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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 

documents for consultant and contract work. 

Feb 2019 May 2019 

Procurement Special material requirements. May 2019 Jun 2019 

Construction Replace anchorage system, floats, and install 

skimmers in all three sumps. 

Jun 2019 Aug 2019 

Closeout Closeout the project Oct 2019 Nov 2019 

 

3 Summary 1 

This report in conjunction with the “Hydraulic Generation Asset Management Overview” 2 

defines the 2019-2020 capital budget submission for all Hydraulic Generation assets.  3 

 4 

3.1 Project Estimate 5 

Individual project estimates for each activity are provided in Section 2 of this report. The 6 

project estimate for all activities described in the 2019 Hydraulic Generation Refurbishment 7 

and Modernization Project is shown in Table 33.  8 

 

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 
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Project Schedule 1 

The individual schedules for each activity are in Section 2 of this report. Typically a high-level 2 

schedule for a multi-year project is as follows: 3 

 Year 1: Planning, Design, and Procurement; and 4 

 Year 2: Construction, Commissioning, and Closeout. 5 

 6 

For one-year projects, all activities will be completed in the first year. Typically, one-year 7 

projects have short material lead times and shorter construction requirements.  8 

 9 

All activities in this proposal will be completed before December 2020. 10 
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Summary 1 

Newfoundland and Labrador Hydro (Hydro) has developed an ongoing capital program to 2 

replace or refurbish assets as they reach the end of their design life or require attention due to 3 

obsolescence or anticipated failure.  4 

 5 

Historically, Hydro’s Hydraulic Generation projects were divided into two categories: stand-6 

alone and programs. Programs include projects that are proposed year after year to address the 7 

need to upgrade or replace deteriorated equipment, such as control cables, and have similar 8 

justification each year. Stand-alone projects included those that do not meet the definition of a 9 

program. Hydro had as many as 80 separate program-type projects in its Capital Budget 10 

Applications over the past five years, with each stand-alone project tailored to a specific asset.  11 

 12 

Starting with the 2018 Capital Budget Application, Hydro implemented a change to the 13 

hydraulic generation programs submissions and consolidated the programs into the “Hydraulic 14 

Generation Refurbishment and Modernization Project” thereby improving regulatory efficiency 15 

and easing the administrative effort for both the Board and Hydro. This change allows for 16 

opportunities to realize efficiencies by improving the coordination of capital and maintenance 17 

work on the Hydraulic Generation assets.   18 

 19 

With the 2019 Capital Budget Application, Hydro submits this revised Hydraulic Generation 20 

Asset Management Overview (Overview) to provide an update of Hydro’s hydraulic generation 21 

asset maintenance philosophies. The annual proposed projects reflect the philosophies 22 

contained within.      23 
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1 Introduction 1 

Newfoundland and Labrador Hydro (Hydro) has 10 hydraulic electric generating stations. There 2 

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

 4 

Hydro’s Asset Management Program governs the life cycle of its hydraulic generation assets. 5 

This program monitors, maintains, refurbishes, replaces and disposes of assets with the 6 

objective of providing safe, reliable electrical power in an environmentally responsible manner 7 

at least-cost. Within this program, assets are grouped at each location by five asset 8 

classifications, including hydraulic generating units, hydraulic structures, reservoirs, site 9 

buildings and services, and auxiliary equipment. This allows asset management personnel to 10 

establish, where possible, consistent practices as it applies to equipment specification, 11 

placement, maintenance, refurbishment, replacement and disposal. These practices ensure 12 

that monitoring, assessing, justifying for capital refurbishment, and replacing for asset 13 

sustaining purposes are consistently executed. Hydro has established programs which enact 14 

these practices for assets or sub-grouping of assets (e.g. turbine overhauls are performed on 15 

each hydraulic generating unit).  16 

 17 

Part of Hydro’s Annual Capital Program is a sustaining effort to ensure the safety and reliability 18 

of generation assets. Combining these projects into Hydraulic Generation Asset Management 19 

Project provides an opportunity to increase regulatory efficiency and provide a more focused 20 

presentation of Hydro’s sustaining efforts for hydraulic generation. 21 

 22 

This document, Hydraulic Generation Asset Management Overview (Overview), serves as a 23 

reference for annual projects. It provides supporting information on the assets involved, a 24 

description of each asset, and how this document will be updated in the event of changes to 25 

Hydro’s asset management philosophies.  26 

 27 

Hydro will revise and resubmit the Overview, where appropriate, as changes are implemented 28 

to asset management practices. 29 
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1.1 Changes in Version 2 1 

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

Budget Application. All material changes in this revision are shaded in grey and are summarized 3 

in Section 4.7, updated to include the Draft Tube Deck refurbishment program.  4 

 5 

Minor changes to syntax have been made to improve reading and to reflect that this document 6 

has been previously submitted and is no longer a newly established approach. These minor 7 

changes have not been highlighted. 8 

 9 

2 Hydraulic Generation Background 10 

2.1 Hydraulic Generating Stations 11 

The location, number of generators at each location, and the total rated generating capacity of 12 

Hydro’s 10 generating stations is as follows: 13 

1. Bay d’Espoir (BDE), seven units in two powerhouses outputting 613.4 MW; 14 

2. Cat Arm (CAT), two units outputting 134 MW; 15 

3. Upper Salmon (USL), one unit outputting 84 MW;  16 

4. Hinds Lake (HLK), one unit outputting 75 MW; 17 

5. Granite Canal (GCL), one unit outputting 40 MW;  18 

6. Paradise River (PRV), one unit outputting 8 MW; 19 

7. Snook’s Arm (SAM), one unit outputting 560 kW 20 

8. Venams Bight (VBT), one unit outputting 340 kW; and 21 

9. Roddickton (RMH), one unit outputting 440 kW. 22 

 23 

Table 1 provides the in-service dates for each turbine generating unit.  24 
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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 
 

 

Figure 1: Hydraulic Generation and Structures Locations 
 

2.2 Infrastructure Classifications 1 

The approximately 3,000 hydraulic generating assets are functionally grouped into hydraulic 2 

generating units (Section 4.4), hydraulic structures (Section 4.5), reservoirs (Section 4.6), site 3 
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buildings and services (Section 4.7), and auxiliary equipment classifications (Section 4.8). A 1 

functional description and further sub-classification of the infrastructure, equipment and 2 

systems within these five asset classifications is provided in Appendix A: Full Asset Description. 3 

 4 

3 Hydraulic Generation Capital Projects 5 

3.1 Historical Hydraulic Generation Capital Projects 6 

In the 2017 Capital Budget Application, there were 14 individual Hydraulic Generation projects, 7 

which accounted for $13.1 million, or 5% of the Capital Budget. Historically, Hydro’s generating 8 

station projects were divided into two categories: stand-alone, and programs. Programs include 9 

projects that are proposed year after year to address the required refurbishment or 10 

replacement of assets, such as control cables, and have similar justification presented each 11 

year. Of the 14 individual Hydraulic Generation projects proposed in 2017, two were program-12 

related and the 12 stand-alone projects were similar to projects submitted in previous Capital 13 

Budget Applications and as such were continuing efforts to sustain hydraulic generating assets.  14 

 15 

3.2 Hydro’s Approach to Hydraulic Generation Capital Projects 16 

The programs now included in the Project are: 17 

 Hydraulic Generating Units Program; 18 

 Hydraulic Structures Program; 19 

 Reservoirs Program; 20 

 Site Buildings and Services Program; and 21 

 Common Auxiliary Equipment Program. 22 

 23 

Items which will be excluded from the “Hydraulic Generation Refurbishment and Modernization 24 

Project” and will be proposed separately include:  25 

 Activities that cannot be scheduled for inclusion in the annual Capital Budget 26 

Application - these projects will be submitted as either a supplementary capital budget 27 

application or executed in the “Hydraulic Generating Stations In-Service Failures 28 

Project”;  29 
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 Activities in response to additional load or reliability requirements - these projects 1 

generally have unique justifications and will be proposed separately; and 2 

 Activities in response to significant isolated issues in a particular station (e.g. 3 

replacement of a damaged turbine) - these projects generally have unique justification 4 

and will be proposed separately. 5 

Hydro will continue to maintain individual records with regards to asset capital, maintenance 6 

and retirement expenditures and performance, which will be queried to support the 7 

development of the annual capital plan.  8 

 9 

3.3 Benefits of the Approach 10 

Supporting information, such as asset descriptions change infrequently, referencing the 11 

Overview in the Project documentation will eliminate the preparation and review of repetitious 12 

information. Hydro estimates that this approach could save up to $130,0001 annually, not 13 

including time and costs for review by the Board and Intervenors. 14 

 15 

Hydro has a proactive Asset Management Program to anticipate future failures so that 16 

refurbishment or replacement can be incorporated into an Application. However, there are 17 

situations were immediate refurbishment or replacement, which has not been included in an 18 

Application, has to be undertaken due to the occurrence of an unanticipated failure or the 19 

recognition of an incipient failure, so as to maintain the delivery of safe, reliable electricity at 20 

least cost. These situations seldom include extenuating or abnormal circumstances and costs. 21 

With aging assets, unanticipated failures are expected to increase. This increase will require 22 

additional future efforts to provide and review regulatory documentation. By introducing a 23 

“Hydraulic Generation In-Service Failures Project”, there will be a reduced need for that 24 

documentation and change management processes. Each year, Hydro will provide a concise 25 

summary of the previous year’s work. 26 

                                                      
1
 If 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 1 

provide opportunities whereby Hydro can further optimize the coordination of opportunities to 2 

optimize capital and maintenance work to minimize outages on equipment as personnel look to 3 

further coordinate work by location.  4 

 5 

4 Asset Management Programs  6 

4.1 Condition Assessment Practices 7 

Hydraulic generation asset management personnel primarily obtain information to assess the 8 

condition of hydraulic generation assets through calendar-based or equipment operating time-9 

based activities. Calendar-based activities include, but are not limited to, daily, weekly, 10 

monthly, quarterly, annual and three-year preventive maintenance procedures. Operating 11 

time-based activities include 500, 1,000 or 2,000-hour preventive maintenance procedures. 12 

More information on calendar-based or equipment operating time-based activities is presented 13 

in Appendix B.  14 

 15 

Capital overhauls and refurbishments are conducted on differing timeframes depending upon 16 

the asset and range from approximately 6 to 25 year time frames. The actual timing of this 17 

work is determined by asset management personnel after considering various factors such as 18 

reliability, safety, frequency of operation, asset criticality, condition, operating constraints and 19 

geographic location. More information on the determination of timing is presented in Appendix 20 

