1.Hydraulic Generation Refurbishment and Modernization (2019-2020)
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Hydraulic Generation Refurbishment and Modernization

Summary
Newfoundland and Labrador Hydro (Hydro) aims to replace or refurbish failing or failed
hydraulic generation assets to ensure the delivery of safe, reliable, least-cost electricity in an

environmentally responsible manner.

Starting in 2017 and continuing in 2018 with the 2019 Capital Budget Application, Hydro has
consolidated much of its hydraulic generation capital work into one Hydraulic Generation
Refurbishment and Modernization Project. Hydro’s philosophies for the assessment of
equipment and the selection of capital work for the Hydraulic Generation Refurbishment and
Modernization Project are outlined in the “Hydraulic Generation Asset Management Overview”
(please see 2019 Capital Budget Application, Volume II, Tab 1)." In the 2019 Capital Budget
Application (CBA), Hydro proposes the following program-based activities under the Hydraulic

Generation Refurbishment and Modernization Project:
Hydraulic Generating Units Program
Turbine and Generator Six-Year Overhauls;

Turbine Major Refurbishment;

1.
2.
3. Upgrade Units 1-6 Generator Bearing Cover Seals;
4. Refurbish Generator Rotor; and

5.

Replace/Improve Unit Metering, Monitoring, Protection, and Control Assets.

Hydraulic Structures Program

1. Refurbish Hydraulic Structure.

Reservoirs Program

1. Upgrade Public Safety Around Dams.

! Originally submitted as part of the 2018 Capital Budget Application.
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Hydraulic Generation Refurbishment and Modernization

Site Buildings and Services Program

1. Refurbish Draft Tube Deck (Phase 1)

Common Auxiliary Equipment Program
1. Replace cooling water pump and strainer;
2. replace drainage pump; and

3. refurbish sump level system.

Six activities are scheduled for a one-year execution period and five activities are scheduled for
two-year execution periods. The estimated project cost for all activities in 2019 and 2020 for
the proposed 2019 Hydraulic Generation Refurbishment and Modernization Project is

$15,838,900°.

?$9,093,700 in 2019 and $6,745,200 in 2020.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page ii



Hydraulic Generation Refurbishment and Modernization

Table of Contents

UMY ettt ettt ettt ettt e e et ettt e e e et e e e e e e e et e e e e e et e e et e e e e e e e e e e e eeeeeeaees i
Hydraulic Generating Units Program ...........uvviieiiiiiciiiiiiiee et e e e e e e e e e i
Hydraulic StrUCTUIES PrOgram ... ..cii i iiee ettt ettt e e s s sire e e s ssabae e e e saaeeeesnaaees i
RESEIVOIIS PrOSIam ... e et sssssssssssssnsnsnsnnnsnnes i
Site Buildings and Services Programi.........cci oo cccciiieeiee et e e e e e e evaaeee e e e i
Common Auxiliary EQUIPMENT Program ......occuieiiiiiiiee ettt ssree e e s sene e e s saaeee s ii
Hydraulic Generation Refurbishment and Modernization Program .........cccceccveveiiiieeenns 1

2 2019 Hydraulic Generation Refurbishment and Modernization Projects.........ccccceeeuneee. 1
2.1 Hydraulic Generating Units Program .......ccccceeeeiiiieiiiiiiiiee e e e e sevvene e e e e e e 2

2.1.1 Turbine and Generator Six-Year Overhauls ........cccccoveivviiiiiiiniiie e 2
2.1.2 Turbine Major Refurbishment ... 8
2.1.3 Upgrade Units 1 to 6 Generator Bearing Cover Seals......ccccccvveicrvereeeeeeeeeccnnnen 13
2.1.4 Refurbish GENErator ROTON ......cciccuiiiiiiiiiie ettt e e e e e 17
2.1.5 Replace/Improve Unit Metering, Monitoring, Protection and Control Assets .... 21
2.2 Hydraulic StruCtures Program.......cceceeiieciciiiieeeee e e e eecitrre e e e e e e e cataeree e e s e e e e snnnnreneeeeeas 26
2.2.1 Control Structure Refurbishments........ccccceeveiiiieiiiiiie e 26
2.3 RSB VOIIS e eieieeeeeeeeeeeeeee e s e e e e e e e e s e s e s e s e s e s e se s e ss s e s e se e e s e sesesesesesasasaassssasasasasesssasesssasenanenns 34
2.3.1 Upgrade Public Safety around Dams .........ccuveveeeeeiieiiiiieeee e 34
2.4 Site BUIldings and SEIVICES.......uuiiiiieiee ettt e e e et e e e e e e e e saarreeeeea s 36
2.4.1 Refurbish Draft Tube Deck (Phase 1) ......cccoomieeiiiiiieiicirieeeeee e 37
2.5 Common AuXiliary EQUIPMENT ....veeiiiieiiecccireeeeee ettt e e e e eeeee e 41
2.5.1 Replace Cooling Water Pump and Strainer at Hinks Lake Generating Station..... 41
2.5.2 Replace Drainage Pump at Hinds Lake and Paradise River Generating Stations . 45
2.5.3 Refurbish Sump System at Bay d’Espoir Powerhouse 1.........cccocevvvveeeeeeeenicnnnnen. 49

3 SUNMIMIAIY citttiiiiie ettt e e e et ettt e s e e e e e et eata e s e eeeeteastsaa e seeeesaassssaasseeeeseesssanasssseeeeeenessnnns 54

R N o o [Tl = 1 1) SO UTTRT 54

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page iii



O 00 N o u A~ W N

T o e e
o UL A W N KL O

17

18
19
20
21
22
23
24
25
26
27
28
29

Hydraulic Generation Refurbishment and Modernization

1 Hydraulic Generation Refurbishment and Modernization Program
Hydro has 10 hydraulic electric generating stations. There are over 3,000 assets involved in the
functioning of these stations. To aid asset management, the assets have been categorized
based on the asset hierarchy. This grouping of the assets makes up the individual programs
within this proposal. The assets have been grouped into the following categories:

e Hydraulic Generating Units;

e Hydraulic Structures;

e Reservoirs;

e Site Buildings and Services; and

e Common Auxiliary Equipment.

Hydro executes a robust capital program to ensure the generation of safe, reliable, least-cost
electricity in an environmentally responsible manner. Hydro’s capital program sees the
replacement and refurbishment of equipment based on Hydro’s long-term asset management

strategy.

2 2019 Hydraulic Generation Refurbishment and Modernization Projects

With the 2019 Capital Budget Application, Hydro also submits a document titled “Hydraulic
Generation Asset Management Overview”, Version 2 (the Overview), which outlines Hydro’s
asset management programs as they relate to Hydraulic Generation equipment. The assets
designated for replacement, refurbishment, or modernization herein have been selected by
Hydro’s Asset Management staff, to align with Hydro’s commitment to the delivery of safe,
reliable, least-cost electricity in an environmentally responsible manner. The philosophies for
assessment and selection of these projects are found in Appendix C and D of the Overview.
With this combined approach, for ease of presentation, Hydraulic Generation infrastructure has
been divided into five programs. Asset management philosophies relating to each program are
detailed in Section 4 of the Overview.

The programs include:

e Hydraulic Generating Units (Section 2.1);

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 1
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Hydraulic Generation Refurbishment and Modernization

e Hydraulic Structures (Section 2.2);
e Reservoirs (Section 2.3);
e Site Buildings and Services (Section 2.4); and

e Common Auxiliary Equipment (Section 2.5).

2.1 Hydraulic Generating Units Program
The following equipment upgrades and/or refurbishments for Hydraulic Generating Units are
proposed for 2019/2020:

e Turbine and generator six-year overhauls;

e turbine major refurbishment;

e upgrade Units 1 to 6 generator bearing cover seals;

e refurbish generator rotor; and

e replace/improve unit metering, monitoring, protection, and control assets.

2.1.1 Turbine and Generator Six-Year Overhauls

Description of Equipment

The turbine and generator are the two major components that comprise a hydroelectric
generating unit. Water is used to rotate the turbine, which is connected to the generator to
convert the mechanical energy into electricity. For further information on the equipment, refer

to Appendix A in the “Hydraulic Generation Asset Management Overview”.

The Granite Canal unit is a 40.0 MW Kaplan Hydraulic Generating Unit commissioned in August
2003. Bay d’Espoir Unit 1 is a 76.5 MW Francis Hydraulic Generating Unit that was

commissioned in June 1967.

A preventive maintenance (PM) 9, Six-Year Overhaul, is performed on the units with more
detailed inspections than those in a PM 6 Annual Inspection. The PM 9 inspections incorporate
the PM 6 items with additional recommendations from the Original Equipment Manufacturer

(OEM) to ensure the long-term reliability of the unit. Inspection of all major components

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 2
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(testing and/or repairs as may be required) on a six-year frequency will help avoid forced
outages, forced deratings and unplanned maintenance outages. For further information on
preventive maintenance timing, refer to Appendix C in the “Hydraulic Generation Asset

Management Overview.”

Existing State

Granite Canal and Bay d’Espoir Unit 1 are scheduled for PM 9 overhauls in 2019. Both Units are
currently in an operational condition and available for service except during maintenance or
forced outages. In comparison to annual maintenance inspections (PM6), an overhaul includes
activities that determine the possibility of failure between overhauls and activities to refurbish

the condition of the unit to allow it to continue to operate reliably.

A list of major works or upgrades is listed in Table 1 for the Granite Canal unit and a list of major

works or upgrades for Bay d’Espoir Unit 1 are listed in Table 2.

Table 1: Major Work or Upgrades — Granite Canal Unit

Year Major Work/Overhaul Comments
2008 Right Hand Servo Motor Shaft Replacement
2003 Installed Frazil Ice Monitoring System

Table 2: Major Work and Upgrades — Bay d’Espoir

Year Major Work/Overhaul Comments

2015 Auto Grease System Replaced

2015 Excitation Transformer Replaced

2015 Thrust/Guide Bearing Coolers Replaced
2015 Replaced Thrust Bearing and Spring Bed
2015 Turbine Bearing Replaced

2015 Carbon Seal Replaced

2013 Air Gap Monitoring & Continuous PDA Installed Part of Rewind Project.
2013 Relay Protection Replaced
2013 Generator Rotor Poles Refurbished Part of Rewind Project.

2013 Generator Stator Rewind

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 3
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Year Major Work/Overhaul Comments

2008 Cooling Water Piping Replaced

2002 Unit Dismantled to Repair Primary Seals (Grouting)

2003 Spherical Valve No. 2 controls upgrade to include

automated control

2000 Generator Bearing Cooling coil installation

1999 Replace Generator Bearing oil level system

1999 Unit Removed to Replace Head-cover and Bottom

Ring Bushings

1999 Turbine Bearing Cooling coil installation

1998 Exciter Replacement Existing equipment at end of its
useful life.

1997 Unit Removed Due to the Loss of Thrust Bearing.

Bearing was Replaced.

1996 Runner Replacement, Voith Increased turbine efficiency;
Increased maximum plant
output; Reduced vibration and
power swings caused by draft
tube surges; and Reduced
maintenance downtime caused
by cavitation and corrosion.

1979 Trabon greasing modified to make the wicket gate

intermediate and bottom bushings independent of
the rest of the system; they can now receive
required amount of lubrication without causing
excess grease in the pit.

Justification

This work is required to maintain reliable operation of the Granite Canal and Bay d’Espoir Unit 1

turbine and generator.

Project Description

The project has a planned execution in 2019 and has an estimated cost of $764,200. Refer to

Table 3 and Table 4 for the project estimate breakdown for each location. This project involves

the partial dismantling of the Granite Canal and Bay d’Espoir Unit 1 turbine/generator unit to

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 4
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inspect, test, clean, refurbish, and replace defective components. This work includes the normal

PM 9 testing activities related to but not limited to the following:

Mechanical

Generator breaks;
generator thrust and guide bearing;
surface air coolers;
rotor

governor oil pumps;
distributor valve;
sump and accumulator
turbine guide bearing;
wicket gates;

spiral case door;
servomotors

bottom ring; and

headcover.

Electrical

Exciter field breaker;

exciter components

rotor;

stator;

slip ring and brushes;
generator;

high pressure pump;
permanent magnetic generator;
winding slot wedges;

hypot test;

Newfoundland and Labrador Hydro 2019 Capital Budget Application
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Hydraulic Generation Refurbishment and Modernization

e Qir gap readings;

e main leads;

e neutral leads;

e 0il pump unloader;

e air charging solenoid;

e governor oil pump;

e break solenoid;

e pressure switches;

e oil pressure system;

e speed signal generator;

e neutral grounding cubical;

e ground and surge protection cubicle;
e potential transformer cubical;
e unitisolating disconnect;

e rectifying transformer;

e shear pin circuit;

e unit breaker;

e annunciator alarms;

e temperature meters;

e relays;

e chart recorders;

e turbine and generator panels;
e shaft seal flowmeter; and,

e vibration pickups.

Aside from the testing activities noted above, this overhaul/PM inspection involves cleaning
and inspection of the rotor and stator assembly, electrical testing on the rotor/stator assembly,
calibration and testing of turbine and generator protection devices, verification of bearing and

seal clearances, and a thorough inspection of turbine, draft tube, and penstock.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 6
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Project Estimates

Overhauls for Granite Canal and Bay d’Espoir Unit 1 respectively.

Table 3: Granite Canal - Project Estimate ($000s)

Table 3 and Table 4 show the project estimates for the Turbine and Generator Six-Year

Project Cost 2019 2020 Beyond Total
Material Supply 50.0 0.0 0.0 50.0
Labour 308.3 0.0 0.0 308.3
Consultant 50.0 0.0 0.0 50.0
Contract Work 0.0 0.0 0.0 0.0
Other Direct Costs 38.8 0.0 0.0 38.8
Interest and Escalation 25.7 0.0 0.0 25.7
Contingency 89.4 0.0 0.0 89.4
Total 562.2 0.0 0.0 562.2
Table 4: Bay d’Espoir Unit 1 - Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 34.0 0.0 0.0 34.0
Labour 123.9 0.0 0.0 123.9
Consultant 0.0 0.0 0.0 0.0
Contract Work 0.0 0.0 0.0 0.0
Other Direct Costs 2.6 0.0 0.0 2.6
Interest and Escalation 9.4 0.0 0.0 9.4
Contingency 32.1 0.0 0.0 32.1
Total 202.0 0.0 0.0 202.0

Project Schedule

The anticipated project schedules are shown in Table 5 and Table 6.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 7
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Table 5: Granite Canal - Project Schedule

Activity Start Date End Date

Planning Detail plan for the overhaul outage Feb 2019 May 2019

Procurement Special material requirements Mar 2019 May 2019

Construction Perform the Major Jun 2019 Jun 2019
Inspection/Overhauls

Commissioning  Return Unit to Service Jul 2019 Jul 2019

Closeout Closeout the project Jul 2019 Jul 2019

Table 6: Bay d’Espoir Unit 1 - Project Schedule

Activity Start Date End Date

Planning Detail plan for the overhaul outage Feb 2019 Jun 2019

Procurement Special material requirements Mar 2019 Jun 2019

Construction Perform the Major Jul 2019 Jul 2019
Inspection/Overhauls

Commissioning  Return Unit to Service Aug 2019 Aug 2019

Closeout Closeout the project Aug 2019 Aug 2019

2.1.2 Turbine Major Refurbishment

Description of Equipment

A turbine is a rotary machine that converts kinetic energy and potential energy of water into
mechanical work. Major components of the turbine include a runner, draft tube, guide
bearings, auto-greasing system, turbine shaft and coupling, scroll case, headcover assembly,
and wicket gates and linkages. Together, these components along with the concrete

substructure are necessary for the operation of the hydraulic generating units’ turbine.

Bay d’Espoir Unit 7 is a 154 Megawatt vertical Francis turbine unit, commissioned in 1977. The
runner of a Francis turbine is designed to rotate in the scrollcase. Water passes through the
vanes that are directed in a way that hits the blades of the runner causing it to turn. Seals
(primary) on the top and bottom of the runner prevent water loss and maintain efficiency. The
top seal is mounted in the turbine head cover and inhibits full scroll case pressure being applied

on the turbine shaft main seal. The lower seal is located in the draft tube to prevent water

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 8
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losses entering the discharge of the unit without going through the runner. Both seals have a
clearance (gap) between moving and stationary parts. The clearance has maximum and
minimum tolerances to prevent water loss for machine efficiency and to prevent contact
between the parts that could result in serious damage and a forced outage. For further
information on the equipment, refer to Appendix A in the “Hydraulic Generation Asset

Management Overview.”

Background

One of the tasks in Hydro’s Asset Management Program for hydraulic turbines is the
measurement of the upper and lower primary seal clearances. The seal clearances are designed
to ensure turbine efficiency and hydraulic balance, prevent rubbing due to misalignment and
imbalance, and allow for cooling between the runner and stationary wear rings. The actual
design clearance depends on both the size and speed of the unit. Clearances can change
because the wear rings deteriorate due to cavitation, corrosion, erosion, distortion, or the
runner incurs axial movement due to bearing wear or misalignment. A failure of the turbine due
to contact between the stationary and rotating seals would result in the generating unit being
unavailable for six to eight months depending on the extent of the damage. During preventive
maintenance, measurements, including the seal clearances, are compared against previous
measurements and the design clearances. Depending on the results of the measurements,
Hydro may consult with external turbine experts to determine if intervention is required to
correct seal clearances. Therefore, the actual timing of turbine overhauls is not at a set
chronological frequency, rather the overhauls are performed when conditions necessitate

them.

In 2016, the lower primary seal clearance measurements taken on Bay d’Espoir Unit 4 revealed
an unacceptable reduction in the amount of clearance between the stationary and rotating
parts. As outlined in the June 2016 Supplemental Capital Budget Application “Turbine
Rehabilitation of Bay d'Espoir Unit 4” the Turbine Major Overhaul for Unit 4 was advanced by

three years. Upon disassembly of the turbine, it was discovered the wicket gate bushings,

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 9
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discharge ring, and grouting had to be replaced. Based upon the state of deterioration of
various components of Unit 4 and the fact that Bay d’Espoir Units 1 to 6 have the same design
and manufacturer and have been subjected to the similar operating conditions, a decision was
made to advance the Turbine Major Overhaul for the other units, and to include Unit 7 in
Powerhouse 2. Hydro completed the Unit 3 Turbine Major Overhaul in 2017, as outlined in the
Supplemental Capital Budget Application “Refurbishment of Bay d'Espoir Penstock 2 and Bay
d'Espoir Unit 3 Turbine Major Overhaul”. In 2018, Unit 2 is scheduled for the Turbine Overhaul
as outlined in the Capital Budget Application “Hydraulic Generation Refurbishment and

Modernization (2018-2019).”

Existing State

Bay d’Espoir Unit 7 has been identified as the next unit in the Bay d’Espoir Hydroelectric
Generating Facility to be rehabilitated, based on the condition of the unit. Unit 7 is located in
Powerhouse 2 and is experiencing similar conditions to Units 1 to 6 in Powerhouse 1 for seal

clearance readings.

Trending of Bay d’Espoir Unit 7 turbine lower primary seal clearance readings between rotating
and stationary parts shows that the clearance has reduced to the level where a planned
intervention is required. Design clearance is .090” to .104” diametrically between the runner
and seal. Currently, Bay d’Espoir Unit 7 has .106” clearance on the lower primary seal at Axis 1-
Axis-2 and .039” at the Upstream Downstream diameter. The turbine bearing clearance (i.e. the
amount the runner can move) is .023” leaving just .008" clearance at each axis. This clearance
has been worsening each year. It is critical that the rotating components of a hydraulic unit are
free to turn and have clearance. For the bearings to perform properly the shaft needs to be free

to rotate in its preferred axis.

Hydro is a participant with the Center for Energy Advancement through Technological
Innovation (CEATI). This group is a conglomerate of hydro owners that collaborate on technical

issues within the hydro industry. A study performed by CEATI, in which Hydro was a participant,

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 10
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determined that if the discharge ring has a doubling or a reduction of 50% of the nominal

design value of the radial clearance this should be considered as the critical value.?

Table 7 lists the major works or upgrades on Unit 7 since commissioning of the unit in 1977.

Table 7: Major Work and Upgrades — Bay d’Espoir Unit 7

Year Major Work/Upgrade

2015 BDE #7 Carbon Seal

2015 BDE #7 Turbine Base Plate

2009 Service Water Upgrades

2014 Excitation Transformer Unit 7

2004 Generator Field Breaker

2004 Exciter Replacement

1998 Replace Sync. Condense Compressor
1998 Install air gap monitoring system
1991 Blower, Unit #7 Sync Condenser
1990 PDA Partial Discharge Monitor

1982 New Set of Rotor Brake Plates Installed
1982 All Guide Bearing Segments Replaced

Justification

This work is required to maintain the reliable operation of Bay d’Espoir Unit 7 turbine.

Project Description
Hydro is proposing to complete a Turbine Major Overhaul on Bay d‘Espoir Unit 7 in 2019 at an
estimated cost of $4,179,000. The scope of work in the turbine refurbishment project to
address the reduced seal clearances include:

e Dismantling of Unit 7;

e grouting and machining of the lower primary seals to design clearance; and

® Critical Value as defined by CEATI: Machines with a key parameter that exceeds the critical value are considered
to be at risk of damage if the operation is continued in that condition. An intervention is recommended.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 11
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The remaining turbine refurbishment tasks include:

inspection of the upper primary seal to be machined if required.

Inspection of the head cover and bottom ring/bushings and the replacement or

refurbishment of worn components;

inspection of the operating ring bearings and linkage bushings. Worn components will

be replaced where practical, and refurbished otherwise;

replacement of all wicket gate stem “V” packing;

refurbishment of runner cavitation as close to its original condition as practical;

inspection of the concrete behind the scroll case and draft tube, with concrete

refurbishment where required;

machining of other unit surfaces as required based on condition assessment;

replacement of the Turbine main shaft seal;
reassembly of the unit;
realignment; and

commissioning.

Project Estimate

Table 8 presents the project estimate for Turbine Major Refurbishment project for Bay d’Espoir

Unit 7.

Table 8: Turbine Major Refurbishment Bay d’Espoir Unit 7 — Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 550.0 0.0 0.0 550.0
Labour 1053.7 0.0 0.0 1053.7
Consultant 350.0 0.0 0.0 350.0
Contract Work 1250.0 0.0 0.0 1250.0
Other Direct Costs 68.6 0.0 0.0 68.6
Interest and Escalation 252.2 0.0 0.0 252.2
Contingency 654.5 0.0 0.0 654.5
Total 4,179.0 0.0 0.0 4,179.0
Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 12
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Project Schedule
The execution of the work on-site for Unit 7 will take approximately 16 weeks to complete. The

anticipated project schedule is shown in Table 9.

Table 9: Turbine Major Refurbishment Bay d’Espoir Unit 7 — Project Schedule

Activity Start Date End Date
Planning Contract development and Award Feb 2019 Mar2019
Procurement Engineering and Material Procurement  Feb 2019 Apr 2019
Mobilization Contractor Mobilize May 2019 May 2019
Construction Seal refurbishment May 2019 Aug 2019
Commissioning Unit reassembly, and start-up Jul 2019 Aug 2019
Closeout Project Closeout Oct 2019 Oct 2019

2.1.3 Upgrade Units 1 to 6 Generator Bearing Cover Seals

Description of Equipment

For a bearing to work properly, the shaft surface must be moving at a sufficient speed to draw
in the cool lubricant, pressurize it to form a hydrodynamic layer and expel it with any debris
formed during the process. When a generator thrust/guide bearing assembly reaches normal
operating temperature the bearing discharge oil creates an oil mist inside the bearing oil sump
just below the generator top covers. The cooling air that flows throughout the generator
housing and ventilation slots in the rotor and stator contains other contaminants such as
carbon dust, brake dust, and insects. These contaminants mix with the oil producing a partially

conductive coating that is distributed throughout the unit by the cooling air.

The generator bearing felt seal is designed to prevent vaporized oil emissions from escaping the
bearing oil sump. It is a double layer seal located in the generator top bearing covers. These
covers are stationary and the shaft rotates in the center of them. A 0.020” clearance between
shaft and seal is required to keep the two from making contact. Due to turbine/generator
design and the requirement to keep the shaft as short as possible, the generator bearing is

located three inches below the felt seal that should prevent the mist from escaping the bearing

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 13
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oil sump. For further information on the equipment, refer to Appendix A in the “Hydraulic

Generation Asset Management Overview.”

