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REQUEST FOR CONFIDENTIALITY 

 

INTRODUCTION 

1. Maritime Electric Company, Limited (“Maritime Electric” or the “Company”) is a public utility 

subject to the Electric Power Act engaged in the production, purchase, transmission, 

distribution and sale of electricity within Prince Edward Island. 

2. On November 4 , 2025, Maritime Electric filed its 2026 Capital Budget Application with the 

Island Regulatory and Appeals Commission (the “Commission”) (Exhibit M-1, “the 

Application”). 

3. On April 21, 2026 the Commission posed Interrogatories (Exhibit C-1).  Maritime Electric 

requests that single line diagrams and substation layout drawings associated with its 

responses to Interrogatories 25, 26, 27, 28, 31, 32 and 42 remain confidential. 

LEGAL PRINCIPLES 

4. Maritime Electric recently provided a detailed review of the legal principles relevant to a 

request for confidentiality in UE20742 as Exhibit M-13 (paragraphs 8 to 43 inclusive).  

Maritime Electric relies upon those legal principles in this submission. 

Responses to Interrogatories 25, 26, 27, 28, 31, 32 and 42 

5. Responses to the above Interrogatories require the disclosure of single line diagrams and 

substation layout drawings, which are Critical Energy Infrastructure Information (“CEII”).   
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6. Public disclosure of the CEII could be useful to a person in planning an attack on Critical 

Infrastructure. It is common for electric utilities to keep this information confidential. North 

American Reliability Corporation (“NERC”) Rules of Procedure Section 1500 (confidential 

information) covers this (Maritime Electric is not NERC regulated, but its Rules provide 

good utility practice).  

7. Attached as Exhibit “A” are NERC Rules Section 1500 regarding confidential information, 

and the entire document is available at: https://www.nerc.com/globalassets/who-we-

are/rules-of-procedure/nerc-rop-with-appendices-eff-20250520_signed.pdf. For example, 

NB Power is NERC regulated and have made similar confidentiality claims in the past: 

https://www.nbpower.com/media/1493765/claim_for_confidentiality.pdf. 

CONCLUSION 

8. In sum, Maritime Electric submits that the single line diagrams and substation layout 

drawings associated with responses to Interrogatories 25, 26, 27, 28, 31, 32 and 42, 

should be disclosed to the Commission but otherwise remain confidential. 

Dated at Charlottetown, Province of Prince Edward Island, this 19th day of May, 2026. 

 

 
 
 

 
D. SPENCER CAMPBELL, K.C. 
STEWART McKELVEY 
65 Grafton Street, P.O. Box 2140 
Charlottetown, PE, C1A 1B9 
Telephone:    902.629.4509 
Facsimile:      902.892.2485 
Lawyer for Maritime Electric Company, 
Ltd. 
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SECTION 1500 — CONFIDENTIAL INFORMATION  
1501. Definitions 

1. Confidential Information means (i) Confidential Business and Market 
Information; (ii) Critical Electric Infrastructure Information; (iii) Critical Energy 
Infrastructure Information; (iv) personnel information that identifies or could be 
used to identify a specific individual, or reveals personnel, financial, medical, or 
other personal information; (v) work papers, including any records produced for 
or created in the course of an evaluation or audit; (vi) investigative files, including 
any records produced for or created in the course of an investigation; or (vii) 
Cyber Security Incident Information; provided, that public information developed 
or acquired by an entity shall be excluded from this definition. 

2. Confidential Business and Market Information means any information that 
pertains to the interests of any entity, that was developed or acquired by that 
entity, and that is proprietary or competitively sensitive. 

3. Critical Electric Infrastructure means a system or asset of the bulk power 
system, whether physical or virtual, the incapacity or destruction of which would 
negatively affect national security, economic security, public health or safety, or 
any combination of such matters. 

4. Critical Electric Infrastructure Information means information related to 
proposed or existing Critical Electric Infrastructure.  Such term includes 
information that qualifies as Critical Energy Infrastructure Information as defined 
herein. 

5. Critical Energy Infrastructure Information means specific engineering, 
vulnerability, or detailed design information about proposed or existing Critical 
Infrastructure that (i) relates details about the production, generation, 
transportation, transmission, or distribution of energy; (ii) could be useful to a 
person in planning an attack on Critical Infrastructure; and (iii) does not simply 
give the location of the Critical Infrastructure. 

6. Critical Infrastructure means existing and proposed systems and assets, whether 
physical or virtual, the incapacity or destruction of which would negatively affect 
security, economic security, public health or safety, or any combination of those 
matters. 

7. Cyber Security Incident Information means any information related to, 
describing, or which could be used to plan or cause a Cyber Security Incident. 

1502. Protection of Confidential Information 
1. Identification of Confidential Information — An owner, operator, or user of 

the Bulk Power System and any other party (the “Submitting Entity”) shall mark 
as confidential any information that it submits to NERC or a Regional Entity (the 
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“Receiving Entity”) that it reasonably believes contains Confidential Information 
as defined by these Rules of Procedure, indicating the category or categories 
defined in Section 1501 in which the information falls, and by adding any labels 
required by rules or regulations of an Applicable Governmental Authority.  If the 
information is subject to a prohibition on public disclosure in the Commission-
approved rules of a regional transmission organization or independent system 
operator or a similar prohibition in applicable federal, state, or provincial laws, 
the Submitting Entity shall so indicate and provide supporting references and 
details.   

2. Confidentiality — Except as provided herein, a Receiving Entity shall keep in 
confidence and not copy, disclose, or distribute any Confidential Information or 
any part thereof without the permission of the Submitting Entity, except as 
otherwise legally required. 

3. Information no longer Confidential – If a Submitting Entity concludes that 
information for which it had sought confidential treatment no longer qualifies for 
that treatment, the Submitting Entity shall promptly so notify NERC or the 
relevant Regional Entity. 

1503. Requests for Information 
1. Limitation — A Receiving Entity shall make information available only to one 

with a demonstrated need for access to the information from the Receiving Entity.  
Commission regulations regarding access to Critical Electric Infrastructure 
Information or Critical Energy Infrastructure Information will also apply as 
appropriate when the Commission is the Submitting Entity. 

2. Form of Request — A person with such a need may request access to 
information by using the following procedure: 

2.1 The request must be in writing and clearly marked “Request for 
Information.”   

2.2 The request must identify the individual or entity that will use the 
information, explain the requester’s need for access to the information, 
explain how the requester will use the information in furtherance of that 
need, and state whether the information is publicly available or available 
from another source or through another means.  If the requester seeks 
access to information that is subject to a prohibition on public disclosure 
in the Commission-approved rules of a regional transmission organization 
or independent system operator or a similar prohibition in applicable 
federal, state, or provincial laws, the requester shall describe how it 
qualifies to receive such information. 

2.3 The request must stipulate that, if the requester does not seek public 
disclosure, the requester will maintain as confidential any information 
received for which a Submitting Party has made a claim of confidentiality 
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in accordance with NERC’s rules.  As a condition to gaining access to 
such information, a requester shall execute a non-disclosure agreement 
provided by NERC. 

3. Notice and Opportunity for Comment — Prior to any decision to disclose 
information marked as confidential, the Receiving Entity shall provide written 
notice to the Submitting Entity and an opportunity for the Submitting Entity to 
either waive objection to disclosure or provide comments as to why the 
Confidential Information should not be disclosed.  Failure to provide such 
comments or otherwise respond is not deemed waiver of the claim of 
confidentiality.  

4. Determination by ERO or Regional Entity — Based on the information 
provided by the requester under Rule 1503.2, any comments provided by the 
Submitting Entity, and any other relevant available information, the chief 
executive officer or his or her designee of the Receiving Entity shall determine 
whether to disclose such information. 

5. Appeal — A person whose request for information is denied in whole or part may 
appeal that determination to the President of NERC (or the President’s designee) 
within 30 days of the determination.  Appeals filed pursuant to this Section must 
be in writing, addressed to the President of NERC (or the President’s designee), 
and clearly marked “Appeal of Information Request Denial.”   

NERC will provide written notice of such appeal to the Submitting Entity and an 
opportunity for the Submitting Entity to either waive objection to disclosure or 
provide comments as to why the Confidential Information should not be 
disclosed; provided that any such comments must be received within 30 days of 
the notice and any failure to provide such comments or otherwise respond is not 
deemed a waiver of the claim of confidentiality. 

The President of NERC (or the President’s designee) will make a determination 
with respect to any appeal within 30 days.  In unusual circumstances, this time 
limit may be extended by the President of NERC (or the President’s designee), 
who will send written notice to the requester setting forth the reasons for the 
extension and the date on which a determination on the appeal is expected. 

6. Disclosure of Information — In the event the Receiving Entity, after following 
the procedures herein, determines to disclose information designated as 
Confidential Information, it shall provide the Submitting Entity no fewer than 21 
days’ written notice prior to releasing the Confidential Information in order to 
enable such Submitting Entity to (a) seek an appropriate protective order or other 
remedy, (b) consult with the Receiving Entity with respect to taking steps to resist 
or narrow the scope of such request or legal process, or (c) waive compliance, in 
whole or in part, with the terms of this Section.  Should a Receiving Entity be 
required to disclose Confidential Information, or should the Submitting Entity 
waive objection to disclosure, the Receiving Entity shall furnish only that portion 
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of the Confidential Information which the Receiving Entity’s counsel advises is 
legally required. 

7. Posting of Determinations on Requests for Disclosure of Confidential 
Information — Upon making its determination on a request for disclosure of 
Confidential Information, NERC or the Regional Entity, as applicable, shall (i) 
notify the requester that the request for disclosure is granted or denied, (ii) 
publicly post any determination to deny the request to disclose Confidential 
Information, including in such posting an explanation of the reasons for the denial 
(but without in such explanation disclosing the Confidential Information), and 
(iii) publicly post any determination that information claimed by the Submitting 
Entity to be Confidential Information is not Confidential Information (but without 
in such posting disclosing any information that has been determined to be 
Confidential Information). 

1504. Employees, Contractors and Agents 
A Receiving Entity shall ensure that its officers, trustees, directors, employees, 
subcontractors and subcontractors’ employees, and agents to whom Confidential 
Information is exposed are under obligations of confidentiality that are at least as 
restrictive as those contained herein. 

1505. Provision of Information to FERC and Other Governmental Authorities 
1. Request — A request from FERC for reliability information with respect to 

owners, operators, and users of the Bulk Power System within the United States is 
authorized by Section 215 of the Federal Power Act.  Other Applicable 
Governmental Authorities may have similar authorizing legislation that grants a 
right of access to such information.  Unless otherwise directed by FERC or its 
staff or the other Applicable Governmental Authority requesting the information, 
upon receiving such a request, a Receiving Entity shall provide contemporaneous 
notice to the applicable Submitting Entity.  In its response to such a request, a 
Receiving Entity shall preserve any mark of confidentiality and shall notify FERC 
or other Applicable Governmental Authorities that the Submitting Entity has 
marked the information as confidential. 

2. Continued Confidentiality — Each Receiving Entity shall continue to treat as 
confidential all Confidential Information that it has submitted to NERC or to 
FERC or another Applicable Governmental Authority, until such time as FERC or 
the other Applicable Governmental Authority authorizes disclosure of such 
information. 

1506. Permitted Disclosures 
1. Resolved Noncompliance — Nothing in this Section 1500 shall prohibit the 

disclosure of a noncompliance at the point when the matter is filed with an 
Applicable Governmental Authority, a Registered Entity admits to the violation, 
or the Registered Entity and the CEA resolve the noncompliance in accordance 
with Appendix 4C.  
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2. Information Exchange — NERC and the Regional Entities are authorized to 
exchange Confidential Information to perform their respective statutory and 
delegated functions, including, but not limited to, evaluations, Compliance 
Audits, and Compliance Investigations in furtherance of the Compliance 
Monitoring and Enforcement Program, on condition they continue to maintain the 
confidentiality of such information consistent with the delegation agreement. 

1507. Remedies for Improper Disclosure 
Any person engaged in NERC or Regional Entity activity under Section 215 of the 
Federal Power Act or the equivalent laws of other Applicable Governmental Authorities 
who improperly discloses Confidential Information may lose access to Confidential 
Information on a temporary or permanent basis and may be subject to adverse personnel 
action, including suspension or termination.  Nothing in Section 1500 precludes an entity 
whose information was improperly disclosed from seeking a remedy in an appropriate 
court. 
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The Island Regulatory and Appeals Commission (the “Commission”), in assessing the 
reasonableness of the 2026 Capital Budget Application (the “Application”) submitted by 
Maritime Electric Company, Limited (“Maritime Electric” or “MECL”), requests responses 
to the following interrogatories: 
 
Generation 
 
IR-3 Section 4.2b – CT3 Water Treatment Equip Replacement 
 

a. What is the expected service life of the existing equipment? 
b. How long has the existing equipment been obsolete? 
c. What issues has Maritime Electric experienced with the equipment? What is the 

total maintenance cost over the past five (5) years? 
d. If Maritime Electric receives approval for additional generation at the CGS, will this 

equipment need to be upgraded or expanded? 
e. Will the operation of CT3 be impacted while this work is completed? If so, what 

are the expected system impacts and costs associated with impacted operation of 
CT3? 

 
Response: 
 
a. The expected service life of the existing water treatment system ranges from ten to 20 

years, depending on operating conditions, water quality, and duration of use. As the 
existing system has been operational since 2006, it will be 20 years old when replaced. 

 
b. A critical component of the electro deionization (“EDI”) portion of the system is the E‑Cell 

EDI stacks. The current system uses MK-2 E-Cells. This critical component was identified 
in June 2019 as being discontinued and superseded by a newer MK-3 E-Cells technology. 
As such, the existing equipment has been obsolete for approximately six years. 

 
c. In the past five years, Maritime Electric has experienced a gradual increase in variability 

in the performance of the CT3 water treatment system, particularly in key process 
parameters such as product water resistivity, conductivity, and pH. Reduced flow rates 
have also been observed which indicates that the system has become progressively less 
able to consistently produce high‑quality demineralized water, primarily due to age‑related 
degradation of the EDI stacks. In September 2025, two variable frequency drives (“VFDs”) 
had to be replaced due to malfunction after being in service for over 20 years. These new 
VFDs will be used in the replacement system. 

 
The cost of maintenance for the past five years totaled approximately $119,000. 

 
d. Additional generation at the CGS will not require material changes to the existing CT3 

water treatment equipment. Any additional combustion turbine units will be procured with 
their own RO-EDI treatment trains, and increased storage for treated water will be required 
if additional generation is added. 

 
e. The operation of CT3 is not expected to be impacted while the work to upgrade the water 

treatment system is completed. Treated water is discharged from each of the two RO‑EDI 
treatment trains to a demineralized water storage tank. The redundancy allows one unit 
to run at a time to produce enough high‑purity demineralized water to operate CT3. As 
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such, one RO‑EDI treatment train will be taken out of service at a time to complete the 
necessary upgrades. The risk of a forced outage is increased due to the availability of only 
one RO‑EDI treatment train while the work is being completed, however, this risk is further 
mitigated by completing the necessary work during the time of year when on-Island 
dispatchable generation is required less frequently. 
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IR-4 Section 4.4 – Borden Generating Station – Turbine Generators 
 

a. Table 5 in Maritime Electric’s Supplemental Capital Budget Request for MECL’s 
On-Island Capacity for Security of Supply Project (Docket UE20742) indicates 
decommissioning of CT1 and CT2 will take place in 2031 and 2033, respectively. 
i. Provide any updates that Maritime Electric has made to these dates. 

 
Response: 
 
a. The retirement of Combustion Turbine No. 1 (“CT1”) and Combustion Turbine No. 2 

(“CT2”) in 2031 and 2033, respectively, is the current plan. 
 

Until additional on-Island dispatchable generation is installed, the continued availability of 
CT1 and CT2 as a dispatchable capacity resource is of critical importance for security of 
supply. 
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IR-5 Section 4.4b – CT1 Power Turbine Nozzle Replacement 
 

a. Maritime Electric found cracks in a 2011 inspection. Why did it wait 14 years to 
undertake a follow up inspection? 

b. How long is CT1 expected to be out of service while this work is being completed? 
c. Where will the costs required to replace CT1’s ancillary services be reflected? 
d. What additional significant capital or maintenance costs are expected on CT1 over 

its remaining life? 
e. Based on the current and expected future capital and maintenance costs, provide 

an economic justification to continue investing capital and operating dollars into 
this asset, as opposed to running this equipment to failure and purchasing the 
services it provides from third parties. 

 
Response: 
 
a. Due to the infrequent operation of CT1, only 267 operating hours were accumulated 

between the 2011 and 2023 inspections of the power turbine nozzle. During the 2011 
inspection, two small cracks were identified through dye penetrant testing and were 
assessed at that time as acceptable for continued service. However, given that such 
cracks can propagate over time, it was recommended in a report by EastPoint Engineering 
Limited (“EastPoint”), provided as IR-5 – Attachment 1, that a follow‑up inspection was 
prudent, despite the limited operating hours.1 A follow-up inspection was completed in 
2025 with a recommendation to install a new nozzle and to refurbish and retain the existing 
nozzle as a spare. The follow-up inspection was completed by Greenray Turbine Solutions 
Limited (“Greenray”), and their report is provided as IR-5 – Attachment 2. 

 
b. CT1 is expected to be out of service for approximately 25 days during a low-load period. 
 
c. There is no cost associated with the replacement of CT1’s ancillary services due to 

existing arrangements with NB Power to cover such ancillary service requirements during 
annual maintenance or resource limitations.  

 
d. Refer to Appendix B of the 2026 Capital Budget Application for a list of projected future 

capital projects (2026 to 2030) related to CT1 over its remaining life. The total capital cost 
is estimated to be $10,691,000 over the 5-year period. The projects included in this 
amount were selected from the EastPoint report, provided as IR-5 – Attachment 1, on the 
basis that they presented the highest risk in terms of safety and reliability over the 
remaining operational life of the unit. The list of projects may be adjusted, as needed, 
based on observed operating performance and other issues that may arise. 

 
Maintenance costs are expected to be comparable to those in the past number of years. 
However, as CT1 continues to age, these costs may increase. 

 
e. CT1 provides essential firm capacity, energy, and supplemental reserves required to 

reliably operate Maritime Electric’s system during periods when imports are constrained 

 
1  EastPoint was engaged by Maritime Electric in 2022 to assess the remaining useful life of CT1 and CT2 in their 

current state, and report on safety, cost and reliability concerns associated with operating the units to achieve a 
60-year useful life. Refer to page 19 to 21 of the EastPoint report for the findings and recommendations concerning 
the power turbine and gearbox of CT1. 
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and non‑dispatchable resources are unavailable or insufficient. Maritime Electric currently 
has a capacity deficit and neighboring utilities are similarly capacity limited, with no 
additional firm capacity available for purchase in the near term to replace the services 
provided by CT1. 

 
As a result, there is no viable third‑party or neighboring‑utility product available that would 
allow the Company to avoid continued investment in CT1 by purchasing replacement 
capacity. Allowing the unit to run to failure, without ongoing maintenance or upgrades, 
would expose on-site operators to otherwise avoidable safety hazards and materially 
increase reliability risk. 

 
In addition to capacity and energy, CT1 provides a portion of the supplemental reserves 
required to operate Maritime Electric’s system. Maintaining this capability avoids the need 
to purchase equivalent reserve services from NB Power, which would otherwise result in 
material ongoing costs. The continued availability of CT1 therefore provides significant 
operational and economic value, with avoided reserve procurement costs offsetting a 
portion of the capital and maintenance investments required to sustain reliable operation. 

 
Continued capital and maintenance investment in CT1 is therefore required to manage 
near‑term reliability risks as identified in the EastPoint report, provided as IR-5 – 
Attachment 1, and to maintain system adequacy until additional on‑Island dispatchable 
generation resources are installed. 
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IR-7 Section 4.4d – CT1 and CT2 Computer Hardware and Software Replacement 
 

a. At this stage of the CT1 and CT2 asset life: 
i. Why is the hardware and software being replaced? 
ii. Why are PLC software upgrades being contemplated? 
iii. Why is it important to modernize the control systems for these generators? 

What additional functionality or visibility is Maritime Electric looking to gain 
at this point? 

b. Has Maritime Electric attempted to source second-hand PLCs to be used, as 
needed, if an existing PLC fails? If not, explain why not. 

c. How does legacy Windows XP and PLC software impact the expected operating 
functions over the assets’ remaining lives? 

 
Response: 
 
a. The hardware and software supporting CT1 and CT2 is being replaced primarily due to 

obsolescence of the Human–Machine Interface (“HMI”) and Engineering Workstation (“EWS”) 
platforms. The hardware and software for this equipment is now over 9 years old and due to 
its age, has surpassed the end of its useful life. This exposes it to increased cybersecurity and 
operational risk.  

 
Upgrading the HMI and EWS hardware and software also requires modifications to 
programmable logic controller (“PLC”) software due to compatibility issues when upgrading to 
current software versions. The PLC is the core of the control system, and the HMI and EWS 
are integrated to allow both control and monitoring of CT1 and CT2 during operation of the 
units.2 

 
The project will not modernize or expand the functional capabilities of the control systems for 
CT1 and CT2. The underlying combustion turbine control philosophy, operating modes, and 
protection logic remain unchanged. The project is required to replace obsolete hardware, 
software, and operating system components that are no longer manufactured or supported 
by vendors. Based on the current plan to retire CT1 and CT2 in 2031 and 2033, respectively, 
it is expected that the proposed new hardware and software will not have to be upgraded or 
replaced again, to reach these retirement milestones. 

 
b. No, Maritime Electric has not attempted to source second-hand PLCs. Reliance on 

second‑hand PLCs is not a preferred strategy due to the unknown operating history, 
unknown reliability and limited vendor support of second-hand PLCs. However, where 
vintage replacement components can be sourced, and where their use can reduce the 
scope of consequential replacements and upgrades, vintage components will be sourced 
if it is the least cost option.  

 
c. Since 2014 and 2020, Legacy Windows XP and Windows 7 operating systems, respectively, 

are no longer supported by Microsoft; as such, they no longer receive security patches, 
reliability updates or technical support. The HMI and EWS hardware need to be configured 
using current OS platforms, such as Windows 11, to ensure CT1 and CT2 can continue to be 
reliably operated.  

 
2  Refer to pages 62 to 65 of the EastPoint report, provided as IR-5 – Attachment 1, which discusses the control 

systems for CT1. 
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Distribution 
 
IR-11 Section 5.4b – Load and Reliability Driven Line Extensions 
 

a. Which of these projects is driven by: 
i. Improving reliability through creating alternative feed pathways? 
ii. Increasing load resulting in facilities approaching or exceeding ratings 

limits? 
b. How does Maritime Electric quantify the reliability benefits of backup supply paths 

for customers? 
i. How does this compare to reliability benefits provided by other proposed 

projects, such as reclosers and distribution capacitors? 
ii. How does Maritime Electric prioritize projects and technologies to optimize 

reliability benefits per dollar invested? 
c. How do the projects proposed in Section 5.4b address the system’s worst-

performing distribution feeders, as presented in Tables 7 and 8? 
 
Response: 
 
a. As shown in Table IR-11, Section 5.4(b) projects are driven primarily due to load growth. 

Where some projects will also create new alternate feed pathways, reliability 
improvements are noted as secondary drivers. 

 

TABLE IR-11 

Section 5.4(b) Project Drivers 

Project 

Project Driver 

Load Growth  
Reliability 

Improvements  

i. Crossroads Substation New Feeder Primary Secondary 

ii. Kensington Substation New Feeder Primary Secondary 

iii. Royalty Junction Road Three Phase Conversion Primary Secondary 

iv. Ferry Road Three Phase Conversion Primary - 

v. Norwood Road Three Phase Conversion Primary - 

vi. Fort Augustus Three Phase Conversion Primary Secondary 

 
Refer to Appendix J of the 2026 Capital Budget Application for more details on the projects 
listed in Table IR-11. 

 
b. As outlined in Response to IR-11(a), the primary driver of the projects listed in Section 

5.4(b) is load growth. 
 