C. 21 

 22 

The more frequent calendar-based and equipment operating time-based maintenance 23 

procedures consist of visual inspection of the equipment for abnormalities, such as noticeable 24 

cracks, rust, corrosion, electrical tracking, and component malfunction, as well as minor 25 

maintenance such as oil and filter changes, as required. The remaining preventive maintenance 26 

procedures and capital program activities require outages to the equipment and entail 27 

progressive levels of disassembly, checking, testing and adjustments of systems and 28 

components allowing for the identification of abnormalities which cannot otherwise be 29 
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identified. These activities require greater or complete disassembly, specialized inspections and 1 

testing of equipment and, if required based upon condition assessment, unforeseen 2 

refurbishment or replacement activities completed within the approved budget for the 3 

program. 4 

 5 

The condition assessment information, documented by the personnel executing these 6 

activities, is reviewed by Long-Term Asset Planning personnel who determine if corrective 7 

action, either expensed as operating or included as capital, is required.  8 

 9 

Additionally, Long-Term Asset Planning personnel may initiate condition assessments of existing 10 

equipment and determine whether corrective action is required when information is obtained 11 

through different sources than those outlined above. These sources may include operating 12 

personnel, vendors, industry related groups and literature. This information may relate to such 13 

situations as changes to safety practices, reports of performance indicating that an asset is 14 

approaching end of service life, industry experience identifying new equipment issues, and 15 

manufacturers withdrawing product support (obsolete equipment) resulting in Hydro being 16 

unable to obtain spare parts and obtain technical expertise to maintain the equipment . 17 

Corrective actions may be required immediately, or may be executed at a future time. 18 

Condition assessment and practices specific to an asset classification are outlined in the 19 

corresponding program described later in the Overview. 20 

 21 

4.2 Program Types and Timing 22 

The programs in this Overview are primarily focused on the capital overhauls and the execution 23 

of corrective actions required by each asset classification. As the implementation of corrective 24 

action increases or is projected to increase, a program will be added to this Overview. Due to 25 

the volume and complexity of hydraulic generation assets, capital corrective actions are 26 

required that do not warrant the establishment of a long-term capital program. For each asset 27 

classification, these activities are captured under the section titled “Other Sustaining Activities”. 28 

Capital corrective actions that are aligned with the Overview philosophies and practises, as well 29 
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as capital work which will result in economic savings but do not reside within an established 1 

capital program will be included in this program. Examples of capital work that could be 2 

included under Other Sustaining Activities are: 3 

1. Deteriorated systems, equipment, components or material approaching the end of their 4 

service life; 5 

2. Systems, equipment, and components for which manufacturers have withdrawn 6 

product support or industry experience has identified new performance issues;  7 

3. Changes to safety practices on existing infrastructure; and 8 

4. Replacement of existing assets with economically justified replacements. 9 

 10 

In the “Hydraulic Generation Refurbishment and Modernization Project” submitted with each 11 

Capital Budget Application, the “Other Sustaining Activities” items, with associated costs and a 12 

brief explanation of the work, will be provided for the Board’s review.  13 

 14 

The timing of capital overhauls is determined by Long-Term Asset Planning personnel after 15 

considering various factors including asset performance, safety concerns, frequency of 16 

operation, criticality, condition, corrective actions required, operating constraints and 17 

geographic location. More information on the determination of timing is presented in Appendix 18 

C. Execution of capital corrective actions which align with philosophies and practises outlined in 19 

this Overview will be included in the ”Hydraulic Generation Refurbishment and Modernization 20 

Project” or in the “Hydraulic Generation In-Service Failures Project”. Immediate corrective 21 

actions stemming from an approved “Hydraulic Generation Refurbishment and Modernization 22 

Project” which can be accomplished within the project scope and budget may proceed within 23 

that project.2 Future corrective actions would be included in the “Hydraulic Generation 24 

Refurbishment and Modernization Project” submitted in a future Capital Budget Application. 25 

 

                                                      
2
 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. 
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4.3 Asset Classification Description  1 

Each asset classification section includes a high level functional description of the group’s 2 

assets. More information about the infrastructure, systems, equipment, and components in an 3 

asset classification is provided in Appendix A.  4 

 5 

4.4 Hydraulic Generating Units Asset Classification 6 

Hydro’s Hydraulic Generating Units Asset Classification consists of: 7 

 Generators; 8 

 governors; 9 

 isolated phase buses; 10 

 spherical valves; 11 

 turbines; 12 

 exciters; and 13 

 metering, monitoring, SCADA, protection and control equipment. 14 

 15 

Figure 2 is a cross-section of a Hydraulic Generating Unit. 16 

 

 

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 1 

a spiral case, which encircles the turbine runner. The wicket gates direct water from the spiral 2 

case into the turbine runner (noted as turbine blades in Figure 2). The water turns the turbine 3 

runner and then flows into the draft tube attached to the turbine. The water passes through 4 

the draft tube and on to the tailrace to exit the generating station. A shaft connects the turbine 5 

runner and the generator rotor. Turning the runner causes the rotor to turn. Electrical 6 

interaction, created by the unit exciter system, between the stator and the moving rotor 7 

produces electricity for transmission to customers. A unit governor system controls the flow of 8 

water, by way of the wicket gates, to ensure an appropriate amount of water is passing through 9 

the turbine so as to supply the electrical power required from the generator. The electricity is 10 

passed from the generator to the electrical transmission system outside the hydraulic 11 

generation station through an electrical isolated phase bus system. Rotating equipment 12 

requires lubrication and, as such, the unit has an automatic greasing system.  Hydraulic 13 

generating units have protection, control, instrumentation, condition monitoring, SCADA3 and 14 

metering equipment to ensure safe, reliable operation and asset management data for the unit. 15 

                                                      
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. 
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Figure 3: Dismantled Generator 

 

4.4.1 Turbine and Generator Six Year Overhauls Program 1 

The Six-Year Overhaul involves a partial dismantling the turbine and generator to inspect, test, 2 

clean, refurbish the units. This may entail replacing defective components and, as required, 3 

undertaking corrective refurbishment or replacement action. The generator activities involve 4 

such activities as are cleaning and inspection of rotor and stator assembly, electrical testing on 5 

rotor/stator assembly and calibration and testing of turbine and generator protection devices. 6 

The turbine activities involve such activities as verification of bearing and seal clearances and 7 

testing and calibration of turbine protection, control and monitoring devices. During these 8 

overhauls, due the dewatering of the unit, the draft tube and penstock are also inspected.  9 

 10 

4.4.2 Turbine Major Refurbishment Program 11 

The Turbine Major Refurbishment occurs on approximately a 15 to 25-year cycle and involves 12 

completely disassembling, inspecting, testing, assessing the turbine mechanical components 13 

and, as required, carrying out corrective work to refurbish or replace components to maintain 14 
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the turbine performance until the next major refurbishment.  As the unit is dismantled for the 1 

turbine major refurbishment, this offers an opportunity to carry out, if required, other 2 

sustaining work on the unit, including: 3 

 Inspection and replacement, as required, of the head cover and bottom ring bushings;  4 

 inspection and, as required, replacement of the operating ring bearing;  5 

 replacement of wicket gate V packing;  6 

 replacement of various gaskets and seals; 7 

 refurbishment of runner due to cavitation damage;  8 

 machining of other unit surfaces as required based on condition assessments; and 9 

 testing and calibration of turbine protection, control and monitoring devices.  10 

 11 

In the past, concrete growth in the turbine foundation and the resulting erosion caused 12 

movement of the turbine lower primary stationary seal. This could cause contact between the 13 

stationary and rotating seals and require a full dismantling of the unit to correct. Therefore, as 14 

required, grouting and machining of the upper and lower primary seals is also included in the 15 

Major Turbine Refurbishment. 16 

 17 

4.4.3 Generator Refurbishment Program 18 

Hydro’s generator stator windings have an anticipated service life of 40 years. As a unit 19 

approaches the end of its expected service life, a condition assessment is carried out. These 20 

assessments reveal signs of electrical deterioration such as seeping asphalt or cracked 21 

insulation, or mechanical deterioration such as shifting windings as a unit approaches the end 22 

of its useful life. At this point, Hydro takes action to replace the windings.  Hydro undertook 23 

work to replace generator stator windings due to stator mechanical and electrical deterioration 24 

from 2009 to 2014. Future work of a similar nature will be completed within this program. 25 

 26 

4.4.4 Spherical Valve By-Pass Refurbishment Program  27 

Since 2013, Hydro has completed five spherical valve by-pass refurbishment projects due to 28 

deterioration and poor operating performance of the by-pass valve and control system. As the 29 
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spherical valve by-pass reaches its end of service life, the valves begin to malfunction and 1 

become prone to failures due to seized internal components. Future work of this nature will be 2 

undertaken within this Program. 3 

 4 

4.4.5 Exciter Replacement and Refurbishment Program 5 

Hydro has undertaken ten exciter replacements due to a withdrawal of manufacturer product 6 

support. Future work to replace or refurbish existing exciters will be completed within this 7 

Program. 8 

 9 

4.4.6 Automate Generator Deluge Systems Program 10 

Since 2013, Hydro has been automating the deluge systems at Bay d’Espoir. Future work to 11 

automate the remaining systems will be completed under this Program. 12 

 13 

4.4.7 Refurbish Generator Bearings Program 14 

Since 2013, Hydro has been refurbishing the generator bearings and housings to eliminate oil 15 

loss from the bearing housing. Future work of this nature will occur under this Program. 16 

 17 

4.4.8 Replace Auto Greasing Systems Program 18 

As the auto-greasing system on a generating unit ages, it becomes prone to issues such as 19 

solenoid failures, damaged timers and switches, and leaking tubing. On older units, the 20 

unavailability of replacement components makes maintenance of the systems difficult.  Since 21 

2013, Hydro has replaced six automatic greasing systems due to deterioration, incompatibility 22 

with new controllers, and ongoing maintenance issues. This program will be used to undertake 23 

future work of this nature. 24 

 25 

4.4.9 Replace Unit Metering, Monitoring, Protection, SCADA & Control Assets Program 26 

In 2016, the Bay d’Espoir Unit 7 vibration monitoring system was replaced to improve condition 27 

monitoring of Unit 7. The previously installed vibration monitoring system was unreliable. The 28 

new monitor has increased the diagnostic information available to asset management and 29 
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maintenance personnel. Hydro plans additional work starting in 2018 to replace the other 1 

monitors on Bay d’Espoir Units 1 to 5 due to the monitors being obsolete. The new monitors 2 

will allow long-term trending of data.  3 

 4 

Hydro will replace protective relays, annunciators, human-machine interfaces, other metering, 5 

monitoring, protection, and control equipment as it becomes obsolete, fails or operate 6 

unreliably to ensure reliable operation of protective devices.  7 

 8 

In 2017, a multi-year project to install a new Asset Health Monitor system for Upper Salmon 9 

started. The new Asset Health Monitor system will gather diagnostic data from the generating 10 

unit and provide trending analysis for asset management and maintenance personnel. Hydro 11 

plans additional work starting in 2018 to replace obsolete monitoring devices on Bay d’Espoir 12 