Existing State

Oil mist created from the operation of the bearing escapes through the clearance between the
seal and shaft on Bay d’Espoir nits 1 to 6. It contaminates the unit’s main bracket, brake
assembly, rotor and stator. Attempts have been made to reduce the oil emissions; however, it
has been an issue since the units were installed. The first attempt in 1970 involved the
installation of air baffles and oil mist catchment containers. This was a major modification of
the generator covers and it did not solve the emissions problem. Other attempts have been
made that involved adjustments of the felt seal that have resulted in making contact with the
shaft and causing vibration issues. If the felt seal prevents the generator shaft from revolving in
its preferred axis it generates heat on the journal and causes vibration. The latest attempt on
Unit 2 in 2014 resulted in a 10 degree increase in the bearing operating temperature. It
involved a modification of the generator guide bearing, installation of baffles, and changing the
way that oil was discharged from the bearing. Some of internal ports that were used to supply
the bearing with oil were plugged to reduce flow. This change in oil flow caused a temperature
increase that was unexpected by the Original Equipment Manufacturer and the plan to
continue on with other units was cancelled. The bearings are required to maintain as cool a

temperature as possible to allow for reliable operation.

Any mist that escapes through the required clearance eventually ends up contaminating the
generator components. Qil is one of the most damaging chemical exposures that can affect the
life and performance of electrical insulation. It can inflict molecular damage on the components
used for coil insulation and cable jacketing. This oil contamination will etch stator windings and
dissolve the ground-wall insulation, reducing the strength of insulation, and lead to partial
discharge. Insulation failures begin with and are characterized by small releases of electrical
energy called Partial Discharge. Contamination also leads to accelerated thermal aging of the

generator windings due to blocked ventilation slots. When the rotor is removed to perform a

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 14
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Hydraulic Generation Refurbishment and Modernization

manual cleaning on both the rotor and stator every six years, only the surface contaminants are

removed, a great deal of the oil contamination remains embedded in stator and rotor.

This oil also coats the floors located inside the unit creating a hazard for personnel completing
maintenance on the unit internal components. In the event of a stator fault, this oil increases

the possibility of having a fire.

Justification

This project is necessary to eliminate oil emissions and leaks from the generators on Units 1 to
6 at Bay d’Espoir to ensure reliable operation of the generators. As well, with Hydro’s
commitment to the environment, this project is justified environmentally. Hydro strives to be
an environmental leader and is committed to continuously improving equipment operation.
Any oil that is released from Units 1 to 6 in Bay d’Espoir is channeled into the sumps in
Powerhouse 1 where it is captured. However, there is potential to release this oil to the
environment so the only way to ensure no release to the environment is to eliminate the

misting.

This project involves the modification of the existing felt seals design on Unit 3 in 2019 with
construction on Unit 3 planned for 2020. The project will incorporate a newly designed felt seal
that has been used at another utility and has proven to reduce both oil emissions and the
possibility of the seal causing vibration issues. This seal is designed to lie on the generator shaft
without disturbing the rotating axis and does not require clearance between shaft and seal (see

Figure 1).

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 15



O 00 N o u b~ W N -

I S =
u A W N KL O

Hydraulic Generation Refurbishment and Modernization

Franklin Flip Double Reverse Franklin Flip

Figure 1: New Seal Types

Project Description

This is a two-year project with engineering and design to be completed in the first year and

installation of the new seal on Unit 3 to be completed in the following year to align with the

major six-year inspection, PM 9, of the unit.

The scope of this project consists of:

Completion of the engineering and design of the new seal;
fabrication of the new seal;

removal of existing seal and generator covers;

modification of the covers to accommodate the new seals; and

installation of the new seals.

Project Estimate

Table 10 presents the project estimate for Upgrade Generator Bearing project for Bay d’Espoir

Units 1 to 6, with Unit 3 the first unit to be upgraded.
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Table 10: Upgrade Bay d’Espoir Units 1 to 6 Generator Bearing Cover Seals

Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 0.0 100.0 0.0 100.0
Labour 43.9 67.3 0.0 111.2
Consultant 200.0 0.0 0.0 200.0
Contract Work 0.0 77.1 0.0 77.1
Other Direct Costs 33 5.0 0.0 8.3
Interest and Escalation 16.4 44.4 0.0 60.8
Contingency 0.0 99.3 0.0 99.3
Total 263.6 393.1 0.0 656.7

Project Schedule
The first year of this project is the engineering design of the seal with the installation on Unit 3

to be in the second year, 2020. The anticipated schedule for the project is in Table 11.

Table 11: Upgrade Bay d’Espoir Units 1 to 6 Generator Bearing Cover Seals
Project Schedule

Activity Start Date End Date
Planning Contract development and Award for Feb 2019 Mar 2019
engineering design services and field services.
Design Consultant will require a site visit to design the  May 2019 Oct 2019
new seals for Units 1 to 6, once complete the
design will be reviewed by Hydro engineering
services.
Construction Seal refurbishment May 2020 Jun 2020
Commissioning Unit reassembly, and start-up Jun 2020 Jun 2020
Closeout Project Closeout Oct 2020 Oct 2020

2.1.4 Refurbish Generator Rotor

Description of Equipment

The Hinds Lake unit is a 75 MW Hitachi vertical generating unit with a Francis turbine. The
generator of this hydroelectric unit converts the mechanical energy of the turbine into

electrical energy. The two major components of the generator are the rotor and the stator. The
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rotor is the rotating assembly to which the mechanical torque of the turbine shaft is applied. By
magnetizing or “exciting” the rotor, a voltage is induced in the stationary component, the
stator. For further information on the equipment, refer to Appendix A in the “Hydraulic

Generation Asset Management Overview.”

This unit has three guide bearings. Above the rotor there is an upper generator guide bearing,
below the rotor there is a lower generator guide bearing, and above the turbine there is a
turbine guide bearing. The unit uses two Rotor fans to circulate air and keep the windings cool

during operation (see Figure 2).

Figure 2: Hinds Lake Rotor — The rotor fans that circulate air to cool the Rotor and Stator are
bolted to the top and bottom of the rotor

The rotor is directly bolted to the hydraulic turbine and is energized by the excitation system
through slip rings and carbon brushes. Slip rings and carbon brushes enable the transfer of
electric power between a rotating and non-rotating surface. Contact is established by

stationary brushes that press against a metal rotating ring (See Figure 3).
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Figure 3: Slip ring (red arrow); Brushes (yellow arrow). There are 26 brushes and two rings

Existing State
Carbon dust is generated by a constant rotation of the rotor slip ring while spring loaded
stationary carbon brushes press against the face of the slip ring. A portion of this carbon dust is

drawn into the unit through the clearance between rotating and non-rotating parts.

Any oil leaks or oil misting from the upper guide bearing assembly during operation ultimately
ends up on the rotor. This mixture of oil and carbon dust embeds in the rotor causing
deterioration of the rotor pole winding insulation. Regular cleaning of the rotor and stator
completed during the unit overhauls on the Hinds Lake Unit have proven to be ineffective in
achieving acceptable rotor test readings. Typically the readings should be above 500 Mohms*.
When the reading is below 0.1 Mohms it will be unsafe to operate the unit. Table 12 lists test

results that indicate a trend that the unit is approaching a critical operating state.

* Mohms — A unit of resistance equal to one million ohms. An ohm is the Sl unit of electrical resistance, expressing
the resistance in a circuit transmitting a current of one ampere when subjected to a potential difference of one
volt.
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Table 12: Test Results

Year Annual Test Results

2017 An inconsistent reading was listed during the outage. A
work order has been entered to recheck as soon as
possible.

2016 0.65 Mohms @ 500V

2015 1.28 Mohms @ 500V

2014 2.42 Mohms @ 500V

2013 5.50 Mohms @500V

Justification

This project is justified to maintain reliable operation of the Hinks Lake Generating Station. If

this unit is not refurbished, failure of pole winding insulation will occur resulting in a rotor

ground fault. The unit will have to be removed from service for repairs. This will require a

complete dismantle of the top end of the unit, removal of the rotor, removal of the shorted

pole from the rotor, repair, and reassembly of the unit, causing an extended unit outage that

would take four to six weeks to complete.

Project Description

This project is required to refurbish the Hinds Lake generator rotor. In 2019, planning and

engineering will be completed and the rotor will be refurbished in conjunction with the PM-9

major inspection in 2020.

The scope of work includes:

Dismantle of the top of the unit to expose rotor;
removal of rotor;

removal of poles to transport to refurbishment site;
refurbishment of poles (rewind/replace insulator);
testing of poles to ensure quality;

reassembly of rotor;

installation of the rotor on the unit;

Newfoundland and Labrador Hydro 2019 Capital Budget Application
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e reassembly of the top of unit; and

e commissioning of the rotor.

Project Estimate

Table 13 presents the project estimate for the Refurbish Generator Rotor project for Hinds Lake

Generating Station.

Table 13: Refurbish Generator Rotor for Hinds Lake Generating Station
Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 0.0 12.5 0.0 12.5
Labour 98.0 208.4 0.0 306.4
Consultant 0.0 30.4 0.0 30.4
Contract Work 0.0 595.7 0.0 595.7
Other Direct Costs 15.0 94.2 0.0 109.2
Interest and Escalation 7.4 106.8 0.0 114.2
Contingency 0.0 210.8 0.0 210.8
Total 120.4 1,258.8 0.0 1,379.2
Project Schedule

The anticipated schedule for the project is in Table 14.

Table 14: Refurbish Generator Rotor for Hinds Lake Generating Station
Project Schedule

Activity Start Date End Date
Planning Open project Feb 2019 Nov 2019
Construction Disassemble unit, refurbish roto poles Jul 2020 Sep 2020
Commissioning Unit reassembly, and start-up Sep 2020 Sep 2020
Closeout Project Closeout Dec 2020 Dec 2020

2.1.5 Replace/Improve Unit Metering, Monitoring, Protection and Control Assets

Replace Condition Monitoring Equipment

Description of Equipment

The data acquisition system uses various electronic modules to collect generating unit

parameters such as temperature, vibration, flows and oil levels and displays these parameters

Newfoundland and Labrador Hydro 2019 Capital Budget Application
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at a monitoring console in the control room. This information is used to monitor the condition
of the generating unit and allow for proactive actions when abnormal conditions arise. For
further information on the equipment, refer to Appendix A in the “Hydraulic Generation Asset

Management Overview.”

The current system consists of XM121 (vibration), XM361 (temperature), and XM360 (process)
electronic modules that take inputs from various instrumentation. The individual modules
communicate to the data acquisition database through network communication infrastructure
using DeviceNet protocol. The data in each DeviceNet network is converted to Ethernet through
an XM500 Gateway. The Gateway is assessed by the data acquisition software in the Control

Room.

Existing State

The data acquisition system has the ability to store and display data for up to six hours, but
does not have the capability to store and display long-term, historical data of the units. This
system for Bay d’Espoir Units 1 to 5 uses Allen-Bradley equipment that has been discontinued,
with spare parts no longer available for some components. Failure of one of the modules will
result in a portion of data for the unit associated with the failed module being lost. Units 6 and

7 have up-to-date collecting equipment.

The existing communications DeviceNet protocol is obsolete. Should a component of the
system fail, it is unlikely that Hydro will be able to obtain a replacement component to work
with DeviceNet protocol, which will result in a loss of the ability to track and trend long-term
data for a generator or turbine. This data is required for investigating issues and identifying

developing problems with the equipment.

Justification
Replacements of the condition monitoring equipment listed in this project are required to

maintain investigating issues and identifying developing problems with the generating units.
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Failure of the modules will result in loss of monitoring capability with resulting in an increase in
the risk of generation equipment failure due to undetected problems. This is the second year of
a three-year program to replace all the condition monitoring equipment listed in this project in

Bay d’Espoir.

Project Description

The project will remove all the XM modules and associated infrastructure. The project will
install ControlLogix PLC and PanelView Plus for Units 1 to 5 and Unit 6 will have a local HMI and
a processor added to the electrical cabinet on the generating unit. The system will provide
capability of measuring vital unit parameters such as the vibration levels, temperature, flows

and oil levels for Units 1 to 6.

A differential pressure transducer capable of integrating with a PLC based system will be used in
all units to collect scroll case pressure data. This configuration will allow the PLC to be used for
alarms. A shielded Ethernet cable will be connected from the Ethernet switch in the control
room to the electrical cabinets and a dedicated DC feed for each cabinet will be provided from

the DC distribution panels. This will help decentralize the power supply for each unit.

Replace Control Cables

Description of Equipment

Control cables are used for carrying signals for generator protection and control purposes. Bay
d’Espoir has older control cables that have insulation manufactured with an oil-based
compound. For further information on the equipment, refer to Appendix A in the “Hydraulic

Generation Asset Management Overview.”

Existing State

The control cables have been in service since 1967 and are approaching the end of their useful
life. Qily residue has been found to leak from the cables into the junction boxes and onto cable

connections. This is an indication of the breakdown of the insulation. Also, mitigation work on
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leaking cables has revealed that associated junction boxes will need to be replaced.

As leaking continues, the cables will dry out and the insulation will fail. Such a failure may result

in control equipment malfunction resulting in a forced outage of the generator.

Justification

Replacement of control cables is required to maintain reliable operation of the generating

units. This is the second year of a five-year program to replace all the control cables in Bay

d’Espoir.

Project Description

The scope of this project includes:

e Replacement of the 600V unit control cables; and

e replacement of associated oil contaminated junction boxes and terminal blocks.

Project Estimates

Table 15 and Table 16 present the project estimates for the Replace Condition Monitoring

Equipment and Replace Control Cables, respectively.

Table 15: Replace Condition Monitoring Equipment — Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 70.0 0.0 0.0 70.0
Labour 139.4 0.0 0.0 139.4
Consultant 0.0 0.0 0.0 0.0
Contract Work 84.0 0.0 0.0 84.0
Other Direct Costs 6.0 0.0 0.0 6.0
Interest and Escalation 234 0.0 0.0 234
Contingency 59.9 0.0 0.0 59.9
Total 382.7 0.0 0.0 382.7
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Table 16: Replace Control Cables — Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 90.2 0.0 0.0 90.2
Labour 224.5 0.0 0.0 224.5
Consultant 0.0 0.0 0.0 0.0
Contract Work 0.0 0.0 0.0 0.0
Other Direct Costs 10.0 0.0 0.0 10.0
Interest and Escalation 26.0 0.0 0.0 26.0
Contingency 64.9 0.0 0.0 64.9
Total 415.6 0.0 0.0 415.6
Project Schedules

Replacement of the control cables and vibration equipment will be completed during the

annual maintenance of the hydro units. The anticipated project schedule is shown in Table 17

and Table 18 for both activities.

Table 17: Replace Condition Monitoring Equipment — Project Schedule

Activity Start Date End Date
Planning Detail plan for the replacement Feb 2019 Jun 2019
Procurement Special material requirements Mar 2019 Jul 2019

Construction Perform the Replacements Aug 2019 Aug 2019
Commissioning  Commission the new equipment Aug 2019 Aug 2019
Closeout Closeout the project Oct 2019 Oct 2019

Table 18: Replace Control Cables — Project Schedule

Activity Start Date End Date
Planning Detail plan for the cable replacement Feb 2019 Jun 2019
Procurement Special material requirements Mar 2019 Jun 2019
Construction Perform the replacement Aug 2019 Aug 2019
Commissioning  Commission the new equipment Aug 2019 Aug 2019
Closeout Closeout the project Oct 2019 Oct 2019
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2.2 Hydraulic Structures Program
The following equipment upgrades and/or refurbishment for Hydraulic Structures are proposed
for 2019/2020:

e Refurbish Hydraulic Structures

2.2.1 Control Structure Refurbishments

Background

This work is a continuation of a program to refurbish all hydraulic structures within Hydro’s
generating system. The program began in 2010 with refurbishment work in Burnt Dam. The last
submission for this program to the Board was included in the 2018 Hydraulic Generation

Refurbishment and Modernization Proposal in Section 2.3 Hydraulic Structures.

The structures identified for the 2019 Hydraulic Generation Refurbishment and Modernization

Proposal are Bay d’Espoir Intake 2 and the Ebbegunbaeg Control Structure.

Bay d’Espoir Intake 2

Description of Equipment

The Bay d’Espoir Intake 2, which was constructed in 1965, supplies water to Bay d’Espoir
Penstock 2 which in turn supplies water to Generating Units 3 and 4. The intake gate is made of
a welded steel frame with a downstream steel skin plate and concrete ballast. Each gate has
four preloaded side rollers and twelve main rollers. The gate is operated with a cable hoist
attached to a single central lifting point. Figure 4 is an image of Intake 1 in Bay d’Espoir, which is
the same as Intake 2. For further information on the equipment, refer to Appendix A in the

“Hydraulic Generation Asset Management Overview.”
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Figure 4: Bay d’Espoir Intake Gate 1

Existing State

A detailed assessment of Bay d’Espoir Intake 1 was completed in 2016 and it was determined
that there were varying levels of deterioration, particularly in the submerged/embedded
components. Deterioration consists of concrete erosion and corrosion on embedded parts/
gate components. Critical components that have shown deterioration include main rollers, roll
paths, side-rollers and seals. It was also noted that the deterioration of these components is
creating extra stress on the hoist system. As these intakes are the same vintage, with similar
operating conditions and in the same environment, Hydro expects that the state of Intakes 2
and 3 are similar to the state of Intake 1 identified in 2016. Also, in 2013 Intake gate 2 failed to
close due to issues related to those identified for the Intake 1. Figure 5 and Figure 6 are images

of the side and main rollers on Intakes 2 and 1.
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Figure 6: Pitting Corrosion on Main Rollers — Intake 1 2016

Ebbegunbaeg Control Structure

Description of Equipment

The Ebbegunbaeg Control Structure was built in 1967 as a part of the Bay d’Espoir hydroelectric

project. The structure is a critical water control structure on the Bay d’Espoir system that
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controls water from the Meelpaeg Reservoir and discharges into Crooked Lake and eventually
through the Upper Salmon and Bay d’Espoir powerhouses. The structure consists of three
remotely operated gates (two screw hoists and one wire rope hoist) with a total flow discharge
capacity of 338 cubic meters per second. Figure 7 shows a picture of Ebbegunbaeg Control
Structure. For further information on the equipment, refer to Appendix A in the “Hydraulic

Generation Asset Management Overview.”

GATE #3

GATE #2
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Figure 7: Ebbegunbaeg Control Structure

Existing State

In 2017, a detailed condition assessment of the Ebbegunbaeg control structure was completed.
The assessment revealed operational issues with the gates, which include damage to the main
rollers, embedded parts and lifting systems. The assessment also identified concrete
deterioration on the piers, decking, and around the embedded parts. Figure 8, Figure 9, and

Figure 10 show some of the deteriorated conditions.
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Figure 10: Concrete Deterioration - Ebbegunbaeg
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Justification
This project is required to maintain the reliable operation of Bay d’Espoir Intake 2 and the

Ebbegunbaeg hydraulic structures.

Bay d’Espoir Intake #2

Deterioration of critical components such as the gate main rollers, roll paths, side-rollers and
seals directly affect the gate capacity for proper operation and can be a threat to the reliability
of the powerhouse and penstock if not addressed. The impact of gate jams/failures will likely
lead to a loss of production and, in the event of catastrophic failure, damage to the penstock

and other downstream components is likely to occur.

Ebbegunbaeg Control Structure

The deterioration of the gates, main rollers, embedded parts and lifting systems heavily impacts
the reliable operation of this structure. If left unmitigated, the deficiencies identified will
continue to worsen and lead to gate failures. Without properly functioning gates, it will be
difficult to control the water being released from the Meelpaeg reservoir which could lead to

spilling or potentially dam related issues such as overtopping”.

Project Description

Bay d’Espoir Intake 2

The scope of the intake refurbishment project is as follows:
e Replace main and side rollers and J-seals;
e recoat the intake gate and exposed steel surfaces;
e replace Intake hardware;
e replace gate lifting motor; and

e refurbish second stage concrete.

> The overtopping occurs when water flows over the top of a dam. Overtopping may result in failure of the dam.
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Ebbegunbaeq Control Structure

The scope of the Ebbegunbaeg refurbishment project is as follows:

Rehabilitate screw hoist brake systems;

complete a structural analysis of the structure bracing/connections;

complete a constructability analysis to determine approach to required repairs;

fabricate a second master-log;
refurbish major embedded parts;

refurbish second stage concrete;

replace main rollers/side rollers/springs;

replace seals; and

replace the wire ropes.

Project Estimate

Table 19 and Table 20 present the project estimates for the Bay d’Espoir Intake 2 and

Ebbegunbaeg Control Structure, respectively.

Table 19: Bay d’Espoir Intake 2 Refurbishment — Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 90.2 0.0 0.0 90.2
Labour 224.5 0.0 0.0 224.5
Consultant 0.0 0.0 0.0 0.0
Contract Work 0.0 0.0 0.0 0.0
Other Direct Costs 10.0 0.0 0.0 10.0
Interest and Escalation 26.0 0.0 0.0 26.0
Contingency 64.9 0.0 0.0 64.9
Total 415.6 0.0 0.0 415.6
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Table 20: Ebbegunbaeg Control Structure Refurbishment — Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 0.0 60.0 0.0 60.0
Labour 165.5 189.0 0.0 354.5
Consultant 32.0 32.0 0.0 64.0
Contract Work 300.0 1,385.9 0.0 1,685.9
Other Direct Costs 26.4 58.6 0.0 85.0
Interest and Escalation 30.6 223.0 0.0 253.6
Contingency 0.0 449.9 0.0 449.9
Total 554.5 2,398.4 0.0 2,952.9

Project Schedule

The anticipated project schedule is shown in Table 21 and Table 22 for Bay d’Espoir Intake 2

Refurbishment and Ebbegunbaeg Control Structure Refurbishment, respectively.

Table 21: Bay d’Espoir Intake 2 Refurbishment — Project Schedule

Activity Start Date End Date
Planning Detail plan for the refurbishment Feb 2019 May 2019
Procurement Special material requirements Mar 2019 Jun 2019

Construction Perform the refurbishment Jun 2019 Aug 2019
Construction Perform the refurbishment May 2020 Aug 2020
Commissioning  Commission the new equipment Aug 2020 Aug 2020
Closeout Closeout the project Oct 2020 Nov 2020

Table 22: Ebbegunbaeg Control Structure Refurbishment — Project Schedule

Activity Start Date End Date
Planning Detail plan for the refurbishment Feb 2019 May 2019
Procurement Special material requirements Mar 2019 Jun 2019

Construction Perform the refurbishment Jun 2019 Aug 2019
Construction Perform the refurbishment May 2020 Aug 2020
Commissioning Commission the new equipment Aug 2020 Aug 2020
Closeout Closeout the project Oct 2020 Nov 2020
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2.3 Reservoirs
The following equipment upgrades and/or refurbishment for Reservoirs are proposed for 2019-
2020:

e Upgrade Public Safety around Dams

2.3.1 Upgrade Public Safety around Dams

Description of Equipment

Dams and waterways are critical assets for the generation of hydroelectric electricity. A dam is
a barrier that stops or restricts the flow of water, and waterways are structures that direct the
flow of water. These assets require control measures to keep the public safe and informed of
the impact these assets have on the surrounding area. For further information on the

equipment, refer to Appendix A in the “Hydraulic Generation Asset Management Overview.”

In the past decade, an increase in noted public interactions with hydroelectric structures
including access by recreational vehicles and boating near spilling gates has prompted the
development of this program in accordance with Canadian Dam Association Public Safety
around Dams Guidelines issued in 2011. Canadian Dam Association Public Safety around Dams
Guidelines are considered industry practice in Canada to increase public safety around dams

and associated waterways.

Public safety risks are determined by completing risk assessments in accordance with the
Canadian Dam Association’s Dam Safety Guidelines. Appropriate control measures are then
installed to reduce the safety risk to the public. These measures include such items as signage,
fencing, audible or visual alarms, booms and buoys, operational changes, and public education.
Areas included in this proposal include the following locations:

e The Paradise River system consists of a reservoir, dams, and an intake structure;

e the Upper Salmon reservoir consists of dams, spillway structures, a power canal and an

intake; and

e the Cat Arm reservoir also consists of dams, a spillway structure and an intake.
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For further information on the equipment, refer to Appendix A in the “Hydraulic Generation

Asset Management Overview.”