Maritime Electric quantifies past reliability performance using industry‑standard indices, 
including System Average Interruption Duration Index (SAIDI) and System Average 
Interruption Frequency Index (SAIFI). However, it is not possible to quantify future 
reliability improvements associated with capital investments, such as line extensions and 
new substation feeders. In general, reliability improvements can be expected by reducing 
the number of customers on a feeder, shortening feeder length and improving protection 
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coordination. Where line extensions or new substation feeders provide alternate feed 
options for main lines or complete circuits, historical reliability performance can be 
compared with probable performance had the proposed improvement been in place over 
the same time period. While this practice is time consuming and requires some subjective 
interpretation of whether or not the proposed improvement would have avoided or reduced 
the duration of a historical outage, it can be useful for planning and comparing potential 
project benefits. 

 
i. Sectionalizing reclosers provide a different type of reliability benefit than backup 

supply paths. Reclosers are strategically located to sectionalize feeders and 
mitigate cold-load pickup complications, which allows restoration to proceed safely 
in smaller stages and improves operational flexibility during feeder restoration. In 
some outage scenarios, this can reduce outage duration for customers on 
unaffected sections of the feeder. Distribution capacitor banks are installed 
primarily to provide voltage support to the distribution and transmission system, 
reduce power losses and provide system and transformer relief. 

 
ii.  As outlined in Response to IR-11(a), the primary driver of the projects listed in 

Section 5.4(b) is load growth. 
 

Reliability-driven projects at the distribution level are typically prioritized based on 
past feeder performance. This ensures that investments in reliability improvements 
are targeting problematic areas and optimizing benefits.  

 
c. As outlined in Response to IR-11(a), the projects proposed in Section 5.4b are driven 

primarily by load growth; however, some of the projects will also provide reliability benefits. 
One project in particular, the Kensington Substation New Feeder, will offload the existing 
Irishtown feeder, which is identified as one of the highest outage-hour feeders in Table 7 
and Table 8 of the 2026 Capital Budget Application. 
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IR-16 Section 5.6e – Satellite-Based Vegetation Imaging – Distribution 
 

a. Page 99, Line 6 states that a full system analysis was performed in 2025. 
i. Why is 20 per cent of the system to be analyzed annually on a go forward 

basis? 
b. The cost to perform an analysis of 20 per cent of the system is 35 per cent of the 

cost to perform an entire system analysis. Over a five-year span, the annual partial 
system analysis costs more than a full system analysis every five years. 
i. How will an annual partial system analysis provide more accurate 

vegetation information than a full system analysis every five years? 
ii. Will this frequency of system analysis lead to more targeted, site-specific 

vegetation control activities? If so, will this lead to a more complicated and 
expensive vegetation management program in the future? 

 
Response: 
 
Please note that the Satellite-Based Vegetation Imaging – Distribution project is in Section 5.5(e). 
 
a. Full-system scans are designed to be forward-looking, such that a scan is performed in 

“Year 0” to inform prioritization of vegetation management in “Year 1” and “Year 2”, as well 
as informing the following year’s scan areas. 20 per cent of the system is then analyzed 
on an annual basis to inform vegetation management priorities for one to two years in the 
future. 

 
Vegetation is continually changing, with varying growth rates, as is the distribution system 
and customer connectivity. As such, recurring scans ensure that vegetation management 
plans are based on the latest criticality, condition and risk analysis in a timely manner, 
such that they can be adjusted a year in advance of execution. 

 
b. The 2026 budget cost is based on an increased United States dollar to Canadian dollar 

exchange rate, relative to the rate used when the project was originally proposed. This 
accounts for a portion of the higher cost of performing a 20 per cent scan relative to the 
cost of the 2025 full-system scan. Additionally, the cost to perform a full system scan in 
2030 is not known at this time and would be subject to inflationary increases (or higher), 
relative to the 2025 cost. Through a multi-year annual scan agreement, Maritime Electric 
is able to reduce cost-certainty (aside from currency exchange rates) for the 5-year 
program, as opposed to up to a 5 per cent annual increase, or 27.6 per cent increase over 
5 years, as estimated by the vendor. 

 
i. Recurring scans is a common methodology used by utilities that deploy satellite 

and light detection and ranging (LiDAR) technology. Annual scans are required so 
that transmission and distribution system changes, new vegetation growth, 
adjusted vegetation growth rates and changing risk parameters (e.g., line criticality, 
clearances and contact type) are captured in advance of vegetation management 
planning, rather than relying on static or outdated data. The subsequent 20 per 
cent scans also incorporate planned vegetation management for “year 2” to verify 
priority levels, and incorporate any adjustments to risk analysis parameters based 
on system configuration and field validations. This methodology provides an 
accurate analysis of the high priority areas for vegetation management planning. 
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ii. Yes, performing 20 per cent scans on an annual frequency will lead to more 
targeted, site-specific vegetation control activities. Maritime Electric’s vegetation 
management program is primarily risk-based and relies on updated intelligence to 
regularly re-prioritize work plans, which informs site-specific activities at the line-
segment level. This is particularly important where permissions do not support a 
cycle-based approach. 

 
No, performing 20 per cent scans on an annual frequency will not lead to a more 
complicated and expensive vegetation management program in the future. This 
approach reduces complexity and operating cost by replacing labour intensive 
vegetation data collection across the electrical system with timely insights that are 
entirely captured while vegetation foliage is at a maximum. This then allows the 
vegetation management team to focus on obtaining permissions from property 
owners and work planning in targeted areas to address the right trees, at the right 
place and at the right time. It should also be noted that, as subsequent scans and 
annual risk analysis are performed, Maritime Electric will have the ability to adjust 
the quantity of kilometres (“km”) and frequency of scans. 

 
  



 2026 Capital Budget Application 

Maritime Electric  from Commission Staff – April 2026 

11 

IR-22 Section 5.8 – Transportation Equipment 
 

a. Are the figures in Table 64 a result of Maritime Electric operational experience or 
industry guidelines? 

 
Response: 
 
a. There is a typo in Table 64; the replacement criteria for passenger vehicles is seven years 

or 200,000 km (not 250,000 km). The same typo is also present in Maritime Electric’s 2025 
Capital Budget Application.3 

 
The figures in the Updated Table 64 reflect Maritime Electric’s long‑standing operational 
experience and are aligned with established industry guidelines. The vehicle age 
replacement criteria have been used in Maritime Electric’s capital budgets for more than 
15 years and are consistent with practices used by comparable utilities. 

 
Additional detail on the development of these criteria, including comparisons with other 
Canadian utilities, was provided in the Company’s Response to IR‑19 from Commission 
staff for the 2025 Capital Budget Application.4 

  

 
3  Docket UE20741, Exhibit M-1, Table 56 (page 108). 
4  Docket UE20741, Exhibit M-5 (page 29 to 32). 
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IR-23 Section 5.8a – Line Operation Vehicles 
 

a. Page 120, Line 7. “The three new line operations vehicles that were approved in 
the 2025 Capital Budget …”. Confirm that one new line operation vehicle, not 
three, was approved in the 2025 Capital Budget. 

b. Provide a graphic showing age of existing line operation vehicles, and number of 
projected annual replacements, by year, over the next five years. 

 
Response: 
 
a. Confirmed. Only one new line operational vehicle was approved in the 2025 Capital 

Budget. 
 
b. Table IR-23 provides a list of large line operational vehicles that are projected to be 

replaced in the 2026 to 2030 period, excluding new vehicle additions. 
 

TABLE IR-23 

Projected Large Line Vehicle Replacements (2026-2030) 

Vehicle 
Number 

Type or Make Model Acquired 
Replacement 

Year 
Age at 

Replacement 

17-12-61 Freightliner C4050 2017 End of 2026 10 

17-12-79 Freightliner 500-55-AU/E65.5 2017 End of 2026 10 

17-12-59 Freightliner C4050 2017 End of 2027 11 

17-12-75 Freightliner 500-55-AU/E65.5 2017 End of 2027 11 

19-12-68 Freightliner 500-55-RU 2019 End of 2028 10 

19-12-72 Freightliner 500-51-AM 2019 End of 2028 10 

19-12-82 Freightliner 400-46-R 2019 End of 2028 10 

20-12-65 Freightliner 500-51-AM 2020 End of 2029 10 

21-12-60 Freightliner 500-55-RU 2021 End of 2030 10 

21-12-76 Freightliner 300-50 Digger 2021 End of 2030 10 

21-12-83 Freightliner 300-50 Digger 2021 End of 2030 10 
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Figure IR-23 shows the total number of projected replacement line operational vehicles 
for the 2026 to 2030 period. 

 

FIGURE IR-23 

Projected Total Replacement Line Vehicles (2026-2030) 
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IR-24 Section 5.8b – Small Vehicles and Mobile Equipment 
 

a. Where does the criteria of seven years or 200,000km originate? 
 
Response: 
 
a. As indicated in the Response to IR-22, the seven-year or 200,000 km replacement criteria 

are based on Maritime Electric’s operational experience and are consistent with industry 
practices for small vehicles and mobile equipment. These thresholds reflect a balance 
between asset reliability, maintenance costs and safe operation under typical operating 
conditions. 
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Transmission 
 
IR-25 Section 6.1a – Lorne Valley Switching Station Expansion 
 

a. Provide layout and single line diagrams for the final substation configuration. 
 
Response: 
 
a. A preliminary layout and preliminary single line diagram for the final substation 

configuration are provided in Confidential Attachment 1 Figure IR-25(i) and Figure IR-
25(ii), respectively. 
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IR-26 Section 6.1b – Sherbrooke X1 Autotransformer Replacement 
 

a. Provide pre-project and final layout and single line diagram for Sherbrooke 
substation. 

 
Response: 
 
a. A current and preliminary proposed layout diagram for the substation configuration are 

provided in Confidential Attachment 1 Figure IR-26(i) and Figure IR-26(ii), respectively. A 
current and preliminary proposed single line diagram for the substation configuration are 
provided in Confidential Attachment 1 Figure IR-26(iii) and Figure IR-26(iv), respectively. 
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IR-29 Section 6.1e – West Royalty X6 Autotransformer Replacement 
 

a. This transformer has just reached 40 years old. The 2020 Integrated System Plan 
(Section 8.3.4) suggests major substation equipment has an expected 40-60 year 
lifespan. Explain why this transformer requires replacement at this time. 

b. What is being done with this asset once it has been decommissioned? 
c. A 138 kV circuit breaker is being added to the high voltage side of the proposed 

transformer. 
d. Confirm if this has always been a design standard on the transmission system. If 

not: 
i. What is the expected reliability impact of adding this circuit breaker? 
ii. What is its expected impact on operational flexibility? 
iii. At what load ranges can it expect to reduce system impacts of a transformer 

failure? 
iv. What is the expected rate of transformer failure? How often during its life 

is this circuit breaker projected to operate to isolate the transformer in a 
forced outage situation? 

e. Provide a summary of the proposed 2028 West Royalty transmission modifications, 
with appropriate diagrams if applicable. 

 
Response: 
 
a. In 2021, van Kooy Transformer Consulting Services Incorporated (“vKTCS Inc.”) completed 

a dissolved gas oil analysis (“DGA”) on the West Royalty X6 autotransformer. The report for 
the analysis indicated that the transformer’s insulation has been prematurely aged due to 
loading conditions, as shown in Figure IR-29. While the report advised that there was no 
immediate concern for the transformer, it recommended reducing the loading and continuing 
to monitor the oil.  

 
The oil was sampled and analyzed regularly since 2021. In 2025, DGA results showed 
ethylene (C2H4) gas consistently above the threshold of 100 parts per million (“ppm”) and 
carbon dioxide (CO2) consistently above the 2,500 to 3,500 ppm threshold at 4,100 ppm, 
which is higher than the Institute of Electrical and Electronics Engineers (“IEEE”) and vKTCS 
Inc. thresholds outlined above and shown in Figure IR-29. 
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FIGURE IR-29 

West Royalty X6 Autotransformer DGA Results (2021) 

 

 
b. The existing West Royalty X6 autotransformer will be removed from service but will be kept 

as system spare in case it is needed on the system. 
 
c. Installing a circuit breaker on the high voltage and low voltage side of a 138 kilovolt (“kV”) to 

69 kV autotransformer is currently Maritime Electric’s design standard and is considered 
common practice in the industry. Recent autotransformer installations have followed this 
standard, beginning with the new X8 autotransformer in West Royalty, which was completed 
in 2023. The X1 autotransformer replacement in Sherbooke, which is expected to be 
commissioned by the end of this year, will also follow this standard. 
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While this standard has not always been in place, it is considered good utility practice for 
reasons including those in Responses to IR-29(d)(i) to IR-29(d)(iv) that follows. 

 
i. It avoids tripping off the entire 138kV bus in the event of a transformer trip. 
ii. Without a breaker, the transformer must be disconnected from the system using a 

motor operated switch. By using a breaker, the transformer can be removed from 
service in a safer manner to allow for maintenance. 

iii. Adding a breaker will reduce system impacts of a transformer failure at all 
reasonably expected load levels. 

iv. Although internal transformer failures are generally rare occurrences, the successful 
operation of breakers to protect the system in response to wildlife incidents, storms, 
and malfunctioning instrument gauges is more common. The breaker, under the 
proposed configuration, isolates the autotransformer from the 138 kV bus to prevent 
complete bus outages that may impact portions of central and all of eastern PEI. 

 
d. The 2028 budget estimate for West Royalty transmission modifications is a placeholder 

amount. As the project has not yet been approved, engineering design for the substation 
work, that could impact the transmission modifications work required, has not been 
initiated. However, based on a preliminary review of what work may be required, it is 
possible that no transmission modifications will be necessary. If this is the case, the 
change will be reflected in 2027 or 2028 Capital Budget Applications. 
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IR-32 Section 6.1h – Power Transformers 
 

a. Provide the ultimate station layout for Clyde River. 
b. This Application recommends a second transformer at Clyde River, within six years 

of initial substation commissioning. Does Maritime Electric foresee the proposed 
two transformers reaching their maximum load servicing capacity? If so, when? 

c. What is the current delivery lead time for a power transformer? 
 
Response: 
 
a. A preliminary proposed layout and a single line diagram for the Clyde River substation are 

provided in Confidential Attachment 1 Figure IR-32(i) and Figure IR-32(ii), respectively. 
 
b. The original Clyde River substation design, which was commissioned in 2021, included a 

spare transformer bay to accommodate a future transformer. Adding a spare transformer 
bay to new substations is part of Maritime Electric’s standard substation design, as the 
additional upfront cost to accommodate a spare bay is minimal during the original 
substation construction. Conversely, substation expansions where spare transformer bays 
do not exist are much more complex and costly. 

 
In the case of the Clyde River substation, adding the spare transformer bay at the time of 
the original construction allowed Maritime Electric to delay the investment of a second 
transformer until such time that it was warranted due to load growth. This approach results 
in savings for ratepayers. 

 
The historical peak load experienced at the Clyde River substation was 20.6 megawatts 
(“MW”), which occurred in January 2026. After the addition of a second 20 megavolt-
amperes transformer, the station will have a rating of approximately 40 MW. Maritime 
Electric does not foresee the two transformers reaching their maximum capacity for at 
least ten years; however, this will depend on customer load growth in surrounding areas. 

 
c. Currently, power transformer lead times are approximately three years.  
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IR-42 Section 6.2c – Transmission Lines 
 

a. Provide layout diagram(s) of transmission system, that clearly identifies: 
i. Staged additions 
ii. Long-term (ultimate) transmission system 
iii. Locations where double-circuit structures are located or proposed. 

 
Response: 
 
a. i. A diagram of the transmission system that outlines the currently proposed or 

known future transmission line additions is shown in Figure IR-42(a)(i). The 
transmission line additions include: Y-106, which replaces, upgrades and extends 
T-4 from Lorne Valley to a new Scotchfort Substation (2026); the purchase of a 
section of T-23 from the Prince Edward Island Energy Corporation to connect a 
new substation in Tignish (2027); Y-119, from Bedeque to Bannockburn Road (in 
Y-109 corridor) and Bannockburn Road to Scotchfort (along a new route), to 
establish a third west to east 138 kV transmission line (2028); a proposed 
transmission line extension to the proposed Eastern substation (2030); and a 
transmission line extension to the proposed Mermaid substation (2032).5 The 
locations for the proposed transmission lines have not been finalized, therefore, 
the transmission line routes depicted are conceptual. 

 

FIGURE IR-42(a)(i) 

Transmission System Projected Staged Additions 

 

 

 
5  Years shown represent the expected year of completion. 
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ii. Maritime Electric’s 2020 Integrated System Plan included diagrams of the long-
term (ultimate) transmission system, which was based on a 2030 projection.6 The 
Company is currently developing a new version of the Integrated System Plan, 
scheduled for release in the second half of 2026, which will include updated 
diagrams. A draft single line diagram of the ultimate transmission system, to be 
finalized in the Integrated System Plan, is provided in Confidential Attachment 1 
Figure IR-42(ii). 

 
iii. A diagram outlining all existing double circuit transmission structures is provided 

in Figure IR-42(a)(iii). There are no multi-circuit transmission additions planned at 
this time. 

 

FIGURE IR-42(a)(iii) 

Transmission System Double Circuit Structures 

  

 
  

 
6  Refer to Maritime Electric 2020 Integrated System Plan filed with the Commission on September 30, 2020, 

Figure 16 (page 77) and Figure 18 (page 79). 

T5 / Y-115 intersection 

Y-107 / Y-109 double circuit 

T3 / Y-113 intersection 

Y-109 / Y-111 double circuit 

T2 / T10 intersection 
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IR-51 Appendix J 
 

a. Page 10. “… has experienced an estimated peak load of 182 amps, which is above 
the 100-amp designed maximum loading for single phase lines. Single phase lines 
operating above 100 amps typically experience power quality issues.” Appendix K 
contains the “Green Road Line Rebuild” project, where a single phase line is being 
replaced with single phase 2/0 Quail conductor rated for 270 amps. This is in 
excess of the 100 amp threshold. What is the justification to install a conductor of 
this size in a single phase situation? 
i. Do all single phase conductors loaded in excess of 100 amps need to be 

replaced with three phase conductors? Explain. 
ii. How many single phase distribution lines with loads in excess of 100 amps 

are forecast to require replacement in the next five years? 
iii. Is conversion to three phase the only solution for resolving high single 

phase loading? If not, what are other potential solutions? 
 
Response: 
 
a. Maritime Electric uses three types of conductors for main distribution lines. The smallest, 

2/0 Quail (Aluminum Conductor Steel Reinforced - ACSR), is commonly used for single 
phase lines. This has been the Company’s design standard for several years and is 
considered good utility practice because it provides a practical balance between current-
carrying capability, mechanical strength, standardization, and future flexibility. Although a 
single-phase line may be designed around a 100-amp loading threshold from a planning 
and power-quality perspective, conductor selection is not based on ampacity alone. The 
incremental cost of installing a larger conductor can be justified when compared with the 
lifecycle benefits, including reduced energy losses, improved voltage performance, and 
the ability to accommodate varying load conditions over time without premature 
replacement. This is particularly relevant for long single-phase lines, where voltage drop 
and overall power quality can become a key justification for a larger conductor size. Using 
2/0 Quail also future proofs the line for a potential conversion to three phase without having 
to replace a smaller size single-phase conductor (i.e., just the two additional phases need 
to be installed), and it minimizes the variety of conductor sizes installed throughout the 
electrical system, which is more practical for inventory control and operational efficiency.  

 
i. No, not all single phase conductors (i.e., lines) exceeding 100 amps need to be 

replaced. While single phase lines with peak loads greater than 100 amps can lead 
to issues related to power quality, protection coordination, reliability, phase 
balancing and energy losses, line-specific factors need to be considered. 
Therefore, when single phase lines experience one or more of these issues, line 
loading is investigated to see if the 100-amp design limit is being exceeded. If it is 
determined that the line is being loaded above the 100-amp limit, that is factored 
into determining the best approach to address the issue. Often, when single phase 
lines only exceed 100 amps for short periods of time per day or minimal times per 
year, the line does not need to be upgraded. 

 
ii. The future loading on individual lines is largely influenced by the location of new 

customer connections over time, as well as increased energy consumption from 
existing customers throughout the electrical system. Consequently, it is not 
feasible to precisely forecast the number of single-phase lines that may need 
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replacement solely due to surpassing the 100-amp threshold within the next five 
years. The Company actively monitors customer load across the distribution 
network to identify and prioritize lines for upgrades as demand increases. It is not 
necessarily the load number that triggers the need to upgrade or offload a line, 
rather it is the decline of power quality and/or other problem issues being 
experienced. 

 
iii. No, there is one other option, which is to move some of the load to a less loaded 

phase in the immediate area. This generally involves having to build a new section 
of single-phase line to fill a gap between existing lines. This can only be done cost 
effectively when the gap is small, and when the adjacent single phase line has 
available capacity. Three-phase conversion is generally the preferred approach 
when costs are comparable, as it provides more flexibility to address future load 
growth issues and can accommodate future three-phase customers. 
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EXECUTIVE SUMMARY 

1.1 CT1 and CT2 Life Extension to 60 Years 

EastPoint Engineering Ltd. (EP) was contracted by Maritime Electric Company Limited (MECL), an 
indirect wholly-owned subsidiary of Fortis Inc., to conduct a life assessment and recommendation 
for life extension report for two combustion turbines (CT) and electric generator packages located 
in Borden-Carleton, PEI, Canada. 

The purpose of this study was to assess the remaining useful life of the CTs in their current state 
and understand any safety concerns, costs and the reliability associated with maintaining the 
equipment to achieve a 60-year useful life. It is understood that this report will be used to evaluate 
Maritime Electric’s existing maintenance plans, justify future capital budget spending, and to 
evaluate the timeline for retirement for each CT unit. 

The equipment included in this study is limited to the generating units, unit auxiliary equipment, 
and switchgear assemblies. Fuel storage, main step-up transformer, and site station service were 
not included in the scope of this study. 

Units CT1 and CT2 are fast-start diesel turbine generating units. These units are considered 
backup, black start support, and peaking units supporting Maritime Electric’s Assured Energy 
Interruptible Power Purchase Agreement, as well as the 2023-2026 Maritime Electric General Rate 
Application, and are to be considered critical assets supporting PEI’s electrical grid. CT2 is 
equipped with a clutch, enabling Synchronous Condensing operation, also providing critical support 
to the PEI grid. 

The units, with just under, and just over, 50 years of service (CT2 and CT1 respectively), are in 
generally good condition. The site is relatively clean and well kept with numerous Maritime Electric 
led site improvements having been completed over the years and as recently as 2022. Investment 
is, however, required to support Maritime Electric’s plan for continued, safe and reliable, operation 
through to 2031 for CT1, and 2033 for CT2.   

Recommendations included in this study are intended to support Maritime Electric’s evaluation to 
continue operating each of CT1 and CT2 through to a 60-year service interval.  CT1 would be 
operated through to 2031 and CT2 would be operated through to 2033, in order to fulfill a 60-year 
service interval. 

The following tables are provided as a summary of the recommended actions for MECL to continue 
operation of these units through to 2031/2033: 

• Station Level Recommendations

• CT1 Recommendations

• CT2 Recommendations



Station Level Recommendations

Item Recommended Task Description Risk Est. Cost
Reference 

Section

1 Develop rescue plan and training HIGH $39,000 3.1

2 Diesel fuel pump room upgrades  MED-HIGH $72,000 4.5.1.2

3 Low pressure fuel piping re coating  MED-HIGH $6,000 4.5.1.1

9 Low pressure fuel pumps spare inventory parts MODERATE $4,000  4.5.1.1

10 Foreign Material Exclusion Program HIGH $3,500 3.3

11 Liquid Fuel Heater MED-HIGH TBD 4.5.1.1

53 Succession Planning HIGH TBD 3.2

Note:

Items # 2, 3, 9 and 11 are common to both CT1 and CT2, however narrative describing these tasks is found in CT1 

section.
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CT1 Recommendations Denotes Vendor Est.