Units 1 to 5.  13 

 14 

In 2017, Hydro identified control cables in its Hydraulic Generating Station are leaking oil, which 15 

is contaminated with PCB’s. In 2018, Hydro will start a five-year effort to replace the cables and, 16 

if required, associated infrastructure.  17 

 18 

Hydro expects additional replacement of metering, monitoring, protection, and control 19 

equipment assets, including wiring, panels and other supporting materials and devices, due to 20 

deterioration and obsolescence and to provide more functional equipment. Work of this nature 21 

will be covered by this Program. 22 

 23 

4.4.10 Other Sustaining Activities 24 

As described in Section 4.2 Program Types and Timing. 25 

 26 

4.5 Hydraulic Structures Asset Classification 27 

Hydro’s Hydraulic Structures Asset Classification consists of: 28 

 control gates; 29 
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 penstocks; 1 

 surge tanks; and 2 

 remote water level systems. 3 

 4 

Figure 4 is a cross-section of a hydroelectric installation showing the intake gate. 5 

 

 

Figure 4: Cross-section of intake 

 

Hydro uses hydraulic control structures to control the flow of water from reservoirs. Structures 6 

associated with a powerhouse intake control the flow of water from the reservoir into 7 

penstocks which transport water to a hydraulic generating unit (shown as a turbine and a 8 

generator in Figure 4) to produce electricity. Structures associated with a spillway control the 9 

flow of water from the reservoir into a spillway (spilling). Spilling, when required, is undertaken 10 

to avoid damage to the reservoir dams or dykes caused by excessive water in the reservoir. 11 

Hydro’s control structures consist of structural, mechanical, and electrical systems (Figure 5). 12 

The water flows through the concrete structures and the mechanical systems incorporated into 13 

the concrete structure. The mechanical systems controlling the flow of water include a vertical 14 

sliding gate, a gate hoist, gate rollers, seals, and embedded steel parts in the concrete to allow 15 
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movement of the gate by the hoist. Electrical systems include heaters to prevent icing of the 1 

mechanical systems in the concrete structure, power supply systems and control systems for 2 

the gate equipment. The stoplogs are mechanical systems of wood or steel members placed by 3 

lifting devices between control structures and the reservoirs to stop water from flowing 4 

through the concrete structures when the mechanical gate systems are being worked upon. 5 

Hydro has 21 hydraulic control structures, which incorporate 40 gates.  6 

 

 

Figure 5: West Salmon Spillway Control Structure 

A penstock is a large pipe, most commonly constructed of welded steel, which conveys water 7 

from a reservoir to turbine. Hydro has eight steel and one wood stave penstock serving the 8 

hydraulic units and three arrangements with penstock/power tunnel combinations.  9 

 10 

Hydraulic generating stations with high head designs have surge tanks connected to penstocks 11 

to neutralize the impact of sudden changes in pressure on the penstock caused by operation of 12 

the station. Water flows into the tank when the penstock water pressure increases and out of 13 

the tank when penstock pressure decreases, thus mitigating the effects of water hammer on a 14 

penstock. Hydro has four surge tanks in two hydraulic generating stations (Figure 6). 15 
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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. 1 

Based upon condition, overhauls are performed on a 10 to 15 year frequency. 2 

 3 

4.5.1 Refurbish and Replace of Control Gates Infrastructure Program 4 

Failure of subcomponents of control structures can result in safety hazards, equipment 5 

damage, or the inability to operate gates as required. A failed gate control system has resulted 6 

in the filling of the penstock too quickly, creating hazardous conditions. The failure of gate 7 

heaters can result in mechanical components freezing, causing inoperability. Since 2009, Hydro 8 

has undertaken control gate refurbishments in Hinds Lake, Upper Salmon, and Bay d’Espoir for 9 

intake structures and at Salmon River, Victoria and Burnt Dam for spillway structures. This work 10 
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has included structural, mechanical, electrical and control system work. Future refurbishment 1 

work will be executed through this Program. 2 

 3 

4.5.2 Refurbish Surge Tanks Program  4 

Hydro carries out progressive inspections monthly and annually on surge tanks and a major 5 

inspection every six years. Based on these inspections, Hydro determines whether corrective 6 

action is required. Over time, protective coatings degrade, resulting in increased corrosion 7 

which, if left unmitigated, may result in leaks or structural failure of the tanks. Failure of the 8 

cathodic protection and protective coating of the surge tanks resulted in corrosion on the Bay 9 

d’Espoir assets. In 2014, 2015, and 2016, Hydro completed projects to refurbish the surge 10 

tanks. Future refurbishment work on any surge tanks will be covered by this Program.  11 

 12 

4.5.3 Other Sustaining Activities  13 

As described in Section 4.2 Program Types and Timing. 14 

 15 

4.6 Reservoirs Asset Classification 16 

Hydro’s hydraulic reservoirs asset classification consists of: 17 

 ams; 18 

 dykes; 19 

 power canals; 20 

 spillways; 21 

 control weirs; 22 

 fuse plugs; 23 

 tunnels; 24 

 instrumentation; and 25 

 public safety control measures.  26 

 27 

Figure 7 is a general cross-section of an embankment type dam. 28 
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Figure 7: Dam cross-section 

 

Dams and dykes are constructed to increase the storage capacity of the reservoir. The majority 1 

of Hydro’s dams are embankment type structures. The largest structure is 63 m high. Power 2 

canals are typically a dyke lined canal developed to convey water between reservoirs or from a 3 

reservoir to an intake structure. Passive overflow spillways are dams that are built to spill water 4 

from a reservoir at a specific elevation. Overflow spillways in Hydro’s system are constructed of 5 

rock fill with steel sheet pile cores, concrete or timber crib. Control Weirs are low head 6 

concrete overflow spillways that maintain the water elevation upstream of the weir to within a 7 

specified range. Fuse plugs are sections of dams that are constructed of earth materials and 8 

designed to fail in a controlled manner without damaging adjacent larger, more critical dams. 9 

Power tunnels convey water, through rock, from a reservoir to an intake structure. Diversion 10 

tunnels divert water around the work site. Dam instrumentation provides measurements for 11 

comparison to the dams design criteria.  12 
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Figure 8: Hinds Lake Power Canal 

 

Hydro has approximately 80 dykes and major structures in this classification. Hydro carries out 1 

preventive maintenance activities at various frequencies for different asset types. For instance, 2 

dam-type assets are visually inspected biweekly and undergo semi-annual engineering 3 

inspections. 4 

 

 
Figure 9: Safety Boom and Signage 

 

4.6.1 Upgrade Public Safety around Dams and Waterways Program 5 

Public safety risks are determined by completing risk assessments in accordance with the 6 

Canadian Dam Association’s Dam Safety Guidelines, 2007 that includes guidelines for public 7 

safety and security around dams. Appropriate control measures are installed to reduce the 8 
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safety risk to the public. These measures include such items as signage, fencing, audible or 1 

visual alarms, booms and buoys (as shown in Figure 9), operational changes and public 2 

education. Hydro has conducted seven public safety projects since 2011. Future work to further 3 

enhance public safety around Hydro dams and waterways will be undertaken through this 4 

Program.  5 

 6 

4.6.2 Other Sustaining Activities 7 

As described in Section 4.2 Program Types and Timing  8 

 9 

4.7 Site Buildings and Services Asset Classification 10 

Hydro’s Site Buildings and Services Asset Classification consists of: 11 

 water distribution systems; 12 

 fuel storage and distribution systems; 13 

 powerhouse buildings; 14 

 service buildings; 15 

 helicopter Pads; 16 

 site fencing and gate controls; 17 

 parking lots; 18 

 stairways; and 19 

 site access roads.  20 
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Figure 10: Paradise River Generating Station 

Water distribution systems collect, transmit, treat, store, and distribute domestic water. Fuel 1 

storage and distribution systems handle diesel, helicopter, and gasoline fuels. Powerhouse 2 

buildings contain a hydraulic generating unit(s) and the unit’s auxiliary mechanical and electrical 3 

equipment. Service buildings are other buildings required for a hydraulic generating station, 4 

which include warehouses, maintenance buildings, training facilities, site accommodations, and 5 

security offices. Helicopter pads allow helicopters to use relatively flat, clearly marked, 6 

obstacle-free hard surfaces to land and take off safely. All sites have fencing and/or gates with 7 

controls to maintain site security and public safety. The parking lots and stairways provide 8 

vehicle parking and safe access to facilities. Site and access roads allow access to hydraulic 9 

generation locations, such as generating stations and dams.  10 

 11 

Site Buildings and Services assets are inspected and, where applicable, tested annually.  12 
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4.7.1 Access Road Refurbishment Program  1 

Since 2010, Hydro has undertaken four projects to refurbish access roads to its hydraulic 2 

generating stations to maintain safe site access. Deterioration was a result of insufficient 3 

drainage, washouts, or the normal wear/loss of road topping material. Hydro expects to 4 

undertake similar work in the future and will execute it within this Program. 5 

 6 

4.7.2 Diesel Fuel Storage Refurbishment and Replacement Program  7 

Hydro has 19 diesel fuel storage tanks at its hydroelectric generating stations. These are subject 8 

to deterioration (e.g. reduced wall thickness, corrosion) which is detected during routine tank 9 

inspections. Tanks are also subject to changing government regulations. Hydro will use this 10 

program to refurbish or replace tanks when deteriorated and to comply with government 11 

regulations. Hydro has tanks in remote locations and since 2007 has installed remote 12 

monitoring on a portion of those tanks. If required to add remote monitoring to other tanks, 13 