Existing State
The Paradise River system has some minor public control measures installed; however, a public

safety risk assessment has not been completed.

The Upper Salmon reservoir has few public safety control measures installed. The risk

assessment and action plan completed in 2017 outlines areas that need to be addressed.

The Cat Arm reservoir has few public safety control measures. The risk assessment and action

plan was completed in 2016 and Year 1 items are to be implemented in 2018.

Justification
This project is justified to increase public safety for Paradise River, Upper Salmon and Cat Arm

facilities around dams and associated waterways.

Project Description
The scope of this project includes:
e Paradise River Public Safety Risk Assessment;
e Upper Salmon Year 1 implementation - Year 1 will consist of fencing, boom anchor
design and the installation of half of the required signage; and
e Cat Arm Year 2 implementation - Year 2 work will consist of fencing, gate installation,

anchor boom design and remaining signage.

Project Estimate
The project estimate for the Upgrade Public Safety around Dams project in 2019 is presented
Table 23.
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Table 23: Upgrade Public Safety around Dams Project Estimate ($S000s)

Project Cost 2019 2020 Beyond Total
Material Supply 129.5 0.0 0.0 129.5
Labour 159.7 0.0 0.0 159.7
Consultant 70.0 0.0 0.0 70.0
Contract Work 200.0 0.0 0.0 200.0
Other Direct Costs 20.6 0.0 0.0 20.6
Interest and Escalation 40.7 0.0 0.0 40.7
Contingency 58.0 0.0 0.0 58.0
Total 678.5 0.0 0.0 678.5
Project Schedule

The anticipated project schedule for the Upgrade Public Safety around Dams project in 2019 is

presented Table 24.

Table 24: Upgrade Public Safety around Dams Project Schedule

Activity Start Date  End Date

Planning Detail plan for each location; open projects in Feb 2019 May 2019
JDE; review schedule.

Procurement  Special material requirements Mar 2019 Jun 2019

Construction Installation of public safety devices and May 2019  Sep 2019

assessment of Paradise River.
Closeout Closeout the project Oct 2019 Nov 2019

2.4 Site Buildings and Services
The following equipment upgrades and/or refurbishment for Site Buildings and Services are
proposed for 2019-2020:

e Refurbish Draft Tube Deck (Phase 1)
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2.4.1 Refurbish Draft Tube Deck (Phase 1)

Description of Equipment

The draft tube deck® is located on the discharge side of the Bay d'Espoir Hydro Generating
Station and spans between shore lines along the Powerhouse 1 wall (see Figure 11). The 97 m
long draft tube deck is made up of reinforced concrete columns, pre-cast deck beams and pre-
cast deck slabs, topped with a 15 cm concrete distribution slab and finished with 50 mm of
asphalt. The deck was constructed in two stages. The first stage, which consisted of Units 1 to 4,
was completed in 1966. The second stage, which consisted of Unit 5 and 6, was completed in
1968. The draft tube deck also provides vehicular access to BDE Unit 7 in Powerhouse 2 and the
north end of Bay d’Espoir Powerhouse 1. For further information on the equipment, refer to

Appendix A in the “Hydraulic Generation Asset Management Overview”.

Figure 11: Bay d’Espoir Draft Tube Deck
Existing State
The draft tube deck has not received any major refurbishment since it was originally
constructed. In recent years, problems have been experienced when installing draft tube gates.

The gates often stick in the guides and are not always able to seal properly. An improper seal

® The draft tube deck includes the substructure underneath the deck leading to the draft tube of the hydro unit.
The substructure includes columns, beams, and structural slabs which are used to support the deck and channel
the water from the hydro unit to the tailrace.
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will not allow dewatering of the units draft tubes and prevents access to the draft tube and

scroll case, refer to the Overview for asset descriptions.

In 2012, a condition assessment determined that if deterioration progresses much further it
may impact the load carrying capacity of the structure, which could impact access as well as
operation of the draft tube gates. The assessment also determined the proposed repairs are
required to prevent continued deterioration of the structure, and failure to complete the
repairs may result in increased life cycle cost. The structure will continue to deteriorate beyond
repair and may require a pre-mature structure replacement which would be much more costly.

Figure 12 to Figure 15 highlight some of the concrete deterioration.

Figure 12: Deterioration on the Draft Tube Deck

Figure 13: Deterioration on the Draft Tube Deck
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Figure 15: Deterioration on the Draft Tube Deck

Justification
This project is justified to maintain reliable operation of the draft tube gate system for Bay
d’Espoir Units 1 to 6 in Powerhouse 1. Not undertaking this project will result in continued

deterioration of the draft tube deck and the possible pre-mature structure replacement

Project Description
This is the first of a three phases to address the deterioration of the draft tube deck gates. The
scope includes:

e Removal of existing asphalt wear surface and concrete topping;

e removal and reinstatement of steel railing, as required to facilitate the work;
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e removal and replacement of concrete fascia for exterior deck slabs along southern

portion of the structure;
e supply and installation of new deck drains;

e installation of new concrete topping and curbs;

e supply and installation of deck waterproofing membrane; and

e supply, placement and compaction of new asphalt wear surface.

Hydro currently plans to complete Phase 2 in 2020 and Phase 3 in 2022 and will seek separate

Board approvals for these phases.

Project Estimate

The project estimate for the Refurbish Draft Tube Deck (Phase 1) project in 2019 is presented

Table 25.

Table 25: Refurbish Draft Tube Deck (Phase 1) — Project Estimate ($000s)
Project Cost 2019 2020 Beyond Total
Material Supply 0.0 0.0 0.0 0.0
Labour 113.7 0.0 0.0 113.7
Consultant 125.0 0.0 0.0 125.0
Contract Work 568.2 0.0 0.0 568.2
Other Direct Costs 6.7 0.0 0.0 6.7
Interest and Escalation 56.1 0.0 0.0 56.1
Contingency 162.7 0.0 0.0 162.7
Total 1,032.4 0.0 0.0 1,032.4

Project Schedule

The anticipated project schedule for the Refurbish Draft Tube Deck (Phase 1) project in 2019 is

presented in Table 26.
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Table 26: Refurbish Draft Tube Deck (Phase 1) — Project Schedule

Activity Start Date End Date

Planning Open project in JDE; review schedule. Prepare tender Feb 2019 Jun 2019
documents for consultant and contract work.

Procurement  Special material requirements. May 2019 Jun 2019

Construction  Refurbish phase one items. Aug 2019 Sep 2019

Closeout Closeout the project Oct 2019 Nov 2019

2.5 Common Auxiliary Equipment
The following equipment upgrades and/or refurbishment for Common Auxiliary Equipment are
proposed for 2019-2020:

e Replace cooling water pump and strainer at Hinks Lake Generating Station;

e replace drainage pump at Hinds lake and Paradise River Generating Stations; and

e refurbish sump level system at Bay d’Espoir Powerhouse 1.

2.5.1 Replace Cooling Water Pump and Strainer at Hinks Lake Generating Station
Description of Equipment

The cooling water pump and strainer supplies tail race water to the various cooling water and
water lubricating systems used on the turbine/generator. The pump is a 600 V centrifugal twin
volute and the strainer is 600 V rotary type with automatic backwash. The emergency “Y”
strainer is a basket type manual strainer (See Figure 16 and Figure 17). For further information
on the equipment, refer to Appendix A in the “Hydraulic Generation Asset Management

Overview.”
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Figure 17: Cooling Water Pumps
1  Existing State
2 The cooling water pump, rotary strainer, and emergency Y strainer’ are original equipment and

3 have been operating throughout the life of the plant since commissioning in 1980.

Y strainers are devices for mechanically removing unwanted solids from liquid, gas or steam lines by means of a
perforated or wire mesh straining element.
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The pump-motor has experienced bearing temperature issues on several occasions, which have
resulted in replacement of the bearings. These bearing failures are a result of excessive axial
thrusting caused by the worn components in the pump. A previous failure of this motor caused
a forced outage in 2000 when the emergency supply from the fire header also failed. The
overloads that protect the motor have tripped off the pump on several occasions (2014 and
2016) and this issue has been investigated but not resolved. Corrosion and wear of internal
components (wear rings, mechanical seals, and impellor) on the pump have reduced the
pump’s efficiency. Corroded and blocked internal pump passages are causing fluid turbulence

that result in cavitation and further inefficiencies.

The Hinds Lake plant has a history of pipe and component fouling due to the water conditions
at the plant and the inefficient strainers that supply it. Most recently (2016), the piping outside
the generator was replaced due to fouling. The piping inside the generator was previously

replaced (2007) also due to fouling.

The rotary strainer backwash system used to clean the strainer elements has failed in-service
and has components that are not reliable. The actuator and valves are leaking and the system
does not effectively clean the strainer element as it should. The strainer has been dismantled
and cleaned on numerous occasions and parts have become worn, corroded, and leaks have
developed. Corrosion and build-up on the internal parts of the strainer are adding to the
reliability issues. On occasion, both the emergency “Y” and rotary strainer have to be put in
service at the same time to maintain sufficient supply to the service water system. Sensing
lines, used for service water control circuits at the plant, have become blocked from debris are
getting through these strainers. This blockage results in dirty cooling water causing piping to

foul and reducing cooling capacity.

The emergency “Y” strainer element is damaged from repeated cleanings. It is deformed and

does not seat properly.
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Justification

This project is required to maintain reliable operation of the Hinds Lake Generating Unit.

When minimal flows, as defined by the original equipment manufacturer, are not maintained,
bearing and stator temperatures increase subjecting the equipment to failure and premature

wear.

Corrosion and build up can reduce cooling water flow to levels which will cause the unit not to
start remotely or can trip the generator. Staff must then investigate, which will cause delays in

getting the unit back on-line.

Project Description
The scope of work consists of the replacement of Hinds Lake generating station cooling water
pump and rotary strainer which entails:

e Replacement of the cooling water pump complete with controls and motor;

e replacement of the rotary strainer complete with controls and motor;

e modifications to the existing equipment mounting bases to install equipment;

e replacement of electrical feed from starters to motors;

e replacement of the emergency “Y” strainer; and

e modifications of piping required to install new equipment;

Project Estimate
The project estimate for the Replace Cooling Water Pump and Strainer project in 2019/2020 is

presented Table 27.
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Table 27: Replace Cooling Water Pump and Strainer at Hinds Lake Generating Station
Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 40.0 45.0 0.0 85.0
Labour 54.0 57.4 0.0 111.4
Consultant 0.0 0.0 0.0 0.0
Contract Work 0.0 105.5 0.0 105.5
Other Direct Costs 5.8 3.6 0.0 9.4
Interest and Escalation 6.5 28.4 0.0 34.9
Contingency 0.0 62.3 0.0 62.3
Total 106.3 302.2 0.0 408.5
Project Schedule

The anticipated project schedule for the Replace Cooling Water Pump and Strainer project in

2019-2020 is presented Table 28.

Table 28: Replace Cooling Water Pump and Strainer at Hinds Lake Generating Station
Project Schedule

Activity Start Date End Date

Planning Open project in JDE; review schedule. Prepare  Feb 2019 Jun 2019
tender documents for contract work.

Procurement Special material requirements. May 2019 Nov 2019

Construction Replace strainers, and pump Oct 2020 Oct 2020

Closeout Closeout the project Oct 2020 Nov 2020

2.5.2 Replace Drainage Pump at Hinds Lake and Paradise River Generating Stations
Description of Equipment

In a hydraulic generating station, water is used to cool bearings and lubricate the turbine shaft
seal. The discharge water from these systems then flows through a system of drains to the
waste water sump. Any oil or water leaks not captured at the source is also collected by this
drain system and directed to the sump. Sump water is then pumped directly to the tailrace with
a pump controlled by an automatic water level control system. The automatic level system
prevents the discharge of oil to the environment by ensuring the water level in the sump is

maintained at acceptable levels so that an overflow does not occur. As there is typically a small
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amount of oil in the sumps, it is regularly removed to prevent contamination of the
environment. For further information on the equipment, refer to Appendix A in the “Hydraulic

Generation Asset Management Overview.”

At Paradise River, pumps, motors, piping and guide rails are submerged and located at the
bottom of the sump, see Figure 18. At Hinds Lake, the drainage pump is a vertical turbine

pump; the bottom column and pump are submerged in water, see Figure 19.

Figure 19: The drainage pump, motor, and column at Hinds Lake
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Existing State

These pump systems are in near continuous operation at Paradise River and Hinds Lake. The
drainage pump at Hinds Lake is experiencing longer run times indicating that the pump has
worn internal parts resulting in the loss of efficiency. The pump has been in service since 1980.
The turbine pump impellors and bowls are made of bronze and wear over time. This wear
causes the pump to lose efficiency. The impellers on the pump have had to be adjusted closer
to the bowils to increase flow on several occasions when the pump has not effectively pumped
down the sump. This adjustment adds to the clearance below the impellors and has, over time,
further worn the bronze components. The column and pump are located below floor level and
submerged in water and are corroded. The line shaft bearings are made of rubber and are worn
causing increased vibration when running. Rougher starts are being experienced. All bores and
shafts need to be concentric to avoid vibration and failures down the length of the column. This

corrosion and wear is severe, therefore replacement is the only option.

At Paradise River the pumps are experiencing longer run times, which indicate that the
discharge flow rate is decreasing due to worn internal parts. Being submerged in water, all
components in this sump are corroded and require replacement, including pumps, pump guide

rails, and piping. This corrosion is severe and replacement is the only option.

The submerged piping at Paradise River was repaired in 2016 due to corrosion. Salt water from
the tailrace was entering the sump due to failed piping and a failed check valve. An inspection
completed on the piping in 2017 indicated that the corrosion of this piping has worsened since
the repairs were completed in 2016. The sump pumps at Paradise River have been in service

since the commissioning of the plant in 1989.

Also, the starter internal components are worn from numerous daily starts and stops at both

sites.
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Justification
This project is required to maintain reliable operation of the generating units at Hinds Lake and

Paradise River.

A failure of these pumps will result in powerhouse flooding if the units are not shut down and
thus causing a forced outage. The importance of the reliable operation of these pumps is high
considering they are located in remotely operated plants. Response time for personnel to reach
the plants is between two and six hours due to the geographic location of the plants. A high
sump level alarm will require the unit be shut down from the Energy Control Centre until an
operator could investigate. There is also a possibility that during a high sump level alarm event,

oil could be discharged into the environment.

Project Description
The scope of work consists of the replacement of the two sump pumps at Paradise River and
the drainage pump at Hinds Lake generating stations, which entails:
e Replacement of the two submerged sump pumps, pump guide rails, and
controls/starters at Paradise River;
e replacement of the two discharge check valves and any corroded piping and fittings at
Paradise River;
e addition of a stainless steel check valve on the powerhouse discharge at Paradise River;
e replacement of the drainage pump and controls/starter at Hinds Lake;
e replacement of the discharge check valve at Hinds Lake; and

e base and piping modifications (if required) to install pump at Hinds Lake;

Project Estimate
The project estimate for the Replacement of Drainage Pump equipment in Hinds Lake and

Paradise River project in 2019-2020 is presented Table 29.
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Table 29: Replace Cooling Water Pump and Strainer at Hinds Lake and Paradise River
Generating Stations — Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 0.0 151.0 0.0 151.0
Labour 33.0 128.0 0.0 161.0
Consultant 334 37.0 0.0 70.4
Contract Work 10.0 155.0 0.0 165.0
Other Direct Costs 6.0 36.5 0.0 42.5
Interest and Escalation 5.2 60.9 0.0 66.1
Contingency 0.0 118.0 0.0 118.0
Total 87.6 686.4 0.0 774.0
Project Schedule

The anticipated project schedule the Replacement of Drainage Pump equipment in Hinds Lake

and Paradise River project in 2019-2020 is presented Table 30.

Table 30: Replace Cooling Water Pump and Strainer at Hinds Lake and Paradise River
Generating Stations — Project Schedule

Activity Start Date End Date

Planning Open project in JDE; review schedule. Prepare Feb 2019 May 2019
tender documents for consultant and contract work.

Procurement Special material requirements. Jul 2019 Sept 2019

Construction Replace drainage pumps and commission. Jun 2020 Aug 2020

Closeout Closeout the project Oct 2020 Nov 2020

2.5.3 Refurbish Sump System at Bay d’Espoir Powerhouse 1

Description of Equipment

For each generating unit in Bay d’Espoir Powerhouse 1, water is used to lubricate the turbine
shaft seal and operate the main inlet valves. Discharge water from these systems and any water
leaking from turbine components flow through a system of drains to waste water sumps.
Sumps are large concrete pits at the lower elevation of the building that act as collection basins

for fluids leaking from plant equipment and consists primarily of water but also may contain
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small amounts of lubricating oil. Qil leaks not captured at the source are also collected by the

drain system and directed to the sump.

In Powerhouse 1, there are six generating units and three sump pits. Waste water drainage
from generating Units 1 and 2 flows into Sump 1. Units 3 and 4 flow into Sump 2 and Units 5
and 6 flow into Sump 3. Sump 1 is connected to Sump 2 at the bottom of each sump by a 12
inch diameter pipe and Sump 2 is similarly connected to Sump 3. Each pipe has a valve installed

that is normally open. Fluids can migrate from one sump to others through the 12 inch pipes.

A pump is installed in each sump for removing water when it exceeds a specific level. The
pumps are controlled such that when fluid elevation reaches a specified level one pump will
start and discharge fluid to the tailrace and on to the outside natural waterway. If the fluid
continues to rise a second pump will also start and, ultimately, a third pump will start if fluid
levels continue to rise. The pumping system is designed so that one or two pumps can maintain
required sump fluid levels. An automatic control system starts and stops the pumps as required

utilizing a system of floats that operate electric switches.

Any oil that drains to a sump floats on water collected in the sumps. The sumps are visually
inspected twice weekly and any excessive drainage oil floating on the water is removed
manually so that sufficient volume does not collect that would allow it to enter the pumping

system and be discharged to the environment.

In general, each sump system consists of the following (see Figure 20):
e A6’ X8 X33 deep interconnected concrete sump pit;
e a 600V vertical turbine pump and discharge piping;
e sump water level control system — floating electrical switches; and

e pump starter and electromechanical relays.
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Float Switch

Figure 20: Sump Pump 1 in Bay d’Espoir

Note: Visual representations of the sumps are difficult due to the location and accessibility of the sumps

Existing State

The level control system has been in operation since commissioning in 1967. Floating switches
have become tangled and unanchored and have malfunctioned causing the sump levels to go
above or below the pre-set levels. There is no alarm system to indicate that the level is too low,
only an extreme low cut off switch to ensure the pump is not damaged by running dry. Sump
levels are monitored manually and regularly with an aim to ensure proper operation with
respect to water level and oil presence. Due to the design of the sump, both the detection of oil
in the water and an accurate assessment of the water level visually at the sump opening are
impossible. Any oil collected and trapped by this system is manually skimmed from the water

surface, approximately three to five meters down, by entering the sump on regular intervals.

In February 2018 there was a malfunction of the sump system for Units 1 and 2. The low level

float switch failed and the extreme low level switch on the pump did not activate. The pump
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continued to operate pumping sump water to the tailrace until the pump was shut down by

operational staff. If intervention did not occur the pump would have burned out.

The sump system to Units 1 and 2 was repaired by replacing the float switches and a new
automatic oil skimmer was added to this sump, which allows for only one person to check
water levels and check for hydrocarbons from the sump opening. The pump on Sump 1 also
needs to be replaced, due to age and condition, and this pump has been ordered and will be
installed later in 2018. The pump replacement will be performed under the Hydraulic

Generation In-Service Failure project for 2018.

Currently, workers are entering the Sumps 2 and 3 twice a week to check for hydrocarbons and
clean the sumps as required. To enter the sump, confined space permits are required and a
stand-by worker is required in case of emergency. The addition of skimmers for Sump 2 and 3
would allow for one person check the system visually from the sump opening eliminating the

need to enter the sumps.

Justification

This project is required to reduce the risk of discharging prohibited fluids into the environment.

Project Description

This project will refurbish and upgrade current sump level control system with a better stainless
anchorage and floats with fixed attachment pivot points. This project will add an alarm that will
be annunciated in the control room if the sump water level is too low to allow operations be
able to react to low level situations. As well, the addition of an automatic oil skimmer to the
sump system will ensure that oil trapped by the system is removed regularly as it enters the
sump and workers will no longer have to enter the sump pit on a regular basis. The automatic
system will skim the sump pit and workers can then look in the collection drum to determine if

there is oil present in the sump.
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The scope of this project for Sumps 1, 2, and 3 includes:

Installation of a stainless steel anchorage system to anchor the float switches to the
sides of the sumps;

replacement of all existing float switches with floats that have fixed attachment pivot
points;

installation of low level sump alarm that is annunciated in the control room and shuts
down the pump;

modifications of the sumps structural steel to accommodate new components; and

installation of oil skimmers in Sumps 2, and 3 only.

Project Estimate

The project estimate for the Refurbish Sump System in Bay d’Espoir Project in 2019 is presented

Table 31.

Table 31: Refurbish Sump System at Bay d’Espoir Powerhouse 1 — Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 51.0 0 0 51.0
Labour 48.7 0 0 48.7
Consultant 0.0 0 0 0.0
Contract Work 0.0 0 0 0.0
Other Direct Costs 2.9 0 0 2.9
Interest and Escalation 8.5 0 0 8.5
Contingency 20.5 0 0 20.5
Total 131.6 0.0 0.0 131.6
Project Schedule

The anticipated project schedule for the Refurbish Sump System project in 2019 is presented

Table 32.
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Table 32: Refurbish Sump System at Bay d’Espoir Powerhouse 1 — Project Schedule

Activity Start Date End Date

Planning Open project in JDE; review schedule. Prepare tender Feb 2019 May 2019
documents for consultant and contract work.

Procurement Special material requirements. May 2019 Jun 2019

Construction Replace anchorage system, floats, and install Jun 2019 Aug 2019
skimmers in all three sumps.

Closeout Closeout the project Oct 2019 Nov 2019

3 Summary

This report in conjunction with the “Hydraulic Generation Asset Management Overview”

defines the 2019-2020 capital budget submission for all Hydraulic Generation assets.

3.1 Project Estimate

Individual project estimates for each activity are provided in Section 2 of this report. The

project estimate for all activities described in the 2019 Hydraulic Generation Refurbishment

and Modernization Project is shown in Table 33.

Table 33: Hydraulic Generation Refurbishment and Modernization — Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 1014.7 428.5 0.0 1443.2
Labour 2729.3 836.0 0.0 3565.3
Consultant 892.4 131.4 0.0 1023.8
Contract Work 2562.2 3247.5 0.0 5809.7
Other Direct Costs 223.6 222.9 0.0 446.5
Interest and Escalation 529.5 621.2 0.0 1150.7
Contingency 1142.0 1257.7 0.0 2399.7
Total 9,093.7 6,745.2 0.0 15,838.9
Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 54



O 00 N o Uu B W N B

[EEN
o

Hydraulic Generation Refurbishment and Modernization

Project Schedule
The individual schedules for each activity are in Section 2 of this report. Typically a high-level
schedule for a multi-year project is as follows:

e Year 1: Planning, Design, and Procurement; and

e Year 2: Construction, Commissioning, and Closeout.

For one-year projects, all activities will be completed in the first year. Typically, one-year

projects have short material lead times and shorter construction requirements.

All activities in this proposal will be completed before December 2020.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 55



ﬂufﬂiS}q

R
PEGA

PowfGamctisng k
wud Loty weednn

%
%\

Electrical

Mechanical

Civil

Protection & Control

Transmission & Distribution

Telecontrol

System Planning

Hydraulic Generation Asset Management Overview

o

July 2018

newfoundland labrador

hydro

a nalcor energy company






[EY

O 00 N o Uu B~ W N

N N NN R R R R R R R R R R,
w N B O LV N O U A~ W N R O

Hydraulic Generation Asset Management Overview — Version 2

Summary
Newfoundland and Labrador Hydro (Hydro) has developed an ongoing capital program to
replace or refurbish assets as they reach the end of their design life or require attention due to

obsolescence or anticipated failure.