Item Recommended Task Description Risk Est. Cost
Reference 

Section

4 Asbestos abatement HIGH $20,000 4.2.2.2

5 Airhouse access upgrades HIGH $72,000 4.5.3.1

6 Exhaust Stack – access upgrade  MODERATE $43,000 4.5.2.2

7 AC MCC Main Bus guarding MODERATE $2,500 4.6.2.1

8 Basement transfer Switches LOW $5,000 4.6.4

11 Liquid Fuel Heater (supports CT1 and CT2)
MEDIUM

HIGH

TBD as outcome of 

design work
4.5.1.1

12 Avon Engine Conditional Refurbishment Only-Depot services only (Rolls Wood Group) HIGH $611,400 4.2.1

13 Avon Full Engine Refurbishment, full site support, and freight (TransCanada Turbines) HIGH $1,956,050 4.2.1

14 Repair and coating maintenance of enclosures (turbine unit, switch gear and controls bldg.)  MODERATE $64,000 

4.4.2.1

4.4.2.2

4.4.2.3

15 Foundation repair  LOW $11,000  4.4.2.4

16 Airhouse coating repair and clean room  MODERATE $61,000  4.5.3.1

17
Exhaust Stack – Repair snow door structure, replace exterior jacket, ongoing repairs, spare parts 

inventory. 
MODERATE $76,000  4.5.2.1

18 Replace lube oil hoses, sampling and spare parts 
MEDIUM

HIGH
$11,000  4.5.5.1

19 Lube oil heater reservoir heater and thermostatic valve 
MEDIUM

HIGH
$106,000 4.5.5.1

20 Spare parts inventory for air cooled system MODERATE $2,000  4.5.6.1

21 13.8kV Switch Gear terminations (Per 6, Kits and Lugs)
MEDIUM

HIGH
$8,250 4.6.1.2

22 13.8kV Switch Gear (Complete Replacement)
MEDIUM

HIGH
$390,000 4.6.1

23 13.8kV Switch Gear Circuit Breaker MODERATE $148,000 4.6.1.3

24 13.8kV Switch Gear Circuit Breaker Testing MODERATE $5,000 4.6.1.3

25 13.8kV Circuit Breaker Racking System maintenance LOW $1,500 4.6.1.3

26 CTs (each) LOW $2,000 4.6.1.5

27 CTs Testing LOW $1,500 4.6.1.5

28 PTs (each) LOW $2,500 4.6.1.6

29 PTs Testing LOW $1,500 4.6.1.6

30 Surge Protection Capacitors MODERATE $1,000 4.6.1.6

31 13.8kV Disconnect Switch Inspection, cleaning and adjustments LOW $1,500 4.6.1.7

32 150kVA Outdoor Station Transformer MODERATE $34,000 4.6.1.7

33 13.8kV Outdoor Station Transformer terminations (Per 3, Kits and Lugs)
MEDIUM

HIGH
$4,100 4.6.1.7

34 AC MCC (Complete)
MEDIUM

HIGH
$138,000 4.6.2.1

35 AC MCC Cubicle Spare Parts (Allowance per cubicle)
MEDIUM

HIGH
$2,000 4.6.2.1

36 AC MCC Pre-wired Starter Back Panel
MEDIUM

HIGH
$5,000 4.6.2.1

37 AC MCC Pre Wired Fused Disconnect Back Panel
MEDIUM

HIGH
$5,000 4.6.2.1

38 DC MCC (Complete)
MEDIUM

HIGH
$75,000 4.6.3.1

39 DC MCC Pre-wired Starter Back Panel
MEDIUM

HIGH
$5,000 4.6.3.1

40 DC MCC AVON Starter 
MEDIUM

HIGH
$32,000 4.6.3.1

41 PLC Operating System Upgrade
MEDIUM

HIGH
$5,000 4.7

42 PLC Program Upgrade
MEDIUM

HIGH
$10,000 4.7

43 PLC Processor Upgrade
MEDIUM

HIGH
$14,000 4.7

44 Ongoing Generator Testing HIGH TBD 4.3

45 Option - Stator Bar Measurement and Purchase Spares. HIGH TBD after testing 4.3

47 Option - Full Stator rewind at site HIGH TBD after testing 4.3

50 Power Turbine and Gearbox Inspection (Site spares and vendor labour) HIGH $307,229 4.2.2

51 Power Turbine Replacement Nozzle Assembly HIGH $1,452,075 4.2.2

52 Complete oil and filter change, Gas Turbine Engine HIGH $700 4.2.1

53 Succession Planning HIGH TBD 3.2

54 Computerized Maintenance Management System HIGH TBD 3.4

54 CT1 Control System Support HIGH $11,840 4.7

Page 3



CT2 Recommendations Denotes Vendor Est.

Item Recommended Task Description Risk Est. Cost
Reference 

Section

58 Oil collection upgrade lube oil cooling pump seal leak  LOW $8,000  5.5.5.1

59 Basement transfer Switches LOW $5,000 5.6.4

63 CT2 Major Inspection-Rotor Out  HIGH $2,500,000 5.2.1.3

64 Option 1: CT2 Major Rotor Out  Refurbishment (Capital parts only) 
MEDIUM

HIGH
$4,201,595 USD 5.2.1.3

65 Option 2: CT2 Conditional Refurbishment 
MEDIUM

HIGH

TBD after inspection. 

Estimated less cost 

than Major Rotor Out 

Refurb.

5.2.1.3

66 Option 3: CT2 Re-Power
MEDIUM

HIGH
TBD 5.2.1.3

67 Refurbish SSS Clutch (assuming normal wear)  HIGH $70,000 USD  5.5.7.2.2

68 Load Gearbox Major Inspection  HIGH Estimate pending  5.5.7.3.2

69 Turbine enclosure door replacement  MODERATE $82,000  5.4.2.1

70 Ongoing repair and coating maintenance on turbine enclosure and switch gear building  MODERATE $81,000  5.4.2.1

71 Replace exhaust stack with new assembly 
MEDIUM

HIGH
$1,448,000 5.5.2

72 Replace air intake with new assembly  HIGH $2,705,000 5.5.3

73 Replace lube oil hoses, sampling and spare parts 
MEDIUM

HIGH
$13,000  5.5.5

74 Replace air cooled lube cooler and spare pump. 
MEDIUM

HIGH
$62,000  5.5.5.2

75 Spare parts inventory for water cooled system 
MEDIUM

HIGH
$7,000  5.5.6.1

76 Spare parts inventory for air cooled system  MODERATE $2,000  5.5.6.1

77 Diesel starter engine servicing of damaged cylinder and ongoing testing and maintenance  HIGH $47,000  5.5.7.1

78 13.8kV Switch Gear terminations (Per 6, Kits and Lugs)
MEDIUM

HIGH
$8,250 5.6.1.2

79 13.8kV Switch Gear (Complete Replacement)
MEDIUM

HIGH
$390,000 5.6.1

80 13.8kV Switch Gear Circuit Breaker MODERATE $148,000 5.6.1.3

81 13.8kV Switch Gear Circuit Breaker Testing MODERATE $5,000 5.6.1.3

82 13.8kV Circuit Breaker Racking System LOW $1,500 5.6.1.3

83 CTs (each) LOW $2,000 5.6.1.5

84 CTs Testing LOW $1,500 5.6.1.5

85 PTs (each) LOW $2,500 5.6.1.6

86 PTs Testing LOW $1,500 5.6.1.6

87 Surge Protection Capacitors MODERATE $1,000 5.6.1.6

88 13.8kV Disconnect Switch Inspection, cleaning and adjustments LOW $1,500 5.6.1.7

89 150kVA Outdoor Station Transformer MODERATE $34,000 5.6.1.7

90 13.8kV Outdoor Station Transformer terminations (3, Kits and Lugs)
MEDIUM

HIGH
$4,100 5.6.1.7

91 AC MCC (Complete)
MEDIUM

HIGH
$138,000 5.6.2.1

92 AC MCC Cubicle Spare Parts (Allowance per cubicle)
MEDIUM

HIGH
$2,000 5.6.2.1

93 AC MCC Pre-wired Starter Back Panel
MEDIUM

HIGH
$5,000 5.6.2.1

94 AC MCC Pre Wired Fused Disconnect Back Panel
MEDIUM

HIGH
$5,000 5.6.2.1

95 DC MCC (Complete)
MEDIUM

HIGH
$50,000 5.6.3.1

96 DC MCC Pre-wired Starter Back Panel
MEDIUM

HIGH
$10,000 5.6.3.1

97 PLC Operating System Upgrade
MEDIUM

HIGH
$5,000 5.7

98 PLC Program Upgrade
MEDIUM

HIGH
$10,000 5.7

99 PLC Processor Upgrade
MEDIUM

HIGH
$14,000 5.7

100 Ongoing Generator Testing HIGH TBD 5.3

101 Option - Stator replacement HIGH $2,077,964 USD 5.3

103 Option - Full Stator rewind at site HIGH $1,442,076 USD 5.3

108 CT2 Control System Support HIGH $11,840 5.7

109 Diesel Starter Clutch Upgrade
MEDIUM

HIGH
$50,000 5.5.7.2

110 Fuel piping - elevate section for improved vehicle access LOW $28,000 4.5.1.1

Page 4



Maritime Electric Company Ltd.  May 9, 2023 
CT1 & CT2 Life Extension Study   
Project # 217001 
 

 Page 5 

 INTRODUCTION & STUDY SCOPE 

2.1 Introduction 

EastPoint Engineering Ltd. (EP) was contracted by Maritime Electric Company Limited (MECL), an 
indirect wholly-owned subsidiary of Fortis Inc., to conduct a life assessment and recommendation 
for life extension report for two combustion turbines (CT) and electric generator packages located 
in Borden-Carleton, PEI, Canada. 

The purpose of this study was to assess the remaining useful life of the CTs in their current state 
and understand any safety concerns, costs and the reliability associated with maintaining the 
equipment to achieve a 60-year useful life. It is understood that this report will be used to evaluate 
Maritime Electric’s existing maintenance plans, justify future capital budget spending, and to 
evaluate the timeline for retirement for each CT unit. 

The equipment included in this study is limited to the generating units, unit auxiliary equipment, 
and switchgear assemblies. Fuel storage, main step-up transformer, and site station service were 
not included in the scope of this study. 

Units CT1 and CT2 are fast-start diesel turbine generating units. These units are considered 
backup, black start support, and peaking units supporting Maritime Electric’s Assured Energy 
Interruptible Power Purchase Agreement, as well as the 2023-2026 Maritime Electric General Rate 
Application, and are to be considered critical assets supporting PEI’s electrical grid. CT2 is 
equipped with a clutch, enabling Synchronous Condensing operation, also providing critical support 
to the PEI grid. 

These units were visually inspected while in operation, and during planned maintenance outages. 

Interviews with site Operator/Maintenance Staff, Maritime Electric Supervisor, and Engineering 
staff were conducted to support this study. Maritime Electric staff were very supportive and provided 
historic and current documentation to supplement East Point reviews at the site. 

Reporting is based on current unit utilisation (i.e., start cycles and fired hours per calendar year). 
Any increase in unit utilisation will change the investment strategy, including work scope, cost, and 
timing of investments. 

 

2.2 Study Focus and Structure 

The major components of the units in this study include: 

• Combustion Turbine 

• Generator 

• Structural Assets 

• Mechanical Systems 
o Fuel Delivery 
o Exhaust 
o Air Intake 
o Fire Protection 
o Lube Oil 
o Cooling 
o Turbine Starting Motor 

• Electrical Systems 
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o 13.8kV Switchgear 
o AC Low Voltage Distribution and Switchgear 
o DC Low Voltage Distribution 
o Transfer Switch 

• Control Systems 

• Battery and Charging Systems 

Reporting on each of the major components, including associated sub-systems, will be focused on 
the following areas: 

• Component Description and History 

• Condition Assessment 

• Risk Assessment 

• Recommended Actions for Life Extension 

• Timeframe for Recommended Actions 

• Estimated Costs for Recommended Actions 

A full tabular summary of all findings/recommendations for each unit can be found in Appendix E. 

 

2.3 Risk Categories and Assessment Criteria 

 Categories 

There are 3 Risk Categories identified as Levels in this report. Each item and related recommended 
action for CT1 and CT2 are assigned an applicable Risk Category Level along with other letter and 
numeric identifiers to provide a unique identifier for that item: 

• Level L1 – Safety and Code Compliance – for items that no longer meet current accepted 
standards and/or practices. 

• Level L2 – Reliability – for items that if left unattended may have a negative impact on 
continued reliable operation of the equipment. 

• Level L3 – Operability and Efficiency – for items that if left unattended may have a negative 
impact on the ability to effectively operate the equipment or where there may be an 
opportunity to improve the efficiency of the equipment. 

Items that are common to both CT1 and CT2 are noted with a “C” in the 3rd position of the item 
identifier. The final digit is a non-prioritized sequential number. 

 Assessment 

The following Analysis looks at the individual components of the Combustion Turbine Systems, the 
Generator Systems and auxiliary components to determine age, condition and requirements to 
allow for continued service through to a 60-year service interval approximately 10-12 Years. 

The items are assessed for Severity (Criticality) and Probability (Condition) based on the Criticality 
Matrix Guide as indicated in the figure below: 
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Severity Matrix Guide 

Score Summary Cost Output De-Rating (Outage Time) 

1 Minor < $10K 0% (No Loss) 

2 Moderate $10-20K 1-25% (< 1 Day) 

3 Serious $20-100K 25-50% (1-7 Days) 

4 Major $100K-1M 50-99% (7-30 Days) 

5 Critical > $1M 100% (> 30 Days) 

 

Probability Matrix Guide 

Score Summary Probability 
Expected Occurrence Rate (Per 

Operating Year) 

1 Rare 0-10% 0.010 

2 Unlikely 11-25% 0.013 

3 Possible 26-75% 0.013 - 0.100 

4 Likely 76-90% 0.100 - 1.000 

5 Almost Certain 91-100% > 1.000 

 

The severity and probability can then be used to determine the Risk, based on the “Risk Matrix” in 
the figure below.   

 

The Risk assessment can be used to determine the acceptability of Risk.  This acceptability of risk 
is used to determine whether equipment should be replaced, repaired or maintained. 
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 STATION LEVEL ASSESSMENT & RECOMMENDATIONS 

The following assessment and recommendations are made at a station level, meaning they are 
common to both CT1 and CT2. 

 

3.1 Safety & Training 

General 

Combustion Turbine operating and maintenance Staff may be required to perform work in a variety 
of spaces that may be classified as Confined Spaces, including the Airhouse, Exhaust Stack, etc. 

All MECL CT Operators have Confined Space Entry, Watch, and Rescue training as well as other 
MECL personnel that may need to access confined spaces. All MECL personnel that require it also 
have Fall Arrest Training. Rescue equipment is stored in Charlottetown, and there is fall arrest 
equipment stored at the Borden CT facility. 

There is no formal confined space program at the Borden CT facility, confined spaces are identified 
during the job planning phase of any work with rescue plans made during that time as well. 

Insurers often require at least provincial regulatory compliance and an emergency response plan 
that supplements local 911 emergency services. Local fire departments may be equipped to 
perform rescues but may not be available at the time a rescue must be completed. 

Strategies to mitigate identified risks include: 

• Rescue plan development will identify high risk spaces and the rescue procedures for these 
spaces. 

• Communication and rescue procedures are typical outcomes of Rescue Plan development. 

• Appropriate rescue equipment will be identified. 

• Appropriate training will be identified. 
o Confined space rescue team requirements will be identified during the site reviews. 
o Confined space rescue teams often require 3 or more persons depending on the 

complexity of the space and the equipment required to complete a rescue. 

A Rescue Kit may be prepared that can be located at the site where work is being completed (e.g., 
Borden or Charlottetown as may be required). 

Estimated cost (subject to space assessments and requirements to support rescue efforts): 

• Confined Space Rescue Consulting: $5,000 

• Equipment (Assuming four-person rescue team): $28,000 

• Training (Assuming four-person rescue team, not including accommodations): $6,000 

Site specific rescue plans typically consist of formal documented procedures including equipment 
lists, anchor point identification/location, rescue procedure in detail, hazards of the space, and 
communications protocols. 

Formal rescue teams are typically established with the expectation that a minimum four-person 
team would be required in the event of an emergency rescue. The rescue team and rescue 
equipment would typically be located at the planned high-risk worksite as required. 



Maritime Electric Company Ltd.  May 9, 2023 
CT1 & CT2 Life Extension Study   
Project # 217001 
 

 Page 9 

An alternative would be to contract out rescue services each time work must be conducted in 
spaces warranting rescue services and are on-site in a standby mode when the high risk work is 
being performed. 

Working at Heights 

Maritime Electric Staff working in the airhouse and exhaust areas of the unit are working at heights 
and in confined/restricted access spaces. 

A High Angle Rescue service provider will understand site specific requirements and tailor training 
to meet staff requirements. Service providers are often open to conducting training on site, using 
site emergency response equipment. 

Estimated cost per person: $1500. Not including travel and accommodations for 4 days (travel to 
Dartmouth, 3-4 days training) 

• If onsite training is arranged, the training vendor typically proposes a group rate with a 
maximum participant number per training session. 

• Onsite training pricing will be dependent upon the site assessment by the training service 
provider and the degree of complexity the assessment determines is necessary to complete 
the training. 

• Onsite training must be as uninterruptible as possible, as distractions from 
operational/maintenance requirements detract from the quality of the training delivered to 
the participants. 

An alternative is to contract out rescue teams to be on site when work in high-risk spaces is 
planned. This alternative may approach $10,000 per week depending on the length of workdays, 
workspace configuration, and number of rescue personnel required to support the workspace. 
Workspace customized forced ventilation and self-contained breathing apparatus may be required 
from time-to-time depending on the isolations, workspace modifications, and work taking place.  
Both forced ventilation and SCBA require training and experience to be effective. 

Recommended Actions 

Recommend contracting a Confined Space and Rescue Specialist to review the CT1 and CT2 units 
to support developing the Confined Space program and Rescue Plan, confirming required rescue 
equipment list, and reviewing rescue procedures. 

Recommend contracting a High Angle/Technical Rope Rescue Specialist to assess the CT1 and 
CT2 units to review the Fall Arrest program and High Angle Rescue Plan, confirming rescue 
equipment list, and reviewing rescue procedures. 

 

3.2 Succession Planning 

Interviews with Maritime Electric staff indicate that a formal Succession Plan does not currently 
exist; however, there has been some work done to prepare a Succession Plan. Preparation of a 
structured Succession Plan is essential to ensure continuity and knowledge transfer within the 
Combustion Turbine Group. Effective succession planning is essential, especially with 
consideration of today’s skilled labour shortages. 

• Executive and business unit support is critical for a Succession Plan. 

• Combustion Turbine staff must be allotted time to complete tasks to support Succession 
Plan expected outcomes. 
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• Unit reliability is significantly affected by the degree of knowledge and experience provided 
by appropriately trained Combustion Turbine support staff. 

In the interim, securing appropriate time with the current staff to support knowledge transfer and 
procedure development will support both the current staff and future staff additions. The CT1 and 
CT2 units are typically started on a monthly basis as part of Maritime Electric’s operational plan. 

• These monthly unit starts present an opportunity to simulate a loss of remote-control 
capabilities and to support Combustion Turbine staff to manually start, manually 
synchronize, and manually load each unit. 

• Black Start procedures and protocols are also recommended to be reviewed and practiced 
periodically to ensure competency on all aspects by Combustion Turbine staff. 

• Hands-on training by Combustion Turbine staff will foster confidence, ownership, and 
experience with each of CT1 and CT2 unit operation during abnormal conditions that may 
be experienced during storms and system events.  

Synergies between Maritime Utilities and gas turbine owner/operators may exist to support one 
another with training arrangements and to reduce cost to each participant. 

• Access to on-line learning opportunities have expanded over the course of the COVID-19 
pandemic. 

o Online training offers Combustion Turbine staff the opportunity to participate in 
specific courses after-hours and while still supporting the CT1 and CT2 units during 
regular hours. 

• Dalhousie University Continuing Education occasionally offers various courses that may 
apply to the Combustion Turbine group, including: 

o Project Management 
o Electrical Engineering for non-Electrical Engineers 
o Gas Turbine Plant for Simple Cycle and Combined Cycle Sites 
o Controls and Instrumentation 

• A formal Competency Based Training (CBT) Program is recommended. 
o Critical skills and tasks are identified by qualified personnel. 
o Procedures for each skill or task are prepared by qualified personnel, including: 

▪ Safety and environmental risks identified. 
▪ Tool and materials list. 
▪ Isolation and permitting list. 
▪ Pictures. 
▪ Step-by-step procedure description. 
▪ Documentation requirements identified. 
▪ Work order details identified. 
▪ Document resource list. 

o Assessments for each are prepared by qualified personnel. 
o Each new staff member would participate in the CBT Program in order to 

demonstrate proficiency and progress through compensation rates to become fully 
qualified Combustion Turbine staff members. 

Effective succession planning is essential, especially with consideration of today’s labour 
shortages. 

Both experience and education make existing Combustion Turbine Staff essential for reliable and 
efficient operation of the Combustion Turbine Generating Equipment. As employees approach 
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retirement age, or are approached by outside agents for employment, risk of lack of recurrent 
training and insufficient succession planning becomes significant. 

Recommended Actions 

Recommendations include identifying training requirements to ensure staff remain qualified and 
capable of operating and maintaining the Combustion Turbine Group equipment. 

It is essential to have engagement of all levels of management to ensure personnel are supported 
in the process of Succession Planning and associated training. 

Estimated Cost must be prepared following evaluation of training requirements, number of 
personnel to receive training, and time commitments for training and knowledge transfer. 

 

3.3 Foreign Material Exclusion (FME) Program 

FME Programs improve reliability, operability, and efficiency by reducing the probability of gas 
turbine ingestion of materials that may cause major damage to the gas turbine and, in the case of 
CT1, consequential damage to the power turbine. An FME Program includes purchase of FME 
specific barrier materials and signage, formal training, and updating site documentation. 

• The site is kept relatively clean and tidy with the care that comes with ownership and pride 
of the Combustion Turbine Staff. 

• The risk associated with foreign material is highest when new employees and/or contractors 
are performing work on site and do not fully understand the risk of foreign material to the 
site equipment. 

• An informal FME program currently exists. 

• Site staff consider some spaces as critical with respect to foreign material exclusion and to 
prevent foreign object damage (FOD). 

• These spaces include the clean side of the filter walls in the airhouses and the gas turbine 
air inlet plenums. 

• While these spaces receive a dual visual inspection and additional care when working in 
these spaces, reliance upon specific staff member’s memory and experience is required to 
ensure the informal FME program is followed. 

• A significant amount of major work has been completed at the site over the years during 
which FME is essential (e.g., Power Turbine disk replacement, generator rotor out major, 
CT2 gas turbine major, CT1 gas turbine major, airhouse major upgrades, etc.) 

• The existing program relies primarily on the experience of one senior staff member and his 
mentorship of newer staff. 

• In an informal delivery, without checks and balances, risk of FOD is higher than with the 
use of a structured formal FME program. 

• Damage caused by foreign material can be extensive and result in extended forced outages 
on major components requiring extremely expensive repairs (e.g., gas turbine compressor 
damage, shorted turns in a generator assembly, geartrain damage, etc.) 

• Insurer’s are very supportive of formal FME programs as losses associated with damage 
caused by foreign material are substantial. 

• Boeing estimates costs related to FOD at millions of dollars each year. 

• Include FME as part of the site orientation to raise awareness. 

• Contractors and new employees may not be aware of the critical requirement for FME 
procedures and prevention. 
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• A line item reviewing the FME requirements of the site and any specific work areas that 
may be active FME zones at the time of the orientation or pre-work meeting. 

• Create a dedicated FME kit including: 
o Storage case 
o Caps, plugs, flange covers, sized for the various tubing/piping openings 
o FME equipment are typically brightly coloured and may include streamers to make 

the FME equipment more noticeable. 

 

Example of FME Designated Space Signage 

 

Recommended Actions 

A formal FME program is recommended and would include, at least: 

• Identify all FME spaces for each unit, for example: 
o Combustion air inlet plenum 
o Clean side Combustion airhouse. 
o Transition duct to Power Turbine. 
o All open ports on the gas turbine. 
o All disassembled areas on the gas turbine. 
o Open gearboxes 
o Generator stator core assembly. 

• Each space’s specific risks are identified in the FME document prepared for the space, such 
as: 

o Difficult to reach areas that require inspection with mirrors before closing. 
o Flat surfaces that are common tool/equipment/material resting places and require 

specific inspection. 
o Areas that must be inspected by borescope before closing. 

