their different in-service dates and operation history. The life curves are plots of current and
projected operating hours (generation mode only) on the y-axis versus calendar year on the x-axis. The figure has several vertical lines representing differing representative nominal age limits for various components. It also has several

horizontal lines that represent a range of practical equipment equivalent base loaded operating hour life limits. The risk area boxes provide an indication of the timing of potential issues either from an age or equivalent operating hours view.
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FIGURE 8-19 LIFE CYCLE CURVE — UNIT 1 FD FANS (AND SYSTEM)

The curves indicate that the remaining life (RL) of the Unit 1 FD fans (and system) is expected to meet or exceed the desired life (DL) 2020 end date for generation. The age of the large 4 kV motors makes them a logical cost-effective candidate

for sparing to ensure reliability, although plant testing/monitoring programs are effectively monitoring their status.
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8.2.6.8

Level 2 Inspections — Unit 1 FD Fans (and System)

Given the condition historical data reviewed, the required Level 2 analyses are provided in Table 8-55 below, assuming that the current plant inspection and maintenance program is maintained or improved.

TABLE 8-55 LEVEL 2 INSPECTIONS — UNIT 1 FD FANS (AND SYSTEM)
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BL:: # Ass:t # ASS;‘ # Assjt # Ass:t # Assgt # Unit Asset 2/3 Asset 3/4 Description Sub System Comment L2# Appendix # Level 2 Work Year Priority CE;t
1296 6690 6699 6703 0 0 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER AIR SYSTEM 77 19 Level 2 inspections or testing of duct thickness. 2011 3 $0
1296 6690 6699 6703 6879 0 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER AIR SUPPLY (A/H TO None 78 19 No Level 2 inspections or testing is required.
1296 6690 6699 6703 6879 6979 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER SEAL AIR FAN None 79 19 No Level 2 inspections or testing is required.
1296 6690 6699 6703 6879 6982 1 #1 BOILER PLANT BOILER AIR SYSTEM  [BOILER SCANNER AIR SYSTEM None 80 19 No Level 2 inspections or testing is required.
1296 6690 6699 6703 6880 0 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER WINDBOX None 81 19 No Level 2 inspections or testing is required.
1296 6690 6699 6703 8777 0 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER F.D. FAN SYSTEM None 82 19 No Level 2 inspections or testing is required.
No Lewel 2 inspections or testing is required on fan or 4 kV Motors, provided the current
1296 6690 6699 6703 8777 6943 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER F.D. FAN EAST None 83 19 inspection and maintenance program is maintained. Assumes FD turbulence upgrades
undertaken.
No Level 2 inspections or testing is required on fan or 4 kV Motors, provided the current
1296 6690 6699 6703 8777 6944 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER F.D. FAN WEST None 84 19 inspection and maintenance program is maintained. Assumes FD turbulence upgrades
undertaken.
1296 6690 6699 6703 8783 0 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER STEAM AIR HEATER None 85 19 No Level 2 inspections or testing is required.
1296 6690 6699 6703 8783 6954 1 #1 BOILER PLANT BOILER AIR SYSTEM #IBOILER STEAA'SMTAIR HEATER None 86 19 No Level 2 inspections or testing is required.
1296 6690 6699 6703 8783 6955 1 #1 BOILER PLANT BOILER AIR SYSTEM #IBOILER S.(ZéngAIR HEATER None 87 19 No Lewel 2 inspections or testing is required.
1296 6690 6699 6703 8784 0 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER MAIN AIR HEATER None 88 19 No Level 2 inspections or testing is required.
1296 6690 6699 6703 8784 6914 1 #1 BOILER PLANT BOILER AIR SYSTEM BOILER MAEIKSA.;R HEATER None 89 19 