Historically, Hydro’s Hydraulic Generation projects were divided into two categories: stand-
alone and programs. Programs include projects that are proposed year after year to address the
need to upgrade or replace deteriorated equipment, such as control cables, and have similar
justification each year. Stand-alone projects included those that do not meet the definition of a
program. Hydro had as many as 80 separate program-type projects in its Capital Budget

Applications over the past five years, with each stand-alone project tailored to a specific asset.

Starting with the 2018 Capital Budget Application, Hydro implemented a change to the
hydraulic generation programs submissions and consolidated the programs into the “Hydraulic
Generation Refurbishment and Modernization Project” thereby improving regulatory efficiency
and easing the administrative effort for both the Board and Hydro. This change allows for
opportunities to realize efficiencies by improving the coordination of capital and maintenance

work on the Hydraulic Generation assets.

With the 2019 Capital Budget Application, Hydro submits this revised Hydraulic Generation
Asset Management Overview (Overview) to provide an update of Hydro’s hydraulic generation
asset maintenance philosophies. The annual proposed projects reflect the philosophies

contained within.
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1 Introduction

Newfoundland and Labrador Hydro (Hydro) has 10 hydraulic electric generating stations. There

are over 3,000 assets involved in the operation of these stations.

Hydro’s Asset Management Program governs the life cycle of its hydraulic generation assets.
This program monitors, maintains, refurbishes, replaces and disposes of assets with the
objective of providing safe, reliable electrical power in an environmentally responsible manner
at least-cost. Within this program, assets are grouped at each location by five asset
classifications, including hydraulic generating units, hydraulic structures, reservoirs, site
buildings and services, and auxiliary equipment. This allows asset management personnel to
establish, where possible, consistent practices as it applies to equipment specification,
placement, maintenance, refurbishment, replacement and disposal. These practices ensure
that monitoring, assessing, justifying for capital refurbishment, and replacing for asset
sustaining purposes are consistently executed. Hydro has established programs which enact
these practices for assets or sub-grouping of assets (e.g. turbine overhauls are performed on

each hydraulic generating unit).

Part of Hydro’s Annual Capital Program is a sustaining effort to ensure the safety and reliability
of generation assets. Combining these projects into Hydraulic Generation Asset Management
Project provides an opportunity to increase regulatory efficiency and provide a more focused

presentation of Hydro’s sustaining efforts for hydraulic generation.

This document, Hydraulic Generation Asset Management Overview (Overview), serves as a
reference for annual projects. It provides supporting information on the assets involved, a
description of each asset, and how this document will be updated in the event of changes to

Hydro’s asset management philosophies.

Hydro will revise and resubmit the Overview, where appropriate, as changes are implemented

to asset management practices.
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1.1 Changesin Version 2

This document reflects Version 2 of the Overview and is being submitted with the 2019 Capital

Budget Application. All material changes in this revision are shaded in grey and are summarized

in Section 4.7, updated to include the Draft Tube Deck refurbishment program.

Minor changes to syntax have been made to improve reading and to reflect that this document

has been previously submitted and is no longer a newly established approach. These minor

changes have not been highlighted.

2 Hydraulic Generation Background

2.1 Hydraulic Generating Stations

The location, number of generators at each location, and the total rated generating capacity of

Hydro’s 10 generating stations is as follows:

1. Bay d’Espoir (BDE), seven units in two powerhouses outputting 613.4 MW,
2.

© ® N oo v kW

Table 1 provides the in-service dates for each turbine generating unit.

Cat Arm (CAT), two units outputting 134 MW;

Upper Salmon (USL), one unit outputting 84 MW;
Hinds Lake (HLK), one unit outputting 75 MW;
Granite Canal (GCL), one unit outputting 40 MW;
Paradise River (PRV), one unit outputting 8 MW,
Snook’s Arm (SAM), one unit outputting 560 kW
Venams Bight (VBT), one unit outputting 340 kW; and
Roddickton (RMH), one unit outputting 440 kW.

Newfoundland and Labrador Hydro 2019 Capital Budget Application
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Table 1: Turbine Generating Unit In-Service Dates

# Location In-Service Date

1a Bay d’Espoir Powerhouse 1 Unit 1 - March, 1967
Unit 2 - June 1967
Unit 3 - October 1967
Unit 4 - September 1968
Unit 5 - February 1970
Unit 6 - March 1970

1b Bay d’Espoir Powerhouse 2 Unit 7 - December 1977
2 Cat Arm Unit 1 - February 1985
Unit 2 - February 1985
3 Upper Salmon January 1983
4 Hinds Lake December 1980
5 Granite Canal August 2003
6 Paradise River February 26, 1989
7 Snook’s Arm September 1957 (Acquired in 1968)
8 Venams Bight April 1957 (Acquired in 1968)
9 Roddickton December 1980

Bay d’Espoir— Powerhouses #1 & #2
Burnt Dam — Spillway Structure

3. Cat Arm - Powerhouse
Ebbegunbaeg — Control Structure

5. Granite Canal — Powerhouse
Hinds Lake - Powerhouse

Provincial Generation and Transmission Gnd

Figure 1: Hydraulic Generation and Structures Locations

2.2 Infrastructure Classifications
The approximately 3,000 hydraulic generating assets are functionally grouped into hydraulic

generating units (Section 4.4), hydraulic structures (Section 4.5), reservoirs (Section 4.6), site
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Hydraulic Generation Asset Management Overview — Version 2

buildings and services (Section 4.7), and auxiliary equipment classifications (Section 4.8). A
functional description and further sub-classification of the infrastructure, equipment and

systems within these five asset classifications is provided in Appendix A: Full Asset Description.

3 Hydraulic Generation Capital Projects

3.1 Historical Hydraulic Generation Capital Projects

In the 2017 Capital Budget Application, there were 14 individual Hydraulic Generation projects,
which accounted for $13.1 million, or 5% of the Capital Budget. Historically, Hydro’s generating
station projects were divided into two categories: stand-alone, and programs. Programs include
projects that are proposed year after year to address the required refurbishment or
replacement of assets, such as control cables, and have similar justification presented each
year. Of the 14 individual Hydraulic Generation projects proposed in 2017, two were program-
related and the 12 stand-alone projects were similar to projects submitted in previous Capital

Budget Applications and as such were continuing efforts to sustain hydraulic generating assets.

3.2 Hydro’s Approach to Hydraulic Generation Capital Projects
The programs now included in the Project are:

e Hydraulic Generating Units Program;

e Hydraulic Structures Program;

e Reservoirs Program;

e Site Buildings and Services Program; and

e Common Auxiliary Equipment Program.

Items which will be excluded from the “Hydraulic Generation Refurbishment and Modernization
Project” and will be proposed separately include:
e Activities that cannot be scheduled for inclusion in the annual Capital Budget
Application - these projects will be submitted as either a supplementary capital budget
application or executed in the “Hydraulic Generating Stations In-Service Failures

Project”;

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 4
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e Activities in response to additional load or reliability requirements - these projects
generally have unique justifications and will be proposed separately; and

e Activities in response to significant isolated issues in a particular station (e.g.
replacement of a damaged turbine) - these projects generally have unique justification

and will be proposed separately.

Hydro will continue to maintain individual records with regards to asset capital, maintenance
and retirement expenditures and performance, which will be queried to support the

development of the annual capital plan.

3.3 Benefits of the Approach

Supporting information, such as asset descriptions change infrequently, referencing the
Overview in the Project documentation will eliminate the preparation and review of repetitious
information. Hydro estimates that this approach could save up to $130,000" annually, not

including time and costs for review by the Board and Intervenors.

Hydro has a proactive Asset Management Program to anticipate future failures so that
refurbishment or replacement can be incorporated into an Application. However, there are
situations were immediate refurbishment or replacement, which has not been included in an
Application, has to be undertaken due to the occurrence of an unanticipated failure or the
recognition of an incipient failure, so as to maintain the delivery of safe, reliable electricity at
least cost. These situations seldom include extenuating or abnormal circumstances and costs.
With aging assets, unanticipated failures are expected to increase. This increase will require
additional future efforts to provide and review regulatory documentation. By introducing a
“Hydraulic Generation In-Service Failures Project”, there will be a reduced need for that
documentation and change management processes. Each year, Hydro will provide a concise

summary of the previous year’s work.

! |f the work undertaken in the 2017 “Hydraulic Generation Refurbishment and Modernization Project” had been
submitted as 13 individual projects, it is estimated preparation would be approximately $10,000 per project.
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Hydro expects the “Hydraulic Generation Refurbishment and Modernization Project” will
provide opportunities whereby Hydro can further optimize the coordination of opportunities to
optimize capital and maintenance work to minimize outages on equipment as personnel look to

further coordinate work by location.

4 Asset Management Programs

4.1 Condition Assessment Practices

Hydraulic generation asset management personnel primarily obtain information to assess the
condition of hydraulic generation assets through calendar-based or equipment operating time-
based activities. Calendar-based activities include, but are not limited to, daily, weekly,
monthly, quarterly, annual and three-year preventive maintenance procedures. Operating
time-based activities include 500, 1,000 or 2,000-hour preventive maintenance procedures.
More information on calendar-based or equipment operating time-based activities is presented

in Appendix B.

Capital overhauls and refurbishments are conducted on differing timeframes depending upon
the asset and range from approximately 6 to 25 year time frames. The actual timing of this
work is determined by asset management personnel after considering various factors such as
reliability, safety, frequency of operation, asset criticality, condition, operating constraints and
geographic location. More information on the determination of timing is presented in Appendix

C.

The more frequent calendar-based and equipment operating time-based maintenance
procedures consist of visual inspection of the equipment for abnormalities, such as noticeable
cracks, rust, corrosion, electrical tracking, and component malfunction, as well as minor
maintenance such as oil and filter changes, as required. The remaining preventive maintenance
procedures and capital program activities require outages to the equipment and entail
progressive levels of disassembly, checking, testing and adjustments of systems and

components allowing for the identification of abnormalities which cannot otherwise be
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identified. These activities require greater or complete disassembly, specialized inspections and
testing of equipment and, if required based upon condition assessment, unforeseen
refurbishment or replacement activities completed within the approved budget for the

program.

The condition assessment information, documented by the personnel executing these
activities, is reviewed by Long-Term Asset Planning personnel who determine if corrective

action, either expensed as operating or included as capital, is required.

Additionally, Long-Term Asset Planning personnel may initiate condition assessments of existing
equipment and determine whether corrective action is required when information is obtained
through different sources than those outlined above. These sources may include operating
personnel, vendors, industry related groups and literature. This information may relate to such
situations as changes to safety practices, reports of performance indicating that an asset is
approaching end of service life, industry experience identifying new equipment issues, and
manufacturers withdrawing product support (obsolete equipment) resulting in Hydro being
unable to obtain spare parts and obtain technical expertise to maintain the equipment .
Corrective actions may be required immediately, or may be executed at a future time.
Condition assessment and practices specific to an asset classification are outlined in the

corresponding program described later in the Overview.

4.2 Program Types and Timing

The programs in this Overview are primarily focused on the capital overhauls and the execution
of corrective actions required by each asset classification. As the implementation of corrective
action increases or is projected to increase, a program will be added to this Overview. Due to
the volume and complexity of hydraulic generation assets, capital corrective actions are
required that do not warrant the establishment of a long-term capital program. For each asset
classification, these activities are captured under the section titled “Other Sustaining Activities”.

Capital corrective actions that are aligned with the Overview philosophies and practises, as well

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 7
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as capital work which will result in economic savings but do not reside within an established
capital program will be included in this program. Examples of capital work that could be
included under Other Sustaining Activities are:
1. Deteriorated systems, equipment, components or material approaching the end of their
service life;
2. Systems, equipment, and components for which manufacturers have withdrawn
product support or industry experience has identified new performance issues;
3. Changes to safety practices on existing infrastructure; and

4. Replacement of existing assets with economically justified replacements.

In the “Hydraulic Generation Refurbishment and Modernization Project” submitted with each
Capital Budget Application, the “Other Sustaining Activities” items, with associated costs and a

brief explanation of the work, will be provided for the Board’s review.

The timing of capital overhauls is determined by Long-Term Asset Planning personnel after
considering various factors including asset performance, safety concerns, frequency of
operation, criticality, condition, corrective actions required, operating constraints and
geographic location. More information on the determination of timing is presented in Appendix
C. Execution of capital corrective actions which align with philosophies and practises outlined in
this Overview will be included in the “Hydraulic Generation Refurbishment and Modernization
Project” or in the “Hydraulic Generation In-Service Failures Project”. Immediate corrective
actions stemming from an approved “Hydraulic Generation Refurbishment and Modernization
Project” which can be accomplished within the project scope and budget may proceed within
that project.” Future corrective actions would be included in the “Hydraulic Generation

Refurbishment and Modernization Project” submitted in a future Capital Budget Application.

? Immediate action that cannot be accomplished within the scope and approved budget of an approved “Hydraulic
Generation Refurbishment and Modernization Project” would be addressed either through the “Hydraulic
Generation In-Service Failures Project” or through a Supplementary Capital Budget Application.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 8
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4.3 Asset Classification Description

Each asset classification section includes a high level functional description of the group’s

assets. More information about the infrastructure, systems, equipment, and components in an

asset classification is provided in Appendix A.

4.4 Hydraulic Generating Units Asset Classification

Hydro’s Hydraulic Generating Units Asset Classification consists of:

Generators;
governors;

isolated phase buses;
spherical valves;
turbines;

exciters; and

metering, monitoring, SCADA, protection and control equipment.

Figure 2 is a cross-section of a Hydraulic Generating Unit.

Generator
=

— . 1 | _ 7//
Stator / |\|¢> ’ @
Turbine
Rotor (" Generator Shaft
A[C ‘ J ﬂ ATurbine
Wicket =
Gate P \

8/
.
|
n
Al

j’urbine Blades

Figure 2: Hydraulic Generating Units
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Flowing water is directed from a penstock through a main inlet valve (where equipped) and into
a spiral case, which encircles the turbine runner. The wicket gates direct water from the spiral
case into the turbine runner (noted as turbine blades in Figure 2). The water turns the turbine
runner and then flows into the draft tube attached to the turbine. The water passes through
the draft tube and on to the tailrace to exit the generating station. A shaft connects the turbine
runner and the generator rotor. Turning the runner causes the rotor to turn. Electrical
interaction, created by the unit exciter system, between the stator and the moving rotor
produces electricity for transmission to customers. A unit governor system controls the flow of
water, by way of the wicket gates, to ensure an appropriate amount of water is passing through
the turbine so as to supply the electrical power required from the generator. The electricity is
passed from the generator to the electrical transmission system outside the hydraulic
generation station through an electrical isolated phase bus system. Rotating equipment
requires lubrication and, as such, the unit has an automatic greasing system. Hydraulic
generating units have protection, control, instrumentation, condition monitoring, SCADA?® and

metering equipment to ensure safe, reliable operation and asset management data for the unit.

3 Supervisory Control and Data Acquisition (SCADA) systems gather information from the field, transfer the
information back to a central site, alert the central site of abnormal system conditions, perform necessary analysis
and control, and display information to operators. Operators interface with the SCADA which connects to
equipment in the field.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 10
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Figure 3: Dismantled Generator

4.4.1 Turbine and Generator Six Year Overhauls Program

The Six-Year Overhaul involves a partial dismantling the turbine and generator to inspect, test,
clean, refurbish the units. This may entail replacing defective components and, as required,
undertaking corrective refurbishment or replacement action. The generator activities involve
such activities as are cleaning and inspection of rotor and stator assembly, electrical testing on
rotor/stator assembly and calibration and testing of turbine and generator protection devices.
The turbine activities involve such activities as verification of bearing and seal clearances and
testing and calibration of turbine protection, control and monitoring devices. During these

overhauls, due the dewatering of the unit, the draft tube and penstock are also inspected.

4.4.2 Turbine Major Refurbishment Program
The Turbine Major Refurbishment occurs on approximately a 15 to 25-year cycle and involves
completely disassembling, inspecting, testing, assessing the turbine mechanical components

and, as required, carrying out corrective work to refurbish or replace components to maintain

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 11
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the turbine performance until the next major refurbishment. As the unit is dismantled for the
turbine major refurbishment, this offers an opportunity to carry out, if required, other
sustaining work on the unit, including:

e Inspection and replacement, as required, of the head cover and bottom ring bushings;

e inspection and, as required, replacement of the operating ring bearing;

e replacement of wicket gate V packing;

e replacement of various gaskets and seals;

e refurbishment of runner due to cavitation damage;

e machining of other unit surfaces as required based on condition assessments; and

e testing and calibration of turbine protection, control and monitoring devices.

In the past, concrete growth in the turbine foundation and the resulting erosion caused
movement of the turbine lower primary stationary seal. This could cause contact between the
stationary and rotating seals and require a full dismantling of the unit to correct. Therefore, as
required, grouting and machining of the upper and lower primary seals is also included in the

Major Turbine Refurbishment.

4.4.3 Generator Refurbishment Program

Hydro’s generator stator windings have an anticipated service life of 40 years. As a unit
approaches the end of its expected service life, a condition assessment is carried out. These
assessments reveal signs of electrical deterioration such as seeping asphalt or cracked
insulation, or mechanical deterioration such as shifting windings as a unit approaches the end
of its useful life. At this point, Hydro takes action to replace the windings. Hydro undertook
work to replace generator stator windings due to stator mechanical and electrical deterioration

from 2009 to 2014. Future work of a similar nature will be completed within this program.

4.4.4 Spherical Valve By-Pass Refurbishment Program
Since 2013, Hydro has completed five spherical valve by-pass refurbishment projects due to

deterioration and poor operating performance of the by-pass valve and control system. As the
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spherical valve by-pass reaches its end of service life, the valves begin to malfunction and
become prone to failures due to seized internal components. Future work of this nature will be

undertaken within this Program.

4.4.5 Exciter Replacement and Refurbishment Program
Hydro has undertaken ten exciter replacements due to a withdrawal of manufacturer product
support. Future work to replace or refurbish existing exciters will be completed within this

Program.

4.4.6 Automate Generator Deluge Systems Program
Since 2013, Hydro has been automating the deluge systems at Bay d’Espoir. Future work to

automate the remaining systems will be completed under this Program.

4.4.7 Refurbish Generator Bearings Program
Since 2013, Hydro has been refurbishing the generator bearings and housings to eliminate oil

loss from the bearing housing. Future work of this nature will occur under this Program.

4.4.8 Replace Auto Greasing Systems Program

As the auto-greasing system on a generating unit ages, it becomes prone to issues such as
solenoid failures, damaged timers and switches, and leaking tubing. On older units, the
unavailability of replacement components makes maintenance of the systems difficult. Since
2013, Hydro has replaced six automatic greasing systems due to deterioration, incompatibility
with new controllers, and ongoing maintenance issues. This program will be used to undertake

future work of this nature.

4.4.9 Replace Unit Metering, Monitoring, Protection, SCADA & Control Assets Program
In 2016, the Bay d’Espoir Unit 7 vibration monitoring system was replaced to improve condition
monitoring of Unit 7. The previously installed vibration monitoring system was unreliable. The

new monitor has increased the diagnostic information available to asset management and
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maintenance personnel. Hydro plans additional work starting in 2018 to replace the other
monitors on Bay d’Espoir Units 1 to 5 due to the monitors being obsolete. The new monitors

will allow long-term trending of data.

Hydro will replace protective relays, annunciators, human-machine interfaces, other metering,
monitoring, protection, and control equipment as it becomes obsolete, fails or operate

unreliably to ensure reliable operation of protective devices.

In 2017, a multi-year project to install a new Asset Health Monitor system for Upper Salmon
started. The new Asset Health Monitor system will gather diagnostic data from the generating
unit and provide trending analysis for asset management and maintenance personnel. Hydro
plans additional work starting in 2018 to replace obsolete monitoring devices on Bay d’Espoir

Units 1 to 5.

In 2017, Hydro identified control cables in its Hydraulic Generating Station are leaking oil, which
is contaminated with PCB’s. In 2018, Hydro will start a five-year effort to replace the cables and,

if required, associated infrastructure.

Hydro expects additional replacement of metering, monitoring, protection, and control
equipment assets, including wiring, panels and other supporting materials and devices, due to
deterioration and obsolescence and to provide more functional equipment. Work of this nature

will be covered by this Program.

4.4.10 Other Sustaining Activities

As described in Section 4.2 Program Types and Timing.

4.5 Hydraulic Structures Asset Classification
Hydro’s Hydraulic Structures Asset Classification consists of:

e control gates;
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e penstocks;
e surge tanks; and

e remote water level systems.

Figure 4 is a cross-section of a hydroelectric installation showing the intake gate.

Long-distance power lines

Figure 4: Cross-section of intake

Hydro uses hydraulic control structures to control the flow of water from reservoirs. Structures
associated with a powerhouse intake control the flow of water from the reservoir into
penstocks which transport water to a hydraulic generating unit (shown as a turbine and a
generator in Figure 4) to produce electricity. Structures associated with a spillway control the
flow of water from the reservoir into a spillway (spilling). Spilling, when required, is undertaken
to avoid damage to the reservoir dams or dykes caused by excessive water in the reservoir.
Hydro’s control structures consist of structural, mechanical, and electrical systems (Figure 5).
The water flows through the concrete structures and the mechanical systems incorporated into
the concrete structure. The mechanical systems controlling the flow of water include a vertical

sliding gate, a gate hoist, gate rollers, seals, and embedded steel parts in the concrete to allow
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movement of the gate by the hoist. Electrical systems include heaters to prevent icing of the
mechanical systems in the concrete structure, power supply systems and control systems for
the gate equipment. The stoplogs are mechanical systems of wood or steel members placed by
lifting devices between control structures and the reservoirs to stop water from flowing
through the concrete structures when the mechanical gate systems are being worked upon.

Hydro has 21 hydraulic control structures, which incorporate 40 gates.

Figure 5: West Salmon Spillway Control Structure

A penstock is a large pipe, most commonly constructed of welded steel, which conveys water
from a reservoir to turbine. Hydro has eight steel and one wood stave penstock serving the

hydraulic units and three arrangements with penstock/power tunnel combinations.

Hydraulic generating stations with high head designs have surge tanks connected to penstocks
to neutralize the impact of sudden changes in pressure on the penstock caused by operation of
the station. Water flows into the tank when the penstock water pressure increases and out of
the tank when penstock pressure decreases, thus mitigating the effects of water hammer on a

penstock. Hydro has four surge tanks in two hydraulic generating stations (Figure 6).
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Figure 6: Surge Tanks at the Bay d’Espoir Hydraulic Generating Station

The primary preventive maintenance procedure for Hydraulic Structures is a yearly inspection.

Based upon condition, overhauls are performed on a 10 to 15 year frequency.

4.5.1 Refurbish and Replace of Control Gates Infrastructure Program

Failure of subcomponents of control structures can result in safety hazards, equipment
damage, or the inability to operate gates as required. A failed gate control system has resulted
in the filling of the penstock too quickly, creating hazardous conditions. The failure of gate
heaters can result in mechanical components freezing, causing inoperability. Since 2009, Hydro
has undertaken control gate refurbishments in Hinds Lake, Upper Salmon, and Bay d’Espoir for

intake structures and at Salmon River, Victoria and Burnt Dam for spillway structures. This work
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has included structural, mechanical, electrical and control system work. Future refurbishment

work will be executed through this Program.

4.5.2 Refurbish Surge Tanks Program

Hydro carries out progressive inspections monthly and annually on surge tanks and a major

inspection every six years. Based on these inspections, Hydro determines whether corrective

action is required. Over time, protective coatings degrade, resulting in increased corrosion

which, if left unmitigated, may result in leaks or structural failure of the tanks. Failure of the

cathodic protection and protective coating of the surge tanks resulted in corrosion on the Bay

d’Espoir assets. In 2014, 2015, and 2016, Hydro completed projects to refurbish the surge

tanks. Future refurbishment work on any surge tanks will be covered by this Program.

4.5.3 Other Sustaining Activities

As described in Section 4.2 Program Types and Timing.

4.6 Reservoirs Asset Classification

Hydro’s hydraulic reservoirs asset classification consists of:

Figure 7 is a general cross-section of an embankment type dam.

ams;
dykes;

power canals;
spillways;

control weirs;

fuse plugs;

tunnels;
instrumentation; and

public safety control measures.