• Precautions specific to the space are identified, such as: 
o Temporary brightly coloured signs posted at entrances to the enclosures to raise 

awareness of FME program requirements. (e.g., Engine/PT/Gearbox/Generator 
disassembly work; control access and monitor area for foreign material) 

o Add waste bins immediately outside of FME zone to encourage work area 
cleanliness. 
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o Employees must verify all pockets are empty prior to entering FME zone. Log tools, 
rags, equipment, materials before entry and post exit to verify all items have been 
removed, logging items are confirmed, and all accounted for before closing the 
zone. 

o Independent and separate documented inspection of FME zone to confirm all clear. 
o All removed air/oil/water/hydraulic tubing and piping openings are covered/plugged 

with brightly coloured FME specific barriers to prevent contamination. (e.g. caps, 
plugs, zip tied plastic bags, flange covers, etc.)  

 

3.4 Computerized Maintenance Management System (CMMS) 

A CMMS addresses all aspects of site operation (e.g., safety, reliability, operability and efficiency). 
A CMMS automates many of the time-consuming tasks associated with managing, operating, and 
maintaining complex equipment such as CT1 and CT2. MECL uses eMaint by FLUKE for their 
CMMS and it is in the early stages of implementation and populating at the time of this report. 

Historically, based on interviews with site staff, asset management and maintenance planning had 
often completed by memory and using various customized computer documents. 

At the time of the site interviews, a complete summary report of inventory available for CT1 and 
CT2 was not available, and therefore EastPoint is unable to advise on current spare part inventory 
levels and direct potential impacts to unit reliability. However, the following improvements were 
underway at the time: 

• Work is currently underway to amalgamate CT1 and CT2 spare parts inventory to the 
Borden site. 

• Customized storage units are being installed at the Borden site and including shelving, 
lighting, and environmental controls. 

• CT1 and CT2 spare parts are being brought from various storage locations to be housed at 
the Borden site. 

• Spare parts are planned to be photographed and catalogued during the amalgamation 
process. 

The use of checklists and documented procedures for work at the site is not generally used, based 
on the information shared during site visits. There currently is a certain level of reliance upon 
memory for completing testing, inspections, maintenance, replacements, and refurbishments at 
appropriate intervals and consistently with the correct procedures. 

The new CMMS will offer the opportunity to establish appropriate levels of attention for equipment 
and personnel at pre-determined intervals which are typically automatically issued as Work Orders. 

• Individual staff training requirements and history may be managed within a CMMS. 

• Maintenance activities and intervals may be documented and set within a CMMS for each 
specific component of a piece of equipment including, such as: 

o Filter management 
o Testing 
o Lubrication 
o Inspection 
o Annual instrumentation calibration verifications 
o Belt replacement/tensioning 
o Regulatory activities 
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o Insurer’s recommendations 
o Service provider recommendations 
o Follow-up activities following inspection 

Inventory management tools are often included within a comprehensive CMMS which automates 
stock level tracking, vendor details, min and max levels, and automated flags to re-order. Inventory 
location, Maritime Electric Part Numbers, Vendor Part Numbers, stocking dates, expiration dates, 
etc. are also data that may be managed within a CMMS. 

Testing, inspection, and maintenance procedures and associated reference pictures and 
documentation may also be located within a CMMS to simplify staff research and preparations for 
work. For example, when a work order is coming due, the activities required to complete the work 
may be itemized, consumable parts may be listed, tools and equipment required to complete the 
work may be listed. 

A key feature of a CMMS is automation of notifications for various activities and tracking such as 
advanced notice of upcoming major works or activities requiring order/arrangement of longer lead 
time items may be set within a CMMS to notify staff well in advance and avoid gaps in 
parts/equipment/service provider arrangements/contract renewals/etc. 

 

3.5 Fuel Delivery System – Assets Common to CT1 & CT2 

CT1 and CT2 share common piping and equipment assets as part the overall fuel delivery system 
since they are each fed from common fuel storage tanks on site. 

For detail on these common assets and corresponding recommendations, refer to the following 
sections of this report: 

• Section 4.5.1 – CT1 Fuel Delivery System 

• Section 5.5.1 – CT2 Fuel Delivery System 
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 COMBUSTION TURBINE 1 (CT1) ASSESSMENT & RECOMMENDATIONS 

4.1 General Description 

Maritime Electric’s Unit CT1 is a GEC-English Electric Gas Turbines Ltd. package, commissioned 
in 1971. CT1 is located in Borden-Carleton, Prince Edward Island. 

CT1 is an aeroderivative gas turbine driven generating 15 MW output unit, designed to support the 
Prince Edward Island electrical grid in a fast response role and with black start capability. 

Being capable of black start, categorizes the CT1 as a critical asset to the Prince Edward Island 
electrical grid. This unit is liquid fueled, operating primarily on ultra-low sulphur dyed diesel which 
is stored onsite. 

Infrastructure to support conversion to natural gas does not currently exist, as natural gas for 
various commercial locations across Prince Edward Island is trucked across the Confederation 
Bridge from a depot in New Brunswick. 

The CT1 package is comprised of original equipment in combination with numerous Maritime 
Electric initiated upgrades over the service history of the unit. 

Maritime Electric is exploring the feasibility of continued operation of this unit through to 2031. 

 

4.2 Combustion Turbine 

 Gas Turbine Engine 

4.2.1.1 General 

The gas turbine is an Avon Model 1533-75L, Serial Number 37667. 

• This is the original engine for this unit and was commissioned in 1971. 

• The Avon gas turbine product line continues to be well supported with no apparent move to 
obsolescence through to the 2031 end date supplied by Maritime Electric. 

• Based on documents provided by MECL, this engine has never undergone full disassembly, 
inspection, and refurbishment in its 51 years of service. 

• Limited disassembly of the engine was completed in 2016, at TransCanada Turbines, as 
an unscheduled repair of a cracked High Pressure Nozzle Guide Vane. 

• The compressor and turbine assemblies were not fully disassembled and were not included 
in the scope of work at this time.  

4.2.1.2 Condition Assessment 

Operating statistics for this unit since commissioning, as of May 26, 2022 (TransCanada Turbines 
Borescope Inspection site visit): 

CT Running Data 

Turbine Generator Package Start/Stops Running Hours 

CT1 3,145 11,068 

Maritime Electric arranged access to the CT1 enclosures during general site visits and during the 
unit annual maintenance outage. The unit was also operated to support the EastPoint evaluation. 
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The unit was visually inspected by EastPoint during site visits and observations were made as the 
engine underwent borescope inspection which was conducted by TransCanada Turbines’ 
representative Tony Bishop. 

Site staff were very supportive and participated in interview questions to assess condition, history, 
and experience with the unit. 

The engine was operated to full load to support the EastPoint evaluation. 

• The engine performed well and did not exhibit any conditions of major concern during this 
run. 

o Site staff later confirmed the observed exhaust gas temperature spread is typical for 
this unit. 

o Burners (fuel nozzles) and combustor section of the engine were inspected during 
the subsequent borescope inspection with no abnormal findings. 

Site staff shared details of a number of challenges with the on-engine fuel control unit including 
sourcing parts and setting up the fuel control unit. 

• Spare parts are difficult to source due to the vintage of this unit and skilled personnel are 
difficult to locate to service these fuel control units. 

• Site staff have had to use a number of different fuel control unit components in order to 
assemble a single serviceable fuel control unit. 

• The number of site staff with this experience is also limited. 

• Options exist to upgrade the fuel control unit and compressor air flow control system. 
o Requests for proposal have been submitted to TransCanada Turbines, Score 

Energy, and RWG to explore a variety of upgrade options. 

• Interviews with site staff indicate critical spare parts inventory for this unit are minimal. 
o Requests for proposal for critical spares have been submitted to TransCanada 

Turbines and RWG. 

While the number of access points to support borescope inspection are limited on this model of 
gas turbine engine, areas inspected are visibly in good condition; however, inspection access to 
the engine as a whole is extremely limited. 

Oil analysis reporting for this engine indicates an increasing trend in the Total Acid Number (TAN) 
values.  The 2020 TAN values were categorized as Upper Critical.  2021 TAN values reduced to 
be categorized as Upper Reportable.  The TAN values reported in 2021 indicate the engine oil 
condition has deteriorated and may contribute to accelerated component wear and corrosion, 
including engine bearing assemblies, compressor airflow control components, and fuel control 
components. 

The engine oil entire volume should be changed. 
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CT1 Avon Gas Turbine Engine 

4.2.1.3 Recommended Actions 

The Avon gas turbine engine is expected to provide continued reliable operation, with appropriate 
levels of maintenance. 

Recommendations include: 

• As this engine has not been fully disassembled and inspected over the course of its service 
life, routing to depot for full disassembly and detailed inspection is recommended. 

• It is recommended to complete a conditional refurbishment to support an additional service 
interval to 2031. 

• Full disassembly and conditional refurbishment of the engine: 
o Rolls Wood Group (RWG) has issued a budgetary proposal. 

▪ Reference “QRWG02363 - Maritime Electric - A20 ESN 37767 MRO & 
Conversion” 

▪ Estimated at £400,000 (Vendor cost only. Site labour, removal labour, crane, 
forklift, and freight costs are not included) 

o Trans Canada Turbines (TCT) has issued budgetary proposal. 
▪ Reference “TCT RFQ-22-0094 Avon 1533-75L Overhaul ESN” 
▪ Estimated at $1,420,000 USD (Engine Major Overhaul, Engine test, Site 

Removal/Installation/Commissioning Labour, Freight included. Crane and 
forklift costs are not included.) 
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• Full disassembly and conditional refurbishment of the engine is advised. 
o Rolls Wood Group (RWG) has issued a budgetary proposal. 

▪ Reference “QRWG02363 - Maritime Electric - A20 ESN 37767 MRO & 
Conversion” 

▪ Estimated at £400,000 (Vendor cost only. Site labour, removal labour, crane, 
forklift, and freight costs are not included) 

o Trans Canada Turbines (TCT) has issued budgetary proposal. 
▪ Reference “TCT RFQ-22-0094 Avon 1533-75L Overhaul ESN” 
▪ Estimated at $1,420,000 USD (Engine Major Overhaul, Engine test, Site 

Removal/Installation/Commissioning Labour, Freight included. Crane and 
forklift costs are not included.) 

• Engine control upgrades are recommended during the engine refurbishment planned 
outage. On-engine fuel control and compressor air flow control upgrades are advised due 
to the challenges with the original on-engine equipment (e.g., spare parts, refurbishment 
knowledge and capabilities are rare, veteran site staff are the only personnel who have 
experience with maintaining and configuring the fuel control) 

o RWG has included some of these upgrade options in their Phase 2 engine 
conversion items and would partner with Holland Controls to complete the balance 
of the control’s upgrades. 

o Score Energy is preparing a budgetary proposal to address on-engine controls and 
adjacent control interface to the Unit Control System. 

• Opportunity to add data points to the existing unit PLC control system offers increased detail 
in condition monitoring and remote monitoring capabilities. 

• Oil analysis results indicate oil condition degradation that may accelerate degradation of 
the various engine oil wetted components. 

o Recommendations include: complete oil reservoir drain, oil reservoir cleaning, add 
new oil, and replace/clean all engine oil filters. 

o Estimated cost for oil, filter work, and labour: $700 

 

 Power Turbine and Gearbox 

4.2.2.1 General 

The CT1 Unit is equipped with an English Electric, single stage, axial flow power turbine 
commissioned in 1971. The power turbine is coupled to a gearbox which then drives the generator. 

The Power Turbine and Gearbox underwent major maintenance in 2011 by Greenray, including: 

• Replaced power turbine rotor and disc. 

• Two small cracks were noted on the power turbine nozzle shrouds.  
o Follow up inspection was recommended at the time.  
o No set inspection interval was included in the report. 

4.2.2.2 Condition Assessment 

Overall condition of the power turbine assembly was reasonably good to good. 

• The volute that abuts the nozzle flange was noted as heavily corroded. 
o High temperature sealant had been applied to the affected area. 
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• The gearbox assembly was inspected and found to be in good condition with exception of 
the following: 

o Low speed gear wheel drive end bearing degradation. 
▪ Bearing was replaced from site inventory.  

o A new turbo-flex coupling was manufactured to accommodate differing numbers of 
dowel holes on the new power turbine rotor hub. 

• Spare parts procurement was recommended by Greenray to support future inspections. 
o These parts have not yet been procured. 

The Power Turbine and Gearbox were not disassembled to permit internal inspection, and 
borescope inspection is not regularly completed for either assembly. 

• Visual inspection of each assembly indicates good housekeeping and good exterior 
condition. 

The power turbine and gearbox were inspected and conditionally refurbished in 2011/2012. 

The power turbine and gearbox have accumulated 267 fired hours and 193 starts since the major 
work in 2011 and are not expected to require major refurbishment; however, cracks in the power 
turbine nozzle shrouds warrant inspection to determine propagation risk and to ensure reliable 
operation through to 2031. 

 

 

CT1 Power Turbine Transition Duct and Power Turbine Housing 
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CT1 Main Driveline Gearbox 

Asbestos content is identified in the gas turbine inlet bellmouth expansion joint material. 

• The encapsulation of the expansion joint has degraded, and is cracking and appears very 
dry (i.e. friable material is present), increasing the possibility of asbestos fibre content in the 
enclosure following operation of the unit. 

 

CT1 Inlet Expansion Joint 

4.2.2.3 Recommended Actions 

The power turbine and gearbox are expected to provide continued reliable operation through to the 
planned retirement year 2031, with appropriate levels of maintenance. 
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Recommendations include: 

• Gas turbine inlet bellmouth expansion joint material: 
o Recommend including this assembly in an asbestos abatement plan to replace with 

a new asbestos-free material. 
o Recommend incorporating a standard procurement clause stating something to the 

effect of “New Materials Shall Not Contain Asbestos”. 

• Order recommended spare parts to support major inspections for each of the power turbine 
and gearbox assemblies. 

• Complete major inspection of both the power turbine and the gearbox assemblies. 

• Complete conditional refurbishment of both the power turbine and gearbox assemblies. 

Request for proposal has been received from Greenray for Power Turbine and Gearbox inspection 
and recommended critical spare parts. Reference “PT and gbx GLL15318 - Maritime Electric 
Service proposal” 

• Main Offer GLL15318- Site Spares £110,000 

• Main Offer GLL15318-Site Labour £91,000 

• Confirmation of availability and condition of PT Special Tooling and PT/Gearbox Hand 
Tooling must be made by Maritime Electric in advance of scheduling PT and Gearbox 
Inspection. (Greenray notes that Maritime Electric had both PT Special Tooling and Hand 
Tooling available for use during the 2011 outage). 

• Consider the probability of crack propagation in the nozzle assembly and the risk of 
declaration of unserviceable condition by Greenray during the detailed inspection. 

o Greenray proposes a replacement nozzle based on the findings of the 2011 site 
work and projected condition combined with long lead time estimates for a 
replacement nozzle assembly. 

o Option 1 of GLL15318, Replacement Nozzle £950,000 

 

 Turbine Starting Motor - Electric 

4.2.3.1 Condition Assessment 

• The DC Starter Motor for CT1 is a 112VDC, 45hp unit manufactured by ROTAX.    

• The units are no longer manufactured. 

• The Starter appears to be in good shape and clean. 

• It was indicated a spare starter was available on site.       

• If the existing starter parts cannot be sourced, alternate products/parts should be sourced 
to have possible replacement solutions available if required. 

• Testing will help to determine suitability for continued use.  

• Testing includes: 
o Megger testing at 250VDC. Test results from previous years indicate the starter is 

acceptable for continued use.  Additional testing of the spare starter was not 
reviewed.  
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ROTAX Starter DC Motor 

• Regular maintenance including cleaning, adjustment and testing will help to provide 
maximum life span. 

• The spare starter should be included in regular maintenance to make sure it is ready for 
use when needed. 

4.2.3.2 Recommended Actions 

• Continued use as-is with continued testing and maintenance 

• Include spare in testing 

• Source out and price rebuild options 

• Source out and price replacement options 

Cost Estimate: 

• Continued testing and maintenance: ~$1,500 
o Includes insulation testing, installation and retorquing of all bolted connections 

• Rebuild: ~$5,000 
o It was not clear from inspection whether this motor could feasibly be rebuilt 

• Replacement: ~$10,000 
o If the spare motor cannot be used, a replacement would likely be a custom build 

 

4.3 Generator 

 General 

Generator for CT1 is an English Electric unit manufactured in the United Kingdom. Ratings for the 
generator are included on the attached photo of the name plate: 
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CT1 Generator Nameplate Ratings 

• The generator features a rotor with 4 salient poles and has a synchronous speed of 1800 
RPM. 

• The stator winding is arranged with 2 stator bars per slot. 
 

 Condition Assessment 

The stator bar insulation is rated as Class B temperature rise and is asphalt mica.  

• This is a softer type of insulation than more modern epoxy mica windings but has good 
aging properties.  

o As the insulation gets older the asphalt has a tendency to break down and soften. 
o At this stage bitumen can be seen oozing out around the taping overlaps and 

through any cracks in the tape. This process will accelerate with time as the 
insulation ages.  

o With the evacuation of some asphalt in the stator insulation, system voids are 
created. As the voids grow in size the amount of partial discharge (PD) activity 
increases so this type of measurement can help to monitor insulation deterioration 
over time. It should be noted that accumulation of dirt and delamination of the 
insulation from the conductor also contribute to PD. 

On-line partial discharge systems using bus couplers will detect partial discharge increases as 
winding condition deteriorates.  

It should be noted that PD does not really occur until voltage levels are above 4000 vac. What this 
means is some bars may be deteriorating but will not be detected by on-line partial discharge 
systems. To explain further the winding voltages to ground are 13800V / SQRT (3) = 7967 volts. 
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Therefore, in this configuration on-line PD testing will only detect PD from voids in approximately 
the 50% of the winding from line terminals toward the neutral. The remaining winding points will be 
below 4000 Vac and will not have PD. They can however still be developing insulation voids that 
can lead to failure. 

MECL Testing Commentary 

Maritime Electric is using voltage step testing where the voltage is increased in 2kvdc steps up to 
10kvdc. The dc leakage current to ground is recorded for each step and the three phase results 
can be plotted graphically to compare with each other and each phase can be compared graphically 
year to year with previous results. This is an excellent tool and should be continued to allow trending 
of insulation condition. If a stator fails, this test it would likely have soon failed in service. In any 
case it would be intolerant to a close in fault and fail if one occurred. 

Doble testing is conducted regularly on the CT units at Borden. Doble test results are sensitive to 
accumulation of moisture, especially in the end windings. Better results are obtained on drier 
windings tested on less humid days but in any case, the power factor tip up which is the difference 
in the 8kv reading minus the 2 kv reading should not exceed 5 %. Like the partial discharge tests, 
Doble tests on generators are not usually the Go/No go tests which, are as noted above, IR and PI 
tests. The High Potential or Hi-Pot test is often recommended by service providers since testing at 
this level and obtaining a passing result indicates the generator insulation should be tolerant to 
close in faults. Hi-Pot tests can be destructive and if a test fails it will be necessary to locate and 
repair the fault. This is the reason why most utilities choose to compromise and test at lower values 
with less destructive test methods. 

Rotor testing is conducted at lower DC voltages, typically 500 VDC. Typical testing includes an 
insulation to ground resistance (IR) and often a Polarization Index (PI) test is conducted. The 
insulation typically consists of strips of glass fibre between solid copper winding turns on a given 
slot. These slots are insulated from ground by a ground wall insulation system called slot armour 
or slot liners. Because the insulation is non continuous it does not charge up like stator bar 
insulation, so the PI measurement is not significant on many rotors. The IR value of a clean 
insulated dry rotor will typically range from several hundred mega-ohms well into the gig ohm range. 
Manufacturers of many makes of generators specify a value of 1.0 mega-ohm as the minimum 
value to return the rotor to service.   Previous values or PI and IR can be used for useful trending 
of insulation health. 

Winding continuity tests for each phase should be conducted at yearly intervals using a micro-
ohmmeter or equivalent device and compared with the initial factory results and each other phase. 
These tests are good indicators that the connections within the stator bars are intact and in good 
shape and that turn-to-turn insulation in the stator bars is free from shorts. Generally, there should 
not be more than a 2-3% difference in the continuity readings of each phase when compared to 
the others. 

The rotating stator on the brushless exciter system should also be tested for IR, PI and winding 
continuity to verify all winding connections are intact. Megger values for testing should not exceed 
500 VDC. Diodes and or fuses may have to be disconnected or shorted at the diode ring to ensure 
they are not damaged. Each diode should be separately tested and the transconductance value 
recorded for the forward conducting direction. The diodes should only conduct in one direction 
although there will be a small amount of leakage when reversed biased. Transconductance values 
should be similar for each diode type. All fuses should be verified to be serviceable, and this may 
require their removal from circuit to verify their health. One connection end of the diode or its 
associated fuse will likely have to be removed to get accurate conduction readings on the diodes. 
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The brushless exciter stationary field should be tested at 500 VDC to ground to ensure winding 
insulation health. Continuity tests for the stationary field should also be made and recorded. Both 
IR values and continuity should be compared with tests conducted in earlier years to note any 
significant changes. 

The generator Permanent magnet generator used to supply power to the exciter field should be 
tested for continuity if possible and insulation resistance to ground. The voltage output from the 
PMG should be available for testing at the AVR cabinet while the machine is running. 

All stator RTDs should be disconnected and tested individually from the junction box at the 
generator or similar designated connection point to verify they are serviceable and reporting 
accurately. 

After cleaning the generator rear bearing pedestal insulation should be visually examined and the 
insulation resistance to ground tested and recorded. Failure of this insulation can cause circulating 
currents in the rotor shaft which can damage the babbit bearings on the rotor. 

The generator rotor shaft grounding brush located at the drive end of the generator should be 
checked to verify it is making good contact on the shaft and solidly connect to the system ground. 

Records of rotor tests should be kept and compared in either tabular or graphical manner over 
several years. It is not enough to simply allow a rotor to return to service without investigation if the 
insulation resistance has dropped from values recorded over many years of several gig ohms to 
low mega ohm ranges. Clearly something has changed and should be investigated. 

Another rotor test that Maritime Electric carries out is an AC impedance test of the rotor winding. 
AC voltage is applied across the main field winding and increased by 10 volts up a value of around 
100 vac. At each step the ac current passing through the rotor is recorded. The test result is plotted 
graphically and has a small curve in it as voltage increases. There should not be any sharp step 
changes in the readings as these could indicate possible turn to turn shorts in the rotor windings. 

Observations from Past Overhauls 

The salient pole field of CT1 rotor was found to have loose washers on the pole caps which 
necessitated a revalidation of the rotor in 1990. Subsequent removals of the rotor have not shown 
any looseness but some of the retaining bolts were replaced, having failed the NDE process. 

The stator winding was also identified as having cracks in the outer insulation layers on the non-
drive end of the generator where the stator bars exit the core slots. After cleaning the cracks were 
sealed with a sealing paint. This can only be considered a superficial repair. Some slots were re-
wedged after a wedge tightness map identified loose areas. Due to the softer characteristic of 
asphalt mica windings, it is not suggested in many cases to re-wedge unless the looseness has 
progressed to where winding movement is likely.  When the old wedges are driven out the insulation 
on the stator bars can be damaged in the slots and at the end of the core. 

It was further noted that the NDE end winding had dropped a small amount from the brackets 
holding it in place. This was suggested to be monitored at future service intervals where access to 
the area is available. End winding ties and supports were found to be tight with little evidence of 
greasing caused by bar movement in the stator. 

The English Electric Generator used on CT1 would be approaching or beyond the normal life for 
the stator insulation.  Many generators are kept in service long after this point by the utilities by 
conducting annual insulation tests, dc step or ramp tests, continuity tests on all windings, doble 
testing, partial discharge tests, AC impedance tests on rotors. RSO tests on the rotor are usually 



Maritime Electric Company Ltd.  May 9, 2023 
CT1 & CT2 Life Extension Study   
Project # 217001 
 

 Page 26 

conducted at standstill and can identify shorted turns. The reflected waves are overlaid on a display 
screen in opposite polarity and if there are no differences in winding characteristics, they should 
cancel each other and leave a relatively straight line on the display screen. If a flux probe has been 
fitted online measurements can be taken of the leakage flux for each pole and compared to identify 
possible shorts in each of the rotor winding slots. As long as the generator meets the return to 
service criteria it can be returned to the fleet. 

There are risk factors as the generator ages that will increase probability of winding failure including 
embrittlement of insulation, migration of bitumen from the asphaltic mica insulation creating voids 
and partial discharge. Looseness of windings will occur over time both in the core slots and the end 
windings. It is important to address any greasing observed in end windings as this indicates a loose 
and vibrating attachment point. All efforts to keep the winding clean should be taken. 