Hydro will undertake this work within this Program. 14 

 15 

4.7.3 Draft Tube Deck Refurbishment Program 16 

A draft tube deck is a common feature in a hydroelectric plant. The draft tube is where the 17 

exhausted water from the hydro unit exits and is directed to the tailrace. The draft tube deck is 18 

a reference to the full structure including the substructure, exit water channels, and the deck 19 

above that can be driven over or has walk access to install draft tube gates. Draft tube gates are 20 

used to isolate the hydro unit by preventing tailrace water from coming back up through the 21 

unit. Over time, concrete degrades and the structure experiences wear due to weather and 22 

water erosion. Once this damage occurs, refurbishment of the structures is required to ensure 23 

the reliable operation of the hydro units. Future refurbishment work on any Draft Tube Deck 24 

will be covered by this Program. 25 

 26 

4.7.4 Other Sustaining Activities 27 

As described in Section 4.2 Program Types and Timing. 28 
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4.8 Common Auxiliary Equipment Asset Classification 1 

Hydro’s Common Auxiliary Equipment Asset Classification consists of: 2 

 station service; 3 

 ancillary AC/DC electrical system; 4 

 standby diesel generators; 5 

 cranes; 6 

 fire protection and detection systems; 7 

 powerhouse public address systems; 8 

 compressed air systems; 9 

 service/cooling water systems; 10 

 domestic water systems; 11 

 drainage/unwatering systems; 12 

 water level systems; 13 

 heating, ventilation, and air conditioning systems; 14 

 waste oil storage tanks; and 15 

 lube oil storage. 16 

 17 

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

auxiliary equipment required for Hydro’s daily operations. 19 
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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 1 

voltage acceptable for use in the ancillary AC/DC electrical system which distributes electricity 2 

to ancillary equipment needed in the operation of the hydraulic generating station. Standby 3 

diesel generators are installed as back-up at locations that require electricity for operations. 4 

Cranes are used during maintenance and capital work. Fire protection and detection systems 5 

are installed to protect people, buildings, power transformers, generators, and other 6 

equipment. Powerhouse public address systems allow communication within a noise working 7 

environment. Compressed air systems provide pressurized air to equipment that requires 8 

pressurized air to operate, such as governors, and spherical valves. Service/cooling water 9 

systems are used to remove heat from turbines and generators, particularly bearings and 10 

generator stators. Domestic water systems supply water where water is needed. 11 
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Drainage/Unwatering Systems remove water from the hydraulic generating unit to allow access 1 

to the turbine. Water level systems provide water level monitoring in streams, lakes or 2 

reservoirs. Air conditioners control the temperature for personnel and equipment. Heating, 3 

ventilation and air conditioning (HVAC) systems also provide humidity control for humidity-4 

sensitive electrical equipment. Ventilation systems remove waste heat generated by generating 5 

units, and circulate fresh air using ducts and fans. Waste oil storage tanks hold used oil for 6 

disposal. Lube oil storage are laydown areas for the 200 litre drums of lube oil that are located 7 

at most generating stations.  8 

 9 

There is a mixture of time based preventive maintenance procedures ranging from weekly to 10 

yearly, and a mixture of operational hour preventive maintenance procedures ranging from 500 11 

to 2,000 hour checks used to assess and maintain these assets. 12 

 13 

4.8.1 Station Service Refurbishment and Replacement Program  14 

Station service systems in Hydraulic Generating Stations are complex systems comprised of a 15 

number of subsystems. Devices such as reclosers and circuit breakers require replacement as 16 

they become obsolete, resulting in the unavailability of replacement parts required to maintain 17 

equipment or operate unreliably. Equipment may require replacement to reduce fault levels, 18 

and arc-flash levels, or improve protection coordination, either of which may result in safety 19 

hazards or equipment damage if left unmitigated. Electrical equipment, such as transformers, 20 

are prone to insulation breakdown and other deterioration as they reach the end of their useful 21 

service life and require refurbishment or replacement. In 2015, 2016 and 2017, station service 22 

electrical equipment was replaced at Cat Arm and Bay d’Espoir due to operational failures, 23 

deterioration, and weak protective coordination between devices. Hydro expects work of this 24 

nature to occur in the future and will undertake that work under this Program. 25 

 26 

4.8.2 Service/Cooling Water Refurbishment and Replacement Program  27 

Over time, cooling water pipes can become clogged with organic slime and hardened organics 28 

that attaches to the pipe walls causing the cooling water flows to decrease significantly. 29 
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Additionally, older cooling water pipes are constructed of mild steel, which is prone to 1 

corrosion over time. Since 2009, Hydro has undertaken 11 projects to replace cooling systems 2 

and piping, pump, and instrumentation components due to pipe fouling from material build up 3 

and corrosion. Future capital work on service/cooling water systems will be undertaken within 4 

this Program.  5 

 6 

4.8.3 Air Conditioning Refurbishment and Replacement Program  7 

Hydro has refurbished or replaced air conditioning systems and improved ventilation in four 8 

projects due to obsolescence, resulting in the unavailability of replacement components require 9 

to maintain units. Air conditioning systems are also replaced or upgraded due to increased 10 

cooling requirements. Future capital work for this will be executed through this Program. 11 

 12 

4.8.4 Standby Generator Refurbishment and Replacement Program  13 

Since 2009, Hydro has replaced three standby generators at Bay d’Espoir due to poor 14 

performance and the inability to reliably supply station service power in an emergency. Primary 15 

power diesel generators have been replaced at the Burnt Dam and Victoria Control Structure 16 

locations. Diesel generators require an engine overhaul based on operating hours and 17 

operating performance. Typically, standby diesels rarely require this refurbishment and primary 18 

power diesel generators require this refurbishment about every five years. Future replacement 19 

and refurbishments of diesel generators will be completed under this Program. 20 

 21 

4.8.5 Ancillary AC/DC Electrical System Refurbishment and Replacement Program 22 

In 2011 and 2013, Automatic Transfer Switches were replaced at Bay d'Espoir and Hinds Lake 23 

due to operational failures. In 2015, Hydro started the installation of Infrared Inspection 24 

Viewports in electrical equipment at various hydraulic generating stations to allow safe 25 

inspection of the equipment while energized. Installations of the viewports will occur under this 26 

Program. In addition, Hydro expects that the replacement and refurbishment of ancillary AC/DC 27 

electrical assets will continue to maintain a reliable supply of electricity. In the future, this work 28 

will occur under this Program. 29 
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4.8.6 Other Sustaining Activities - Common Auxiliary Equipment Program  1 

As described in Section 4.2 Program Types and Timing  2 
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Hydraulic Generating Units 1 

Generator 2 

A generator is an electric rotating machine that transforms mechanical power from a hydraulic 3 

turbine into electric power. 4 

 5 

Stator Assembly 6 

A stator consists of a core and a frame; it is the stationary part of a machine that serves as both 7 

a magnetic circuit and a supporting member. The core is made up of sheets of electrical steel; 8 

the sheets, which are 0.35–0.5 mm thick and insulated with varnish, are formed into stacks and 9 

fastened in the cast or welded frame. Stator windings fit into slots made in the core. The stator 10 

is cooled with surface air coolers, which are heat exchangers that have cooling water flowing 11 

through which cool the hot air blown around the stator. 12 

 13 

Stator Assembly 14 

The rotor consists of a fabricated spider, laminated rim, field poles and windings, a brake ring 15 

and collector rings.  16 

 17 

Thrust and Guide Bearing 18 

The thrust and guide bearing combination on the generator sustains axial and lateral loading 19 

and prevents axial and lateral movement. The bearing consists of a segmented guide bearing, 20 

thrust block, rotating ring, segmented spring-supported thrust bearing, base ring, oil reservoir, 21 

cooling coils, alarm devises, and a high pressure oil injection system for start-up (if equipped). 22 

 23 

Cooling Water System 24 

The cooling water system supplies water to the thrust and guide bearing cooling coil to cool the 25 

oil reservoir. The cooling water also supplies the surface air coolers in the generator to cool the 26 

stator and rotor by air circulation within the generator. 27 
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Governor 1 

The governor serves to keep the speed of the hydro unit constant in order to maintain the 2 

systems frequency of 60 hertz. Any change in load or other operational disturbances will cause 3 

the governor to open or close the wicket gates to allow more or less water to maintain the 4 

constant speed of the Hydro Unit. 5 

 6 

Governor Speed Generators 7 

Speed control is one of the primary functions of a governor. On Mechanical governors, a set of 8 

rotating flyballs, opposed by a spring, controls the position of a valve. The valve controls the 9 

flow of oil to a servomotor that controls the wicket gates. Any change in speed will cause the 10 

valve to be moved off its centered position, making the gates open or close, and changing the 11 

unit's speed. Modern electronic governors control the gates by monitoring electronic signals 12 

from speed sensors.  13 

 14 

Governor Pump 15 

The pump used by the governor to port oil through the governing system.  16 

 17 

Governor Piping System 18 

The network of pipes required to deliver the governor oil to the desired location.  19 

 20 

Accumulator Tank 21 

An accumulator tank stores oil for the governor system and is pressurized by air.  22 

 23 

Servomotor Assembly 24 

The servomotors are hydraulically actuated pistons, controlled by the governor, that move the 25 

linkages connected to the wicket gates to allow water regulation to the hydraulic generating 26 

unit to maintain a constant speed.   27 
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Isolated Phase Bus 1 

Isolated phase bus is the current carrying conductors used to transmit large currents. For 2 

Hydro’s generation sites, it is the means used to carry the current from the generators to the 3 

step-up transformers. The conductors are individually contained within housings to provide 4 

electrical and physical protection and to minimize the possibility of faults. 5 

 6 

Disconnect Switch 7 

Disconnect switches are used to electrically isolate the isolated phase bus either for 8 

maintenance activities or troubleshooting. Proper operation of these switches is essential for 9 

the establishment of a safe work environment and for reliable and secure system operation. 10 

 11 

Grounding Switch 12 

Grounding switches are used to provide a safe and secure electrical connection between a 13 

piece of equipment and ground. Proper grounding of equipment is essential for the 14 

establishment of a safe work environment. 15 

 16 

Buswork 17 

Buswork is the current carrying conductors which provide connections for the electrical circuits. 18 

 19 

Main Inlet Valve 20 

Main Inlet Valves are mainly employed in power plants with more than one generating unit 21 

sharing a common penstock. When one penstock is used to supply two or more generating 22 

units these valves are installed on each unit to provide isolation from the penstock water 23 

supply. This allows the operation of one unit while the other unit is down for maintenance or in 24 

stand-by. Most of Hydro’s Main Inlet Valves are of the spherical valve type.  25 
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Turbine  1 

A turbine is a rotary machine that converts kinetic energy and potential energy of water into 2 

mechanical work. Components of the turbine include: 3 

 4 

Runner 5 

Flowing water is directed on to the blades of a turbine runner, creating a force on the blades. 6 