Newfoundland and Labrador Hydro 2019 Capital Budget Application

Page 18



© 00 N O Uu b~ W N

S
N B, O

Hydraulic Generation Asset Management Overview — Version 2
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Figure 7: Dam cross-section

Dams and dykes are constructed to increase the storage capacity of the reservoir. The majority
of Hydro’s dams are embankment type structures. The largest structure is 63 m high. Power
canals are typically a dyke lined canal developed to convey water between reservoirs or from a
reservoir to an intake structure. Passive overflow spillways are dams that are built to spill water
from a reservoir at a specific elevation. Overflow spillways in Hydro’s system are constructed of
rock fill with steel sheet pile cores, concrete or timber crib. Control Weirs are low head
concrete overflow spillways that maintain the water elevation upstream of the weir to within a
specified range. Fuse plugs are sections of dams that are constructed of earth materials and
designed to fail in a controlled manner without damaging adjacent larger, more critical dams.
Power tunnels convey water, through rock, from a reservoir to an intake structure. Diversion
tunnels divert water around the work site. Dam instrumentation provides measurements for

comparison to the dams design criteria.
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Figure 8: Hinds Lake Power Canal

Hydro has approximately 80 dykes and major structures in this classification. Hydro carries out
preventive maintenance activities at various frequencies for different asset types. For instance,
dam-type assets are visually inspected biweekly and undergo semi-annual engineering

inspections.

Figure 9: Safety Boom and Signage

4.6.1 Upgrade Public Safety around Dams and Waterways Program
Public safety risks are determined by completing risk assessments in accordance with the
Canadian Dam Association’s Dam Safety Guidelines, 2007 that includes guidelines for public

safety and security around dams. Appropriate control measures are installed to reduce the
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safety risk to the public. These measures include such items as signage, fencing, audible or

visual alarms, booms and buoys (as shown in Figure 9), operational changes and public

education. Hydro has conducted seven public safety projects since 2011. Future work to further

enhance public safety around Hydro dams and waterways will be undertaken through this

Program.

4.6.2 Other Sustaining Activities

As described in Section 4.2 Program Types and Timing

4.7 Site Buildings and Services Asset Classification

Hydro’s Site Buildings and Services Asset Classification consists of:

water distribution systems;

fuel storage and distribution systems;
powerhouse buildings;

service buildings;

helicopter Pads;

site fencing and gate controls;
parking lots;

stairways; and

site access roads.
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Figure 10: Paradise River Generating Station

Water distribution systems collect, transmit, treat, store, and distribute domestic water. Fuel
storage and distribution systems handle diesel, helicopter, and gasoline fuels. Powerhouse
buildings contain a hydraulic generating unit(s) and the unit’s auxiliary mechanical and electrical
equipment. Service buildings are other buildings required for a hydraulic generating station,
which include warehouses, maintenance buildings, training facilities, site accommodations, and
security offices. Helicopter pads allow helicopters to use relatively flat, clearly marked,
obstacle-free hard surfaces to land and take off safely. All sites have fencing and/or gates with
controls to maintain site security and public safety. The parking lots and stairways provide
vehicle parking and safe access to facilities. Site and access roads allow access to hydraulic

generation locations, such as generating stations and dams.

Site Buildings and Services assets are inspected and, where applicable, tested annually.
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4.7.1 Access Road Refurbishment Program

Since 2010, Hydro has undertaken four projects to refurbish access roads to its hydraulic
generating stations to maintain safe site access. Deterioration was a result of insufficient
drainage, washouts, or the normal wear/loss of road topping material. Hydro expects to

undertake similar work in the future and will execute it within this Program.

4.7.2 Diesel Fuel Storage Refurbishment and Replacement Program

Hydro has 19 diesel fuel storage tanks at its hydroelectric generating stations. These are subject
to deterioration (e.g. reduced wall thickness, corrosion) which is detected during routine tank
inspections. Tanks are also subject to changing government regulations. Hydro will use this
program to refurbish or replace tanks when deteriorated and to comply with government
regulations. Hydro has tanks in remote locations and since 2007 has installed remote
monitoring on a portion of those tanks. If required to add remote monitoring to other tanks,

Hydro will undertake this work within this Program.

4.7.3 Draft Tube Deck Refurbishment Program

A draft tube deck is a common feature in a hydroelectric plant. The draft tube is where the
exhausted water from the hydro unit exits and is directed to the tailrace. The draft tube deck is
a reference to the full structure including the substructure, exit water channels, and the deck
above that can be driven over or has walk access to install draft tube gates. Draft tube gates are
used to isolate the hydro unit by preventing tailrace water from coming back up through the
unit. Over time, concrete degrades and the structure experiences wear due to weather and
water erosion. Once this damage occurs, refurbishment of the structures is required to ensure
the reliable operation of the hydro units. Future refurbishment work on any Draft Tube Deck

will be covered by this Program.

4.7.4 Other Sustaining Activities

As described in Section 4.2 Program Types and Timing.
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1 4.8 Common Auxiliary Equipment Asset Classification
2 Hydro’s Common Auxiliary Equipment Asset Classification consists of:
3 e station service;
4 e ancillary AC/DC electrical system;
5 e standby diesel generators;
6 e cranes;
7 e fire protection and detection systems;
8 e powerhouse public address systems;
9 e compressed air systems;
10 e service/cooling water systems;
11 e domestic water systems;
12 e drainage/unwatering systems;
13 e water level systems;
14 e heating, ventilation, and air conditioning systems;
15 e waste oil storage tanks; and
16 e |ube oil storage.
17

18  Figure 11 depicts the Bay d’Espoir Station Service Transformers, one of many examples of

19  auxiliary equipment required for Hydro’s daily operations.
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Figure 11: Bay d’Espoir — Station Service Transformers

Station service system uses transformers and other equipment to convert AC electricity to a
voltage acceptable for use in the ancillary AC/DC electrical system which distributes electricity
to ancillary equipment needed in the operation of the hydraulic generating station. Standby
diesel generators are installed as back-up at locations that require electricity for operations.
Cranes are used during maintenance and capital work. Fire protection and detection systems
are installed to protect people, buildings, power transformers, generators, and other
equipment. Powerhouse public address systems allow communication within a noise working
environment. Compressed air systems provide pressurized air to equipment that requires
pressurized air to operate, such as governors, and spherical valves. Service/cooling water
systems are used to remove heat from turbines and generators, particularly bearings and

generator stators. Domestic water systems supply water where water is needed.
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Drainage/Unwatering Systems remove water from the hydraulic generating unit to allow access
to the turbine. Water level systems provide water level monitoring in streams, lakes or
reservoirs. Air conditioners control the temperature for personnel and equipment. Heating,
ventilation and air conditioning (HVAC) systems also provide humidity control for humidity-
sensitive electrical equipment. Ventilation systems remove waste heat generated by generating
units, and circulate fresh air using ducts and fans. Waste oil storage tanks hold used oil for
disposal. Lube oil storage are laydown areas for the 200 litre drums of lube oil that are located

at most generating stations.

There is a mixture of time based preventive maintenance procedures ranging from weekly to
yearly, and a mixture of operational hour preventive maintenance procedures ranging from 500

to 2,000 hour checks used to assess and maintain these assets.

4.8.1 Station Service Refurbishment and Replacement Program

Station service systems in Hydraulic Generating Stations are complex systems comprised of a
number of subsystems. Devices such as reclosers and circuit breakers require replacement as
they become obsolete, resulting in the unavailability of replacement parts required to maintain
equipment or operate unreliably. Equipment may require replacement to reduce fault levels,
and arc-flash levels, or improve protection coordination, either of which may result in safety
hazards or equipment damage if left unmitigated. Electrical equipment, such as transformers,
are prone to insulation breakdown and other deterioration as they reach the end of their useful
service life and require refurbishment or replacement. In 2015, 2016 and 2017, station service
electrical equipment was replaced at Cat Arm and Bay d’Espoir due to operational failures,
deterioration, and weak protective coordination between devices. Hydro expects work of this

nature to occur in the future and will undertake that work under this Program.

4.8.2 Service/Cooling Water Refurbishment and Replacement Program
Over time, cooling water pipes can become clogged with organic slime and hardened organics

that attaches to the pipe walls causing the cooling water flows to decrease significantly.
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Additionally, older cooling water pipes are constructed of mild steel, which is prone to
corrosion over time. Since 2009, Hydro has undertaken 11 projects to replace cooling systems
and piping, pump, and instrumentation components due to pipe fouling from material build up
and corrosion. Future capital work on service/cooling water systems will be undertaken within

this Program.

4.8.3 Air Conditioning Refurbishment and Replacement Program

Hydro has refurbished or replaced air conditioning systems and improved ventilation in four
projects due to obsolescence, resulting in the unavailability of replacement components require
to maintain units. Air conditioning systems are also replaced or upgraded due to increased

cooling requirements. Future capital work for this will be executed through this Program.

4.8.4 Standby Generator Refurbishment and Replacement Program

Since 2009, Hydro has replaced three standby generators at Bay d’Espoir due to poor
performance and the inability to reliably supply station service power in an emergency. Primary
power diesel generators have been replaced at the Burnt Dam and Victoria Control Structure
locations. Diesel generators require an engine overhaul based on operating hours and
operating performance. Typically, standby diesels rarely require this refurbishment and primary
power diesel generators require this refurbishment about every five years. Future replacement

and refurbishments of diesel generators will be completed under this Program.

4.8.5 Ancillary AC/DC Electrical System Refurbishment and Replacement Program

In 2011 and 2013, Automatic Transfer Switches were replaced at Bay d'Espoir and Hinds Lake
due to operational failures. In 2015, Hydro started the installation of Infrared Inspection
Viewports in electrical equipment at various hydraulic generating stations to allow safe
inspection of the equipment while energized. Installations of the viewports will occur under this
Program. In addition, Hydro expects that the replacement and refurbishment of ancillary AC/DC
electrical assets will continue to maintain a reliable supply of electricity. In the future, this work

will occur under this Program.
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1 4.8.6 Other Sustaining Activities - Common Auxiliary Equipment Program

2 Asdescribed in Section 4.2 Program Types and Timing
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Full Asset Description
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Hydraulic Generating Units

Generator
A generator is an electric rotating machine that transforms mechanical power from a hydraulic

turbine into electric power.

Stator Assembly

A stator consists of a core and a frame; it is the stationary part of a machine that serves as both
a magnetic circuit and a supporting member. The core is made up of sheets of electrical steel;
the sheets, which are 0.35-0.5 mm thick and insulated with varnish, are formed into stacks and
fastened in the cast or welded frame. Stator windings fit into slots made in the core. The stator
is cooled with surface air coolers, which are heat exchangers that have cooling water flowing

through which cool the hot air blown around the stator.

Stator Assembly
The rotor consists of a fabricated spider, laminated rim, field poles and windings, a brake ring

and collector rings.

Thrust and Guide Bearing

The thrust and guide bearing combination on the generator sustains axial and lateral loading
and prevents axial and lateral movement. The bearing consists of a segmented guide bearing,
thrust block, rotating ring, segmented spring-supported thrust bearing, base ring, oil reservoir,

cooling coils, alarm devises, and a high pressure oil injection system for start-up (if equipped).

Cooling Water System
The cooling water system supplies water to the thrust and guide bearing cooling coil to cool the
oil reservoir. The cooling water also supplies the surface air coolers in the generator to cool the

stator and rotor by air circulation within the generator.
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Governor

The governor serves to keep the speed of the hydro unit constant in order to maintain the
systems frequency of 60 hertz. Any change in load or other operational disturbances will cause
the governor to open or close the wicket gates to allow more or less water to maintain the

constant speed of the Hydro Unit.

Governor Speed Generators

Speed control is one of the primary functions of a governor. On Mechanical governors, a set of
rotating flyballs, opposed by a spring, controls the position of a valve. The valve controls the
flow of oil to a servomotor that controls the wicket gates. Any change in speed will cause the
valve to be moved off its centered position, making the gates open or close, and changing the
unit's speed. Modern electronic governors control the gates by monitoring electronic signals

from speed sensors.

Governor Pump

The pump used by the governor to port oil through the governing system.

Governor Piping System

The network of pipes required to deliver the governor oil to the desired location.

Accumulator Tank

An accumulator tank stores oil for the governor system and is pressurized by air.

Servomotor Assembly
The servomotors are hydraulically actuated pistons, controlled by the governor, that move the
linkages connected to the wicket gates to allow water regulation to the hydraulic generating

unit to maintain a constant speed.
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Isolated Phase Bus

Isolated phase bus is the current carrying conductors used to transmit large currents. For
Hydro’s generation sites, it is the means used to carry the current from the generators to the
step-up transformers. The conductors are individually contained within housings to provide

electrical and physical protection and to minimize the possibility of faults.

Disconnect Switch
Disconnect switches are used to electrically isolate the isolated phase bus either for
maintenance activities or troubleshooting. Proper operation of these switches is essential for

the establishment of a safe work environment and for reliable and secure system operation.

Grounding Switch
Grounding switches are used to provide a safe and secure electrical connection between a
piece of equipment and ground. Proper grounding of equipment is essential for the

establishment of a safe work environment.

Buswork

Buswork is the current carrying conductors which provide connections for the electrical circuits.

Main Inlet Valve

Main Inlet Valves are mainly employed in power plants with more than one generating unit
sharing a common penstock. When one penstock is used to supply two or more generating
units these valves are installed on each unit to provide isolation from the penstock water
supply. This allows the operation of one unit while the other unit is down for maintenance or in

stand-by. Most of Hydro’s Main Inlet Valves are of the spherical valve type.
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Turbine
A turbine is a rotary machine that converts kinetic energy and potential energy of water into

mechanical work. Components of the turbine include:

Runner
Flowing water is directed on to the blades of a turbine runner, creating a force on the blades.
Since the runner is spinning, the force acts through a distance, which is the definition of work.

In this way, energy is transferred from the water flow to the turbine.

Draft Tube

In power turbines a diffuser tube is installed at the exit of the runner, known as draft tube.

Guide Bearing
The guide bearing on the turbine sustains lateral loading and prevents lateral movement. The
bearing consists of a segmented guide bearing, oil reservoir, cooling coils, and instrumentation

to monitor bearing temperature and oil levels within acceptable ranges.

Auto-greasing System
The auto-greasing system delivers controlled amounts of lubricant to multiple locations on a

hydraulic generating unit while the machine is in operation.

Turbine Shaft and Coupling
The turbine shaft is the portion of the hydraulic units’ shaft that is connected to the turbine.

The shaft coupling joins the generator shaft to the turbine shaft.

Scroll Case
A spiral-shaped steel intake guiding the flow into the wicket gates located just prior to the

turbine.
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Headcover Assembly

The headcover is the top stationary part of a hydraulic turbine that encloses the system.

Wicket Gates and Linkages
Adjustable elements that control the flow of water from the scroll case into the turbine passage

by the linkages connected to the servomotors.

Excitation

Excitation Transformer

The excitation transformer is a part of the excitation system. It is used to convert the generator
terminal voltage to a lower voltage which supplies the rectifier. The excitation system creates
the DC energy for the rotating magnetic field in the generator to enable conversion of
mechanical energy into electrical energy. Without an excitation transformer, a generating unit

is not able to produce electricity.

Field Breaker

The field breaker is a circuit breaker used to isolate the power supply between the excitation
system and the generator rotor. The field breaker performs switching actions to complete,
maintain, and interrupt current flow under normal or fault conditions. The reliable operation of
the field breaker through its fast response and complete interruption of current flow is

essential for the protection of the excitation system.

Metering, Monitoring, Protection, SCADA and Control
Ground Cubicle
Minimizes fault damage incurred by generators, and maintains sufficient fault detection to

improve power system reliability.
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Auto Control Panel
The auto control panels are where control or monitoring instruments are displayed. This is

where operators interface with the generating unit.

Synchronizing Panel
Synchronization panels are mainly designed and used to meet power system requirements.
These panels function both manually and with an automatic synchronizing function for one or

more generators or breakers. They are widely used in synchronizing generators.

Temperature and Frequency Control Panel

This panel displays the temperature and frequency of the hydro unit.

Time and Frequency Clock

Highly sensitive equipment used to measure the time and frequency of the unit.

Oscillogragh

An Oscillogragh is a device for recording oscillations, especially those of an electric current.

Voltage and Megawatt Panel

This panel displays the voltage and megawatt output from the hydro unit.

Recorder

The recorder records the voltage and megawatt readings of the unit.

Control Cables and Junction Boxes
Control cables connect various circuits for the operation of each generator. Junction boxes are

also located along cable paths where it is practical to terminate cables from various sources.
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Vibration Monitoring System

Hydro Unit Systems

For Hydro Units vibration sensors are mounted on the critical bearings and wired to the plants
computer system or to a dedicated vibration monitoring system. Two alarm levels (soft and
trip) are then set to alert the operator that maintenance attention is needed or in the case of a

Trip Alarm to shut the machine down to prevent failure.

Handheld Units
Handheld vibration units use magnetic vibration sensors that are directly connected to the
equipment to monitor vibration and record data. This data can then be downloaded to a

computer for analysis.

Data Acquisition System
This system measures an electrical or physical phenomenon such as voltage, current,
temperature, pressure, or sound with a computer. The system consists of sensors,

measurement hardware, and a computer with programmable software.

Hydraulic Structure

Substructure

The substructure is the underlying or supporting structure, such as the concrete foundation.

Superstructure
The superstructure is the components of a hydraulic structure that are on top of the
substructure. This includes components such as the structural steel, hoists and motors for the

gates.

Gates
The structure gates are designed to hold back water. In a spillway the water is on one side and

the other side is typically dry when the gates are closed. Depending on the function of the
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particular structure, the gates are opened to move water from one reservoir to another, or to

spill water from the reservoir when the water level exceeds the maximum safe level.

Stoplogs/Master logs
The stoplogs are a set of wooden or steel logs that are put in place by a crane or hoist with the
help of a lifting device called the master log. The stop logs act as a temporary measure to

isolate the water side of the gate for maintenance.

Gate Hoist
A gate hoist is a device used for lifting or lowering a gate by means of a drum or lift-wheel

around which a wire rope or chain wraps.

Gate Rollers, seals, and embedded parts

The gate rollers are attached to the gate and roll along the embedded steel in the gains.

Heating Systems

There are three heating systems that can be used in a structure; the first is a gain heater that
heats the roller path on the side of the structure and ensures the roller path is free of ice during
the winter. Sill heaters heat the bottom of the gate where it sits on the concrete substructure
so that the gate does not freeze to the bottom during winter. The other heating system is on
the gate itself and is called gate heaters. Gate heaters are used to ensure that ice does not form

inside the gate and that water side of the gate is free of ice during the winter.

Control Systems
Control systems are typically computer systems designed to control gate systems remotely.

Some older technology electronic controllers are used for specific simple control features.
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De-icing Systems

In conjunction with the heating systems other systems are strategically employed to combat ice
around gates. Water up-lifters are used to agitate the water close to the surface of the gate to
inhibit the formation of ice. Bubbler systems use compressed air to lift warmer water at lower
levels in the reservoir to prevent the formation of ice cover or to remove ice build-up on trash

racks.

Penstock
A penstock is a channel for conveying water to a turbine, commonly constructed of steel, wood,

or rock.

Surge Tank
A surge tank is a tank connected to a penstock carrying reservoir water. It is intended to
neutralize sudden changes of pressure in the flow by filling when the pressure increases and

emptying when it drops to minimize the effects of water hammer in a penstock.

Heating Systems
The surge tank heating system prevents the stagnant water in the surge tank from freezing in

the winter. If surge tank water freezes, water cannot flow freely to avoid water hammer.

Relief Valves
Relief values are an alternative to Surge Tanks to minimize the effects of water hammer in a
penstock. The use of a Surge Tank or a relief valve is determined during the design stage of a

new unit and it is typically not possible to change the design after initial construction.

Coating Systems
Metal penstocks are coated to protect the steel and welds from corrosion due to the water

inside and the elements outside of the penstock or Surge Tank.
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Drainage Systems
Drain pipes are installed under the penstocks in the bedding material to collect any leakage

from the penstocks as well as surface water and any leakage from the intakes/dams.

Water Level Systems
Water level systems are located at hydraulic structures to provide information to operations to

make informed decisions about water management and other operating conditions.

Reservoirs

Dams and Dykes

Hydro currently operates more than 100 dams, dykes and hydraulic structures on the island of
Newfoundland. Hydro dams are constructed to hold back water and raise its level to contain
water for electricity generation. The majority of Hydro’s dams are embankment type structures

with the highest structure being 63 m high.

Power Canals
Power canals are typically a dyke lined canal developed to convey water from one reservoir to

another or form a reservoir to an intake structure.

Passive Overflow Spillways
Passive overflow spillways are dams which are built to spill water from a reservoir at a specific
elevation. Overflow spillways in our Hydro system are constructed of rock fill with steel sheet

pile cores, concrete or timber crib.

Control Weirs
Control Weirs are low head concrete overflow spillways which maintain the water elevation

upstream of the weir to within a specified range.
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Fuse Plugs
Fuse plugs are sections of dams that are constructed of earth materials and designed to fail in a

controlled manner without damaging adjacent larger more critical dams.

Power Tunnels

Power tunnels convey water, through rock, from an intake structure to a generating station.

Diversion Tunnels

Diversion tunnels divert water around the work site.

Dam Instrumentation

This instrumentation monitors the dam design criteria. Examples of dam instrumentation
include piezometers, inclinometers, survey monuments and anemometers. This condition
monitoring instrumentation is used to measure movement of the dam structure and water

content in the dam.

Public Safety around Dams Control Measures

Public safety risks are determined by completing risk assessment in accordance with Canadian
Dam Association (CDA) guidelines for Public Safety around Dams. Control measures are then
implemented to reduce the risk to the public. These measures include such items as signage,

fencing, audible or visual alarms, booms, buoys, operational changes and public education.

Site Buildings and Services

Water Distribution System

A water distribution system is a system for the collection, transmission, treatment, storage and

distribution of water from source to site locations.
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Piping

The network of pipes required to deliver the site water to the site facilities.

Pumps

The driver of the water from the source is by pumps.

Storage Tanks
Storage tanks hold water to provide a consistent water pressure at site facilities and a volume

of water that can be used for firefighting.

Filters

To remove sediment and fine particles from the water filtration systems are used.

Fuel Storage and Distribution System
Fuel Storage and Distribution System are site specific systems to have fuel and distribution

methods on site.

Diesel Fuel Tank

Tanks that house diesel fuel only.

Gasoline Fuel Tank

Tanks that house gasoline fuel only.

Jet Fuel Tank

Tanks that house jet fuel only.

Fuel Dispenser and Pumps

Apparatus used to dispense and meter the fuel.
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Powerhouse Building
Buildings used to house hydraulic generating units and the auxiliary mechanical and electrical

equipment required for the generation of electricity.

Vertical Lift Equipment Doors
Vertical Lift Doors are large doors that allow access to the powerhouse building for large
material and equipment. The doors are operated manually or electrically by a counter weight

arrangement.

Roof

The roof is the structure forming the upper covering of a powerhouse building.

Substructure

The substructure is the underlying concrete support of the powerhouse.

Superstructure
The superstructure is the building that is placed upon the substructure. This includes the

concrete and steel that make up the walls of the building.

Service Buildings
Service buildings are any other building on-site that supports Hydro’s generation of electricity.
This includes warehouses, maintenance buildings, training facilities, site accommodations, and

security facilities.

Substructure

The substructure is the underlying concrete support of the service building.

Superstructure

The superstructure is the building that is placed upon the substructure.
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Septic System
A septic system stores and distributes sewage. This includes a septic tank, septic field and all

associated distribution piping.

Garage Doors
A garage door is a large door on a service building that opens either manually or by an electric
motor. These are typically overhead doors similar to automotive garages or residential attached

garages.

Exhaust Systems (Welding)
Wielding exhaust systems are ventilation systems in maintenance buildings that specifically

circulate fresh air using ducts and fans in the area to ensure worker safety.

Ventilation Systems

Ventilation systems circulate fresh air using ducts and fans.

Security Systems
A security system detects and issues an alarm due to an intrusion or unauthorized entry.

Security systems are also used to prevent unauthorized access to Hydro facilities.