Additional Information - Testing 

PD tests should be conducted off-line with the neutral broken so that the full length of the winding 
will be exposed to testing voltages. This method will allow all voids to be at test voltage and any 
PD caused by voids in the lower half of the winding will be detected. Further, the PD tests should 
be conducted on each phase at both high and low frequency 

A baseline PD test can be established for both off-line and on-line partial discharge tests. These 
baselines can then be compared to the winding PD tested going forward the track the winding PD 
and allow the owner to make plans for corrective measures.   

• It is very rare to use PD as a go/no go test and, as PD readings are observed to increase, 
the suppliers of PD test equipment will often recommend more testing over shorter intervals 
and consideration of future remedial activities.  

• Manufacturers of PD detection equipment will often compare the generator PD results 
against similar machines and report where in the database the tested machine resides. 

• Examples of similar machines would be air cooled units up to 50 MVA with asphaltic mica 
insulation. A service provider like Iris can expand on these concepts. 

The acceptance tests most widely used for return to service are the winding insulation tests 
(megger tests) to ground for individual machines, typically tested at 5kVDC for a 13.8kV to 14.4kV 
machine.  

• The windings are subjected to the test voltage for a period of 10 minutes with the 10-minute 
result divided by the 1-minute result to give a polarization index (PI) for the winding under 
test.  

• A healthy winding will yield a PI over 2.0 without issues and readings under this value should 
be more carefully examined. 

Testing conditions will have an effect on the final insulation readings as well as the PI result.  

• On a less humid day the test on a dry machine will yield higher final values and improved 
PI results.  

• Machines left out of service for extended periods of time and those left open for service in 
humid conditions will show lower values and worse results. In these cases, if the stator 
winding is dried and cleaned the winding resistance will improve. 

In older machines where winding insulation has begun the process of decay, a go/no go test 
sometimes accepted is the minimum value of stator insulation in mega ohms is greater than the 
operating voltage in kV plus 1. Example: 15 Mega ohms minimum for a generator with terminal 
voltage of 13.8 kV. 
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A healthy stator insulation system should have winding resistances to ground in the giga-ohm range 
which are far above the potential 15 mega-ohm minimum acceptance value. 

Past history is very important to consider when analyzing the present results. A sudden drop 
between both Polarization Indices and final megger values is indicative of either insulation 
breakdown or a damp stator. If cleaning and drying does not improve this there is cause for 
increased concern. 

Considerations for Continued Service: 

Procurement of Repair Materials in Preparation for On-Site Repair: 

The criticality of the asset should be considered in a plan going forward. If the generator must work 
when needed it is appropriate to take mitigation plans should a failure occur. 

For CT1 generator, during the next major outage, this might include engaging a generator service 
provider to fully measure the generator stator winding arrangement collecting all data to fully 
support a rewind should it become necessary. The English Electric Fleet was being supported from 
Alstom who have subsequently been purchased by General Electric. It may be worthwhile to see if 
they can quote supply of stator bars and required materials without a site visit to measure the unit. 

As a minimum the site should stock enough stator bars to allow repair of 2 inner bars. Because of 
bar overlap in the winding process, it takes approximately 7 to 10 outside bars to replace 1 inner 
bar. The next adjacent inner bar would only require 1 outer bar but if the inner bar fault is not 
adjacent the ratio of outer bars to inner bars will apply (example 20 outer bars to replace two inner 
bars). 

Emergency on-site repair service by a generator service company will be very expensive and, if 
stator bars are not stocked but needed, the generator could be out of service for several months. 

Stator Bar Measurement Cost: Many suppliers will do this for free in hope of orders 
Stator Bar Supply Cost: TBD with completion of measurements 
Emergency On-Site Service Cost: will vary with complexity of work 

 

Stator Rewind On-Site: 

Consideration should be given to a possible scheduled full stator rewind where all required 
materials will be on site and emergency mobilization fees will not be required. In the end it may be 
less expensive to fully rewind the generator on a planned schedule. There is no doubt it will be 
faster than addressing a failure without spares. Generator stator reliability concerns would be 
greatly reduced for future operation even if it extended beyond 2032. 

Full Stator Rewind  
Cost: when bar data is taken 3 bids from suppliers should be 
obtained. Suggested suppliers GE, National Electric Coil, 
Siemens 

Continue to Run without Spares: 

The generator can continue to be returned to service if it passes the electrical tests such as Megger 
and PI testing. This is not a recommended option considering the criticality of the Borden CT1 unit. 
Failures without any backup planning that involved stator bar replacements would keep the unit out 
of operation for several months. Should a failure result in core damage this would take even more 
time and possibly result in the retirement of the generator due to repair costs. 
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 Recommended Actions 

• It is recommended ongoing testing continue periodically. 

• It is recommended all data be recorded and saved for comparison of testing reports and 
issues noted and recommendations presented. 

• Generator (Stator and Rotor) testing should include: 
o Winding Insulation Resistance tests 
o Polarization Index Testing 
o Voltage Step Testing 
o Partial Discharge Testing 
o Doble Testing 
o Winding Continuity testing 
o AC Impedance Testing 

• Generator Exciter testing should include: 
o Winding Insulation Resistance tests 
o Polarization Index Testing 
o Winding Continuity testing 

• RTD Testing should be completed 

• Visual inspections and Insulation Resistance Testing of rear bearing pedestal insulation 
should be completed 

• Verify generator rotor shaft grounding brush connections 

• It is recommended a full measurement of the generator stator winding arrangement be 
complete at the next major shutdown. 

• It is recommended to stock spare stator bars to allow for repair of 2 inner bars 

• It is recommended that a full stator rewind be done when test data supports the need.  

 

4.4 Structural Assets 

 General 

Visual inspection and interview with Maritime Electric (MECL) staff site were completed of the 
building enclosures including the main generator, Switchgear and control room enclosures.   
Construction of original housing made up of galvanized steel insulated panels rivetted together and 
use of steel seam strips on exterior and interior. Building framework supported on concrete pad or 
foundation wall.  In general, enclosures and supporting structure showing signs of its age and close 
proximity to ocean salt spray.   Localized repairs and regular coating applications over the years 
by MECL staff have kept structure in good shape relatively speaking, however ongoing repair work 
still required over the next 10-year time frame to keep units in service. 
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 Condition Assessment 

4.4.2.1 Generator / Turbine Enclosure 

Conditions observations follows: 

• small areas of medium to severe areas of corrosion along bottom of walls and along roofline 
of exterior panels 

• widespread surface corrosion on inside of ventilation hoods on alternator end of enclosure 

• corrosion noted on interior along floor and wall at corner locations 

• visible pitting noted on lower skid beam that has been recoated 

• generally speaking, the severity of corrosion is worse on the west side compared to the east 
side 

• paint coating is generally in good condition with a few localized areas of minor coating 
peeling on exterior and on door frames. 

• various spot repairs to exterior of roof enclosure   

 

Corrosion Along Base Wall Support Bracket 

Door Frame Exterior Door 
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Roof Repairs 

4.4.2.2 Medium Voltage Switchgear Enclosure 

The following observations and operator discussion notes were made during the site visit: 

• Severe corrosion of floor panels and bottom of door frame 

• Exterior doors had been replaced in past and are in good condition  

• Loose insulation on ceiling, duct tape repairs made 

• Room light not working 

  

 

 

Corrosion Along Floor Door Frame 

4.4.2.3 Control Room Enclosure 

Conditions on control room enclosure has similar notes and recommendation as detailed in the 
generator enclosure section. Additionally, some of the vertical panel seal strips are delaminating 
due to corrosion and require replacement and recommended to be repaired. The roof was recently 
upgraded with a new roof structure and is believed to be in good condition. 
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Sealing Strip Detached 

4.4.2.4 Foundations 

Site observations: 

• Severe cracking and chipping throughout of grout under generator housing framework 

• Some areas of minor cracking of concrete support structure under generator 

• Degraded and detached caulking along exterior steel framework at concrete support 
interface 

• Minor cracking of concrete is not an immediate concern, however the failed grout should be 
chipped away and reinstated to help ensure proper support of framework and help direct 
rainwater away from the framework.  

Overall, the corrosion and foundation issues noted in the above sections may be considered to 
have a serious severity rating of a CT outage due to damage from water infiltration.  The probability 
rating of this type of failure is unlikely.  These issues may be considered a moderate risk that could 
be accepted; however, the corrosion and associated risk does worsen over the years if enclosure 
maintenance ceases to continue.

Degraded Caulking Grout Cracking 
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 Recommended Actions 

• Ongoing coating and steel maintenance to CT1 enclosure is recommended to prevent 
worsening corrosion conditions and minimize water infiltration issues to CT1 components. 

• It is recommended to continue with spot repairs to steel and coating maintenance on the 
above corroded areas to maintain operability of equipment over the next 10-year period. 

• It is recommended to perform spot repairs to damaged floor panels and door frame and 
recoat as required.  However, there is risk of exposing further damage unknown at this time 
once panels are opened up that will need to be addressed. 

• Recommend chipping away failed grout and re-instating. 

 

4.5 Mechanical Systems 

 Fuel Delivery System 

4.5.1.1 Condition Assessment 

Fuel is stored on site and pumped to each of the CT engines using a low pressure pump system 
and then by high pressure pumps inside the enclosure. The pump room building, which contains 
the low-pressure pumps, was extended about 8 years ago to make room for a diesel fuel heating 
device.  There are two dedicated low-pressure pumps for each CT unit, one with an AC motor and 
the other with DC motor to provide redundancy as well as black start capabilities. 

Low Pressure Pump Room: 

Room was found to be neat and tidy, however a distinctive smell of diesel fumes noted in the room 
from minor pump seal leaks and open storage of the leaked fuel and oil-soaked rags.  Excessive 
fumes and oily rags both pose a fire risk. 

 

LP Fuel Pumps Oil Collection and Storage 

Safety issues noted above may have a critical severity rating in the event of event of a fuel leak or 
fire causing expensive damages or personal harm, however the probability is considered to be rare.  
Overall considered to be a medium – high risk and should be considered for mitigation. 

The Liquid Fuel Heater supports both CT1 and CT2: 

• This heater is a Caloritech, Model EXS16211-01, 138 kW and was specified to support a 
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much larger model of gas turbine engine with an estimated full load fuel flow of between 
65gpm and 75 gpm. 

• Site staff report having had issues with the heater during certain operating conditions. 

• The heater manufacture date is 2015 and online heater specifications were not available 
through Caloritech’s website. 

• If the heater function remains problematic, a heater system sized specifically to support the 
flow rates of one, or both, of CT1 and CT2 is recommended (i.e., thermostatically controlled 
to manage the variable flow rates of one or both units in operation over the expected range 
of supplied fuel temperatures). 

 

CT1 and CT2 Liquid Fuel Heater 

Low Pressure Pumps: 

Although the pumps are old, they have been serviced regularly to maintain reliable operation 
(including replacement of seals, and impellors, etc.). 

CT failure issues due to fuel pump failure, considered to have moderate severity rating as CT down 
time should be less than a few hours for the time required to switch over to the redundant pump.  
The probability of failure is considered to have a possible rating.  Overall considered to be a 
moderate and may be considered acceptable to remain as is. 
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Low Pressure Fuel Transfer Piping: 

All low-pressure piping in the Pump room and out to generators is above ground, carbon steel with 
welded joints and in general appear to be in good condition.  However, there was some surface 
corrosion noted on the underside of piping in some areas. 

Overall, the pipe corrosion issue is considered to have a serious severity rating due to 
environmental spill and CT outage time in the event of a leak requiring shutdown of fuel supply.  It 
is possible a leak will occur as pipe continues to corrode further without the required coating 
maintenance.  Considering the risk matrix this issue may be considered a medium to high risk and 
should be considered for mitigation. 

  

Pipe Corrosion Corrosion Underside Pipe 

A section of fuel pipe serving CT2 is located just above ground and prevents vehicle entry into the 
area from the workshop side of the site (see photograph below). This pipe may be replaced with a 
new section and raised up off ground at an elevation to permit through vehicle access.  This would 
help to expedite access to the area rather than driving around the site and accessing from the 
opposite side. 

The current arrangement involves a minor severity rating resulting in no CT down time, if left as is.  
The probability rating of failure is also very rare.  The current install poses a low risk of CT failure 
but may be considered an operational improvement. 
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Section of Pipe Above Ground Serving CT2 

4.5.1.2 Recommended Actions 

• The following upgrades are recommended to help address fumes and meet current fire 
code (NFC, National Fire Code of Canada 2020): 

o Small opening noted on shared wall (with neighboring electrical room) which should 
be made air and vapour tight and ensure a one-hour fire rating is maintained 

o a ventilation system should be added to the room to operate continuously to help 
prevent buildup of fumes 

o storage of leaked fuel from pump seals should be stored in an approved flammable 
liquids container and emptied daily to ULC approved storage container outdoors and 
the oil-soaked rags also should be stored in approved containers outside 

o the addition of a ULC approved locker outside should be used to house the waste 
fuel and oily rag containers  

o a thorough investigation of work practices and storage options to meet provincial 
regulations and NFC is recommended to finalize a storage solution.  

• It is recommended to house spare parts inventory of high wear items including seals, and 
motors to avoid down time due to long lead order times for replacement. 

• It is recommended to house spare parts inventory of high wear items including seals, and 
motors to avoid down time due to long lead order times for replacement. 

• Update from MECL as of December 16, 2022: 

• EastPoint received an email update from MECL (Ryan Faubert) on December 16, 2022 that 
MECL has completed work on the LP Fuel Transfer Piping corrosion issues, stating “the 
areas of corrosion were taken back to metal, rust removed and the entire lines were re-
painted”. 

• Photos were not provided and EastPoint has not analyzed these upgrades. 

• Regular inspection and coating maintenance is still recommended on the outdoor low 
pressure fuel piping. 
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 Exhaust System 

4.5.2.1 Condition Assessment 

In general exhaust stack is showing its age, however still in usable condition.   The current hydraulic 
cylinder driven exhaust cover (i.e., snow door) was understood to be a new addition to the CT1 in 
the mid 1990’s.   The following observations and notes from discussions listed as follows: 

• pitting of steel noted on inside stack liner however understood to have not progressed 
further since installation of the exhaust cover 

• silencer bolts replaced over the years due to corrosion and silencer repairs made as 
necessary 

• some surface corrosion noted on silencer hanger structure 

• aluminum cladding on stack exterior still intact however some missing rivets and other 
repairs made over years  

• exhaust cover support structure in good condition, however noted one of the HSS has 
“bulged out” due to water ingress and freeze 

• localized corrosion on galvanized frame at cylinder pivot pin due accelerated corrosion from 
use of dissimilar metals (i.e stainless steel and galvanized steel) 

• hydraulic cylinder serviced locally as required 

 

 

Snow Door Open Position Stack Interior Access Ladder 
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Figure – Pitting Stack Inertior Figure – Bulging HSS Member 

 

 

 

 

 

 

 

 

 

Figure – Dissimilar Metals Cylinder Pivot   Figure – Jacketing Loose and Missing Rivets 

Without addressing the noted issues and maintaining a spare parts inventory for the exhaust stack 
there is a serious severity rating associated with CT shutdown to make required repairs and there 
is an unlikely probability of failure. The current arrangement contributes to a moderate CT failure 
risk. 

Access Upgrades 

Improvement to stack access should be addressed from a health and safety perspective, however 
this could be achieved by implementing a formal site-specific rescue plan and training program as 
noted in Section 3. 

Regular access inside the stack is required for inspections and maintenance activities, however 
there are safety concerns accessing the interior of the stack.  Refer to Section 3 of this report for 
further discussion of concerns around working at heights and inside confined\restricted spaces. 
Currently the stack is entered from the top, by scaling around the perimeter rim to reach the interior 
ladder. A catwalk c/w handrail around the top to improve area workspace and safe access to the 
interior ladder would help mitigate safety risks associated with this task. This assembly would need 
to be designed to accommodate opening/closing and sealing of the snow door to top of the stack 
which would not permit a fully health and safety compliant system.  Thus, even with a catwalk in 
place a customized training program and site-specific rescue plan package, an emergency plan 
will still be required to enter the stack interior for inspections. Adding an access hatch located at 
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the bottom of stack for improved safety access was given further consideration, however it is 
suspected at this time that the silencers will restrict access making it impracticable. 

The current access poses a safety risk that needs to be addressed through a formal rescue plan 
and training even if catwalk access is installed. However, without the catwalk there is still a major 
severity rating associated with a fall causing personal injury, the probability may be considered rare 
making this a moderate risk. It may be considered to be acceptable to continue without the catwalk 
provided a formal rescue plan and training are in place. 

4.5.2.2 Recommended Actions 

It is recommended to continue with ongoing repairs as necessary over the next 10-year period, 
however it is also recommended: 

• Replace the bulged out HSS section of cover support frame to minimize any failure 
outcomes from a weakened and potentially damaged structure. 

• Re-clad the stack exterior with new cladding to ensure insulation stays protected from the 
elements.  Bottom sections of cladding are required to be removable to allow access to 
stack bolting flange (and removal by crane) as part of maintenance activities. 

• Conduct a thorough inspection and condition assessment of the underlying insulation and 
structure to verify condition which may be completed at the time of cladding replacement. 

• Spare parts inventory should include a spare hydraulic cylinder, end switches, hoses and 
other high wear hydraulic equipment to minimize down time in event of equipment failure 
Current hydraulic pack includes a hand lever for manual pressurizing of hydraulic loop in 
the event of failure of DC motor and pump. 

• Recommend adding a catwalk c/w handrail around the top to improve area workspace and 
safe access to the interior ladder. 

Update from MECL as of December 16, 2022: 

EastPoint received an email update from MECL (Ryan Faubert) on December 16, 2022, that MECL 
has added a new exterior ladder to access the exhaust stack on CT1. It was also noted that “[MECL] 
will have to look at how to best locate a point for fall arrest when entering [the exhaust stack] in the 
future. Cladding has been replaced riveted and sealed up”. 

Photos were provided but EastPoint has not analyzed these upgrades: 
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 Air Intake System 

4.5.3.1 Condition Assessment 

Air Intake Housing: 

Air intake to inertial air filters was found to be in good condition due to regular ongoing maintenance 
activities by operations staff including recoating surfaces, addition of bird screens, etc.  Some 
surface corrosion was noted which will need to be addressed by ongoing surface prep and 
recoating as required. 

 

 

 

 

 

Surface Corrosion Air Inlet 

Access inside the section between the inertial filters and panel filters (i.e Duracel) revealed peeling 
paint and some corrosion which will also need to be addressed by ongoing surface prep and 
recoating as required. 
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Inertial Filters And Housing Primary Enclosure Interior 

Inside of the clean air section (after panel filters and before silencers) found to be in good condition 
overall, however some peeling paint noted and some other areas of corrosion which is important 
to be addressed through ongoing coating application to minimize foreign object damage to jet 
engine intake.           

                 

 

 

 

 

 

 

 

 

 

Peeling Paint In Clean Air Plenum Clean Air Plenum Coating Peeling 

The clean air section at jet engine bell mouth was found to be in good condition with no notable 
corrosion or peeling paint issues.  The floor coating, although visibly intact, should be cleaned and 
recoated to make a smooth surface which will facilitate on going inspections and cleaning activities. 
Ongoing inspection and recoating of walls and floors as required will help mitigate the risk of loose 
particles entering the engine intake.   
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Clean Air Planum Floor 

The condition of the air intake, and in particular the clean air section, is critical to mitigate any loose 
particles from damaging the turbine compressor.  The current condition is not too bad, thus an 
unlikely probability of CT failure is associated with the current condition, however catastrophic 
turbine failure makes this a critical severity rated.  These ratings pose a medium-high risk that 
should be coinsidered for mitigation.      

Bleed Fans: 

There are four bleed fans used for secondary air stream and coarse particle removal; two for each 
filter bank . one with AC motor and the other with DC motor.   The use of AC and DC fan one each 
filter bank does provide some redundancy however consideration for keeping a spare parts 
inventory of high wear items (motors and bearings) will help to minimize any down time. 

CT failure issues due to fan failure, considered to have moderate severity rating as CT down time 
should be less than a few hours for the time required to switch over the redundant fan.  The 
probability of failure is considered to have a possible rating.  Overall considered to be a moderate 
and may be considered acceptable to remain as is. 

Air Intake Access: 

Current ladder, platform, and filter assembly access exposes employees to risk while working at 
heights and in what may be defined as a confined space. 

With the current airhouse configuration, staff must climb to the aft upper airhouse access door, 
hoist all equipment, lighting, materials to the platform, crawl in a prone position across the upper 
filter housing structure, and then climb down the forward filter housing structure to work on the 
forward filter assembly. 

• This area must be accessed regularly to replace filter elements.   

• The forward side of the airhouse does not currently have an access door.  

• Rescue from the forward interior location of the airhouse would require cutting an 
emergency access hole to retrieve the casualty; or, would require use of a SKED stretcher, 
and passing the casualty through the filter walls, and then out to the engine enclosure roof 
level to be lowered to ground level or picked off with fire rescue bucket lift. 

• As with any rescue attempt, response time is critical.  Upgrades to the airhouse will improve 
response time and offer more options in how a rescue may be completed. 

Airhouse access configuration at the time of site visit: 
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CT1 Offbase Oil Cooler CT1 Airhouse Upper Elevation Access Ladder 
and Platform Railing 

  

CT1 Airhouse Upper Elevation Access Ladder CT1 Airhouse Upper Elevation Access Ladder 

4.5.3.2 Recommended Actions 

The air intake housing is showing some signs of corrosion and on-going coating maintenance 
should be continued. Recoating of clean air section is required to minimize chance of loose particles 
entering the turbine compressor. 

Upgrades to improve CT1 airhouse access include: 

• New ladder assembly with safety cage and appropriate spacing between ladder rungs and 
airhouse structure. 

• Upgrade the upper airhouse platform to include: 
o Self-closing swing gate. 
o Improved guard rails. 
o Add a kick plate around the platform structure. 
o Add engineered attachment points to permit rooftop and platform-level fall protection 

and rescue. 
o Consider adding the following to the forward wall of the airhouse structure: 

▪ Add a ladder, or stairway, to new access platform at the same elevation as 
the existing access door on the aft wall of the airhouse upper level. 

▪ Fabricate and install new access door in the forward wall of the airhouse. 
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Note: Previous CT1 Airhouse Upgrade drawings indicate the addition of an access door on the 
forward upper level of the airhouse; however, this access door does not appear to have been 
incorporated in the airhouse upgrades at that time.  (Reference: Montreal Engineering Company; 
Gas Turbine Unit No.1; Air Filters Modifications; Drawing F66703) 

• Add a welded ladder assembly on the inside of the forward airhouse wall. 

• Add engineered attachment points on the exterior and interior to support work and rescue 
in the forward area of the airhouse 

 

CT1 Proposed Access Upgrade 

 Fire Protection System 

4.5.4.1 Condition Assessment 

CT1 uses a carbon dioxide fire suppression system installed approximately 8 years ago.  Several 
protected zones include the turbine/alternator enclosure, transformer enclosure and control room.  
Regular yearly inspection and maintenance performed by local fire protection service company 
intended to help ensure system is in proper operating condition.   Review of fire alarm test reports 
indicate proper functionality of the timer delay which is an important safety device to help ensure 
any personnel evacuate the enclosures/building prior to discharge of the asphyxiating CO2 gas. 

Current fire protection system has a low risk of causing CT failure as the systems are relatively 
new and are currently maintained on a yearly basis by an approved service provider. 

4.5.4.2 Recommended Actions 

No recommended actions for Fire Protection System. 
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 Lube Oil System 

4.5.5.1 Condition Assessment 

• The lube oil cooler was recently replaced in 2016 and no condition issues were noted. 

• All flexible hoses nearing 8 years of service life should be replaced to avoid risk of inner 
liner failure and consequential impact on the lube oil system as well as potential fire 
hazards. 

• Site staff have reported numerous unit trips related to thermostatic valve operation during 
cold weather operation.  Root cause appears to be sudden operation of the existing 
thermostatic control valve which introduces a slug of cold oil which trips the unit due to 
abnormal oil temperatures. 

• Site staff have also indicated the CT1 Power Turbine/Load Gearbox/Generator lube oil 
reservoir is not equipped with heaters and that this becomes problematic for reliable 
operation during cold weather conditions. 