Since the runner is spinning, the force acts through a distance, which is the definition of work. 7 

In this way, energy is transferred from the water flow to the turbine. 8 

 9 

Draft Tube 10 

In power turbines a diffuser tube is installed at the exit of the runner, known as draft tube.  11 

 12 

Guide Bearing 13 

The guide bearing on the turbine sustains lateral loading and prevents lateral movement. The 14 

bearing consists of a segmented guide bearing, oil reservoir, cooling coils, and instrumentation 15 

to monitor bearing temperature and oil levels within acceptable ranges.  16 

 17 

Auto-greasing System 18 

The auto-greasing system delivers controlled amounts of lubricant to multiple locations on a 19 

hydraulic generating unit while the machine is in operation. 20 

 21 

Turbine Shaft and Coupling 22 

The turbine shaft is the portion of the hydraulic units’ shaft that is connected to the turbine. 23 

The shaft coupling joins the generator shaft to the turbine shaft.  24 

 25 

Scroll Case 26 

A spiral-shaped steel intake guiding the flow into the wicket gates located just prior to the 27 

turbine. 28 
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Headcover Assembly 1 

The headcover is the top stationary part of a hydraulic turbine that encloses the system.  2 

 3 

Wicket Gates and Linkages 4 

Adjustable elements that control the flow of water from the scroll case into the turbine passage 5 

by the linkages connected to the servomotors. 6 

 7 

Excitation 8 

Excitation Transformer 9 

The excitation transformer is a part of the excitation system. It is used to convert the generator 10 

terminal voltage to a lower voltage which supplies the rectifier. The excitation system creates 11 

the DC energy for the rotating magnetic field in the generator to enable conversion of 12 

mechanical energy into electrical energy. Without an excitation transformer, a generating unit 13 

is not able to produce electricity.  14 

 15 

Field Breaker 16 

The field breaker is a circuit breaker used to isolate the power supply between the excitation 17 

system and the generator rotor. The field breaker performs switching actions to complete, 18 

maintain, and interrupt current flow under normal or fault conditions. The reliable operation of 19 

the field breaker through its fast response and complete interruption of current flow is 20 

essential for the protection of the excitation system. 21 

 22 

Metering, Monitoring, Protection, SCADA and Control 23 

Ground Cubicle 24 

Minimizes fault damage incurred by generators, and maintains sufficient fault detection to 25 

improve power system reliability. 26 
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Auto Control Panel 1 

The auto control panels are where control or monitoring instruments are displayed. This is 2 

where operators interface with the generating unit. 3 

 4 

Synchronizing Panel 5 

Synchronization panels are mainly designed and used to meet power system requirements. 6 

These panels function both manually and with an automatic synchronizing function for one or 7 

more generators or breakers. They are widely used in synchronizing generators. 8 

 9 

Temperature and Frequency Control Panel 10 

This panel displays the temperature and frequency of the hydro unit. 11 

 12 

Time and Frequency Clock 13 

Highly sensitive equipment used to measure the time and frequency of the unit. 14 

 15 

Oscillogragh 16 

An Oscillogragh is a device for recording oscillations, especially those of an electric current. 17 

 18 

Voltage and Megawatt Panel  19 

This panel displays the voltage and megawatt output from the hydro unit. 20 

 21 

Recorder 22 

The recorder records the voltage and megawatt readings of the unit. 23 

 24 

Control Cables and Junction Boxes 25 

Control cables connect various circuits for the operation of each generator. Junction boxes are 26 

also located along cable paths where it is practical to terminate cables from various sources. 27 
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Vibration Monitoring System 1 

Hydro Unit Systems 2 

For Hydro Units vibration sensors are mounted on the critical bearings and wired to the plants 3 

computer system or to a dedicated vibration monitoring system. Two alarm levels (soft and 4 

trip) are then set to alert the operator that maintenance attention is needed or in the case of a 5 

Trip Alarm to shut the machine down to prevent failure.  6 

 7 

Handheld Units 8 

Handheld vibration units use magnetic vibration sensors that are directly connected to the 9 

equipment to monitor vibration and record data. This data can then be downloaded to a 10 

computer for analysis.  11 

 12 

Data Acquisition System 13 

This system measures an electrical or physical phenomenon such as voltage, current, 14 

temperature, pressure, or sound with a computer. The system consists of sensors, 15 

measurement hardware, and a computer with programmable software. 16 

 17 

Hydraulic Structure 18 

Substructure 19 

The substructure is the underlying or supporting structure, such as the concrete foundation. 20 

 21 

Superstructure 22 

The superstructure is the components of a hydraulic structure that are on top of the 23 

substructure. This includes components such as the structural steel, hoists and motors for the 24 

gates. 25 

 26 

Gates 27 

The structure gates are designed to hold back water. In a spillway the water is on one side and 28 

the other side is typically dry when the gates are closed. Depending on the function of the 29 
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particular structure, the gates are opened to move water from one reservoir to another, or to 1 

spill water from the reservoir when the water level exceeds the maximum safe level.  2 

 3 

Stoplogs/Master logs 4 

The stoplogs are a set of wooden or steel logs that are put in place by a crane or hoist with the 5 

help of a lifting device called the master log. The stop logs act as a temporary measure to 6 

isolate the water side of the gate for maintenance.  7 

 8 

Gate Hoist 9 

A gate hoist is a device used for lifting or lowering a gate by means of a drum or lift-wheel 10 

around which a wire rope or chain wraps. 11 

 12 

Gate Rollers, seals, and embedded parts 13 

The gate rollers are attached to the gate and roll along the embedded steel in the gains.  14 

 15 

Heating Systems  16 

There are three heating systems that can be used in a structure; the first is a gain heater that 17 

heats the roller path on the side of the structure and ensures the roller path is free of ice during 18 

the winter. Sill heaters heat the bottom of the gate where it sits on the concrete substructure 19 

so that the gate does not freeze to the bottom during winter. The other heating system is on 20 

the gate itself and is called gate heaters. Gate heaters are used to ensure that ice does not form 21 

inside the gate and that water side of the gate is free of ice during the winter.  22 

 23 

Control Systems 24 

Control systems are typically computer systems designed to control gate systems remotely. 25 

Some older technology electronic controllers are used for specific simple control features. 26 
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De-icing Systems 1 

In conjunction with the heating systems other systems are strategically employed to combat ice 2 

around gates. Water up-lifters are used to agitate the water close to the surface of the gate to 3 

inhibit the formation of ice. Bubbler systems use compressed air to lift warmer water at lower 4 

levels in the reservoir to prevent the formation of ice cover or to remove ice build-up on trash 5 

racks. 6 

 7 

Penstock 8 

A penstock is a channel for conveying water to a turbine, commonly constructed of steel, wood, 9 

or rock. 10 

 11 

Surge Tank 12 

A surge tank is a tank connected to a penstock carrying reservoir water. It is intended to 13 

neutralize sudden changes of pressure in the flow by filling when the pressure increases and 14 

emptying when it drops to minimize the effects of water hammer in a penstock. 15 

 16 

Heating Systems 17 

The surge tank heating system prevents the stagnant water in the surge tank from freezing in 18 

the winter. If surge tank water freezes, water cannot flow freely to avoid water hammer.  19 

 20 

Relief Valves 21 

Relief values are an alternative to Surge Tanks to minimize the effects of water hammer in a 22 

penstock. The use of a Surge Tank or a relief valve is determined during the design stage of a 23 

new unit and it is typically not possible to change the design after initial construction. 24 

 25 

Coating Systems 26 

Metal penstocks are coated to protect the steel and welds from corrosion due to the water 27 

inside and the elements outside of the penstock or Surge Tank.  28 
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Drainage Systems 1 

Drain pipes are installed under the penstocks in the bedding material to collect any leakage 2 

from the penstocks as well as surface water and any leakage from the intakes/dams. 3 

 4 

Water Level Systems 5 

Water level systems are located at hydraulic structures to provide information to operations to 6 

make informed decisions about water management and other operating conditions.  7 

 8 

Reservoirs  9 

Dams and Dykes 10 

Hydro currently operates more than 100 dams, dykes and hydraulic structures on the island of 11 

Newfoundland. Hydro dams are constructed to hold back water and raise its level to contain 12 

water for electricity generation. The majority of Hydro’s dams are embankment type structures 13 

with the highest structure being 63 m high. 14 

 15 

Power Canals 16 

Power canals are typically a dyke lined canal developed to convey water from one reservoir to 17 

another or form a reservoir to an intake structure. 18 

 19 

Passive Overflow Spillways 20 

Passive overflow spillways are dams which are built to spill water from a reservoir at a specific 21 

elevation. Overflow spillways in our Hydro system are constructed of rock fill with steel sheet 22 

pile cores, concrete or timber crib.  23 

 24 

Control Weirs 25 

Control Weirs are low head concrete overflow spillways which maintain the water elevation 26 

upstream of the weir to within a specified range. 27 

 



Hydraulic Generation Asset Management Overview – Version 2 
Appendix A 

 

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page A12 

Fuse Plugs 1 

Fuse plugs are sections of dams that are constructed of earth materials and designed to fail in a 2 

controlled manner without damaging adjacent larger more critical dams. 3 

 4 

Power Tunnels 5 

Power tunnels convey water, through rock, from an intake structure to a generating station. 6 

 7 

Diversion Tunnels 8 

Diversion tunnels divert water around the work site. 9 

 10 

Dam Instrumentation 11 

This instrumentation monitors the dam design criteria. Examples of dam instrumentation 12 

include piezometers, inclinometers, survey monuments and anemometers. This condition 13 

monitoring instrumentation is used to measure movement of the dam structure and water 14 

content in the dam.  15 

 16 

Public Safety around Dams Control Measures  17 

Public safety risks are determined by completing risk assessment in accordance with Canadian 18 

Dam Association (CDA) guidelines for Public Safety around Dams. Control measures are then 19 

implemented to reduce the risk to the public. These measures include such items as signage, 20 

fencing, audible or visual alarms, booms, buoys, operational changes and public education. 21 

 22 

Site Buildings and Services 23 

Water Distribution System 24 

A water distribution system is a system for the collection, transmission, treatment, storage and 25 

distribution of water from source to site locations.  26 
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Piping 1 

The network of pipes required to deliver the site water to the site facilities. 2 

 3 

Pumps 4 

The driver of the water from the source is by pumps. 5 

 6 

Storage Tanks 7 

Storage tanks hold water to provide a consistent water pressure at site facilities and a volume 8 

of water that can be used for firefighting.  9 

 10 

Filters 11 

To remove sediment and fine particles from the water filtration systems are used. 12 