Helicopter Pad (Helipad)

A helipad is a landing area or platform for helicopters and powered lift aircraft. While
helicopters and powered lift aircraft are able to operate on a variety of relatively flat surfaces, a
fabricated helipad provides a clearly marked hard surface away from obstacles where such

aircraft can land safely.

Site Fencing and Gate Controls

All sites have fencing and or gates with control to maintain site security and public safety.
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Parking Lots and Stairways
The parking lots and stairways are areas for staff, contractors and the general public to park

vehicles for safe access to Hydro’s facilities.

Site and Access Roads
Site and Access Roads are used to allow access to specific locations, such as generating stations,

terminal station, hydroelectric dam, and all Hydro locations.

Drainage

Drainage is the sloping of land to divert water away from a specific area.

Culverts

Culverts allow the passage of water through/under a road.

Bridge
Bridges are structures used to span sections of site roads over a stream, river, valley, canal, or

any obstacle preventing access to the site location.

Common Auxiliary Equipment

Station Service

A station service switchboard is an electrical panel used to supply low voltage power to the
critical and auxiliary electrical equipment necessary for the operation of the generating units.
The protective devices included within the station service switchboards are required to monitor
the flow of electricity and to interrupt this flow, in a selective and timely manner, in the event

of an electrical fault.
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Station Service Transformers
Station Service Transformers convert electricity from higher voltages to voltages used in the

ancillary AC/DC Electrical system.

Circuit Breakers
Circuit breakers perform switching actions to complete, maintain, and interrupt current flow
under normal or fault conditions. The reliable operation of circuit breakers is essential for the

protection of the critical and auxiliary equipment supplied by the station service switchboard.

Disconnects and Switches

Disconnects and switches are used to electrically isolate equipment for maintenance activities
or troubleshooting. Proper operation of these switches is essential for the establishment of a
safe work environment and for reliable and secure system operation. Faulty and/or

malfunctioning disconnects or switches that do not operate properly create a safety hazard.

Grounding Transformers

Grounding transformers are used to provide a ground path for the station service systems. This
ground path ensures that the system’s neutral is at or near ground potential. The establishment
of a suitable ground enables safe operation of a grounded electrical system, and allows
protective devices (like relays or low voltage circuit breakers) to detect and isolate line-to-

ground faults.

Instrumentation Transformers
Instrument transformers are used to provide inputs to protection, control and metering
equipment required for protection of the electrical equipment supplied from the station service

system.
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Surge Arrestors
Surge arresters provide overvoltage protection of electrical equipment from lightning and

switching surges.

Power Cables and Junction Boxes
Cables to connect station service to switchgear and electrical panels and ancillary equipment.
Junction boxes are also located along cable paths where it is practical to terminate cables from

various sources.

Ancillary AC/DC electrical system
Switchgear and Panels
Switchgear and Panels are devices which are used to distribute electricity to cables. This

equipment protects the cables and equipment from overload and short circuits.

Power Cables and Junction Boxes

Distributes electricity to equipment

Battery Banks and Chargers

Provides DC electricity for DC powered equipment.

Diesel Standby Generator

A diesel generator is the combination of a diesel engine with an electric to generate electrical
energy. Prime-power diesels provide power to sites that are not connected to an
interconnected distribution system. Emergency diesels are on stand-by at various locations

within Hydro’s system to ensure system reliability.

Engine

This is the diesel engine used to drive the genset.
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Generator

The generator converts mechanical energy from the engine to electricity.

Enclosure
Some diesels are located outside and require an enclosure to house the unit away from the

weather.

Cranes
Cranes are machines used for moving heavy objects, typically by suspending them from a

projecting arm or beam.

Overhead
An overhead crane consists of parallel runways with a traveling bridge spanning the gap. A

hoist, the lifting component of a crane, travels along the bridge.

Monorail

A traveling crane suspended from a single rail.

Gantry
Gantry cranes are a type of crane built atop a gantry, which is a structure used to straddle an

object or workspace

Wire Rope

Wire rope is a length of rope made from wires twisted together as strands.

Fire Protection and Detection System
A fire alarm system has a number of devices working together to detect and warn people
through visual and audio devices when smoke, fire, carbon monoxide or other emergencies are

present.
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Transformer Deluge System

A transformer deluge fire sprinkler system is an automated water spray system where the
water distribution piping is equipped with open spray nozzles for discharging over a
transformer. Deluge systems are connected to a water supply through a deluge valve that is

opened by the operation of a smoke or heat detection system.

Fire Panels
A Fire Alarm Control Panel, or Fire Alarm Control Unit, is the controlling component of a Fire

Alarm System.

Generator Deluge System

A generator deluge fire sprinkler system is an automated water spray system where the water
distribution piping is equipped with open spray nozzles for discharging within the generator.
Deluge systems are connected to a water supply through a deluge valve that is opened by the

operation of a smoke or heat detection system.

Inergen System

Inergen agent is a mixture of three naturally occurring gases: nitrogen, argon, and carbon
dioxide. This system releases the Inergen agent when the system is activated and floods the
contained room with the agent to extinguish the fire by decreasing the oxygen concentration

below levels required to sustain combustion.

Office Sprinkler System
An office space sprinkler system is a system for protecting a building against fire by means of

overhead pipes which convey water to heat-activated outlets.
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Passive Fire Protection
Passive fire protection is an integral component of the three components of structural fire
protection and fire safety in a building. This protection is used to contain fires or slow the

spread of fires.

Powerhouse Public Address System
A public address system is an electronic sound amplification and distribution system with a
microphone, amplifier and loudspeakers, used to allow a communication within a loud

powerhouse.

Compressed Air System

Compressed air is air kept under a pressure that is greater than atmospheric pressure.

Air Receiver Tank

This is the tank for where the pressurized air is stored until it is required.

Air Dryer

An air dryer is used for removing water vapor from compressed air. The process of air
compression concentrates atmospheric contaminants, including water vapor. This raises the
dew point of the compressed air relative to free atmospheric air and leads to condensation

within pipes as the compressed air cools downstream of the compressor.

Excessive water in compressed air, in either the liquid or vapor phase, can cause a variety of
operational problems for equipment using the compressed air. These include freezing of
outdoor air lines, corrosion in piping and equipment, malfunctioning of pneumatic process

control instruments, fouling of processes and products, and more.

Compressors

A machine used to supply air at increased pressure.
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Service/Cooling Water System

Service or Cooling water is the water removing heat from a machine or system.

Pumps

Cooling water pumps distribute the water from the source to the system.

Basket Strainers
Cooling water is sourced from the tailrace or other unfiltered sources and the basket strainer is
a closed vessel with cleanable screen element designed to remove and retain foreign particles

down to 0.001 inch diameter from various flowing fluids

Piping, valves, and controls

The piping, valves and controls are required components of the cooling water system.

Domestic Water System
Domestic water use is water used for indoor and outdoor site purposes such as washrooms,

and kitchens.

Drainage/Unwatering System
This system handles the removal of water from the hydraulic generating unit draft tube for

maintenance.

Sump Pumps

The pumping system required to remove the water.

Water Level System

Water level or gauge height or stage is the elevation water in a reservoir.
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Air Conditioners
Air conditioners control the temperature in many locations for personnel and equipment. The
units also provide humidity control in rooms with sensitive electrical equipment like

communication rooms.

Ventilation System

Ventilation systems circulate fresh air using ducts and fans.

PCB Waste Oil and Waste Oil Tanks
These are specifically marked oil tanks that only contain waste oil. Once the tanks are full, a
waste disposal company comes to site to empty the tank. PCB waste oil has to be disposed of

properly outside of the province, thus the reason for two types of waste oil storage.

Lube Oil Storage

Lubrication oil storage includes laydown areas for the 200 litre drums that are located at most
generating stations, carrying devices for these drums, and smaller storage containers that are
used for top-ups when required. The proper storage for lube oil is important to equipment
health because a proper container will limit any air borne particulates or any moisture from

contaminating the oil.
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Operational Hour and Time Based Activity Background
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Time Based Activities
Time based maintenance is maintenance performed on equipment based on a calendar
schedule that is planned in advance. Hydro’s Time Based PM includes:
e Daily operational checks — running maintenance;
e PM 1: Weekly Checks;
e PM 2: Bi-Weekly Checks;
e PM 3: Monthly Checks;
e PM 4: Quarterly Checks;
e 120 Day Transformer Inspection;
e PM 5: Semi-Annual Checks;
e PM 6: Yearly Checks;
e PM 8: 3 Year Checks; and
e PM9:6 Year Checks.

Note: All the PM checks except for the PM 9 are operating expenditures.

Operational Hour Activities
Operational Hour Preventive Maintenance is performed based on the actual usage time of the
piece of equipment. This applies to auxiliary equipment such as compressors that have
operational time checks at:

e 500 Hour PM;

e 1,000 Hour PM; and

e 2,000 Hour PM.

Note: All the time based PMs are operating expenditures.

For each Time Based and Operational Hour activity listed specific check sheets has been
developed for each asset classification, such as mechanical, electrical, and Protection and
Control. On each check sheet, there are specific checks and duties that have to be completed. If

abnormalities (e.g. unexpected wear on a runner) are found, a report is made to the Long-Term

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page B2



Hydraulic Generation Asset Management Overview — Version 2
Appendix B

1  Asset Planning group for condition assessment and, if required, determination of the corrective

2 action and timing. This work may or may not require capital expenditures.
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Major Equipment and Structural Overhauls

Major Equipment and Structural Overhauls are required on assets to ensure safe reliable

operation.

For Major Equipment and Structural Overhauls the timing is nominally between 6 and 25 year

frequency. Some examples are:

e Generating Unit Major Overhauls, approximately every 6 years;

e Generating Unit Turbine Refurbishments, approximately every 15 - 25 years;

e Control Structure Major Overhauls, approximately every 10 years; and

e Intakes, Spillways, and Bypasses Major Overhauls, approximately every 15 years.

To determine the timing and the tasks in each overhaul, information such as the following is

reviewed:

1. Timing

Is the unit overhaul required at this time (based on equipment condition)?
Is there sufficient generation is available on the electrical system to allow the
outage? and

Will any spilling of reservoir water occur during the time the outage is required?

2. Condition

There are two types of assessments that Long Term Asset Planners use to determine

the condition of an asset, Class 1 or Class 2 assessments.

Class 1 Assessments: These assessments are completed using information from
condition monitoring or during maintenance procedures.

Class 2 Assessments: These assessments are completed using information from
detailed, extensive asset inspection or testing. The information is obtained through
overhauls conducted and investigations completed by people with specialized
expertise. The activities required can involve advanced testing and or disassembly of

equipment to perform an inspection and testing.
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3. Asset Criticality
Asset management personnel have ranked hydraulic generation assets criticality. This

ranking is used in determining the priority of work in a given year.

4. Frequency of Operation
An asset that is used more frequently will require more maintenance, both preventive
and corrective, therefore a unit that is used more will have overhauls scheduled more

frequently.

5. Safety

Projects that have safety justifications are given high priority.

6. Reliability

Overhauls can be performed earlier for the units that exhibit poor reliability.

7. Geographical Location
The maintenance centre for Hydro Generation is located in Bay d’Espoir. When work is
required at stations or structures outside the Bay d’Espoir area plans are developed to

pool many activities together to increase efficiency.
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Asset Criticality
Asset management personnel have ranked hydraulic generation assets criticality. This

ranking is used in determining the priority of work in a given year.

Frequency of Operation
An asset that is used more frequently will require more maintenance, both preventive
and corrective, therefore a unit that is used more will have overhauls scheduled more

frequently.

Safety

Projects that have safety justifications are given high priority.

Reliability

Overhauls can be performed earlier for the units that exhibit poor reliability.

Geographical Location
The maintenance centre for Hydro Generation is located in Bay d’Espoir. When work is
required at stations or structures outside the Bay d’Espoir area plans are developed to

pool many activities together to increase efficiency.
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Overhaul Unit 3 Turbine Valves - Holyrood

Summary

This project is for the scheduled overhaul of Generating Unit 3 Turbine Valves at the

Holyrood Thermal Generating Station (Holyrood). The generating units at Holyrood experience
numerous system faults and swings in load during system events, which increases the forces
and load induced upon the turbine control valve. Completing scheduled overhauls at the

correct times are required to ensure reliable operation.

The report illustrates the primary reasons why the turbine valves are overhauled on a three
year schedule. It also emphasizes consultant reviews of the system and their recommendations
and findings. Important factors that support the conclusions made by this report include, but
are not limited to, age of equipment, major work and/or upgrades, anticipated useful life,

maintenance history, and historical information.

The estimated project cost is approximately $3,290,500 with planned completion in 2019.
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Overhaul Unit 3 Turbine Valves - Holyrood

1 Introduction

Hydro’s Holyrood Thermal Generating Station (Holyrood) is a critical part of the Island
Interconnected System (IIS). The three oil-fired generating units provide an installed capacity of
490 MW. As part of the generation process, numerous valves in the system control different
functions such as controlling the main steam flow into the high compression stage of the
turbine and releasing steam from the turbine in the event of a unit trip. All of the valves are
required to operate reliably during steam production and are overhauled on a standard three-

year cycle.

2 Project Description

This project is required to complete a scheduled turbine valves overhaul for Unit 3 at Holyrood.

This major overhaul consists of disassembly, inspection and reassembly of the following:
e Two main stop valves;
e Two combined reheat stop/intercept valves;
e Four control valves; and

e Auxiliary valves (blowdown valve and non-return valves).

The valves will be refurbished as required through replacement of damaged parts.

The work required for this project can be classified into three categories:
1. Routine standard work defined by the equipment manufacturer;
2. Defined work, which is extra to the standard work and identified prior to the overhaul;
and
3. Unforeseen work, which may result from examination of the equipment during the

internal inspection.

The schedule to complete the standard and defined work is within the specified overhaul

period. Action by the contractor on unforeseen work is determined in consultation with Hydro
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staff. The valve overhaul will take approximately 12 weeks to complete, and any unforeseen
work, particularly if components need to be sent off site for refurbishment, could alter the

schedule and have an impact on the overall cost.

3 Justification
This project is justified on the requirement to maintain the generating equipment in its optimal
operating condition. It will also identify any unusual findings (internally or externally) that, if not

corrected or controlled, could lead to premature failure of the equipment.

Since the installation of Unit 3 in 1979, valves overhauls of the turbine and auxiliaries have been
performed on a scheduled basis that reflected industry standards. The turbine valves
manufacturer recommended that a three-year cycle should be maintained for turbine valve
overhauls to minimize unplanned corrective maintenance. In January 2010, AMEC Americas
Limited (AMEC) was contracted by Newfoundland and Labrador Hydro to conduct a Phase 1
Condition Assessment and Life Extension Study of the Holyrood Generating facility. The study
agreed with the three-year cycle for turbine valve overhauls. Hydro has maintained this cycle
since the generating units were put into service. Also, the Holyrood Turbine Service Provider,
GE, provided engineering recommendations to complete the scheduled turbine valve overhaul

to avoid the risk of turbine overspeed and forced outages.

The Unit 3 turbine valves were last overhauled in 2016 and will be due for an overhaul in 2019.

3.1 Existing System

The three major components of the thermal generating units are the power boiler, turbine, and
generator. Through combustion of No. 6 fuel oil, the power boiler provides high energy steam
to the turbine. The turbine is directly coupled to the generator and provides the rotating energy

necessary for the generator to produce rated output power.
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The Unit 3 turbine was manufactured by Hitachi in 1978. The turbine was supplied with major
turbine valves including control valves, stop valves, intercept valves, a blowdown valve, and

extraction steam non-return valves.

The control valves control the flow of steam to the turbine to rotate the generator rotor for
electricity production. These valves open and close to vary the flow rate of the steam, thus
varying the production of electrical energy. These valves also perform the vital function of
protecting the turbine from overspeed failure during emergency shut down. The stop,
intercept, and blowdown valves protect the turbine from overspeed failures in emergency
conditions. The extraction non-return valves allow steam to flow from the turbine to the
feedwater heaters to preheat the boiler feedwater for thermal efficiency gains. These valves
are designed to slam shut during emergencies such as sudden loss of load to protect the

turbine from water induction and overspeed failure.

3.2 Operating Experience
Turbine valves have operated reliably and safely, with no forced outages, under the current

maintenance practices since the 2016 overhaul.

3.2.1 Historical Information

Since the commissioning of Unit 3 in 1979, turbine valve overhauls have been performed on a
three-year frequency that matches industry standards. Table 1 details the costs incurred for the
last three overhauls.

Table 1: Unit 2 Overhaul Maintenance History ($000s)

Year Unit Type of Overhaul Costs
2016 3 Major® 5,869
2013 3 Valves 1,003
2010 3 Valves 909°

1 . .
A major overhaul also includes a Valves Overhaul.

2 It should be noted that the costs in 2010 and 2013 were Operating Budgets. Also, in 2013 the work was done in
parallel with the Unit 1 turbine rebuild and as such there were shared overhead costs.
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4 Conclusion

The purpose of the Unit 3 turbine valve overhaul is to restore their capabilities to ensure that

the valves perform safely, efficiently, and reliably until the next overhaul. This project will

contribute to ensuring the reliable operation of Holyrood Unit 3 generating unit.

4.1 Project Estimate

The estimate for this project is shown in Table 2.

Table 2: Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 30.0 0.0 0.0 30.0
Labour 386.3 0.0 0.0 386.3
Consultant 24.0 0.0 0.0 24.0
Contract Work 2,156.3 0.0 0.0 2,156.3
Other Direct Costs 0.4 0.0 0.0 0.4
Interest and Escalation 174.2 0.0 0.0 174.2
Contingency 519.3 0.0 0.0 519.3
Total 3,290.5 0.0 0.0 3,290.5

4.2 Project Schedule

The anticipated project schedule is provided in Table 3.

Table 3: Project Schedule

Activity Start Date End Date
Planning Open Project, prepare work breakdown structure Jan 2019 Jan 2019
and scope statement
Procurement Order parts Jan 2019 Feb 2019
Construction Perform pre-shutdown checks and isolations Jun 2019 Jun 2019
Remove, dismantle and inspect valves Jul 2019 Jul 2019
Overhaul and re-assemble valves Jul 2019 Aug 2018
Commissioning  Perform operational checks Sep 2019 Sep 2019
Closeout Prepare closeout documentation Sep 2019 Dec 2019
Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 4
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Condition Assessment and Miscellaneous Upgrades - Holyrood

Summary

The project is the last year of a three-year program at Holyrood Thermal Generating Station
(Holyrood) that was started in 2017 and proposed for completion in 2019. It includes a Level 2
condition assessment related to internal components of the main steam generators (boilers)
and also associated external high energy piping. In addition to the condition assessment work,
various refurbishments and replacements will take place related to several pieces of equipment

and other infrastructure.

Holyrood has exceeded the normal life expectancy for thermal generating stations. In order to
maintain reliable operation of the station, this project proposal is to execute a detailed
investigation to determine the appropriate timing of refurbishment and replacement work,
correct deficiencies identified during plant operation, and complete work on assets that are

required on a regular basis.

The estimated project cost is approximately $1,968,800 with the majority of the inspection and

testing work to be performed during the planned outage for each generating unit in 2019.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page i



Condition Assessment and Miscellaneous Upgrades - Holyrood

Table of Contents

UMY ettt ettt ettt ettt e e et ettt e e e et e e e e e e e et e e e e e et e e et e e e e e e e e e e e eeeeeeaees i
N [0} o oo [V Tt o o PSP PP PUPPOPPPPPRRRPPPPPRI 1
2 ProjeCt DESCHIPTION ..o s e e e e e e e s e s e e e e e e e e e e e e e e e e e e e e as 1
T [V 1) 41 ToF: | o o PRSP 1
3. EXISTING SYSTOM e e 2
3.2 0perating EXPOIIENCE ... e e e e e e e e e 2
3.2.1 Historical INfOrmation .......occuiiii i e 4
3.2.2 Anticipated USeful Life.......cccueieiiciiieeeceee e 4
N o] 3 Tol U1 [0 o D O PP UPPOPPPPRRPPTPPRN 4
4.1 Project ESTImMate ... ittt et et abababanababarananannnnna 4
A o T[T A Yol a T=T [V SRR 5
Appendices

Appendix A Holyrood Level Il Condition Assessment - 2017

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page ii



[EY

O 00 N o Uu B~ W N

[E
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26

27
28

Condition Assessment and Miscellaneous Upgrades - Holyrood

1 Introduction

This project is the last year of a three-year program, outlined in the 2017 Capital Budget
Application, for the Holyrood Thermal Generating Station (Holyrood) that was started in 2017
and will continue to 2019. The 2017 project was approved by the Board under Board Order No.
P.U. 45(2016) and the 2018 project was approved by the Board under Board Order No. P.U.
43(2017). The scope for the 2019 project includes a Level 2 condition assessment related to
internal components of the main steam generators (boilers) and associated external high
energy piping. Additionally, Hydro is proposing to complete various upgrades and

replacements, as outlined in the following sections.

2 Project Description
The project includes a Level 2 condition assessment on internal components of the main steam
generators (boilers) and associated external high energy piping to detail refurbishment or
replacement work to be completed in succeeding years. Additionally, the following
miscellaneous upgrades will be completed:

e Replacement of boiler expansion joints and boiler refractories.

e Upgrade of site security.

e Replace back-up control center building air conditioning system.

Other miscellaneous upgrades or replacements identified in the 2017 to 2019 condition
assessments or recommended by the boiler contractor during unit overhauls that are
confirmed as capital and are required to ensure reliable operation of Holyrood will be
completed within the approved budget for this project and reported in the Hydro’s 2019 Capital

Expenditures and Carryover Report.

3 Justification

Holyrood has exceeded the normal life expectancy for thermal generating stations. Units 1 and

2 at Holyrood are 48 years old and Unit 3 is 38 years old. Considering the age, there is

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 1
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Condition Assessment and Miscellaneous Upgrades - Holyrood

infrastructure and equipment that need to undergo a Level 2 condition assessment,

refurbishment, or replacement to maintain reliable operation of Holyrood.

3.1 Existing System

Each generating unit at Holyrood has an oil-fired boiler. Each boiler generates steam with high
flow rate at high pressure. The steam is transferred from each boiler through high energy piping
and passes through a steam turbine. The steam spins the turbine that drives a generator to

produce electricity.

After the Muskrat Falls development is brought into service, Holyrood assets can be separated
into two classes:
1. Assets that will remain in service for a standby generation period and will be shut down
at the end of this period as electricity generation will be no longer required at Holyrood.
These assets such as boilers and auxiliary systems will require condition assessments to
ensure short term reliability; and
2. Assets that will be required to remain reliable for more than 20 years to support
synchronous condenser operation. Some assets such as the waste water treatment

plant and basins require condition assessments to ensure long term reliability.

3.2 Operating Experience

The existing main steam generators (boilers) and associated high energy piping (main steam
piping, hot reheat piping, cold reheat piping and high pressure feed water piping) are subjected
to high temperatures, corrosion and erosion deterioration mechanisms. For this reason,
continued Level 2 condition assessments are required to ensure reliable operation, and these
components have been a focus of the condition assessment projects since 2012. Through
previous condition assessments, issues were identified with piping wall thinning, thermal
cracking of boiler internal headers, and weld deficiencies. The consequence of operating with
these issues would result in operating the equipment at less than the design criteria with

increased likelihood of failure.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 2
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As deficiencies are discovered, upgrades ensure safe and reliable operation. Recommended
interventions from previous condition assessments are included in the scope of subsequent
projects. For example, the 2018 condition assessment project currently being executed was
guided by the results of the 2017 project. Background assessment information and
recommendations from the 2017 project are provided in Appendix A. The 2019 project scope

will be guided by the results of the 2018 work completed this year.

Level 2 condition assessments are required to identify required work and to allow for planned

interventions to avoid failures and unplanned outages.

The Holyrood gated site covers approximately 286,000 square meters. The current security
system was installed in 2007-2008. Since then, there have been changes to the site and
operations, including the addition of the Gas Turbine in 2015-2016. Currently, many occupied
zones are not monitored via security cameras due to outdated and non-functioning cameras.
For example, the contractor parking lot, main parking lot, marine terminal, and site access gates
are unmonitored. The current security system is outdated, often malfunctions, and is no longer

reliable.