• CT shutdown due failure of lube oil component may have serious severity rating and a 
possible probability rating making this a medium-high risk of failure.   

4.5.5.2 Recommended Actions 

• Replace the existing thermostatic control valve with a modern temperature control valve 
that enables gradual mixing of cold oil from the cooler to the lube oil system and avoids 
triggering unit protection devices. 

• Regular oil sampling and analysis is recommended as the lube oil system is common to the 
gas turbine, the power turbine, the gearbox, and the generator. 

• Recommended to maintain spare parts inventory for all high wear components (in addition 
to regular service items like filters and other consumables). 

• Replace the existing thermostatic control valve with a modern temperature control valve 
that enables gradual mixing of cold oil from the cooler to the lube oil system and avoids 
triggering unit protection devices. 

• A new temperature control valve configuration may include the addition of temperature 
transmitters, new valve assembly, cabling, analog PLC I/O cards or local PID controller, 
and programming. 

• Self-regulating temperature control valve configurations are also available utilizing a variety 
of control methods. 

• Process analysis and new temperature control specification design is recommended to 
upgrade the lube oil temperature control. 

• Analysis of the lube oil reservoir design to appropriately size immersion lube oil heaters and 
retrofit the reservoir to support installation of the heaters. 

• New cable runs, temperature control and maintenance procedures will be required. 

• Assessing the lube oil system for heaters and to upgrade temperature control is 
recommended to be conducted as a concurrent exercise to ensure adequate lube oil 
temperature management and unit protection.  Improvements to instrumentation and more 
precise control/measurement is expected to reduce the risk of lube oil related unit trips with 
a more economic approach than may be provided by conducting the assessments 
separately. 
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 Generator Air Cooling System 

4.5.6.1 Condition Assessment 

Not many moving parts to consider, however the intake, exhaust and bypass damper actuators are 
prone to wear thus spare parts should be maintained in inventory.   With a moderate severity rating 
of CT failure due to failed component and a possible probability rating for failure, makes the current 
system a moderate failure risk if no spare parts are maintained in inventory. 

4.5.6.2 Recommended Actions 

Inclusion of spare dampers actuator parts in inventory. 

 

4.6 Electrical Systems 

 13.8kV Switchgear 

4.6.1.1 Switchgear Enclosure 

The Main switchgear for CT1 is 13.8kV.  It consists of three cubicles housing the generator circuit 
breaker and generator cable termination, the 150kVA station transformer and fused disconnect, 
PTs, CTs and the Main Utility feed terminations. 

 

13.8kV Switchgear 

• The switchgear is indoor switchgear and is housed in an exterior switchgear enclosure.   
Because of this, the switchgear cubicles are in good shape with no rust damage on the front 
doors, hinges, and frame.  From the rear, the entry into the switchgear is directly through 
the exterior switchgear enclosure doors.  Because of this door arrangement and additional 
venting on these doors there is some rust present but appears to be mainly surface rust 
with no significant damage to the enclosure.   
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13.8kV Switchgear – Interior Surface Rust 

• Enclosure and doors are not in a condition that would indicate a major occurrence (i.e. a 
door falls off) might happen.  Most damage or issues that pertain to these items is minor 
and would be relatively inexpensive to deal with and cause minimal outage time.  

• It is expected that cleaning and paint touch ups on the interior switchgear enclosure 
components would be all that is required to help provide maximum life span for switchgear. 

• Vent on doors on the rear access doors are still open and can allow infiltration of snow and 
rain.   These should be further reviewed and additional snow and rain shielding added. 

• Addition of skirting around the enclosure will decrease the chance of snow and rain 
infiltration into the enclosure from below.  

4.6.1.1.1 Recommended Actions 

• It is recommended that ongoing cleaning and paint touch-ups on the interior switchgear 
enclosure components be completed to help provide maximum life span for switchgear. 

• It is recommended that Vent on the rear access doors be further reviewed and additional 
snow and rain shielding added. 

• It is recommended that additional skirting around the enclosure be added to decrease 
chance of snow and rain infiltration into the enclosure from below.  

4.6.1.2 Utility Cables and Terminations 

  

 Utility Feed Cables 
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• Utility feed cables leave the switchgear and feed the utility transformer.  The cables appear 
to be in good shape.  It was noted there was some paint over spray on some cables.  
Oil/organic, solvent based paints may decrease the mechanical strength of the cable and 
may cause cracking.  Oil based paints may also worsen the smoke and flame propagation 
properties of cables. Paint used in applications around or near cables should be verified per 
SDS sheets to determine potential issues.  In general, cables should be cleaned of paint 
overspray and future painting completed with overspray protection of cables.   

• Utility cable terminations are taped terminations.  IEEE classifies these as a Class 3 
termination.  The taped terminations give some electrical stress control but does not give 
complete external leakage insulation or seal against external elements.   Where operation 
at Borden needs to be as fail safe as possible, IEEE Class 1 or 2 terminations should be 
considered.   Class 1 offering electrical stress control, complete external leakage insulation 
and sealing against external element.    

• The taped terminations are showing signs of degradation as well as some tape installations 
being loose in some areas.    

• Due to condition of the terminations, there is a possibility of failure. This has the potential 
to lead to a serious incident that would prove costly and have the potential for an extended 
outage time.  

• No evidence of corona or tracking was noted on CT bus bar and termination areas. 

  

Bus Bar Terminations 

4.6.1.2.1 Recommended Actions 

• It is recommended that terminations be reviewed and replaced with terminations of an IEEE 
Class 1 or 2. 

4.6.1.3 Generator Circuit Breaker 

• The generator Circuit breaker is an Air Circuit Breaker and was manufactured by I.T.E. in 
1971.  It is rated for 1200A at 13.8kV.   The circuit breaker is in good physical condition.  
The circuit breaker has been tested over the last 10 years with the last record of testing 
being May of 2022.  Testing procedures implementation have not been consistent over that 
time frame. The last three years have been consistent in testing procedures 
implementation. 

• Testing completed includes contact resistance and insulation resistance.  Reviewing the 
last three years of testing indicate good readings for contact resistance and insulation 
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resistance.  Previous Doble testing indicates investigation per testing reports. 

• The circuit breaker is well maintained and although there is a possibility of failure the site 
does have a spare for continued service. A failure of a circuit breaker has the potential to 
lead to a serious incident that could prove costly and have the potential for an extended 
outage time. 

• Testing and maintenance should be continued on a yearly basis and conducted on days 
with similar temperature and humidity conditions.  Testing reports should be analyzed, and 
recommendations presented.  Testing parameters are sufficient.  
 

 
 
 
 
 
 
 
 
 
 
  

 
 

Generator Circuit Breaker 

• The circuit breaker racking system was examined and was determined to be in good 
condition.    

• The racking system is not in a condition that would indicate a major occurrence might 
happen.  Most damage or issues that pertain to the racking system would be minor and 
would be relatively inexpensive to deal with cause minimal outage time.  

• Regular maintenance including cleaning and adjustment will help to provide maximum life 
span.   

  

Generator Breaker Racking 

• Also noted in test results, but not seen at site, was a spare generator circuit breaker.  The 
spare generator circuit breaker is an Air Circuit Breaker and was manufactured by I.T.E.  It 
is rated for 1200A at 13.8kV.   The circuit breaker on the report is indicated as a purchased 
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spare.  

• Testing and maintenance of the spare circuit breaker should be completed on a yearly basis 
and conducted on days with similar temperature and humidity conditions.  Testing reports 
should be analyzed, and recommendations presented.   

4.6.1.3.1 Recommended Actions 

• It is recommended that continued testing and maintenance be completed on a yearly basis 
and conducted on days with similar temperature and humidity conditions.   

• It is recommended that testing reports should be analyzed, and issues noted, and 
recommendations presented. 

• It is recommended that for further information Hi-Pot testing be considered. 

• It is recommended that ongoing maintenance of the circuit breaker racking system, 
including cleaning and adjustment, be completed to provide maximum life span of the 
racking system. 

• The above recommendations are also applicable to the spare circuit breaker. 

4.6.1.4 Generator Cables 

• Generator feed cables leave the generator and feed the generator circuit breaker in the 
switchgear.  The cables appear to be in good shape.  It was noted there is some paint over 
spray on cables.  Oil/organic, solvent based paints may decrease the mechanical strength 
of the cable and may cause cracking.  Oil based paints may also worsen the smoke and 
flame propagation properties of cables. Paint used in applications around or near cables 
should be verified per SDS sheets to determine potential issues.  In general, cables should 
be cleaned of paint overspray and future painting completed with overspray protection of 
cables.   

• Generator cable terminations are taped terminations.  IEEE classifies these as a Class 3 
termination.  The taped terminations give some electrical stress control, but does not give 
complete external leakage insulation or seal against external elements. Where operations 
at Borden needs to be as fail safe as possible, IEEE Class 1 or 2 terminations should be 
considered.   Class 1 offering electrical stress control, complete external leakage insulation 
and sealing against external element.    

o The taped terminations are showing signs of degradation as well as some tape 
installations being loose in some areas.    

o Due to condition of the terminations, there is a possibility of failure. This has the 
potential to lead to a serious incident that would prove costly and have the potential 
for an extended outage time.  

o It is recommended that terminations be reviewed and replaced with terminations of 
an IEEE Class 1 or 2.    

o No evidence of corona or tracking was noted on bus bar and termination areas. 
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Generator Cable Entry, Terminations and Upper CT Bus Bar Insulator Connection 

4.6.1.4.1 Recommended Actions 

• It is recommended that terminations be reviewed and replaced with terminations of an IEEE 
Class 1 or 2. 

4.6.1.5 Current Transformers (CT) 

• CTs appear to be in good shape and clean. 

• CTs are older ITE Products.   Availability is limited. 

• Generally, CT’s will function without issues, but testing should be done periodically. 

• Testing will help to determine suitability for continued use. 

• Regular testing for CTs should include:  
o Inspection of bolted connections for proper torque and measure contact resistance. 
o Secondary Circuit Burden Tests (To determine proper state, single ground 

connection and connections are tight) 
o Excitation testing (To determine ability to output current to its specified ratio) 
o Perform Insulation-resistance tests on bus work and normally energized 

components 

• There is some availability of these CTs.  Spares inventory should be reviewed and if needed 
items should be purchased for spare.   If existing CTs cannot be sourced, alternate products 
should be sourced to have possible replacement solutions available. 
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Current Transformer Nameplate Sticker 

• No evidence of corona or tracking was tracking was noted on CT bus bar and termination 
areas. 

 

Lower CT Bus Bar Insulator Connection 

4.6.1.5.1 Recommended Actions 

• Conduct regular testing on the CTs. 

• Spares for CTs should be reviewed and if needed items should be purchased. If existing 
parts cannot be sourced, alternate products should be sourced. 

4.6.1.6 Potential Transformers (PT) / Surge Protection Capacitors 

• Surge Protection Capacitors appear to be in good shape and clean. 

• Surge Protection Capacitors are older Westinghouse Products. Product is no longer 
available. 

• Testing will help to determine suitability for continued use. 

• Regular testing for Surge Protection should include:  
o Inspection of bolted connections for proper torque and measure contact resistance. 
o Perform Insulation-resistance tests from phase terminals to case and verify with 

manufacturer’s published data. 

• Spares inventory should be reviewed and if needed items should be purchased for spare.   
If existing Surge Protection Capacitors cannot be sourced, alternate products should be 
sourced to have possible replacement solutions available. 
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PT’s/Surge Protection Capacitor Cubicle 

• PTs appear to be in good shape and clean. 

• PTs are older Canadian General Electric Products.    

• Generally, PTs will function without issues, but testing should be done periodically. 

• Testing will determine suitability for continued use. 

• Regular testing for PTs should include:  
o Inspection of bolted connections for proper torque and measure contact resistance. 
o Perform Insulation-resistance tests on bus work and normally energized 

components. 

• Spares inventory should be reviewed and if needed items should be purchased for spare.   
If existing PTs cannot be sourced, alternate products should be sourced to have possible 
replacement solutions available. 

• The PT racking system was examined and was determined to be in good condition.   There 
were some issues with the door opening mechanisms as the PT fuse was hitting the control 
wiring terminals.  This should be examined further, and adjustments made.  Also, with the 
door closed the control terminals sit very close to the door.  Adjustment of these or provision 
of a guard would help in potential control wiring issues. 

• The racking system is not in a condition that would indicate that a major occurrence might 
happen.  Most damage or issues that pertain to the racking system would be minor and 
would be relatively inexpensive to deal with cause minimal outage time.  

• In general, regular maintenance including cleaning and adjustment will help to provide 
maximum life span.  
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PT Racking Terminations 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PT Racking Control Wiring Terminations 

4.6.1.6.1 Recommended Actions 

• Spares for PTs should be reviewed and if needed items should be purchased. If existing 
parts cannot be sourced, alternate products should be sourced. 

• It is recommended that ongoing maintenance of the PT racking system, including cleaning 
and adjustment, be completed to provide maximum life span of the racking system.   

4.6.1.7 Station Transformer and Disconnect 

• 13.8kV Switchgear Disconnect  
o The 13.8kV Switchgear disconnect appears to be clean and in physical good shape. 
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o Regular maintenance including cleaning and adjustment will help to provide 
maximum life span. 

o No issues were raised on safety, reliability, or operability. 
o Regular testing for Disconnect Switch should include:  

▪ Inspection of bolted connections for proper torque and measurement of 
contact resistance. 

▪ Perform Insulation-resistance tests and tests for contact resistance. 

     

Station Transformer Disconnect 

• Station Transformer 
o Station transformer is a 13.8kV – 480Y/277VAC, 150kVA Unit manufactured by 

Canadian General Electrical in 1973. 
o The Station Transformer is housed inside the rear sections of the 13.8kV 

Switchgear.  It is therefore in good physical shape with little signs of rust or paint 
deterioration. 

o With the transformer there is a possibility of failure but given the service and 
condition of this transformer that is probably unlikely. Failure of this transformer 
would have serious implications and would be fairly expensive to deal with and may 
cause extended outage time.  

o Testing will help to determine suitability for continued use. 
o Regular testing for the transformer should include:  

▪ Testing of Insulating Fluid 
▪ Perform Insulating resistance testing. 
▪ Inspection of bolted connections for proper torque and measurement of 

contact resistance. 
o The transformer is a common size and availability of a replacement should not be 

an issue.  But given lead times on new equipment in recent years it may be 
advantageous to ensure a spare is available for use, if needed. 
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Station Transformer 

o Transformer cable terminations are taped terminations.  IEEE classifies these as a 
Class 3 termination.  The taped terminations give some electrical stress control but 
does not give complete external leakage insulation or seal against external 
elements. Where operations at Borden needs to be as fail safe as possible, IEEE 
Class 1 or 2 terminations should be considered.   Class 1 offering electrical stress 
control, complete external leakage insulation and sealing against external element. 

o Due to condition of the terminations, there is a possibility of failure. This has the 
potential to lead to a serious incident that would prove costly and have the potential 
for an extended outage time. 

o The taped terminations are showing signs of degradation as well as some tape 
installations being loose in some areas.    

o It is recommended that terminations be reviewed and replaced with terminations of 
an IEEE Class 1 or 2. 
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Station Transformer Primary Terminations 

4.6.1.7.1 Recommended Actions 

• It is recommended that a spare transformer be sourced to have as spare.  

• It is recommended that transformer cable terminations be reviewed and replaced with 
terminations of an IEEE Class 1 or 2.  
 

 AC Low Voltage Distribution and Switchgear 

4.6.2.1 AC MCC 

• AC MCC General 
o The AC MCC for CT1 is 480VAC, 200A manufactured by Hannah Switch Gear in 

1971.    
o The units are no longer manufactured. 
o The MCC appears to be in good shape and clean. 
o The existing branch units are of a non bucket-style built on a back panel.  Simple 

swapping of buckets is not possible. 
o No test records were found. Testing will help to determine suitability for continued 

use. 
o The MCC and internal components have a possibility of failure. This has the 

potential to lead to a serious incident that would prove costly and have the potential 
for an extended outage time.  

o Regular testing for MCCs should include:  
▪ Inspection of bolted connections for proper torque and measurement of 

contact resistance. 
▪ IR thermography should be performed to identify issues. 
▪ Perform Insulation-resistance tests on bus work and normally energized 

components. 
o In general, to maintain and repair the existing branch units spare components for all 

items should be stocked for ease of access.   If existing parts cannot be sourced, 
alternate products should be sourced to have possible replacement solutions 
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available. 
o For critical branch units, consideration should be given to build up of spare units, 

pre-assembled on new back panels for ease of installation and reduction of 
downtime upon a failure of a component. 

o Regular maintenance, including cleaning and adjustment, will help to provide 
maximum life span, in particular, door hinges, latching mechanisms and disconnect 
switch mechanisms. 

o Regular testing 
o Replacement has been considered and based on site observations it is considered 

an option.   Costs to stock spare parts for older equipment could become expensive 
and if alternate parts or solutions above are not viable, then replacement would be 
required. 
 

• Incoming and Metering 
o Metering consists of Analog Ampere, Voltage, kWh meters and an Undervoltage 

unit. 
o Although functioning as designed, consideration should be given to upgrade of the 

metering to digital meters for better tracking of usage data. 

 

AC MCC 

• Main Entry and Bus Bar 
o The Main entry section of the switchgear has exposed bus bar.  Although the bus 

bar is insulated it would be recommended to provide a barrier to prevent accidental 
contact with bus bar and components during general maintenance procedures. 
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AC MCC Incoming Terminations and Bus Bar 

• Typical Starter 
o The typical starter shown is complicated as far as component quantity and wiring is 

concerned. Failure of a component could cause damage to wiring and other 
components. Keeping a stock of spare parts would help with repairs as required but, 
in this case, a built-up spare unit, pre-assembled on new back panels could be 
beneficial.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Typical Starter 

• Typical Fused Disconnect 
o The typical fused disconnect shown is not a complicated device as far as component 

quantity and wiring is concerned.  Failure of the switch could cause down time if 
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spares are not on hand or need to be ordered.   Keeping a stock of spare parts 
would help with repairs as required but, in this case, a built-up spare unit, pre-
assembled on new back panels could be beneficial.  One typical unit could likely be 
utilized as a spare for more than one unit. 

 

Typical Fused Disconnect 

• 120 Vac and 480/275 Vac Distribution 
o Distribution panels should require little maintenance to provide maximum life span. 
o Keeping a stock of spare breakers on hand would help with repairs, as required.   

    

120VAC and 480VAC Distribution 

4.6.2.2 Recommended Actions 

• It is recommended that spare components for existing branch units be stocked for ease of 
access.   If existing parts cannot be sourced, alternate products should be sourced to have 
possible replacement solutions available. 
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• It is recommended that for critical branch units, consideration should be given to build up of 
spare units, pre-assembled on new back panels for ease of installation and decrease of 
downtime upon a failure of a component. 

• It is recommended that ongoing cleaning and paint touch ups on the interior switchgear 
enclosure components be completed to help provide maximum life span for switchgear. 

• It is recommended that ongoing maintenance including cleaning and adjustment be 
completed to help provide maximum life span for the equipment. 

• Replacement is considered an option.   Costs to stock spare parts for older equipment could 
become expensive and if alternate parts or solutions above are not viable, then replacement 
would be required. 

• It is recommended to install a barrier in the main entry section of the switchgear to prevent 
accidental contact with bus bar and components during general maintenance procedures. 

 

 DC Low Voltage Distribution 

4.6.3.1 DC MCC 

• DC MCC General 
o The DC MCC for CT1 is 120VDC, 400A manufactured by Hannah Switch Gear in 

1971.    
o The units are no longer manufactured. 
o The MCC appears to be in good shape and clean. 
o The existing branch units are of a non bucket-style built on a back panel.  Simple 

swapping of buckets is not possible. 
o No test records were found. Testing will help to determine suitability for continued 

use. 
o The MCC and internal components have a possibility of failure. This has the 

potential to lead to a serious incident that would prove costly and have the potential 
for an extended outage time.  

o Regular testing for MCCs should include:  
▪ Inspecting bolted connections for proper torque and measurement of contact 

resistance. 
▪ IR thermography should be performed to identify issues. 
▪ Perform Insulation-resistance tests on bus work and normally energized 

components. 
o In general, to maintain and repair the existing branch units spare components for all 

items should be stocked for ease of access.   If existing parts cannot be sourced, 
alternate products should be sourced to have possible replacement solutions 
available. 

o For critical branch units, consideration should be given to build up of spare units, 
pre-assembled on new back panels for ease of installation and reduction of 
downtime upon a failure of a component. 

o Regular maintenance, including cleaning and adjustment, will help to provide 
maximum life span, in particular door hinges, latching mechanisms and disconnect 
switch mechanisms. 

o Replacement has been considered and based on site observations it is considered 
an option.   Costs to stock spare parts for older equipment could become expensive 
and if alternate parts or solutions above are not viable, then replacement would be 
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required. 

 

AC MCC Incoming Terminations and Bus Bar 

• AVON Starter 
o The AVON starter shown is complicated as far as component quantity and wiring is 

concerned.  Failure of a component could cause damage to wiring and other 
components.   Keeping a stock of spare parts would help with repairs, as required, 
but many parts are obsolete.   In this case, a built-up spare unit, pre-assembled on 
new back panels would be beneficial. 

 

     Avon Starter 

• Typical DC Starter 
o The typical starter shown is complicated as far as component quantity and wiring is 

concerned.  Failure of a component could cause damage to wiring and other 
components.   Keeping a stock of spare parts would help with repairs as required 
but, in this case, a built-up spare unit, pre-assembled on new back panels could be 
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beneficial. 

 

DC Starter 

4.6.3.2 Recommended Actions 

• It is recommended that spare components for existing branch units be stocked for ease of 
access.   If existing parts cannot be sourced, alternate products should be sourced to have 
possible replacement solutions available. 

• It is recommended that for critical branch units, consideration should be given to build up of 
spare units, pre-assembled on new back panels for ease of installation and decrease of 
downtime upon a failure of a component. 

• It is recommended that ongoing maintenance including cleaning and adjustment be 
completed to help provide maximum life span for the equipment. 

• MCC Replacement is considered an option.   Costs to stock spare parts for older equipment 
could become expensive and if alternate parts or solutions above are not viable, then 
replacement would be required.   

 

 Transfer Switch 

• The control room contains a transfer switch located in the basement for transfer of station 
power to utility power. 

• The transfer switch is in a space that is restrictive for proper movement in the area and for 
operation/maintenance activities on the transfer switch. 
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 Transfer Switch 

4.6.4.1 Recommended Actions 

• The transfer switch should be removed from the basement/crawl-space and located to a 
more suitable location. Due to limited space, it is recommended the switch is locate outside 
the control room.   

 

4.7 Control Systems 

 Condition Assessment 

The existing PLC control system was installed in 2003.  It is based on an Allen-Bradley ControlLogix 
5555 Controller as the main controller. 

• The ControlLogix system is fully supported by Allen-Bradley.   

• The system is in good shape physically 

• The Control systems and internal components have a possibility of failure. This has the 
potential to lead to a serious incident and could prove costly and have the potential for an 
extended outage time. 

• In general, to maintain and repair the existing PLC controller system, as a minimum, critical 
components should be stocked for ease of access.   If existing parts cannot be sourced, 
alternate products should be sourced to have possible replacement solutions available. 

• Regular maintenance, including cleaning and adjustment, will help to provide maximum life 
span. 

• Industry estimates for control system obsolescence is typically 15 years. 

• PLC System 
o The main controller for the PLC system is a ControlLogix 1756-L55/A 1756-M23/A 

ControlLogix 5555 Controller.  This controller is now obsolete.  
o Consideration should be given to upgrading the existing controller to a current 

controller. It is recommended to have a spare PLC processor on hand as well as 
spares for typical I/O cards. 
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PLC Control Panel 

• The PLC system is controlled by existing computers utilizing legacy Microsoft Windows XP 
operating system.  The operating system and software do not allow flexible upgrade options 
in the future.   An upgrade to Microsoft Windows 10 operating system will support the 
existing RS Logix software older versions including RS Logix 5000 but the Windows XP 
operating system will not support newer versions of RS/Studio 5000.  