 13 

Fuel Storage and Distribution System 14 

Fuel Storage and Distribution System are site specific systems to have fuel and distribution 15 

methods on site. 16 

 17 

Diesel Fuel Tank 18 

Tanks that house diesel fuel only. 19 

 20 

Gasoline Fuel Tank 21 

Tanks that house gasoline fuel only. 22 

 23 

Jet Fuel Tank 24 

Tanks that house jet fuel only. 25 

 26 

Fuel Dispenser and Pumps 27 

Apparatus used to dispense and meter the fuel. 28 
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Powerhouse Building 1 

Buildings used to house hydraulic generating units and the auxiliary mechanical and electrical 2 

equipment required for the generation of electricity. 3 

 4 

Vertical Lift Equipment Doors 5 

Vertical Lift Doors are large doors that allow access to the powerhouse building for large 6 

material and equipment. The doors are operated manually or electrically by a counter weight 7 

arrangement. 8 

 9 

Roof 10 

The roof is the structure forming the upper covering of a powerhouse building. 11 

 12 

Substructure 13 

The substructure is the underlying concrete support of the powerhouse. 14 

 15 

Superstructure 16 

The superstructure is the building that is placed upon the substructure. This includes the 17 

concrete and steel that make up the walls of the building. 18 

 19 

Service Buildings  20 

Service buildings are any other building on-site that supports Hydro’s generation of electricity. 21 

This includes warehouses, maintenance buildings, training facilities, site accommodations, and 22 

security facilities.  23 

 24 

Substructure 25 

The substructure is the underlying concrete support of the service building. 26 

 27 

Superstructure 28 

The superstructure is the building that is placed upon the substructure. 29 
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Septic System 1 

A septic system stores and distributes sewage. This includes a septic tank, septic field and all 2 

associated distribution piping.  3 

 4 

Garage Doors 5 

A garage door is a large door on a service building that opens either manually or by an electric 6 

motor. These are typically overhead doors similar to automotive garages or residential attached 7 

garages. 8 

 9 

Exhaust Systems (Welding) 10 

Wielding exhaust systems are ventilation systems in maintenance buildings that specifically 11 

circulate fresh air using ducts and fans in the area to ensure worker safety.  12 

 13 

Ventilation Systems 14 

Ventilation systems circulate fresh air using ducts and fans. 15 

 16 

Security Systems 17 

A security system detects and issues an alarm due to an intrusion or unauthorized entry. 18 

Security systems are also used to prevent unauthorized access to Hydro facilities. 19 

 20 

Helicopter Pad (Helipad) 21 

A helipad is a landing area or platform for helicopters and powered lift aircraft. While 22 

helicopters and powered lift aircraft are able to operate on a variety of relatively flat surfaces, a 23 

fabricated helipad provides a clearly marked hard surface away from obstacles where such 24 

aircraft can land safely. 25 

 26 

Site Fencing and Gate Controls 27 

All sites have fencing and or gates with control to maintain site security and public safety. 28 
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Parking Lots and Stairways 1 

The parking lots and stairways are areas for staff, contractors and the general public to park 2 

vehicles for safe access to Hydro’s facilities.  3 

 4 

Site and Access Roads 5 

Site and Access Roads are used to allow access to specific locations, such as generating stations, 6 

terminal station, hydroelectric dam, and all Hydro locations.  7 

 8 

Drainage 9 

Drainage is the sloping of land to divert water away from a specific area. 10 

 11 

Culverts 12 

Culverts allow the passage of water through/under a road. 13 

 14 

Bridge 15 

Bridges are structures used to span sections of site roads over a stream, river, valley, canal, or 16 

any obstacle preventing access to the site location.  17 

 18 

Common Auxiliary Equipment 19 

Station Service  20 

A station service switchboard is an electrical panel used to supply low voltage power to the 21 

critical and auxiliary electrical equipment necessary for the operation of the generating units. 22 

The protective devices included within the station service switchboards are required to monitor 23 

the flow of electricity and to interrupt this flow, in a selective and timely manner, in the event 24 

of an electrical fault. 25 
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Station Service Transformers 1 

Station Service Transformers convert electricity from higher voltages to voltages used in the 2 

ancillary AC/DC Electrical system. 3 

 4 

Circuit Breakers 5 

Circuit breakers perform switching actions to complete, maintain, and interrupt current flow 6 

under normal or fault conditions. The reliable operation of circuit breakers is essential for the 7 

protection of the critical and auxiliary equipment supplied by the station service switchboard. 8 

 9 

Disconnects and Switches 10 

Disconnects and switches are used to electrically isolate equipment for maintenance activities 11 

or troubleshooting. Proper operation of these switches is essential for the establishment of a 12 

safe work environment and for reliable and secure system operation. Faulty and/or 13 

malfunctioning disconnects or switches that do not operate properly create a safety hazard. 14 

 15 

Grounding Transformers 16 

Grounding transformers are used to provide a ground path for the station service systems. This 17 

ground path ensures that the system’s neutral is at or near ground potential. The establishment 18 

of a suitable ground enables safe operation of a grounded electrical system, and allows 19 

protective devices (like relays or low voltage circuit breakers) to detect and isolate line-to-20 

ground faults. 21 

 22 

Instrumentation Transformers 23 

Instrument transformers are used to provide inputs to protection, control and metering 24 

equipment required for protection of the electrical equipment supplied from the station service 25 

system. 26 
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Surge Arrestors 1 

Surge arresters provide overvoltage protection of electrical equipment from lightning and 2 

switching surges. 3 

 4 

Power Cables and Junction Boxes 5 

Cables to connect station service to switchgear and electrical panels and ancillary equipment. 6 

Junction boxes are also located along cable paths where it is practical to terminate cables from 7 

various sources. 8 

 9 

Ancillary AC/DC electrical system 10 

Switchgear and Panels 11 

Switchgear and Panels are devices which are used to distribute electricity to cables. This 12 

equipment protects the cables and equipment from overload and short circuits. 13 

 14 

Power Cables and Junction Boxes 15 

Distributes electricity to equipment 16 

 17 

Battery Banks and Chargers 18 

Provides DC electricity for DC powered equipment. 19 

 20 

Diesel Standby Generator 21 

A diesel generator is the combination of a diesel engine with an electric to generate electrical 22 

energy. Prime-power diesels provide power to sites that are not connected to an 23 

interconnected distribution system. Emergency diesels are on stand-by at various locations 24 

within Hydro’s system to ensure system reliability. 25 

 26 

Engine 27 

This is the diesel engine used to drive the genset. 28 
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Generator 1 

The generator converts mechanical energy from the engine to electricity. 2 

 3 

Enclosure  4 

Some diesels are located outside and require an enclosure to house the unit away from the 5 

weather.  6 

 7 

Cranes 8 

Cranes are machines used for moving heavy objects, typically by suspending them from a 9 

projecting arm or beam. 10 

 11 

Overhead  12 

An overhead crane consists of parallel runways with a traveling bridge spanning the gap. A 13 

hoist, the lifting component of a crane, travels along the bridge. 14 

 15 

Monorail 16 

A traveling crane suspended from a single rail. 17 

 18 

Gantry 19 

Gantry cranes are a type of crane built atop a gantry, which is a structure used to straddle an 20 

object or workspace 21 

 22 

Wire Rope  23 

Wire rope is a length of rope made from wires twisted together as strands.  24 

 25 

Fire Protection and Detection System 26 

A fire alarm system has a number of devices working together to detect and warn people 27 

through visual and audio devices when smoke, fire, carbon monoxide or other emergencies are 28 

present. 29 
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Transformer Deluge System 1 

A transformer deluge fire sprinkler system is an automated water spray system where the 2 

water distribution piping is equipped with open spray nozzles for discharging over a 3 

transformer. Deluge systems are connected to a water supply through a deluge valve that is 4 

opened by the operation of a smoke or heat detection system. 5 

 6 

Fire Panels 7 

A Fire Alarm Control Panel, or Fire Alarm Control Unit, is the controlling component of a Fire 8 

Alarm System. 9 

 10 

Generator Deluge System 11 

A generator deluge fire sprinkler system is an automated water spray system where the water 12 

distribution piping is equipped with open spray nozzles for discharging within the generator. 13 

Deluge systems are connected to a water supply through a deluge valve that is opened by the 14 

operation of a smoke or heat detection system. 15 

 16 

Inergen System 17 

Inergen agent is a mixture of three naturally occurring gases: nitrogen, argon, and carbon 18 

dioxide. This system releases the Inergen agent when the system is activated and floods the 19 

contained room with the agent to extinguish the fire by decreasing the oxygen concentration 20 

below levels required to sustain combustion. 21 

 22 

Office Sprinkler System 23 

An office space sprinkler system is a system for protecting a building against fire by means of 24 

overhead pipes which convey water to heat-activated outlets. 25 

  



Hydraulic Generation Asset Management Overview – Version 2 
Appendix A 

 

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page A21 

Passive Fire Protection 1 

Passive fire protection is an integral component of the three components of structural fire 2 

protection and fire safety in a building. This protection is used to contain fires or slow the 3 

spread of fires.  4 

 5 

Powerhouse Public Address System 6 

A public address system is an electronic sound amplification and distribution system with a 7 

microphone, amplifier and loudspeakers, used to allow a communication within a loud 8 

powerhouse. 9 

 10 

Compressed Air System 11 

Compressed air is air kept under a pressure that is greater than atmospheric pressure. 12 

 13 

Air Receiver Tank 14 

This is the tank for where the pressurized air is stored until it is required. 15 

 16 

Air Dryer 17 

An air dryer is used for removing water vapor from compressed air. The process of air 18 

compression concentrates atmospheric contaminants, including water vapor. This raises the 19 

dew point of the compressed air relative to free atmospheric air and leads to condensation 20 

within pipes as the compressed air cools downstream of the compressor. 21 

 22 

Excessive water in compressed air, in either the liquid or vapor phase, can cause a variety of 23 

operational problems for equipment using the compressed air. These include freezing of 24 

outdoor air lines, corrosion in piping and equipment, malfunctioning of pneumatic process 25 

control instruments, fouling of processes and products, and more. 26 

 27 

Compressors 28 

A machine used to supply air at increased pressure. 29 
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Service/Cooling Water System 1 

Service or Cooling water is the water removing heat from a machine or system. 2 

 3 

Pumps 4 

Cooling water pumps distribute the water from the source to the system. 5 

 6 

Basket Strainers 7 

Cooling water is sourced from the tailrace or other unfiltered sources and the basket strainer is 8 

a closed vessel with cleanable screen element designed to remove and retain foreign particles 9 

down to 0.001 inch diameter from various flowing fluids 10 

 11 

Piping, valves, and controls 12 

The piping, valves and controls are required components of the cooling water system. 13 