The Backup Control Center (BCC) must be readily available and properly maintained to ensure
its capability. The BCC contains essential operating equipment that can control Hydro's
generating systems in the event that the Energy Control Center (ECC), located at Hydro Place,
becomes inoperable. The BCC building, constructed in 2006, has an air conditioning unit in the
control room installed at the time of construction. The existing air conditioning unit is at the
end of its useful service life. For safe and reliable operation of the BCC equipment, proper
cooling is required to avoid overheating. In addition, the existing air conditioning unit is not
linked to the BCC emergency generator. If power is lost to the BCC building, the emergency
generator will automatically start providing power to the BCC computer equipment but not the
cooling system. Without having the cooling system linked to the emergency generator, the

control room equipment is at risk of overheating during a power outage.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 3
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3.2.1 Historical Information

Hydro is presently working on the activities outlined in the 2018 project of this program.

3.2.2 Anticipated Useful Life
It is anticipated that Holyrood will continue reliable operation as a thermal generating station
until the Muskrat Falls development is brought into service and thereafter as a Synchronous

Condenser station.

4 Conclusion

Holyrood has exceeded the normal life expectancy for thermal generating stations.

This project is the last year of a three year program that was started in 2017 and proposed for
completion in 2019. It includes a condition assessment and various sustaining refurbishments

and replacements related to several major pieces of equipment and infrastructure.

This program is required to ensure a reliable operation for Holyrood as a power generating

station until the Muskrat Falls development is brought into service.

4.1 Project Estimate

The estimate for this project is shown in Table 1.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 4
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Table 1: Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 150.2 0.0 0.0 150.2
Labour 127.9 0.0 0.0 127.9
Consultant 384.0 0.0 0.0 384.0
Contract Work 883.0 0.0 0.0 883.0
Other Direct Costs 0.0 0.0 0.0 0.0
Interest and Escalation 114.7 0.0 0.0 114.7
Contingency 309.0 0.0 0.0 309.0
Total 1,968.8 0.0 0.0 1,968.8
4.2 Project Schedule
The anticipated project schedule is provided in Table 2.
Table 2: Project Schedule
Activity Start Date
Initiation Feb 2019
Condition Assessment Contract Mar 2019
Inspection Contracts Apr 2019
Site Investigations and Inspections Apr-Oct 2019
Replacement and Refurbishment Jun-Jul 2019
Condition Assessment Report Nov 2019
Close Out Dec 2019

Newfoundland and Labrador Hydro 2019 Capital Budget Application
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Holyrood Level Il Condition Assessment - 2017
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Amec Foster Wheeler AP

4" Floor, 393 University Avenue

Toronto, Ontario, Canada. M5G 1E6

Tel: (416) 592-7000 Fax: (416) 592-8284 ‘

www.amecfw.com amec
foster
wheeler

December 20, 2017

Jamie Curtis

Project and Quality Assurance Engineer
Holyrood Thermal Generating Station
Newfoundland and Labrador Hydro

Re: Holyrood Thermal Generating Station Level Il Condition Assessment

2017 NDE Inspections
Dear Mr. Curtis,
Amec Foster Wheeler prepared a Level II condition assessment for Holyrood Thermal
Generating Station (HTGS), based on the results of the Level I assessment [1]. The Level II
focused on major boiler components and high-energy piping, including pipe support systems.
Since then, follow-up inspections have been conducted based on the recommendations
provided in the condition assessments [2][3][4][5].
The scope of the 2017 inspections was:

1. Flow Accelerated Corrosion (FAC)

a. Unit 2 Economizer Inlet Header Piping,

b. Unit 2 Boiler Feed Pump Piping at Flow Element (FE) 554,

c. Unit 2 Repaired area on Bend 4 upstream of the No. 6 High Pressure Feedwater
(HPFW) Heater,

d. Unit 3 Repaired Area above the No. 6 HPFW Heater.
e. Unit 3 Emergency Reheat Attemperator Refill Line Piping at FE 3595,
2. NDE Data collection
a. Unit 1 Phased Array Ultrasonic Testing (PAUT) of lower vestibule feeder tubes
b. Unit 1 and Unit 2 Boroscope inspection of economizer inlet headers

¢. Unit 3 Replica and UT inspections of the main steam turbine terminal

Form 111 R19 AM231/003/000001 R0OO Page 1 of 10
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3. Unit 3 Boiler Tube Inspections

The findings from these 2017 activities are summarised in the attached table. The FAC Analysis
Report is attached as an Appendix to this summary letter. The NDE reports are provided in the
2017 reference Binder [6].

FAC Inspection Results

FAC inspections were recommended based on previous findings with low re-inspection intervals
and areas showing degradation in similar locations in other units. All the recommended
locations were inspected. The FAC analysis report is included as an attachment to this letter.
The previously repaired areas were found to be in good condition for continued operation. The
Unit 3 Emergency Reheat Attemperator Refill Line Piping at FE 3595 was replaced [7]. There
was no FAC assessment at this location.

Two locations on Unit 2 had measurements below the ASME calculated pressure-based
minimum wall thickness [8]: Piping to the Economizer inlet header and FE 554. A temporary
weld buildup was applied to FE554 and replacement was planned for September 2017 [9].

The economizer inlet header piping thinned area was too large to apply a National Board
Inspection Code compliant weld repair. Instead this location was dispositioned through analysis.
Replacement was planned for September 2017 and analysis using the guidance in EPRI NP-
59911-SP [10] and the ASME B31.1 standard was applied to allow operation until replacement
[11]. Both locations were replaced in the fall 2017 Unit 2 outage.

As part of an effort to disposition the low FAC inspection findings, re-rating of the feedwater
piping in the Holyrood units was considered. The FAC inspection results and piping
replacements demonstrate that the burden for remediation and analysis will increase with
advancing plant age. In particular, areas adjacent to welds, where the machined counter-bore
contributes to the reduced margin on wall thickness, will necessitate repairs on otherwise
acceptable pipe segments. In an attempt to address this concern, an investigation into the
necessary steps to reduce the registered design pressure was undertaken [12], however the
effort for re-rating was significant and therefore this option was not pursued. It is recognized
that the expectation is for an increasing number of piping replacements on the feedwater
system in future outages.

Boiler Tube Inspection Deferral

Boiler tubes in Holyrood TGS experience fireside corrosion and erosion. Reliable operation to
2021 was concluded in a previous assessment with the exception of Unit 3. Specific sections of
Unit 3 had lower margins on minimum acceptance criteria and were recommended for re-
inspection in 2017. Due to outage limitations only accessible areas were inspected. With the
exception of one location, the wall thicknesses were above the minimum acceptable and
showed minimal change. The one location on the south bend at the 9t floor Reheater tubes,
found a significant wall thickness difference from the 2016 inspection. Weld repairs were
applied. Deferral of the remainder of the inspections to 2018 was deemed acceptable but
procurement of spare tubing and inspection of locations near furnace wall lugs were
recommended [13].

Other NDE Inspections

PAUT was completed on bends in the lower vestibule feeder pipes on Unit 1 to determine if
there was evidence of corrosion fatigue cracking on the feeder ID on the bends. The

Form 111 R19 AM231/003/000001 ROO Page 2 of 10
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inspections would follow-up on work performed in 2013 to support the conclusion that cracking
in the lower feeder pipes was not an active mechanism [5]. The 2017 PAUT inspection did not
find any indications of cracking in the feeder pipes. Internal pitting was noted in one location
(minimum wall thickness of 0.325”). Similar indications of pitting were observed in previous
inspections [3] but were found to be inactive. The wall loss is not considered an operability
concern.

Internal video inspection of the Unit 1 and Unit 2 economizer inlet headers was planned but
only the Unit 1 inspection could be completed. The inspection report did not note any
concerning indications, e.g. extension of the existing thermal fatigue cracking. The report did
mention that the colour of the scale appeared to have changed. Images from the inspection
video also show small dark spots. These do not appear to be an integrity concern but other
changes to the internal scale should be noted in the next scheduled inspection in 3 years.

A Replica and PAUT inspection of the Unit 3 main steam piping at the West Upper turbine
terminal point weld was performed in accordance with the recommended 3-year cycle. Although
the wall thickness measured was slightly lower than previously reported [4] this does not pose
an integrity concern. The volumetric inspection, the replication and magnetic particle inspection
found no indications of creep damage. It was also found that the wall thicknesses on both side
of the weld were above the pressure based minimum requirements identified in Appendix C of
the 2014 report [4]. Despite these findings monitoring on a 3-year cycle should continue as a
lead indicator of end of creep life.

Conclusion

The HTGS piping is in good condition considering its age. FAC requires continued monitoring.
Weld repairs and replacements were required to maintain compliance with the power piping
code at the system design pressure. More repairs and replacements should be expected as the
margin to minimum wall thickness is further reduced during operation. Piping sections that have
been replaced are expected to be fit for service to end of life with no further inspection
required. Inspections should continue at their recommended frequency in order to ensure
reliable operation.

The current assessments consider operation to an end of life of 2021.
Inspection Recommendations

Based on a review of the 2017 inspection results and previous condition assessments the
following inspections should be carried out in 2018.

1. Unit 1 — Inspection of Steam Drum Downcomer Penetration.

2. Unit 3 — Economizer Inlet Header - internal visual inspection to monitor ligament
cracking. PAUT Inspection to characterise and size the ligament cracks should be
reconsidered, though the difficulties in inspecting ligaments have been previously noted.

3. Unit 3 — Boiler Tube Inspection (deferred from 2017 scope and additional):

a. High temperature superheater, 8.5th floor, overhead, tube (nested tubes adjacent
to outlet header),

b. Reheater, 9th floor, overhead, tube (nested tubes adjacent to outlet header),

¢. Reheater and Superheater tube bends at furnace wall lug connections.

Form 111 R19 AM231/003/000001 R0OO Page 3 of 10
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4. FAC Inspections — where available previous year of inspection and location index
provided.

a.

e.

f.

Unit 3 Boiler Feed Pump Discharge - Low Flow Line Connection to Main Run.
Elbow and Pipe (2014, 3-4).

Unit 3 West Boiler Feed Pump Discharge. (Repaired 2015, 3-3).

Unit 3 High Pressure (HP) Heater No. 6 ByPass — 1st Elbow D/S of Tee bypass
branch (left bend). (2015, 3-1).

Unit 3 High Pressure (HP) Heater No. 6 ByPass — last Bypass elbow (vertical to
horizontal bend). (2015, 3-2).

Unit 3 Boiler Feed Pump Discharge Flow Element 3554.

Unit 1 West BFP discharge elbow and reducer (Repaired 2015, 1-3).

If operation beyond 2021 is anticipated it is recommended that a review of the Level II
condition assessments and maintenance program be completed. A similar review is
recommended if there is a significant change in operating patterns, e.g. to 2-shifting.

Form 111 R19
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FLOW ACCELERATED CORROSION ANALYSIS REPORT

\

v

amec
Client: Amec FW Newfoundland, Holyrood Thermal Generating Station foster
wheeler
Unit: Systems: Date:
2.5 Feedwater December 20, 2017

Operating Years:

Amec Foster Wheeler File Number:

Total:

Unit 2 — 46 years
Unit 3 — 38 years

Since Last Inspection:

1 year

AM231/003/000001 Attachment

Inspection Method:

Inspection Procedure/Technique:

Inspection Date:

X Ultrasonic (U/T)

May-June

[ Pulse Eddy Current (Incotest)

[] Radiography

[] X-Ray Fluorescence (Material Testing)

SCOPE (Locations and Component Summary):

numbering.
Unit 2

Unit 3

connecting 1” lines

e (see drawing E-343-M-001 R19)

2-2: BFP Discharge Flow Element 554
¢ Piping upstream and downstream of flow element
e (see drawing 238-10-0210-024 R1)

2-1: BFP Discharge - Piping to Economiser Inlet Header
¢ Double bend upstream of economizer inlet header
¢ (see drawing 238-10-6022-028 R4)

2-3: BFP Discharge - No. 6 Heater Bypass (area repaired in 2016)

*  First lower bend after tee connection from outlet of heater no. 5, straight section after tee connection, first bend, straight
section, second bend, straight section upstream and downstream of valve, straight section, third bend

e (see drawing E-343-M-001 R19 and 238-10-6022-028 R4)

3-2: BFP Discharge - No. 6 Heater Discharge (area repaired in 2014)
¢ Downstream of FE3595, on straight pipe sections around valves TV3623B and ZS3623
« Immediately adjacent to the FE, upstream and downstream on straight pipe sections and on straight pipe sections of the

Amec Foster Wheeler Nuclear Canada recommended follow-up inspections in 2017 based on previous Flow Accelerated Corrosion
(FAC) inspections. The recommendations considered the findings for previous years which were reaching the noted re-inspection
time (half of the remaining wall thickness margin in most case) and similar locations that saw degradation in other units. All
recommended locations were inspected. A correction was made to the 2017 FAC inspection report which reduced the
inspection/repair scope. The remaining inspections were executed. The location numbers below are consistent with the 2016

e Upstream of FE3595, on straight pipe sections between valves and reducers off BFP P1

Piping in the Reheat Attemperator Fill Line at FE 3595 was replaced. No FAC assessment was done.

RESULTS AND COMMENTS:

Form 111 R19

AM231/003/000001 ROO
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This report is a follow up of the preliminary assessment and recommendations made during the 2017 outage, based on the NDE data
received. All the locations inspected were either previous pad weld repairs or re-inspections of areas recommended for revisit due to
low margin. Measurements were only taken in areas of interest and not around the entire pipe circumference. As such, the EPRI
band method could not be applied. Where the minimum measured wall thickness remained above the ASME minimum, the wall loss
rate from the last inspection was applied and a re-inspection interval determined. When the minimum wall thickness was below the
ASME minimum, repair, replacement or disposition was completed.

Locations that had been marginally above the ASME minimum wall thickness the year before (2-1, 2-2), were found to be below in
the 2017 inspection. A Weld repair was required for the FE 554 location (2-2) and replacement was executed in the fall of 2017. A
disposition to demonstrate fitness for service was prepared for the economizer inlet piping (2-1) and the replacement was executed
in Fall 2017.

Locations Below Code Minimum Wall:
e 2-1: BFP Discharge - Piping to Economiser Inlet Header
e  2-2: BFP Discharge Flow Element 554

Results and Recommendations:
2-1: BFP Discharge - Piping to Economiser Inlet Header

A small area was recommended for re-inspection based on the 2016 inspection analysis. Wear rate analysis was performed using the
UT data from a grid layout. Some locations were below the calculated pressure based minimum wall thickness. Analysis was
performed to support operation until replacement of elbow could be executed in the Fall of 2017. Replacements was completed. No
re-inspection for the remaining plant operating life is necessary.

2-2: BFP Discharge Flow Element 554

This location was recommended for re-inspection and repair based on the 2016 analysis results. Results from the 2017 inspection
found grid points below the calculated pressure based minimum wall thickness. The 2016 analysis did not note any measurements
below minimum wall thickness and this extent of wall loss is not expected to have occurred over only one operating year. The source
of the discrepancy is not known though differences in the precise inspection location and the finer grid size used in the 2017
inspection likely contributed. A pad weld was applied while a replacement FE was fabricated to the original FE dimensions. The FE
was replaced in the Fall of 2017. No re-inspection of this location is required for the remaining plant operating life.

2-3: BFP Discharge - No. 6 Heater Bypass (area repaired in 2016)

Weld repair was conducted in this area in 2016 to increase the wall thickness and to provide additional margin. The pad weld was
re-inspected in 2017. Using the wear rate from the original wall thicknesses in 2016 analysis with the 2017 measurements, the re-
inspection interval for this location is 2 years.

3-2: BFP Discharge - No. 6 Heater Discharge (area repaired in 2014)

Weld repair was conducted in this area in 2014 to when a single low wall thickness measurement was noted. The pad weld was re-
inspected in 2017. The 2017 inspection area does not appear to be centred on the pad weld but provides measurements on a
portion of both the pad weld and the adjacent pipe material. The pad welded area showed significant margin on the minimum wall
thickness. Areas adjacent to the pad weld, with the original pipe material showed lower margin to minimum wall thickness. Using the
wear rate from the original wall thicknesses in 2014 analysis with the 2017 measurements, the re-inspection interval for this location

is 3.9 years.

References:
1. AM231/RE/001 Flow Accelerated Corrosion Screening Report Part 2, June 13, 2017.
2. A. Ali, “Flow Accelerated Corrosion Analysis Report”, BW017/RP/002 R02, June 30, 2017.
3. T. Ogundimu, “Flow Accelerated Corrosion Analysis Report”, AM160/RP/001 R0OO, November 14, 2014.
4. G. Poon to S. Lingley, “Re: External Weld Metal Buildup Procedure — Holyrood TGS Feedwater Piping, Line # 3-HFW-09-

502", BW016/005/000002 R0O2, October 26, 2015.
Form 111 R19 AM231/003/000001 ROO Page 9 of 10

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page A10



Condition Assessment and Miscellaneous Upgrades — Holyrood

Appendix A

0l 4o 01 8fed

004 100000/€00/1ESNY

614 || wiod

*suoneoo| pasiedau Ajsnoiaaid
10 paujedal 1oy 3d20xa “ssaUdIY3 ||eM Wwnwiuiw paJinbal sy aaoqe ulbiew uo paseq s| awiy uonoadsul-al Byl
'g|qejiear ARdauIp

Jeam winwixew ,00T'0 - ,000'0 Joully 30U J1 3|npayos adid pawnsse Jo ‘anpayas adid ay3 03 Bulpuodsaliod sSIUYDIY] ||eM |eulLOU SJuSsaUdal ULWINoD sy ,
Jeam winwixew ,002°0 - 00T 0 9je49poly *Jeam pueq sjusaldas uwnjod sy
“(LToz W
Jeam wnwixew ,00z'0< ueoyubis pa3oadsul Jou 2U9M Spu g S0USIJWINDIID [N} 30UlS) Seale pajoadsul-ad SY3 LWIOJY Ul pue Xew ayj 9Sn Sjuswiaunses)y .
EL-CTTE ovd *(3uaWiwoo 39s) uopdadsul [Ny 3SE| LOJ) ADIAISS JO SIRDA UO paseg |
‘plom ped ay3 o3 Joud ‘synsas I
uoipdadsul 10z [eulbuo T abieyosigq
3U3 wouy aue el Jeam pue | Jueolubis 6'€ 6+0'0 9000 81’0 9T'T 620'T ST 86'0 09T ot MOqI3 puz 2iE 9 "ON J23eay
Jeam xely ‘uibiew wuyuod aunssalg
03 pajoadsul-ai pjam ped $T0Z ybiy
“eale papjam ped
aup jo (Medau-aud) ezep 9102 Buidig
|euiBuo ayy aue asay papodas — ssedig
SQRLIROM pURCIRSIXRIN " P|SM: ueayiubis (A4 €€00 £00°0 LEE'O €TT €107 SCT'T 0860 09T 0ot ansd €7 9 "ON J23e3H
Jo weauysdn puag
ped 910z 423)e ease pajoadsul aunssalg
-31 JO sSAWYIIL [|EM LM ybiH
pa3epdn awn uoioadsul-ay
"LTQT ||ed p3oe|da
sem 34 *(9102) uonoadsu
339|dwoo snotaaid souauajel swbes 56 usWa|g
s)nsas uoipoadsul pajejndje) S3el3poly YN +10°0 €000 SET'0 89T'T T96'0 SCT'T 086'0 09T 018 odid 3yBlens F4r4 Moy duing
*s)|nsai uoiydadsul £T0g 104 : ; pasy Jajlog
pajepdn usaq aAey ssaUIY
|leM Ul pue Xew painsealy
"LTQT ||ed p3og|da
sem adid *(9T0g) uondadsu
239|dwo2 snoiaaud souaiasel
s)nsas uoippadsul paje|ndje) jueayiubis YN <100 +00'0 T02°0 PeT'T 26’0 SCT'T 086'0 09T ot ¢ pusg T2
*s)|nsai uoiydadsul £T0g 10}
pa3epdn uaaq aaey ssauoIL Jaziwouody
|leM Ul pue Xew painsealy
(your) (
your) s
saeah] ssauol ou
ov4 Gy | oot | pyour) | (woun) | (our) | (youn) | LOWD ) sousory e on | wonduoseq
sjuSWWo) jo subig g= o) Bl JBIAN IRLETTY xuy uuy 4 : lem HOS jusuodwo) -
noadsul p.bay lem SdN aus uoneso
|enuajod pueg wnuwixep | ,pueg | ,pueg wnuwiuipy
-y wnuwiuipy JeulwioN
o3 uibaepy JNSY
(z102) (.)
PRIEInOIEY peinseay peleouqey
snjelg uonoadsug s)|nsay uonoadsug ejeq oseg
sisAfeuy eleq JQN UOISOLIOD) pelels|addy Mol4 SO POCJAIOH /10g — @|gqe | Aewwng L 9|gelL

Page A11

Newfoundland and Labrador Hydro 2019 Capital Budget Application



4. Overhaul Olympus Gas Generator — Stephenville






Electrical

Mechanical

Civil

Protection & Control

Transmission & Distribution

Telecontrol

System Planning

Overhaul Olympus Gas Generator

Stephenville

July 2018

L\ hudro

a nalcor energy company







[EY

O 00 N o Uu B~ W N

e S T e Y S S T
o U A W N L O

Overhaul Olympus Gas Generator - Stephenville

Summary

The 50 MW Stephenville Gas Turbine, commissioned in 1975, is operated in either generation
mode to meet peak and emergency power requirements, or synchronous condenser mode to

provide voltage support to the Island Interconnected System (lIS).

The Stephenville Gas Turbine has been in service for approximately 43 years. The Rolls Royce
Olympus C engines are no longer supported by the original manufacturer. As such, new internal
components are not being manufactured and only refurbished parts are available. The service
life of the engine overhauls, which utilize refurbished parts, is five years. The End B engine has
been in service since the time of its last overhaul in 2014. Thus, this engine is nearing the end of

its useful overhaul life.

To maintain operational reliability of the gas turbine plant, the gas generator engine needs to

be sent to a gas turbine service facility for a scheduled overhaul.

The estimated project cost is approximately $1,666,800, with planned completion in 2019.
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Overhaul Olympus Gas Generator - Stephenville

1 Introduction

The 50 MW Stephenville gas turbine, which was commissioned in 1975, is operated in either
generation mode to meet peak and emergency power requirements, or synchronous condenser
mode to provide voltage support to the Island Interconnected System (IIS). Hydro overhauls the
Stephenville gas turbine engines on a five-year cycle. The End B engine has been in service since

the time of its last overhaul in 2014.

2 Project Description
This project will overhaul the Stephenville gas generator End B engine serial number 202223.
The scope of work for the project includes the following:
e Removal and transportation of the engine to a service facility for disassembly,
inspection and overhaul. The service facility will be determined by public tender;
e Post-overhaul performance testing of the refurbished engine at the service facility; and

e Return transportation, installation and commissioning of the overhauled engine.

3 Justification

This project is required to maintain the reliable operation of the Stephenville Gas Turbine.
Without an overhaul, the risk of an End B engine in-service failure increases. In the event of an
in-service failure, the gas turbine will operate on reduced capacity until a spare engine is
available and installed, thus reducing the capacity to 25 MW for approximately one week until
an available spare 19 MW engine was installed. In this configuration, capacity will be limited to
38 MW for approximately 20 weeks while the engine is repaired. If a spare engine is not

available, the gas turbine capacity is 25 MW for 20 weeks.

3.1 Existing System

The Stephenville Gas Turbine provides backup generation and synchronous condense support
to the Island Interconnected System. The gas turbine consists of two Rolls Royce Olympus C
engines (End A and End B), and two Curtis Wright power turbines, connected to a single 50 MW

generator by two SSS Clutches. The plant was placed in service in 1975.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 1
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1  Figure 1 is an image of the Stephenville Gas Turbine Plant and Figure 2 is an image of the gas

2  generator engine.

GENERATOR
EXHAUST

CONTROL BUILDING

GAS GENERATORS &
POWER TURBINES

Figure 1: Stephenville Gas Turbine Plant

Figure 2: Gas Generator Engine
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Overhaul Olympus Gas Generator - Stephenville

When the gas turbine operates in generation mode, at least one of the engines has to run
continuously for the generator to produce power. However, when the generator runs in
synchronous condensing mode only one engine is required to bring the generator up to the
proper speed. At that point, the generator can operate without the engine, which is then shut

down.