 

   

PLC/Control Monitors (Software/Operating system reference) 

• Generator Protection 
o Generator protection is completed using Schweitzer SEL-387E (10000) Current 

Differential and Voltage Protection relay and SEL-300G (6000) Generator Relay. 
o These components were upgraded in 2020. 
o The units are current offerings in the SEL line up and it is expected they can be 

supported to provide maximum life span. 
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Generator Protection 

• Generator Controls 
o The Voltage regulation system is a Basler, DECS-250 Digital Excitation Control 

System. 
o It was upgraded in 2020. 
o The units are current offerings in the Basler line up and it is expected they can be 

supported to provide maximum life span. 

     

Synchronising Panel/AVR 

 Recommended Actions 

• It is recommended that critical components should be stocked for ease of access.  If existing 
parts cannot be sourced, alternate products should be sourced to have possible 
replacement solutions available. 

• It is recommended to have a spare PLC processor on hand as well as spares for typical I/O 
cards. 

• It is recommended that ongoing regular maintenance, including cleaning and adjustment, 
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be completed to help provide maximum life span. 

• Engage Instrumentation and Controls Engineering service provider to assess the CT1 
control system for obsolescence and support challenges, assess inventory levels of critical 
spares, and report on path forward. 

o Estimated cost for this work is $11,840 CAD (site visit, inspection, spare parts 
assessment, software assessment, hardware assessment and reporting). 

 

4.8 Battery and Charging Systems 

 Condition Assessment 

• 48 Vdc Charger 
o The existing HindlePower battery charger is rated for an output of 48Vdc.   It appears 

to be in good condition and no issues were noted.  It is expected this charger will 
continue to operate without issue and provide maximum life span. 

 

48 VDC Charger 

• 130 Vdc Charger 
o The existing HindlePower battery charger is rated for an output of 130Vdc.   It 

appears to be in good condition and no issues were noted.  It is expected this 
charger will continue to operate without issue and provide maximum life span. 



Maritime Electric Company Ltd.  May 9, 2023 
CT1 & CT2 Life Extension Study   
Project # 217001 
 

 Page 67 

 

130 VDC Charger 

• Battery Banks 
o The existing 48 Vdc Battery Bank consisted of 24 Cells. 
o The existing 130 Vdc Battery Bank consisted of 15 Cells.    
o It is expected they can be supported to provide maximum life span. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

130VDC Battery Bank 48VDC Battery Bank 

• The Battery charging equipment has a possibility of failure but being new and well 
maintained it is unlikely a failure would occur.  The battery charging equipment is self-
contained and has the potential to lead to a serious incident that would prove costly and 
have the potential for an extended outage time.  
 

 Recommended Actions 

No recommended actions for Battery Banks and Charging Systems. 
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 COMBUSTION TURBINE 2 (CT2) ASSESSMENT & RECOMMENDATIONS 

5.1 General Description 

Maritime Electric’s Unit CT2 is a John Brown Engineering Gas Turbines Ltd. package, 
commissioned in 1973. CT2 is located adjacent to CT1 in Borden-Carleton, Prince Edward Island. 

CT2 is an industrial frame gas turbine driven generating 25 MW output unit, designed to support 
the Prince Edward Island electrical grid in a fast response role, synchronous condensing grid 
support, and with black start capability. 

Being capable of black start, categorizes the CT2 as a critical asset to the Prince Edward Island 
electrical grid. This unit is liquid fueled, operating primarily on ultra-low sulphur dyed diesel which 
is stored onsite. 

Infrastructure to support conversion to natural gas does not currently exist, as natural gas for 
various commercial locations across Prince Edward Island is trucked across the Confederation 
Bridge from a depot in New Brunswick. 

The CT2 package is comprised of original equipment in combination with numerous Maritime 
Electric initiated upgrades over the service history of the unit. 

Maritime Electric is exploring feasibility of continued operation of this unit through to 2033. 

 

5.2 Combustion Turbine 

 Gas Turbine Engine 

5.2.1.1 General 

Maritime Electric arranged access to the CT2 enclosures during general site visits and during the 
unit annual maintenance outage. The unit was also operated to support the EastPoint evaluation. 

The gas turbine is a General Electric (GE) Model MS5001N, Serial Number 214396, “Frame 5”. 

• This is the original engine for this unit and was commissioned in 1973. 

• This model of GE gas turbine is conditionally supported with significant challenges to 
sourcing replacement parts for the engine. 

o GE does not maintain typical asset support documentation for the Frame 5 gas 
turbines due to the age of the assets. 

o GE has hybridized engines of this vintage for past projects using a variety of 
retrofitted newer parts; however, not all parts are necessarily interchangeable. 

o GE has cautioned that Frame 5 gas turbine parts may no longer be compatible with 
today’s Frame gas turbine parts.   

• As a result, spare parts kept on site for the Frame 5 gas turbine become critical to continued 
operation. 

• GE estimates a Frame 5 refurbishment may exceed $3MM USD in the absence of critical 
spare parts.  

• A budgetary proposal from GE has been received. 

• Maritime Electric has confirmed minimal inventory is kept for the CT1 and CT2 units. 
o The condition of the hot section components is the primary concern with maintaining 

CT2 availability, due to the availability of Frame 5 parts and compatibility with 
today’s Frame unit hot section components. 
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o Lead time for some modern Frame gas turbine parts approaches one and a half 
years. 

• Based on the design of the Frame 5 gas turbine, and historic unit utilization, the Maritime 
Electric Unit CT2 is unlikely to reach life cycle limits (e.g., cycle/hour driven OEM prescribed 
component retirement) 

• This engine has never undergone full disassembly, inspection, and refurbishment in its 49 
years of service. 

• Limited disassembly of the engine was completed in 2013, onsite, to complete a Major 
Inspection by GE. 

o There was a rotor-in major inspection, by customer request, which limits access to 
significant areas of the compressor and turbine blades/nozzles/discs and provides 
a less comprehensive assessment of component condition. 

o Numerous indications were noted during the major inspection, including FOD on 
compressor blading, cracking in nozzle assemblies, cracking in the compressor 
cases, cracked transition pieces, and combustion air assembly degradation. 

o Numerous Maritime Electric spare parts inventories were consumed to support this 
inspection. 

5.2.1.2 Condition Assessment 

Engine statistics as of April 2022: 

• Time since new: 14,629.2 hours 

• Synchronous Condenser Time: 30,694.0 hours 
o Time on generator stator/exciter/bearing assemblies. Generator rotor had been 

replaced in 2014. 

• Start attempts:  2,512 

• Fired Starts:  2,518 

• Total Turbine Starts: 3,163 

• Fast Load Starts: 37 

• Emergency Trips: 38 

The unit was visually inspected by EastPoint during site visits and observations were made as the 
unit was taken offline to support planned annual maintenance outage work. 

Site staff were very supportive and participated in interview questions to assess condition, history, 
and experience with the unit. 

• The engine was operated to full load to support the EastPoint evaluation. 

• The engine performed well and did not exhibit any conditions of major concern. 

• Interviews with site staff indicate critical spare parts inventory for this unit are minimal. 

• Request for proposal including critical spares has been received from GE. 
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CT2 viewed from Air Intake Structure 

• The Frame 5 gas turbine engine is conditionally supported with component availability 
becoming a significant challenge for gas turbine engines of this model and vintage. 

• Modern Frame gas turbine components are not necessarily compatible with the CT2 gas 
turbine engine, introducing significant risk and higher probability of this gas turbine 
becoming inoperable. 

• MECL currently has some stock of hot section components. If additional components are 
required beyond existing stock, lead times for some hot section components has been 
estimated by GE to approach 18 months. 

• Significant blade damage to the compressor section, associated with debris sourced from 
the combustion air filtration and duct assembly, poses a significant risk to operability. 

o Gas turbine blade impact damage tolerances are conditional to the location of 
impact and the severity of impact. 

o Impact damage in the blade root area is typically highest risk and lowest tolerance. 
o Recommendations for improvements in the air filtration and combustion air ducting 

are included in the air intake housing portion of this report. 

• Continued investment in this engine is dependent upon overall engine condition which 
would become evident following a rotor-out major inspection of the gas turbine engine. The 
decision to continue investing in this engine must be weighed against the long-term 
Maritime Electric corporate generation plan, back-up generation requirements to support 
inter-provincial agreements and curtailments, black out event grid support, and potential 
value in supporting power purchase agreement negotiation and execution. 

• Engine conditions that require multimillion dollar investments to ensure continued reliable 
operation, in combination with EastPoint recommendations for investment associated with 
the other CT2 equipment, structures, and processes, may become cost prohibitive when 
compared against other new generation alternatives with improved efficiencies. 

5.2.1.3 Recommended Actions 

• Complete a rotor-out major inspection to determine engine condition. 

• This inspection offers a more complete assessment of the entire engine condition, as the 
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rotor-out inspection provides unrestricted direct access to the lower half of the engine 
assembly (e.g., Nozzle assemblies, compressor/turbine blades and discs, load bearing 
surface of journal bearings, lower case assemblies, etc.) 

• The engine condition assessment will support evaluating gas turbine engine operability and 
areas of risk that may immediately impact continued operation, or operation through to the 
planned retirement in 2033. 

• This inspection will support a detailed estimate of required investment to support continued 
reliable gas turbine engine operation.  

• The Major Inspection detailed estimate output will also support the decision path to proceed 
with the most applicable, and appropriate, CT2 investment to support the various aspects 
that may affect the future of Maritime Electric’s generating portfolio and asset management 
strategies (e.g., environmental constraints, political mandates, renewable strategies, 
maximizing efficiencies, inter-provincial agreements, etc.) 

• Evaluate the estimated total cost of gas turbine engine and unit refurbishment in 
comparison with: 

o Purchase of new, more efficient, replacement fast acting generation to support the 
Maritime Electric Assured Energy Plan and to support independent fast acting 
generation on the Prince Edward Island electrical grid. 

o Re-powering CT2 with a newer Frame heavy gas turbine, if newer technology is 
compatible with the existing enclosure mounts and equipment. 

o Retrofitting to accommodate older equipment comes with risk of significant scope 
creep and added cost. 

• Before committing to a re-power decision using newer Frame gas turbine engine 
technology, a detailed engineering assessment of the following, from the perspective of 
installing a new gas turbine engine, must be completed: 

o Enclosure foundations and support structure,  
o Load limit assessment of output shaft, clutch, load gearbox, couplings, and 

generator rotor. 
o Configuration of the lube oil system. 
o Configuration of the start system. 
o Configuration of the control system and field devices. 
o Configuration of Motor Control Centre and power supplies to enclosures. 
o Configuration of site station service rating. 
o Configuration of the enclosure cooling system. 
o Configuration of the fire detection and suppression system. 
o Configuration of the fuel system, fuel storage, and flow capacity of the fuel system. 
o Configuration of the combustion air inlet system and exhaust system. 

▪ Avoid excessive pressure losses in the inlet and excessive back pressure in 
the exhaust. 

▪ Inlet air assembly recommendations are advised to be completed in advance 
of installing a new gas turbine to avoid the risks associated with FOD.  

▪ An uprated gas turbine will require increased inlet airflow and 
consequentially increased exhaust gas flowrates. 

▪ Avoid potential resonance issues in the exhaust. 
o Constraints of fence line noise amplitudes and surrounding community. 
o Potential requirement to operate new Frame heavy gas turbine technology in a 

derated, and less efficient, output due to existing CT2 equipment limits. 

• Complete only condition-based repairs required to maintain unit availability pending 
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assessment of the requirements of this unit to support the Maritime Electric General Rate 
Application, to meet capital investment strategies, to support the Maritime Electric Assured 
Energy Interruptible Power Purchase Agreement, and to support other Maritime Electric 
commitments to the grid and Prince Edward Island customers. 

• Complete full gas turbine refurbishment per Major Inspection recommendations and 
assume risk of obsolescence challenges during any potential future forced outages related 
to the gas turbine engine operation through to retirement in 2033. 

• Consider current delivery estimates by GE for new LM6000 units at roughly 16 months for 
Maritime Electric’s future grid planning (i.e., Includes delivery of unit to site. Does not include 
civil work, infrastructure work, installation, or commissioning). 

• Delivery lead times for other technologies may be considered to be similar to that of the 
LM6000 product line. 

The following is intended as a group of options with respect to a potential path forward for CT2. As 
noted in each, risk v. benefits are spoken to at a high level. 

There are a significant number of variables that may affect Maritime Electric's decision path as it 
relates to the gas turbine installed in CT2 including: 

• GE has indicated there is risk associated with Frame 5 gas turbine replacement parts that 
would support continued operation. 

• PEI's power grid assessment and future planning recommendations may, or may not, 
support investment in new fast acting generation. 

• Interprovincial power production agreement requirements appear to require high reliability 
generation. 

• Potential environmental constraints and new unit permitting challenges may, or may not, 
support installation of new fast acting generation. 

• Potential interest in operating CT2 beyond the proposed retirement date may drive 
increased investment to reduce risk and ensure greater reliability over longer operating 
intervals. 

• Availability of skilled employees to operate and maintain CT2 may make operating and 
maintaining the Frame 5 more challenging. 

Owner/Operators do not all have the same tolerance for risk. Some Owner/Operators adhere 
strictly to OEM prescribed maintenance recommendations. Others operate and maintain 
equipment on a condition based maintenance strategy with a focus on risk assessments and 
associated prioritization.  Condition based maintenance/reliability is directly related to the degree 
of condition monitoring (e.g. lower levels of condition monitoring supports a lesser focus on 
maintenance with a resulting direct impact on reliability). 

While retirement dates have been offered by Maritime Electric, investment strategies may change 
due to new environmental constraints, political pressures, corporate capital prioritizations, etc. 

In an attempt to support Maritime Electric in their future investment planning, the options listed 
below offer a variety of paths forward which may be considered in light of the information from the 
various studies and assessments. 

Only Maritime Electric will be in a position to decide their preferred path forward, based on the 
outcomes of the various other studies and assessments that Maritime Electric have in progress. 

As GE notes in the proposal that they had submitted, GE does not recommend a rotor out major 
inspection. 
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From a unit operation and reliability perspective, it is advisable to consider the path forward for the 
Frame 5 gas turbine in combination with all of the other aspects of the PEI power grid, power 
purchase and supply agreements, Maritime Electric's ultimate plan for CT2, etc.  This may, or may 
not, include more detailed inspections and higher degrees of maintenance. 

Option - CT2 Gas Turbine Major Inspection – Rotor Out: 

General Electric recommends continued operation of the gas turbine through to 2033 without the 
requirement of a Major Rotor-out Inspection and without a Combustion Inspection. 

GE does recommend continued operation of the gas turbine with regular borescope inspections 
and condition based maintenance or refurbishment. 

Estimated costs for a rotor-out inspection are provided as an option. 

Estimated costs: 

• Major Rotor-Out Inspection: ~$2.5 MM CAD 
o Includes third-party services budgetary pricing (e.g. temporary enclosures, cranes, 

etc.) 
o Excludes any work resulting from the detailed inspection of the gas turbine. 

Option - CT2 Gas Turbine Major Rotor-Out Refurbishment: 

In-line with a CT2 Gas Turbine Rotor Out Major Inspection, and following receipt of the resulting 
detailed work scope proposal, the decision process to complete a full refurbishment with 
consideration of operation through to 2033 must be evaluated against future generation fleet 
expansion. 

GE has stated that having spare parts for the vintage of this engine is essential both for cost 
reduction and for turnaround time of this major outage. 

Engine components from more modern versions of this engine may, or may not, be compatible. 

Replacement parts for some hot section components may no longer be available and alternative 
solutions must then be explored in this case. 

Lead times are estimated to be between 65-80 weeks. 

Estimated costs (budgetary): 

• Major Rotor-Out Refurbishment: $4,201,595 USD 
o Includes Combustion Capital, Hot Gas Path Capital and Compressor Stator Capital 

Components. 
o Does not include as-found conditions requiring additional work. 

Option - CT2 Gas Turbine Conditional Refurbishment: 

In-line with a CT2 Gas Turbine Rotor Out Major Inspection and following receipt of the resulting 
detailed work scope proposal, the decision process to complete a conditional refurbishment with 
consideration of operation through to 2033 must be evaluated against future generation fleet 
expansion. 

As noted above, parts availability may become a challenge. 

Limited refurbishment may be an option for continued safe and reliable operation, subject to engine 
condition and future unit utilization. 
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• This option may restore CT2 to service which may be operated to support the system but 
with reduced CT2 investment and to support investment in newer generating technology. 

The detailed work scope proposal resulting from a Major Inspection, reviewed from a risk and 
probability perspective, would support a condition-based refurbishment at estimated costs below 
that of a Major Rotor-out full refurbishment. 

Option – CT2 Gas Turbine Re-Power: 

In the event component condition and compatible spare parts are not available, CT2 gas turbine 
engine may be replaced with a newer model of Frame gas turbine. 

The option may require extensive civil work, re-design of a number of process systems, and 
extensive site work to complete the replacement of the engine. 

It is expected that this option would not be economically feasible from the perspective of the cost 
to retrofit a 49-year-old peaking unit versus the cost to install a new generating unit. A comparative 
analysis would be recommended in advance of pursuing this option. Comparison study and 
evaluation of estimated costs associated with assessing the existing equipment to support 
retrofitting new technology into the aged equipment, modification of existing equipment to support 
new technology, purchase of new technology, completing necessary modifications to support new 
technology, installing new technology, and commissioning new technology must be completed 
against the purchase of new generating technologies. 

If the Frame 5 gas turbine is rendered unserviceable (i.e. no longer operable) due to the lack of 
available spare parts, replacement of the engine, or replacement of the unit, may become a 
necessity. 

As a replacement engine is almost certainly to be a newer model and newer configuration, 
requirement to retrofit the CT2 unit is highly probable. 

Given the vintage of the CT2 unit, a significant level of retrofit may be required. It is highly probable 
that the existing structure would not support a "plug and play" solution. 

Representative high-level estimates of pricing for purchase and installation of new gas turbine 
generating technology may be referenced from the most recent publication of “GTW Handbook”; 
Gas Turbine World. 

 

5.3 Generator 

 General 

Generator for CT1 is a Brush BDAX 70-76 style rated at 30,100KVA, 13,800 volts, 3 phase 60 Hz., 
PF 0.85 Star connection, 3,600 RPM, Field Volts 192, Field Amps 328, Air Cooled, Stator Insulation 
Class B, Rotor Insulation Class B, Serial Number 56833-1, Date of Manufacture 1973 (49 years 
old).  

Ratings for the generator and excitation equipment are also included on the attached photos of the 
nameplates: 
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CT2 AC Generator Nameplate 

 

CT2 Exciter and PMG Nameplate 
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 Condition Assessment 

The stator winding is arranged with 2 stator bars per slot. The bar insulation is rated as Class B 
temperature rise and is asphalt mica. This is a softer type of insulation than more modern epoxy 
mica windings but has good aging properties. However, as the insulation gets older the asphalt has 
a tendency to break down and soften. At this stage, bitumen can be seen oozing out around the 
taping overlaps and through any cracks in the tape. This process will accelerate with time as the 
insulation ages. With the evacuation of some asphalt in the stator insulation system voids are 
created. As the voids grow in size the amount of partial discharge activity (PD) increases so this 
type of measurement can help to monitor insulation deterioration over time. It should be noted that 
accumulation of dirt and delamination of the insulation from the conductor also contribute to PD. 

The generator has been fitted with a new rotor and brushless exciter back in 2014. The existing 
permanent magnet generator was retained for service making the data on the bottom of the exciter 
nameplate inaccurate. 

MECL Testing Commentary 

Refer to CT1 Generator Condition Assessment, MECL Testing Commentary for additional 
information regarding MECL testing. 

Observations from Past Overhauls 

In 2009, during a major generator service with the rotor removed from the machine, the entire stator 
was found to be dirty with a number of loose wedges. It was also observed that there was some 
greasing present on the stator attachment and contact points with the frame. Stator bar insulation 
was noted to be migrating and cracked in a number of places as it exited the core near the step 
iron. The subsequent report noted that the insulation deficiencies could only be corrected by a 
rewind of the stator. 

A decision was made to re-wedge the entire stator and paint it after the re-wedge. ELCID core 
health analysis revealed that while acceptable readings (all under 100mA) were obtained, two slots 
were giving high readings. The tests were conducted before and after the re-wedge. The generator 
was high potential tested (HIPOT) on each phase to ground at a level of 23.5kvdc which is 
equivalent to line-to-line AC voltage. All leakage levels were acceptable, but one phase leakage 
was almost double the readings on the other two phases.  All insulation tests were deemed 
acceptable to return the machine to service at this time. 

In 2014, when the rotor was replaced, the OEM representative, Brush Aftermarket, was hired to do 
an examination of stator condition and report its findings. The stator winding was again dirty 
requiring cleaning. A number of wedges were reported loose as noted by the supplied wedge map.  
ELCID readings were substantially higher indicating core deterioration. Cracks in the insulation, in 
the same areas noted by the earlier wedge replacement contractor, were again noted where the 
stator bar exits from the core. The OEM also noted signs of fretting and corona in these areas. The 
OEM strongly recommended a rewind and new core to ensure reliable service into the future years. 
Maritime Electric had chosen to note the findings but not to rewind at this time. 

The generator has functioned correctly since this time but was and is doing so at a much higher 
risk of failure. Brush had noted expected stator winding life was around 25 years and this is 25-to-
30-year range is echoed by many manufacturers. However, many generators are kept in service 
longer. The key to continued success is electrical testing followed by physical inspection of the 
winding insulation condition. The generator in this case has shown signs of physical deterioration 
for at least 13 years. 
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Additional Information – Testing Recommendations 

Refer to Section 4.3.2 CT1 Condition Assessment paragraph “Additional Information – Testing” for 
additional information regarding recommended testing. 

Considerations for Continued Service 

While the generator continues to operate successfully, its future is not without risk. Maritime Electric 
may wish to provide contingency plans if aversion to risk is high. If critical availability is desired 
Maritime Electric should consider a rewind or replacement of the stator. 

Brush are still manufacturing BDAX generators in the Czech Republic and the Brush Engineering 
offices are still run out of Loughborough, England. The neighbouring utility has over the past 
number of years renewed most of its BDAX generators and have found replacing with new, at 
planned intervals, is as cost effective as on-site breakdown repairs. 

For Maritime Electric’s CT2 generator at Borden PEI, the new rotor and brushless exciter can be 
reapplied to a new stator frame. Other possibilities would include buying a stator core and windings 
and installing them in the existing frame. Both options could be considered but a stator frame with 
the winding fitted would involve less risk and labour on site during a change out. Including the core 
replacement with new stator windings eliminates concern about possible hot spots on the old core. 
With a new stator and frame and reuse of fairly new brushless exciter and rotor it would be expected 
the generator should perform well into the future without any major concerns about large failures. 

These are not the only options. The utility could accept more risk and continue its present testing 
program and run the generator. If this option were to be considered it should be supported, as was 
mentioned earlier in the report for unit 1, by purchasing enough stator bars to allow a 
repair/exchange of 2 inner bars. This would involve up to 16 outer bars and 2 inner bars. Even if a 
failure occurred with the bars at site or in storage in PEI, cost of emergency services as well as 
time to repair could keep the generator out of service for 8 weeks or more. 

An onsite scheduled full rewind should be costed and compared with the supply of a new frame 
and stator to help with economic decisions. EastPoint has reached out to Brush to cost these 
options and estimates are provided in Appendix C.  The below costs are vendor budgetary quotes 
and do not include cost for support by MECL such as crane fees, loading/unloading, enclosure take 
down and assembly, welder and welding equipment, etc. 

• Full Stator replacement: $2,077,964 USD 

• Full Stator rewind at site: $1,442,076 USD 

It should be noted during the outages in late Spring 2022, neither generator was disassembled so 
opinions expressed have been based on reports provided, test results from Maritime Electric 
scheduled routines and experience with other similar units. When the generator major service 
schedules involving full rotor disassembly occur a better understanding of the physical condition of 
the generator windings will be possible. 

 

 Recommended Actions 

Similar to CT1, the following is recommended for CT2: 

• It is recommended that ongoing testing continue periodically. 