 14 

Domestic Water System 15 

Domestic water use is water used for indoor and outdoor site purposes such as washrooms, 16 

and kitchens. 17 

 18 

Drainage/Unwatering System 19 

This system handles the removal of water from the hydraulic generating unit draft tube for 20 

maintenance. 21 

 22 

Sump Pumps 23 

The pumping system required to remove the water. 24 

 25 

Water Level System 26 

Water level or gauge height or stage is the elevation water in a reservoir. 27 
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Air Conditioners 1 

Air conditioners control the temperature in many locations for personnel and equipment. The 2 

units also provide humidity control in rooms with sensitive electrical equipment like 3 

communication rooms. 4 

 5 

Ventilation System 6 

Ventilation systems circulate fresh air using ducts and fans. 7 

 8 

PCB Waste Oil and Waste Oil Tanks 9 

These are specifically marked oil tanks that only contain waste oil. Once the tanks are full, a 10 

waste disposal company comes to site to empty the tank. PCB waste oil has to be disposed of 11 

properly outside of the province, thus the reason for two types of waste oil storage.  12 

 13 

Lube Oil Storage  14 

Lubrication oil storage includes laydown areas for the 200 litre drums that are located at most 15 

generating stations, carrying devices for these drums, and smaller storage containers that are 16 

used for top-ups when required. The proper storage for lube oil is important to equipment 17 

health because a proper container will limit any air borne particulates or any moisture from 18 

contaminating the oil. 19 
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Time Based Activities 

Time based maintenance is maintenance performed on equipment based on a calendar 1 

schedule that is planned in advance. Hydro’s Time Based PM includes:  2 

 Daily operational checks – running maintenance; 3 

 PM 1: Weekly Checks; 4 

 PM 2: Bi-Weekly Checks; 5 

 PM 3: Monthly Checks; 6 

 PM 4: Quarterly Checks; 7 

 120 Day Transformer Inspection; 8 

 PM 5: Semi-Annual Checks; 9 

 PM 6: Yearly Checks; 10 

 PM 8: 3 Year Checks; and 11 

 PM 9: 6 Year Checks. 12 

Note: All the PM checks except for the PM 9 are operating expenditures. 13 

 14 

Operational Hour Activities 15 

Operational Hour Preventive Maintenance is performed based on the actual usage time of the 16 

piece of equipment. This applies to auxiliary equipment such as compressors that have 17 

operational time checks at: 18 

 500 Hour PM; 19 

 1,000 Hour PM; and 20 

 2,000 Hour PM. 21 

Note: All the time based PMs are operating expenditures. 22 

 23 

For each Time Based and Operational Hour activity listed specific check sheets has been 24 

developed for each asset classification, such as mechanical, electrical, and Protection and 25 

Control. On each check sheet, there are specific checks and duties that have to be completed. If 26 

abnormalities (e.g. unexpected wear on a runner) are found, a report is made to the Long-Term 27 



Hydraulic Generation Asset Management Overview – Version 2 
Appendix B 

 

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page B3 

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

action and timing. This work may or may not require capital expenditures. 2 
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Major Equipment and Structural Overhauls 1 

Major Equipment and Structural Overhauls are required on assets to ensure safe reliable 2 

operation.  3 

 4 

For Major Equipment and Structural Overhauls the timing is nominally between 6 and 25 year 5 

frequency. Some examples are: 6 

 Generating Unit Major Overhauls, approximately every 6 years; 7 

 Generating Unit Turbine Refurbishments, approximately every 15 - 25 years; 8 

 Control Structure Major Overhauls, approximately every 10 years; and 9 

 Intakes, Spillways, and Bypasses Major Overhauls, approximately every 15 years. 10 

 11 

To determine the timing and the tasks in each overhaul, information such as the following is 12 

reviewed: 13 

1. Timing 14 

 Is the unit overhaul required at this time (based on equipment condition)?  15 

 Is there sufficient generation is available on the electrical system to allow the 16 

outage? and  17 

 Will any spilling of reservoir water occur during the time the outage is required? 18 

 19 

2. Condition 20 

There are two types of assessments that Long Term Asset Planners use to determine 21 

the condition of an asset, Class 1 or Class 2 assessments. 22 

 Class 1 Assessments: These assessments are completed using information from 23 

condition monitoring or during maintenance procedures. 24 

 Class 2 Assessments: These assessments are completed using information from 25 

detailed, extensive asset inspection or testing. The information is obtained through 26 

overhauls conducted and investigations completed by people with specialized 27 

expertise. The activities required can involve advanced testing and or disassembly of 28 

equipment to perform an inspection and testing. 29 
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3. Asset Criticality 1 

Asset management personnel have ranked hydraulic generation assets criticality. This 2 

ranking is used in determining the priority of work in a given year.   3 

 4 

4. Frequency of Operation 5 

An asset that is used more frequently will require more maintenance, both preventive 6 

and corrective, therefore a unit that is used more will have overhauls scheduled more 7 

frequently.  8 

 9 

5. Safety 10 

Projects that have safety justifications are given high priority.  11 

 12 

6. Reliability 13 

Overhauls can be performed earlier for the units that exhibit poor reliability.  14 

 15 

7. Geographical Location 16 

The maintenance centre for Hydro Generation is located in Bay d’Espoir. When work is 17 

required at stations or structures outside the Bay d’Espoir area plans are developed to 18 

pool many activities together to increase efficiency.  19 

 



Hydraulic Generation Asset Management Overview – Version 2 
Appendix C 

 

 

3. Asset Criticality 1 

Asset management personnel have ranked hydraulic generation assets criticality. This 2 

ranking is used in determining the priority of work in a given year.   3 

 4 

4. Frequency of Operation 5 

An asset that is used more frequently will require more maintenance, both preventive 6 

and corrective, therefore a unit that is used more will have overhauls scheduled more 7 

frequently.  8 

 9 

5. Safety 10 

Projects that have safety justifications are given high priority.  11 

 12 

6. Reliability 13 

Overhauls can be performed earlier for the units that exhibit poor reliability.  14 

 15 

7. Geographical Location 16 

The maintenance centre for Hydro Generation is located in Bay d’Espoir. When work is 17 

required at stations or structures outside the Bay d’Espoir area plans are developed to 18 

pool many activities together to increase efficiency.  19 

 





2. Overhaul Unit 3 Turbine Valve – Holyrood





,,~,.;,~~, -- Electrical

Mechanical
~,~„ ~ ~'y,t

~'~~'' ~ ~, ~,.s~.
' +r r+t•f. ~. Y.r y,yp

~~ ~,Wl:.r7~~ ~Ti~'4~~~ii

Protection &Control

Transmission &Distribution
~An~

J~ ~~ .~~c;~~,,~4

Telecontrol
w ~,~ ~-

~~, rtt~ ~~` ,~~~~,

System Planning

Overhaul Unit 3 Turbine Valves

Holyrood

J uly 2018

newtaundlancE lab~ador

rc~
a nalcor energy company





Overhaul Unit 3 Turbine Valves - Holyrood 

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page i 

Summary 1 

This project is for the scheduled overhaul of Generating Unit 3 Turbine Valves at the 2 

Holyrood Thermal Generating Station (Holyrood). The generating units at Holyrood experience 3 

numerous system faults and swings in load during system events, which increases the forces 4 

and load induced upon the turbine control valve. Completing scheduled overhauls at the 5 

correct times are required to ensure reliable operation.  6 

 7 

The report illustrates the primary reasons why the turbine valves are overhauled on a three 8 

year schedule. It also emphasizes consultant reviews of the system and their recommendations 9 

and findings. Important factors that support the conclusions made by this report include, but 10 

are not limited to, age of equipment, major work and/or upgrades, anticipated useful life, 11 

maintenance history, and historical information.  12 

 13 

The estimated project cost is approximately $3,290,500 with planned completion in 2019.  14 
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1 Introduction 1 

Hydro’s Holyrood Thermal Generating Station (Holyrood) is a critical part of the Island 2 

Interconnected System (IIS). The three oil-fired generating units provide an installed capacity of 3 

490 MW. As part of the generation process, numerous valves in the system control different 4 

functions such as controlling the main steam flow into the high compression stage of the 5 

turbine and releasing steam from the turbine in the event of a unit trip. All of the valves are 6 

required to operate reliably during steam production and are overhauled on a standard three-7 

year cycle. 8 

 9 

2 Project Description 10 

This project is required to complete a scheduled turbine valves overhaul for Unit 3 at Holyrood.  11 

 12 

This major overhaul consists of disassembly, inspection and reassembly of the following: 13 

 Two main stop valves; 14 

 Two combined reheat stop/intercept valves; 15 

 Four control valves; and 16 

 Auxiliary valves (blowdown valve and non-return valves).  17 

 18 

The valves will be refurbished as required through replacement of damaged parts.  19 

 20 

The work required for this project can be classified into three categories: 21 

1. Routine standard work defined by the equipment manufacturer; 22 

2. Defined work, which is extra to the standard work and identified prior to the overhaul; 23 

and 24 

3. Unforeseen work, which may result from examination of the equipment during the 25 

internal inspection.  26 

 27 

The schedule to complete the standard and defined work is within the specified overhaul 28 

period. Action by the contractor on unforeseen work is determined in consultation with Hydro 29 
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staff. The valve overhaul will take approximately 12 weeks to complete, and any unforeseen 1 

work, particularly if components need to be sent off site for refurbishment, could alter the 2 

schedule and have an impact on the overall cost. 3 

 4 

3 Justification 5 

This project is justified on the requirement to maintain the generating equipment in its optimal 6 

operating condition. It will also identify any unusual findings (internally or externally) that, if not 7 

corrected or controlled, could lead to premature failure of the equipment.  8 

 9 

Since the installation of Unit 3 in 1979, valves overhauls of the turbine and auxiliaries have been 10 

performed on a scheduled basis that reflected industry standards. The turbine valves 11 

manufacturer recommended that a three-year cycle should be maintained for turbine valve 12 

overhauls to minimize unplanned corrective maintenance. In January 2010, AMEC Americas 13 

Limited (AMEC) was contracted by Newfoundland and Labrador Hydro to conduct a Phase 1 14 

Condition Assessment and Life Extension Study of the Holyrood Generating facility. The study 15 

agreed with the three-year cycle for turbine valve overhauls. Hydro has maintained this cycle 16 

since the generating units were put into service. Also, the Holyrood Turbine Service Provider, 17 