3.2 Operating Experience

The Stephenville Gas Turbine has been in service for approximately 43 years. The Rolls Royce
Olympus C engines are no longer supported by the original manufacturer. As such, new internal
components are not being manufactured and only refurbished parts are available. The service
life of the engine overhauls, which utilize refurbished parts, is five years. The End B engine has
been in service since the time of its last overhaul in 2014. Thus, this engine is nearing the end of

its useful overhaul life.

3.2.1 Maintenance Support Arrangements

Normal routine maintenance work is performed by Hydro. However, gas turbine service
companies such as Rolls Wood Group Ltd. and Alba Power Ltd., both located in the United
Kingdom, have been contracted in the past to perform visual inspections, on-site specialty

maintenance items, and major shop overhauls of gas generator engines.

3.2.2 Maintenance History
Borescope inspections for the gas generator engines were completed every two years until
2014. Considering the age and anticipated increased operation of the engines, annual

borescope inspections were completed thereafter.

3.2.3 Anticipated Useful Life
As refurbished rather than new parts are used in this engine overhaul, the anticipated service

life before next scheduled overhaul is five years.
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3.3 Development of Alternatives

There are no alternatives to this project. Replacement, instead of overhauling the engine, is not

possible as there are no new similar engines manufactured.

4 Conclusion

The Stephenville Gas Turbine provides back-up generation and synchronous condense support

to the Island Interconnected System. As new internal components are not available, the service

life of an engine overhaul, using refurbished parts, is five years. The End B engine has been in

service since its last overhaul in 2014. Thus, the engine is nearing the end of its useful overhaul

life. To maintain operational reliability of the Stephenville Gas Turbine Plant, the End B engine

needs to be sent to a gas turbine service facility for a scheduled overhaul.

4.1 Project Estimate

The estimate for this project is shown in Table 1.

Table 1: Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 1.0 0.0 0.0 1.0
Labour 121.2 0.0 0.0 121.2
Consultant 0.0 0.0 0.0 0.0
Contract Work 1,151.0 0.0 0.0 1,151.0
Other Direct Costs 45.7 0.0 0.0 45.7
Interest and Escalation 84.0 0.0 0.0 84.0
Contingency 263.9 0.0 0.0 263.9
Total 1,666.8 0.0 0.0 1,666.8
Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 4
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4.2 Project Schedule
The anticipated project schedule is provided in Table 2.

Table 2: Project Schedule

Activity Start Date End Date

Planning Open Project Jan 2019 Jan 2019

Procurement Public tender for engine overhaul Feb 2019 Mar 2019

and Execution Tender evaluation and award Mar 2019 Mar 2019
Transportation and overhaul April 2019 Jun 2019
Return transportation and Jul 2019 Aug 2019
installation

Commissioning Commissioning Aug 2019 Aug 2019

Project Closeout Project Closeout Sep 2019 Dec 2019

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 5
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Upgrade Human-Machine-Interface and Automatic Voltage Regulator — Hardwoods Gas Turbine

Summary

This report details the upgrade of the Human-Machine-Interface (HMI) and the Automatic
Voltage Regulator (AVR) at the Hardwoods Gas Turbine site. Both systems are vital to the
operation of the gas turbine and need to be replaced due to obsolescence. The HMI and AVR
present a risk of having to implement restrictions on the gas turbine operations in the event of
failure of either system. If the HMI fails, local control is unavailable and detailed alarms,
monitoring and data trending of the gas turbine stops. Without local control, the gas turbine
would be unavailable until installation of the spare obsolete HMI, and after that it would run at
risk of failure for three months until a new HMI was procured and installed. If the AVR fails, the
gas turbine will not be available for operation as there will be no supply of voltage to the

generator.

The estimated project cost is approximately $685,900 (the HMI project is approximately
$368,500, and the AVR project is approximately $317,400) with a planned completion in 2019.
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Upgrade Human-Machine-Interface and Automatic Voltage Regulator — Hardwoods Gas Turbine

1 Introduction

The 50 MW Hardwoods Gas Turbine Human-Machine-Interface (HMI) is the infrastructure
through which the local operator performs local control and monitoring of the gas turbine. The
obsolete HMI software will not operate on present day computer operating systems. If the HMI
computer fails, the gas turbine cannot be locally controlled and monitored until the software

and computer are replaced with modern versions.

The Hardwoods Gas Turbine Automatic Voltage Regulator (AVR) is a device that uses the
turbine’s static excitation system to maintain acceptable generator voltage and control of
reactive power flow from the generator. The AVR manufacturer has declared this model
obsolete, which limits replacement components availability and could delay the return to

service of the gas turbine upon failure of a component.

2 Project Description
The scope of this project includes:
e Removal and disposal of the existing obsolete HMI software and computer;
e Procurement and installation of new HMI including:
o Provision of new HMI software and computer;
o Provision of communications modules in the control system to facilitate new HMI
interaction with the control system;
o Conversion and integration of existing HMI graphics into the new software; and
o Testing of HMI interaction with control system;
e Removal and disposal of existing obsolete AVR; and

e Procurement, installation, and testing of new AVR.

3 Justification
This project is justified on the requirement to maintain reliable operation of the Hardwoods Gas

Turbine.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 1
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Upgrade Human-Machine-Interface and Automatic Voltage Regulator — Hardwoods Gas Turbine

3.1 Existing System
The HM is used for local control and data collection for the Hardwoods Gas Turbine. It provides

detailed alarms for troubleshooting and collects trend data for historical analysis.

The HMI consists of specialized software called PCView and an operating system called QNX
(not a Windows compatible product) running on an obsolete computer that is connected to the
gas turbine control system. Communications modules reside in the control system cabinet that
connect to the HMI computer. Interactive graphics were developed by the manufacturer for the

HMI, which consist of graphics for control, monitoring, alarms, and trended data.

Figure 1 shows the HMI.

Figure 1: HMI Console

The HMI software entered Limited Lifecycle phase in July 2017 and will enter the obsolete
phase in June 2018. In the obsolete phase, the manufacturer will not supply technical support
or software upgrades. The last update to the software was in 2012. If the HMI computer fails, it
cannot be replaced with a Windows-based computer as the HMI software and operating system
will not operate within the Windows environment. The operation of the gas turbine will be

significantly impaired without the HMI system as it cannot be locally controlled and monitored.

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 2
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Upgrade Human-Machine-Interface and Automatic Voltage Regulator — Hardwoods Gas Turbine

The Energy Control Centre (ECC) can operate the gas turbine with limited alarms but critical
data will not be collected and there will no local monitoring of gas turbine alarms and critical
operating parameters. There is insufficient remote visibility of the gas turbine’s operation to
run it without an HMI in-service and a local operator present to monitor it. Hydro’s current
operating regime is to have a local operator present while a gas turbine is generating power to
monitor its operation and attend to any issues. Without an HMI, the local operator has no
visibility into the condition of the gas turbine, and the gas turbine would therefore be
unavailable. Although Hydro has a spare HMI of identical vintage to the operating HMI, the gas
turbine would have to be shut down by the ECC for approximately one hour while the back-up
unit was installed, since local monitoring would be unavailable once the HMI has failed.
Subsequently, it would take approximately three months to have a new HMI prepared,
installed, and tested, during which time Hydro would be exposed to a subsequent failure of the

only available obsolete HMI.

The automatic voltage regulator (AVR) is a micro-processor based system that uses the
turbine’s static excitation system to maintain acceptable generator voltage and control of
reactive power flow from the generator. It consists of a cabinet of redundant controllers and

assorted electrical components as shown in Figure 2.

Figure 2: AVR Cabinet (Left to Right: Front, Inside Top, Inside Bottom)

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 3
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Upgrade Human-Machine-Interface and Automatic Voltage Regulator — Hardwoods Gas Turbine

This AVR was installed in 2006 and the manufacturer moved the model into the 'Limited' phase
of its life cycle in the beginning of 2017. This phase means the manufacturer cannot guarantee
life cycle services and support due to the scarcity of key components and technical knowledge.
Therefore, a component failure may result in unavailability of the gas turbine for an extended
period due to scarcity of replacement components. As well, the AVR software used for
configuration and troubleshooting does not work with modern Windows operating systems,
restricting the ability of Hydro personnel to use computer-based tools for troubleshooting. As a
result, Hydro has to engage the manufacturer for troubleshooting activities, which increases

the time to correct problems.

3.2 Operating Experience
The HMI has provided adequate service since the control system upgrade in 2000 and the AVR

has provided adequate service since 2006.

3.2.1 Maintenance or Support Arrangements
Hydro has maintained an HMI software support subscription with the Original Equipment

Manufacturer (OEM) for the provision of technical support and upgrades at no cost.

3.2.2 Anticipated Useful Life

The anticipated useful life of the new HMI and AVR is 18 years.

3.3 Development of Alternatives
Two alternatives for upgrading the HMI are:
1. Upgrade present OEM version to the next edition; or

2. Replace with an HMI from another manufacturer.

The first alternative requires importing and conversion of original graphics and database
configuration to enable functionality in the new operating software environment. This

alternative has the least requirement for development as it is from the OEM and is anticipated
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Upgrade Human-Machine-Interface and Automatic Voltage Regulator — Hardwoods Gas Turbine

to be the lower cost, lower time for implementation, and least potential for mismatch of data

between HMI and control system.

The second alternative requires a complete development of all graphics and database points to
be used in a different software application and efforts to establish interaction between the HMI
and control system from two different manufacturers. This alternative is anticipated to require
the most effort to review and test and presents a higher risk of issues with interoperability

between the HMI and control system.

Additional communications hardware, a new computer with a modern Windows operating
system, and testing are common aspects to both alternatives and do not impact the cost

differential between the two options. Therefore, Alternative 1 was selected.

The AVR is to be tendered to determine the lowest cost and functionally acceptable option to

purchase.

4 Conclusion

While the HMI has performed satisfactorily to date, the HMI software cannot be transferred to
a Windows-based computer if the HMI computer fails. If the HMI fails, the gas turbine cannot
be locally controlled or monitored. The ECC does not have sufficient visibility to operate the gas
turbine without local detailed monitoring, and in the event of failure the gas turbine operation
would be through installation of the only available obsolete spare HMI. It would take
approximately three months to have a new HMI prepared, installed, and tested, during which

time Hydro would be exposed to a subsequent failure of the spare HMI.

While the AVR has performed satisfactorily to date, the AVR manufacturer cannot guarantee
life cycle services and support due to the scarcity of key components and technical knowledge.

Therefore, a component failure may result in unavailability of the gas turbine until a new AVR is

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 5
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purchased, installed, and tested. It is anticipated that the development and installation of a

new AVR would require five months.

This project will eliminate these risks to operation of the gas turbine, providing greater

confidence of reliable operations.

4.1 Project Estimate

0 N o U~ W N R

The estimate for this project is shown in Table 1.

Table 1: Project Estimate ($000s)

Project Cost 2019 2020 Beyond Total
Material Supply 9.0 0.0 0.0 9.0
Labour 234.0 0.0 0.0 234.0
Consultant 0.0 0.0 0.0 0.0
Contract Work 291.0 0.0 0.0 291.0
Other Direct Costs 7.0 0.0 0.0 7.0
Interest and Escalation 36.7 0.0 0.0 36.7
Contingency 108.2 0.0 0.0 108.2
Total 685.9 0.0 0.0 685.9
9 4.2 Project Schedule
10 The anticipated project schedule is provided in Table 2.
Table 2: Project Schedule

Activity Start Date End Date
Planning Project launch and site visit Feb 2019 Feb 2019
Design Information Gathering Mar 2019 Mar 2019

Design work for HMI Apr 2019 May 2019

Design work for AVR May 2019 Jun 2019
Procurement Issue contract for HMI Mar 2019 Jul 2019

Issue contract for AVR Mar 2019 Aug 2019
Construction HMI Jul 2019 Aug 2019

AVR Aug 2019 Aug 2019
Commissioning  Commissioning Aug 2019 Aug 2019
Closeout As-Built drafting Sep 2019 Sep 2019

Project closeout Oct 2019 Oct 2019

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 6
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Terminal Station Refurbishment and Modernization

Summary

Hydro aims to replace or refurbish failing or failed terminal station assets to ensure the delivery

of safe, reliable, least-cost electricity in an environmentally responsible manner.

Hydro’s philosophy for the assessment of equipment and the selection and justification of
projects is outlined in the Terminal Station Asset Management Overview. Version 3 of this
document is part of the 2019 Capital Budget Application. Changes in this revision are outlined in

a new section in the document, titled “Changes in Version 3”.

Hydro proposes the following activities under the 2019 Terminal Station Refurbishment and
Modernization Project:

e replacement of instrument transformers;

e replacement of disconnect switches;

e replacement of surge arrestors;

e refurbishment and modernization of power transformers;

e replacement of insulators;

e refurbishment and upgrade of station grounding;

e refurbishment of equipment foundations;

e installation of fire suppression systems in control buildings;

e refurbishment of control buildings;

e protection, control, and monitoring replacements and modernization; and

e refurbishment of the Wabush terminal station.

Hydro will execute the majority of these activities in a multi-year approach, with all activities

scheduled for completion before the end of 2020.

The total estimated project cost is approximately $29,952,900 with a planned completion of
2020.
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Terminal Station Refurbishment and Modernization

1 Terminal Station Refurbishment and Modernization Project

Terminal stations perform a critical role in the transmission and distribution of power across
the province. Terminal stations contain electrical equipment (i.e. transformers, circuit breakers,
instrument transformers and disconnect switches) and all associated protection and control
relays and equipment required to protect, control, and operate the province’s electrical grid.
Terminal stations act as transition points in the transmission system and interface points with
the lower voltage distribution and generation systems. Hydro owns and operates 69 terminal

stations across the Island and Labrador Interconnected Systems.

Hydro executes a robust capital program to ensure the delivery of safe, reliable, least-cost
electricity in an environmentally responsible manner. Hydro’s capital program sees the
replacement and refurbishment of equipment based on Hydro’s long-term asset management

strategy.

Historically, the refurbishment of control buildings has been carried out under the ‘Upgrade
Office Facilities and Control Buildings’ project. Hydro is now carrying out such refurbishments
under the Terminal Station Refurbishment and Modernization Project to provide consistency in
its approach to Terminal Station assets. The 2019 Capital Budget Application does not include
expenditures for Terminal Station battery banks and chargers; however, future capital

expenditures will be included in the Project.

Hydro’s strategy for the replacement, refurbishment, or modernization of terminal stations is
outlined in the Terminal Station Asset Management Overview, Version 3, included with this

Capital Budget Application in Volume II, Tab 6.

2 2019 Project

The projects identified in this proposal have been selected to align with Hydro’s commitment to

the delivery of safe, reliable, least-cost electricity in an environmentally responsible manner.
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Terminal Station Refurbishment and Modernization

2.1 Electrical Equipment

The following electrical equipment upgrades and/or refurbishments are planned for 2019:

e replace instrument transformers;

e replace disconnect switches;

e replace surge arrestors;

e refurbish and upgrade power transformers;
e replace insulators;

e upgrade grounding; and

e install breaker bypass switches.

2.1.1 Replace Instrument Transformers

The estimate for this project is $849,900.

Table 1: Replace Instrument Transformers Project Estimate ($S000s)

Project Cost 2019 2020
Material Supply 182.8 57.1
Labour 28.3 131.8
Consultant 224 22.4
Contract Work 0.0 359.6
Other Direct Costs 9.7 35.8
Total Direct Costs 243.2 606.7

Project Scope

Hydro replaces instrument transformers due to physical, or electrical, deterioration, or to

comply with federal regulations regarding the use of PCBs (as detailed in Section 4.1.1 of the

Terminal Station Asset Management Overview). Hydro plans to replace the instrument

transformers outlined in Table 2.
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Terminal Station Refurbishment and Modernization

Table 2: Instrument Transformer Replacements

Station Equipment ID Replacement Criteria

Cow Head TL227 C@, PT Failed Electrical Testing

St. Anthony TL256 B@, PT Corrosion

St. Anthony TL256 C@, PT Corrosion

Stony Brook TL231 C@, PT Corrosion

Stony Brook TL205 A@, PT Corrosion

Churchill Falls 230-22 B@, CT Same vintage/mfg as units leaking
and being replaced in 2018

Churchill Falls 230-22 C@, CT Same vintage/mfg as units leaking
and being replaced in 2018

Churchill Falls 230-23 C@, CT Same vintage/mfg as units leaking
and being replaced in 2018

Churchill Falls 230-24 B@, CT Same vintage/mfg as units leaking
and being replaced in 2018

Churchill Falls 230-24 A@,CT (c/w PT) Same vintage/mfg as units leaking

L’anse au Loup

DIST308 (5871623) PT

and being replaced in 2018
PCB

Stony Brook B3 C@, PT Failed Electrical Testing
Stephenville L405 C@, CT Failed Electrical Testing
Holyrood B6 A@, PT PCB
Holyrood B6 B@, PT PCB
Holyrood B6 C@, PT PCB
Hardwoods T1 B-CQ®, PT PCB
Hardwoods T2 B-CQ®, PT PCB
Hardwoods T3 B-CQ®, PT PCB
Hardwoods B7 A@, CT PCB
Hardwoods B7 B@, CT PCB
Hardwoods B7 C@, CT PCB
L’anse au Loup DIST308 (5869792) PT PCB

Occasionally, a unit in one of the diesel plants across Hydro’s operating area experiences an
issue that necessitate an unplanned overhaul. Where appropriate, Hydro may complete such an

overhaul under this project and, if possible, defer one of the units planned for completion.
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Terminal Station Refurbishment and Modernization

2.1.2 Replace Disconnect Switches

The estimate for this project is $1,814,900.

Table 3: Replace Disconnect Switches Project Estimate ($000s)

Project Cost 2019 2020
Material Supply 283.0 58.0
Labour 96.3 483.3
Consultant 87.2 237.6
Contract Work 113.0 371.6
Other Direct Costs 6.5 78.4

Total Direct Costs

586.0 1,228.9

Project Scope

Hydro replaces disconnect switches when damaged beyond repair, parts required for repair are

unavailable due to obsolescence, or it is not economical to repair (as detailed in Section 4.1.2 of

the Asset Management Overview). Hydro plans the replacement of the disconnect switches

noted in Table 4.

Table 4: Disconnect Switches Replacements

Station Equipment ID Condition
Hampden Tap L51-1/L51G Alignment Issue
Hampden Tap L52-1/L52G Alignment Issue
Buchans L28L32-1 Drivetrain issue
Buchans L28L32-2/L32G Alignment Issue
Sunnyside LO2L07-1 Age >50 yrs
Sunnyside LO6L07-1/L06G  Age >50 yrs
Sunnyside B1L03-2/L03G Age >50 yrs
Sunnyside B1L02-1 Age >50 yrs

Bay D’espoir B5B6-1 Age >50 yrs

Bay D’espoir B1T2-1 Age >50 yrs
Churchill Falls B25B26 Obsolescence
Churchill Falls 21B23 Obsolescence
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2.1.3 Replace Surge Arrestors

The estimate for this project is $129,500.

Project Scope

Table 5: Replace Surge Arrestors Project Estimate ($000s)

Project Cost 2019 2020
Material Supply 41.4 0.0
Labour 60.2 0.0
Consultant 19.1 0.0
Contract Work 0.0 0.0
Other Direct Costs 8.8 0.0
Total Direct Costs 129.5 0.0

Hydro replaces surge arrestors based on physical and electrical deterioration (as detailed in

Section 4.1.3 of the Asset Management Overview). The surge arresters noted in Table 6 have

exceeded their expected service life of 40 years and will be replaced to avoid in-service failure

and subsequent service interruption.

Table 6: Surge Arrestor Replacement Plan

Station Equipment ID
Holyrood T10 H1
Holyrood T10 H2
Holyrood T10 H2
Holyrood T10 X1
Holyrood T10 X2
Holyrood T10 X3
Holyrood SST-1-2 H1
Holyrood SST-1-2 H2
Holyrood SST-1-2 H3
Western Avalon T4 H1
Western Avalon T4 H2
Western Avalon T4 H3
Western Avalon T4 X1
Western Avalon T4 X2
Western Avalon T4 X3
Hardwoods T6SX1
Hardwoods T6SX2
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Terminal Station Refurbishment and Modernization

Hardwoods T6SX3
2.1.4 Refurbish and Upgrade Power Transformers

The estimate for this project is $7,302,900.

Table 7: Refurbish and Upgrade Power Transformers Project Estimate ($000s)

Project Cost 2019 2020
Material Supply 1,300.4 1,224.7
Labour 542.0 584.9
Consultant 185.0 175.0
Contract Work 1,385.0 1,563.5
Other Direct Costs 143.0 199.4
Total Direct Costs 3,555.4 3,747.5

Project Scope
Hydro carries out a number of refurbishment and upgrade activities on power transformers
including:

e 0il reclamation or replacement;

e 0il dehydration;

e corrosion remediation;

e refurbishment to address leaks;

e tap changer overhauls;

e bushing replacements;

e protective device replacements;

e cooling fan/radiator replacement; and

e major refurbishment, which may include combinations of the above.

Hydro also installs online dissolved-gas analysis devices on critical power transformers. Hydro’s
power transformer refurbishment and modernization philosophies can be found in Section
4.1.6 of the Asset Management Overview. Hydro plans to complete refurbishments and

upgrades on the power transformers listed in Table 8.
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Terminal Station Refurbishment and Modernization

Table 8: Power Transformer Upgrades and Refurbishments

Refurbishment Station Equipment ID

Activity

Major Bottom Brook T3

Refurbishment  Deer Lake T2
Plum Point R1
Plum Point R2
Bottom Brook T1
Hardwoods T2
Western Avalon T4

Oil Reclamation  Bear Cove T1

or Replacement Wabush T3

Oil Dehydrator  Bay D’espoir T1
Holyrood UST-3
Paradise River T1
Howley T2
Oxen Pond T2
St Anthony T1

Radiator Bottom Brook T3 SST

Replacement Bay d’Espoir T6
Grandy Brook T1

Tap Changer Happy Valley T2

Refurbishment  Sunnyside T1
Sunnyside T4
Hardwoods T1

Tap Changer Oil  Sunnyside T4

Replacement

Bushing Daniels Harbour T1

Replacement Daniels Harbour T2
Granite Canal T1LV
Main Brook T1
Wabush Ts T1HV
Churchill Falls T31S
English Harbour West T1
Hawkes Bay T3
Howley T2
Stephenville T1
Upper Salmon T2 HV,N
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Refurbishment Station Equipment ID

Activity

Online Come By Chance Tl

Dissolved Gas Come By Chance T2

Analysis Churchill Falls T31
Sunnyside T1
Sunnyside T4
Wabush Terminal Station T11
Wabush Terminal Station T12
Hardwoods T6S
Bottom Brook T1
Hardwoods T6
Hardwoods T7
Howley T2
Hardwoods T3
Massey Drive T3

2.1.5 Replace Insulators

The estimate for this project is $768,500.

Table 9: Replace Insulators Project Estimate ($000s)

Project Cost 2019 2020
Material Supply 0.0 318.0
Labour 11.8 280.6
Consultant 24.0 83.2
Contract Work 0.0 0.0
Other Direct Costs 4.8 46.1
Total Direct Costs 40.6 727.9

Project Scope

Hydro replaces insulators that are at risk of failure due to cement growth (as detailed in Section

4.1.4 of the Asset Management Overview). Hydro plans to replace such insulators in the

following stations:

e Wabush Terminal Station;
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e Happy Valley;

e Parsons Pond;

e Glenburnie;
e St. Anthony;

e Main Brook;

e Roddickton; and

e Churchill Falls.

2.1.6 Upgrade Grounding

The estimate for this project is $1,423,000.

Project Scope

Table 10: Upgrade Grounding Project Estimate ($000s)

Project Cost 2019 2020
Material Supply 0.0 5.0
Labour 66.6 101.9
Consultant 477.8 398.1
Contract Work 0.0 304.0
Other Direct Costs 35.8 33.8
Total Direct Costs 580.2 842.8

Hydro analyzes terminal station grounding systems to identify hazardous step and touch

potentials, and upgrades station grounding to eliminate these hazards (as detailed in Section

4.1.5 of the Asset Management Overview). Hydro plans to analyze and upgrade the stations

noted in Table 1