GE, provided engineering recommendations to complete the scheduled turbine valve overhaul 18 

to avoid the risk of turbine overspeed and forced outages. 19 

 20 

The Unit 3 turbine valves were last overhauled in 2016 and will be due for an overhaul in 2019.   21 

 22 

3.1 Existing System 23 

The three major components of the thermal generating units are the power boiler, turbine, and 24 

generator. Through combustion of No. 6 fuel oil, the power boiler provides high energy steam 25 

to the turbine. The turbine is directly coupled to the generator and provides the rotating energy 26 

necessary for the generator to produce rated output power. 27 
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The Unit 3 turbine was manufactured by Hitachi in 1978. The turbine was supplied with major 1 

turbine valves including control valves, stop valves, intercept valves, a blowdown valve, and 2 

extraction steam non-return valves.  3 

 4 

The control valves control the flow of steam to the turbine to rotate the generator rotor for 5 

electricity production. These valves open and close to vary the flow rate of the steam, thus 6 

varying the production of electrical energy. These valves also perform the vital function of 7 

protecting the turbine from overspeed failure during emergency shut down. The stop, 8 

intercept, and blowdown valves protect the turbine from overspeed failures in emergency 9 

conditions. The extraction non-return valves allow steam to flow from the turbine to the 10 

feedwater heaters to preheat the boiler feedwater for thermal efficiency gains. These valves 11 

are designed to slam shut during emergencies such as sudden loss of load to protect the 12 

turbine from water induction and overspeed failure. 13 

 14 

3.2 Operating Experience 15 

Turbine valves have operated reliably and safely, with no forced outages, under the current 16 

maintenance practices since the 2016 overhaul. 17 

 18 

3.2.1 Historical Information 19 

Since the commissioning of Unit 3 in 1979, turbine valve overhauls have been performed on a 20 

three-year frequency that matches industry standards. Table 1 details the costs incurred for the 21 

last three overhauls. 22 

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

Year Unit Type of Overhaul Costs 

2016 3 Major1 5,869 

2013 3 Valves 1,0032 

2010 3 Valves 9092 

                                                      
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 1 

The purpose of the Unit 3 turbine valve overhaul is to restore their capabilities to ensure that 2 

the valves perform safely, efficiently, and reliably until the next overhaul. This project will 3 

contribute to ensuring the reliable operation of Holyrood Unit 3 generating unit. 4 

 5 

4.1 Project Estimate 6 

The estimate for this project is shown in Table 2.  7 

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 8 

The anticipated project schedule is provided in Table 3. 9 

Table 3: Project Schedule 

Activity Start Date End Date 

Planning Open Project, prepare work breakdown structure 

and scope statement 

Jan 2019 Jan 2019 

Procurement Order parts Jan 2019 Feb 2019 

Construction 

 

Perform pre-shutdown checks and isolations 

Remove, dismantle and inspect valves 

Overhaul and re-assemble valves 

Jun 2019 

Jul 2019 

Jul 2019 

Jun 2019 

Jul 2019 

Aug 2018 

Commissioning Perform operational checks Sep 2019 Sep 2019 

Closeout Prepare closeout documentation Sep 2019 Dec 2019 
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Summary 1 

The project is the last year of a three-year program at Holyrood Thermal Generating Station 2 

(Holyrood) that was started in 2017 and proposed for completion in 2019. It includes a Level 2 3 

condition assessment related to internal components of the main steam generators (boilers) 4 

and also associated external high energy piping. In addition to the condition assessment work, 5 

various refurbishments and replacements will take place related to several pieces of equipment 6 

and other infrastructure.  7 

 8 

Holyrood has exceeded the normal life expectancy for thermal generating stations. In order to 9 

maintain reliable operation of the station, this project proposal is to execute a detailed 10 

investigation to determine the appropriate timing of refurbishment and replacement work, 11 

correct deficiencies identified during plant operation, and complete work on assets that are 12 

required on a regular basis. 13 

 14 

The estimated project cost is approximately $1,968,800 with the majority of the inspection and 15 

testing work to be performed during the planned outage for each generating unit in 2019.   16 
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1 Introduction 1 

This project is the last year of a three-year program, outlined in the 2017 Capital Budget 2 

Application, for the Holyrood Thermal Generating Station (Holyrood) that was started in 2017 3 

and will continue to 2019. The 2017 project was approved by the Board under Board Order No. 4 

P.U. 45(2016) and the 2018 project was approved by the Board under Board Order No. P.U. 5 

43(2017). The scope for the 2019 project includes a Level 2 condition assessment related to 6 

internal components of the main steam generators (boilers) and associated external high 7 

energy piping. Additionally, Hydro is proposing to complete various upgrades and 8 

replacements, as outlined in the following sections.    9 

 10 

2 Project Description 11 

The project includes a Level 2 condition assessment on internal components of the main steam 12 

generators (boilers) and associated external high energy piping to detail refurbishment or 13 

replacement work to be completed in succeeding years. Additionally, the following 14 

miscellaneous upgrades will be completed: 15 

 Replacement of boiler expansion joints and boiler refractories.  16 

 Upgrade of site security.  17 

 Replace back-up control center building air conditioning system.  18 

 19 

Other miscellaneous upgrades or replacements identified in the 2017 to 2019 condition 20 

assessments or recommended by the boiler contractor during unit overhauls that are 21 

confirmed as capital and are required to ensure reliable operation of Holyrood will be 22 

completed within the approved budget for this project and reported in the Hydro’s 2019 Capital 23 

Expenditures and Carryover Report. 24 

 25 

3 Justification 26 

Holyrood has exceeded the normal life expectancy for thermal generating stations. Units 1 and 27 

2 at Holyrood are 48 years old and Unit 3 is 38 years old. Considering the age, there is 28 
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infrastructure and equipment that need to undergo a Level 2 condition assessment, 1 

refurbishment, or replacement to maintain reliable operation of Holyrood. 2 

 3 

3.1 Existing System 4 

Each generating unit at Holyrood has an oil-fired boiler. Each boiler generates steam with high 5 

flow rate at high pressure. The steam is transferred from each boiler through high energy piping 6 

and passes through a steam turbine. The steam spins the turbine that drives a generator to 7 

produce electricity.  8 

 9 

After the Muskrat Falls development is brought into service, Holyrood assets can be separated 10 

into two classes:  11 

1. Assets that will remain in service for a standby generation period and will be shut down 12 

at the end of this period as electricity generation will be no longer required at Holyrood. 13 

These assets such as boilers and auxiliary systems will require condition assessments to 14 

ensure short term reliability; and 15 

2. Assets that will be required to remain reliable for more than 20 years to support 16 

synchronous condenser operation. Some assets such as the waste water treatment 17 

plant and basins require condition assessments to ensure long term reliability.  18 

 19 

3.2 Operating Experience 20 

The existing main steam generators (boilers) and associated high energy piping (main steam 21 

piping, hot reheat piping, cold reheat piping and high pressure feed water piping) are subjected 22 

to high temperatures, corrosion and erosion deterioration mechanisms. For this reason, 23 

continued Level 2 condition assessments are required to ensure reliable operation, and these 24 

components have been a focus of the condition assessment projects since 2012. Through 25 

previous condition assessments, issues were identified with piping wall thinning, thermal 26 

cracking of boiler internal headers, and weld deficiencies. The consequence of operating with 27 

these issues would result in operating the equipment at less than the design criteria with 28 

increased likelihood of failure.  29 
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As deficiencies are discovered, upgrades ensure safe and reliable operation. Recommended 1 

interventions from previous condition assessments are included in the scope of subsequent 2 

projects. For example, the 2018 condition assessment project currently being executed was 3 

guided by the results of the 2017 project. Background assessment information and 4 

recommendations from the 2017 project are provided in Appendix A. The 2019 project scope 5 

will be guided by the results of the 2018 work completed this year.   6 

 7 

Level 2 condition assessments are required to identify required work and to allow for planned 8 

interventions to avoid failures and unplanned outages. 9 

 10 

The Holyrood gated site covers approximately 286,000 square meters. The current security 11 

system was installed in 2007-2008. Since then, there have been changes to the site and 12 

operations, including the addition of the Gas Turbine in 2015-2016.  Currently, many occupied 13 

zones are not monitored via security cameras due to outdated and non-functioning cameras. 14 

For example, the contractor parking lot, main parking lot, marine terminal, and site access gates 15 

are unmonitored. The current security system is outdated, often malfunctions, and is no longer 16 

reliable. 17 

 18 

The Backup Control Center (BCC) must be readily available and properly maintained to ensure 19 

its capability. The BCC contains essential operating equipment that can control Hydro's 20 

generating systems in the event that the Energy Control Center (ECC), located at Hydro Place, 21 

becomes inoperable. The BCC building, constructed in 2006, has an air conditioning unit in the 22 

control room installed at the time of construction. The existing air conditioning unit is at the 23 

end of its useful service life. For safe and reliable operation of the BCC equipment, proper 24 

cooling is required to avoid overheating. In addition, the existing air conditioning unit is not 25 

linked to the BCC emergency generator. If power is lost to the BCC building, the emergency 26 

generator will automatically start providing power to the BCC computer equipment but not the 27 

cooling system. Without having the cooling system linked to the emergency generator, the 28 

control room equipment is at risk of overheating during a power outage. 29 
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3.2.1 Historical Information 1 

Hydro is presently working on the activities outlined in the 2018 project of this program.   2 

 3 

3.2.2 Anticipated Useful Life 4 

It is anticipated that Holyrood will continue reliable operation as a thermal generating station 5 

until the Muskrat Falls development is brought into service and thereafter as a Synchronous 6 

Condenser station.       7 

 8 

4 Conclusion 9 

Holyrood has exceeded the normal life expectancy for thermal generating stations.  10 

 11 

This project is the last year of a three year program that was started in 2017 and proposed for 12 

completion in 2019. It includes a condition assessment and various sustaining refurbishments 13 

and replacements related to several major pieces of equipment and infrastructure. 14 

 15 

This program is required to ensure a reliable operation for Holyrood as a power generating 16 

station until the Muskrat Falls development is brought into service.  17 

 18 

4.1 Project Estimate 19 

The estimate for this project is shown in Table 1.  20 

  



Condition Assessment and Miscellaneous Upgrades - Holyrood 

Newfoundland and Labrador Hydro 2019 Capital Budget Application Page 5 

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 1 

The anticipated project schedule is provided in Table 2. 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 
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Holyrood Level II Condition Assessment - 2017 
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