• It is recommended that all data be record and saved for comparison of testing reports and 
issues noted and recommendations presented. 
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• Generator (Stator and Rotor) testing should include: 
o Winding Insulation Resistance tests 
o Polarization Index Testing 
o Voltage Step Testing 
o Partial Discharge Testing 
o Doble Testing 
o Winding Continuity testing 
o AC Impedance Testing 

• Generator Exciter testing should include: 
o Winding Insulation Resistance tests 
o Polarization Index Testing 
o Winding Continuity testing 

• RTD Testing should be completed 

• Visual inspections and Insulation Resistance Testing of rear bearing pedestal insulation 
should be completed 

• Verify generator rotor shaft grounding brush connections 

• It is recommended that a full measurement of the generator stator winding arrangement be 
complete at the next major shutdown. 

• It is recommended to stock spare stator bars to allow for repair of 2 inner bars 

• Allow for Emergency On-Site Repair in the short term. 

• Plan for a Full Stator Frame Replacement when test data supports the need. 

• Full Stator replacement: $2,077,964 USD 

• Full Stator rewind at site: $1,442,076 USD 
 

5.4 Structural Assets 

 General 

In general the enclosures were found to be in good condition considering age and close proximity 
of unit to the ocean. Regular upkeep by operating personnel is the reason for working condition 
they are in today. 

 

 Condition Assessment 

5.4.2.1 Generator / Turbine Enclosure 

Condition assessment as follows: 

• Generally steel panels are in good condition. 

• Some surface corrosion noted on exterior at bottom of doors. 

• With access doors in the open position, severe corrosion was noted on underside of some 
of the doors and insulation exposed (only about 5% of doors were opened for inspection 
but suspect that many may be in similar condition). 

• Small areas of severe corrosion noted at clean air intake plenum connection to generator 
enclosure. 

• Surface corrosion found on bottom of floor surface of the exciter motor section and adjacent 
air intake room. 

• Small areas of severe corrosion on success stairs hand rails. 
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• Concrete foundation appeared in good shape. 

• Wood spacer under turbine frame was rotting, however not clear if this is intended as an 
installation spacer only and may not be required for structural integrity. 

  

Corrosion On Door Access Door Peeling Paint 

  

Air Intake To Turbine Inlet Underside Of Access Door 

  

Door Interior Door Interior 
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Generator Air Intake Floor Handrail 

     

Corrosion Along Top Enclosure Roof Top Surface Corrosion 

A detailed survey of damaged doors/frames should be carried out to determine quantity to be 
replaced, however for purpose of this assessment, it is estimated that 50% of them should be 
replaced with new custom built doors and frames.  Surface corrosion of enclosure will need to be 
addressed through ongoing coatings application. Steel repairs in areas with severe corrosion 
damage is also required such as the handrails. 

From a health and safety perspective, it was noted no kick plates existed on the main catwalk 
running along perimeter of the enclosure. Adding kick plates will improve safety and maintenance, 
preventing tools/equipment from accidentally falling off the walkway. 

5.4.2.2 Medium Voltage Switchgear Enclosure 

Condition similar as noted in Generator/Turbine section above however severe corrosion noted on 
bottom of vent panel and access door framework, which will require refurbishing and recoating.  
Underside structure found to be severely corroded and should have the spacers replaced and 
recoated. 
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Vent Panel Door Support Structure 

 

Door Frame 

Overall, the corrosion issues noted in the above sections may be considered to have a serious 
severity rating for a CT outage due to damage from water infiltration.  And the probability rating of 
this type of failure is unlikely.  These issues may be considered a moderate risk that could be 
accepted; however, the corrosion and associated risk does worsen over the years if enclosure 
maintenance ceases to continue.   

 

 Recommended Actions 

• Install a kick plate on the main cat walk. 

• On going coating and steel maintenance to CT2 enclosure and door replacement is 
recommended to prevent worsening corrosion conditions and minimize water infiltration 
issues to CT2 components. 

 

5.5 Mechanical Systems 

 Fuel Delivery Systems 

5.5.1.1 Condition Assessment 

For detailed discussion on the low-pressure pump system and piping common to both CT1 and 
CT2 please refer to CT1 Fuel Delivery section. 
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5.5.1.2 Recommended Actions 

As discussed in the CT1 portion of this report, from a safety perspective there are fuel spill and 
personal harm risks that should be addressed by bringing the low-pressure pumps room and waste 
oil storage up to current fire code requirements.  As well, coating maintenance is recommended on 
the outdoor low pressure fuel piping. 

 

 Exhaust System 

5.5.2.1 Condition Assessment 

The following was noted during site review and discussions with the operators: 

• Silencers in the stack were replaced about 25 years ago as the old ones were failing 
(disintegration of silencer material). 

• Stack modified to accept this silencers design (shortened by removing one of the sections). 

• Access door installed on bottom of stack during time of site visit. 

• Other on-going repairs included replacement of interior steel square washers and fasteners. 

• Outside surface of stack appeared to be in very poor condition due to severe corrosion of 
steel housing. 

• On stack interior “pillowing” of the liner was noted. 

• Silencer seam separation and apparent repairs made over time. 

• Outside surface of stack gets abnormally hot during operation, temperatures in the 290-
370F range was measured by operators. 

• Pitting noted throughout the interior liner and other steel surfaces however no significant 
loss of material noted by system operators. 

• Issues with snow doors noted at time of site visit. 

  

Exhaust Stack Exhaust Stack Flange 
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Opening for New Access Door Stack Interior 

  

Loose Square Washers Silencer Seam 

 

“Pillowing” On Stack Interior Panel 

Regarding the pillowing liner and hot surface temperatures, preliminary theoretical calculation of 
external stack temperature based on original design wall thickness result in expected surface 
temperatures of approximately 100 degrees F which, if compared to above noted measured values, 
seem to indicate degradation of internal insulation (ref. Appendix B for calculation).  However, a 
further, more involved investigation of stack wall interior would be required to confirm condition of 
the underlaying structure.  Continued repairs and operation without inspection of the structure 
beneath the interior liner adds risk to the unit. 
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The overall condition of the exhaust stack is considered to be poor, and recommendation is given 
for total replacement.  Further investigation and rebuilding of the various failing components 
(exterior steel, and interior structure) over the next 10 period is not feasible, compared to 
replacement of a new factory-built part.   Complete stack assembly would include silencers, access 
ladders/catwalk, and stack cover doors.  The doors would be of a counterweight type designed to 
better handle heavy load from snow buildup. 

 

Counter Weighted Snow Door 

Without addressing the above noted issues for the exhaust stack, there is a serious severity rating 
of CT shutdown to make required structural repairs and there is a likely probability of failure over 
the next 10-year period.  The current arrangement has a medium-high risk of failure and should be 
considered for mitigation. 

5.5.2.2 Recommended Actions 

Exhaust stack total replacement is recommended to minimize lengthy down times in event of 
component failure. A budget cost estimate was obtained from VG Engineering for supply of an 
exhaust assembly.  Additional cost estimates for installation, structural upgrades, controls tie-in 
and access ladders/platforms, result in a total estimated cost of $1,448,000. 

 

 Air Intake System 

5.5.3.1 Condition Assessment 

On-going painting of enclosure assembly is completed by operations as required however some 
areas of significant corrosion need additional repairs beyond recoating. 

The following items were noted during site visit inside the primary air housing intake section (intake 
side of inertial air filters): 

• Primary inertial air filters replaced about 15 years ago with stainless steel assemblies. 

• Severe corrosion noted at interface of ss filters and carbon steel housing flanges. 

• Many areas of significant corrosion on floor of housing due to water egress and pooling. 

• Exterior intake hoods corroding. 

• Roof of air intake housing was replaced since installation of the original equipment with a 
new design permitting widening of the structure and sloped roof grade. 
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• Supporting structure seeing a lot of surface corrosion and peeling of paint coating. 

  

Primary Intake Plenum Primary Intake Plenum (Bleed Fan) 

  

Inertial Air Filter Housing Frame Exterior Air Intake 

 

Underside Airhouse 

In the clean section of air plenum (after the secondary duracel filters) the following items were 
noted: 

• Peeling paint on the filter frames throughout the entire frame assembly 

• Significant corrosion on intake relief door 

• Minor corrosion on flat panel floor surfaces and peeling paint 
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• Corrosion and peeling paint on wall and top of silencer section 

• Silencers replaced approximately 20 years ago and condition appeared acceptable 

• Severe corrosion noted at interface between filter housing section and silencer section 
around the rubber sealing flange.  

  

Peeling Paint Filter Housing Surface Corrosion Clean Air Plenum 

  

Peeling Paint Clean Air Plenum Floor Clean Air Plenum Floor and Frame Corrosion 

  

Interface Filter Plenum To Silencer Plenum Silencer Section Corrosion 
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Clean Air Plenum Peeling Paint Silencer Plenum Floor 

Overall condition of air intake assembly is considered to be poor.  Stainless to carbon steel 
interfaces has seen especially accelerated corrosion due to use of dissimilar metals located in a 
wet environment which should be addressed by replacing housing structure with a new design 
incorporating isolating gaskets to avoid contact of dissimilar metals.  Of urgent concern is the 
peeling paint and corrosion throughout the clean air plenum dislodging and cause of foreign object 
damage to turbine compressor blades.  These areas required coating removal and reapplication. 
The corrosion noted at connection of intake plenum to silencer housing needs to be addressed and 
would be considered a significant task to disassemble and repair.  The overall presence of 
rainwater and pooling in the plenum is the main contributor of poor condition. Rather then continual 
coating application, it would be best addressed by an improved air intake design to limit water 
entrance and floor design to promote water collection and removal.   Repair of the existing air intake 
would have CT2 out of service for a long period of time due to removal of housing sections, damage 
inspections and refurbishment and the cost to make repairs expected to be high.  Replacement of 
the entire air intake assemble including filters, bleed fan, silencer and downturn section is 
considered to be a feasible option to address the issues. 

The condition of the air intake, and in particular the clean air section, is critical to mitigate any loose 
particles from damaging the turbine compressor.  The current condition has notable corrosion 
issues, resulting in a possible probability of CT failure.  Risk of catastrophic turbine failure from 
loose material makes has a critical severity rating.  These ratings pose a high risk that requires 
mitigation.     

5.5.3.2 Recommended Actions 

The air intake housing is showing signs of severe corrosion and loose paint and corrosion issues 
noted on the clean air section.  To address these issues, it is recommended to replace the entire 
section with a new shop fabricated intake assembly including filters and silencers.   This will help 
to minimize any foreign material dislodging from clean air plenum, entering the turbine compression 
section, and potentially cause damage to turbine compressors.  

Cost estimate was obtained from VG Engineering, a specialist of intake and exhaust assemblies. 
Addition of estimates for installation, structural upgrades, intake bleed fans, controls tie-in and 
access ladders/platforms result in total estimated cost of $2,705,000. 
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 Fire Protection System 

5.5.4.1 Condition Assessment 

CT2 uses a carbon dioxide fire suppression system of similar vintage to the system found in CT1.  
Several protected zones include the turbine/alternator enclosure, transformer enclosure and control 
room.  Regular yearly inspection and maintenance performed by local fire protection service 
company intended to help ensure system is in proper operating condition.   Review of fire alarm 
test reports indicate proper functionality of the timer delay which is an important safety device to 
help ensure any personnel evacuate the enclosures/building prior to discharge of the asphyxiating 
CO2 gas. 

Current fire protection system has a low risk of causing CT failure as the systems are relatively 
new and are currently maintained on a yearly basis by an approved service provider. 

5.5.4.2 Recommended Actions 

No recommended actions for Fire Protection System. 

 Lube Oil System 

5.5.5.1 Condition Assessment 

The air-cooled lube oil cooling unit (standalone unit located outside) is believed to have been 
replaced about 12 years ago.  Condition appears acceptable, however coils starting to look worn, 
fasteners starting to corrode and some surface corrosion on frame.   Based on age and physical 
appearance it is suspected unit will require replacement in order to survive the next 10-year 
operating period.  The oil cooling circulation pump appears to be original equipment and still 
working well.  Depending on the importance of this cooling loop, consideration to either store a 
spare replacement pump and motor assembly on hand or install a second redundant pump in 
parallel is recommended. 

All flexible hoses nearing 8 years of service life should be replaced to avoid risk of inner liner failure 
and consequential impact on the lube oil system as well as potential fire hazards. 

Regular oil sampling and analysis is recommended as the lube oil system is common to the gas 
turbine, generator, shaft bearings, main gearbox and auxiliary gearboxes. 

Recommended to maintain spare parts in inventory for all high wear components (in addition to 
regular service items like filters and other consumables). 

CT shutdown due failure of lube oil components may have serious severity rating and a possible 
probability rating making this a medium-high risk of failure.   

Minor amounts of lube oil leaking form seals of the air cooler circulation pump is collected in open 
containers.  The oil collection tray on the pump, as well as the storage container, are both open 
and exposed to the elements. From an environmental safety standpoint it is required to minimize 
any risk of fuel leaking into ground.  Recommended to design and install a collection pot with bolted 
lid and drain valve to better contain the oil and install a small enclosure above the pump assembly 
to keep the elements out. 
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Lube Oil Pump 

The severity rating associated with fuel spill is considered moderate due to the small amount of 
fuel that normally leaks from the seal. The probability of a spill is unlikely considering regular 
inspections continue.  There is a moderate safety risk associated with seal leak oil collection. 

5.5.5.2 Recommended Actions 

Recommend keeping in stock a spare oil cooling loop pump and motor assembly. 

Recommend keeping spare parts for all high wear components of the system in addition to regular 
consumables (i.e. filters) 

Regular oil sampling, periodic hose replacement and maintaining of spare parts in inventory all are 
recommended to minimize risk of CT failure. 

The air-cooled lube oil cooler is showing signs of corrosion and coil degradation and replacement 
in 5 years time is expected.  From a safety perspective, there is chance of environmental spill from 
the oil collection system and an upgrade to minimize spill risk is recommended. 

 

 Cooling Systems 

5.5.6.1 Condition Assessment 

Water Cooling System: 

Cooling glycol/water system includes radiators, heat exchangers, pumps and cooling fan used to 
cool the lube oil and diesel starter engine.  It is recommended to maintain spare parts in inventory 
for all high wear components and flexible hoses.  The cooling fan was worked on about 15 years 
ago including replacement of bearings and recoating.    

With a serious severity rating in event of CT failure due to failed component and a possible 
probability rating for failure, makes the current system a moderate failure risk if no spare parts are 
maintained in inventory. 

Generator Air Cooling: 

Not many moving parts to consider, however the intake, exhaust and bypass damper actuators are 
prone to wear thus spare parts should be maintained in inventory. 

A moderate severity rating of CT failure and a possible probability rating for failure, makes the 
current system a moderate failure risk if no spare parts are maintained in inventory. 
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5.5.6.2 Recommended Actions 

Inclusion of spare parts should be maintained in inventory. 

 

 Turbine Starting System 

5.5.7.1 Diesel Engine 

5.5.7.1.1 Condition Assessment 

The Detroit Diesel engine used as starter motor for starting CT2.  It is original equipment to the 
generator and still functioning well today. Based on review of records over recent years, oil analysis 
is performed on a yearly basis (reference Appendix A for recent oil sample report).  Recent analysis 
results identified presence of fuel in the oil.  An inspection and overhaul procedure initiated by 
operators and performed by Wajax in June 2022 included inspection of valves, cylinders, pistons, 
igniter linkages, turbos, fuel pumps and water pumps etc.  Replacement of filters, fuel lines and 
coolant lines was also performed.  One of the pistons and cylinder liners was found to be in very 
poor condition and recommendation was given for replacement at earliest opportunity. Reference 
Appendix A for copy of inspection and overhaul report.  Given this is an extreme duty component, 
heightened condition monitoring and strict adherence to recommended maintenance practises for 
diesel engines is recommended.   It is advised to perform this type of thorough inspection on a 
regular basis to help identify any issues creeping up that could otherwise go unnoticed and continue 
with the oil analysis procedures.  It is expected although this engine is old, the identification and 
addressing of any condition symptoms early on will help to prevent catastrophic engine failure 
throughout the remaining 10-year life span and beyond. 

The severity rating of diesel engine failure preventing cold CT start-ups is critical.  Without 
performing the ongoing condition monitoring and inspections, there is possibility probability rating 
of failure.  There is a high risk of CT failure if ongoing inspections and maintenance is not 
performed. 

5.5.7.1.2 Recommended Actions 

Based on a recent overhaul inspection, there is some damage noted to one of the pistons and 
cylinder walls that needs to be addressed immediately.   It is recommended to continue to perform 
yearly oil sample testing and perform the overhaul inspections every 2-3 years to keep the engine 
in service over the next 10-year period. 

5.5.7.2 SSS Clutch 

5.5.7.2.1 Condition Assessment 

Starter Clutch 

The original diesel starter clutch is a jaw-type clutch which can not be re-engaged while the gas 
turbine rotor is still turning without risk of damage to the clutch assembly. 

SSS has introduced an improved starter clutch design that enables start attempts while the main 
shaft is rotating and is more reliable than the original design. 

The SSS clutch is model 64T and is compatible with the existing physical configuration of the starter 
drive train.  Additional assessment by SSS engineering would be required to determine the model 
of 64T clutch required for CT2. 
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Estimated cost for the purchase of the 64T SSS starter clutch is $25,000 USD and would require 
approximately 3-5 days installation by skilled personnel. 

 

SSS Clutch 

The CT2 Size 170T SSS main driveline clutch has exhibited potential abnormal component 
movement and has not been fully inspected in its service life, since commissioning in 1973. 

Reporting from SSS indicates limited inspections due to quill shaft hub removal challenges. 

• During a September 27, 2022, phone call with SSS Clutch, it was noted that the quill shaft 
hub appears to have rotated approximately 45 degrees on the quill shaft. 

• Removal, disassembly, detailed inspection, and refurbishment are recommended. 
o In advance of this removal and inspection, SSS recommends purchase of spare 

parts expected to support the removal and installation. 
o Estimated pricing for spare parts is $25,000 USD. 
o Cost of refurbishment will be dependent upon condition of the clutch assembly. 

• Estimate roughly $60,000 USD for full refurbishment (freight costs not included), subject to 
change due to clutch as found condition. 

The SSS clutch is a robust assembly and typically subject to light wear under normal operation and 
alignment circumstances. 

The report of an apparent spin on the quill shaft may indicate abnormal loading on the assembly 
and the requirement for more refurbishment than would typically be seen in a unit of this vintage. 

SSS currently has a clutch of this model in inventory, which would reduce turnaround times in the 
event of the requirement of major repairs for CT2's clutch. Manufacture of a new clutch requires a 
lead time of approximately 12 months. 

Refurbishments typically can be completed “in 3-4 weeks’ time if the required parts are on hand in 
advance”. 

SSS advises that another vendor would be required to support removal, installation, and alignment 
of the refurbished clutch assembly; however, SSS is fully capable of refurbishing the CT2 clutch. 

5.5.7.2.2 Recommended Actions 

Starter Clutch Upgrade 

SSS has shared information regarding an upgraded starter clutch design. The upgraded clutch is 
a Size 64T SSS clutch that is designed to fit into the existing driveline without major work. 

Upgrading to a Size 64T SSS clutch adds flexibility to CT2 operation as the unit may be restarted 
in generation mode before the gas turbine rotor has stopped turning in the event the unit had been 
demanded for synchronous condenser operation. 

• CT2 10-minute reserve capacity is less likely to be impacted by upgrading to the SSS starter 
clutch and introducing reduced intervals between start attempts and switching from 
synchronous condenser mode to generating mode while the gas turbine rotor may still be 
turning following the synchronous condenser start. 

The advantage offered by this clutch design is that the unit may be restarted before the gas turbine 
rotor has stopped turning without damage to the clutch. 
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• This option is appealing from a synchronous condenser operation and reserve capacity 
perspective. 

• The unit’s reserve capacity will remain available by way of switching to generating mode 
while the unit is synchronized to the system in synchronous condenser mode and before 
the gas turbine rotor has stopped turning. 

Estimated Costs: 

• Clutch purchase: $25,000 USD 

• Commercial invoice and documentation: $200 CAD 

• Freight to site: $200 CAD 

• Clutch removal, clutch installation, and alignment: ~$4,500 CAD 
o 3-5 days, 10 hr. days, 2 millwrights 

• Immigration documentation: ~$2,000 CAD per application 

SSS Engineering assessment of site starter configuration, one day onsite + 2 days travel at $1,600 
USD/day + travel and living expenses ~$2,000 CAD (flights, car, hotel, meals). 

SSS Clutch 

The size 170T SSS clutch assembly is expected to provide continued reliable operation, with 
appropriate levels of maintenance. 

The clutch has not been refurbished in its service life. 

Attempts have been made to inspect the clutch by SSS in past years; however, the quill shaft hub 
appeared to have spun approximately 45 degrees and could not be removed to support the 
inspection. 

Recommendations: 

• Clutch removal and refurbishment concurrently with the gas turbine major inspection. 

• Cost to refurbish the clutch assembly will be dependent upon as-found condition following 
disassembly. 

• Order OEM recommended spare parts in advance of the clutch assembly refurbishment to 
ensure the quickest turnaround. 

• Arrange a field service provider to remove, package, install, and align the clutch assembly. 

• This service may be sub-contracted through the OEM following negotiation of contractual 
agreements. 

Estimated Costs: 

• Refurbishment cost of 30 MW SSS clutches is typically in the range of $65,000 USD to 
$70,000 USD (including replacement parts) 

• Given the abnormal movement of the quill shaft hub, a new quill shaft and quill shaft hub 
are recommended.  

o At the time of this report submission, EastPoint is still waiting on response from 
Philadelphia Gear to determine capability of supplying new quill shaft and quill shaft 
hub assemblies. The Canadian representative is now managing the proposal and 
would work with SSS engineering to complete the site work, condition assessment, 
refurbishment, etc. as the case may be. 

• SSS engineering site support is offered at $1,600 USD per day plus all travel and living 
expenses at cost. 

o It is expected that SSS engineering support will be required to support the removal 
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and installation/alignment process, working in conjunction with a gearbox service 
provider. 

 
 

• SSS 170T Spare Parts: $39,006.95 USD 
o A new clutch is not expected to be required for continued operation through to 2033. 

Estimated cost is provided as a point of comparison. 
o Estimated lead time for spare parts is 12 months. 
o SSS currently has a replacement 170T clutch in stock. 

5.5.7.3 Load Gearbox 

5.5.7.3.1 Condition Assessment 

The load gearbox internal assemblies were not exposed at the time of the EastPoint site visit. 

The load gearbox has not undergone major inspection in its service life. 

On-site detailed inspection is required to determine condition of the load gearbox drive and bearing 
components. 

SSS recommends Philadelphia Gear to perform an on-site inspection, as SSS understands that 
Philadelphia Gear services the John Brown gearboxes. 

Contact information for Philadelphia Gear: George Langford; Phone: 1-484-995-3830; Email: 
glankfor@philagear.com; Philadelphia Gear Services Division. 

5.5.7.3.2 Recommended Actions 

The load gearbox is expected to provide continued reliable operation, with appropriate levels of 
maintenance. 

Recommendations: 

• Complete a detailed inspection of the load gearbox concurrent with the engine major 
inspection. 

• Refurbishment requirements for continued operation through to 2033 will be determined 
following the detailed inspection. 

• The gearbox inspection service provider is expected to be required to support the clutch 
removal/installation/alignment working with SSS engineering. 

• Inspection findings will support developing a work scope and cost estimate to refurbish the 
load gearbox and support continued operation through to 2033 

Estimated Costs: 

Estimate is pending from Philadelphia Gear. See note above. 
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5.6 Electrical Systems 

 13.8kV Switchgear 

5.6.1.1 Switchgear Enclosure 

The Main switchgear for CT1 is 13.8kV.  It consists of three cubicles housing the generator circuit 
breaker and generator cable termination, the 150kVA station transformer fused disconnect, PTs, 
CTs and the Main Utility feed terminations. 

 

13.8kV Switchgear 

• The Switchgear is indoor switchgear and is housed in an exterior switchgear enclosure.   
Because of this, the switchgear cubicles are in good shape with no rust damage on the front 
doors, hinges and frame.  From the rear, the entry into the switchgear is directly through 
the exterior switchgear enclosure doors.  Because of this door arrangement and additional 
venting on these doors there is some rust present but appears to be mainly surface rust 
with no significant damage to the enclosure.  

 

13.8kV Switchgear – Interior Surface Rust 

  

• Enclosure and doors are not in a condition that would indicate a major occurrence (i.e. a 
door falls off) might happen.  Most damage or issues that pertain to these items is minor 
and would be relatively inexpensive to deal with and cause minimal outage time.  
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• It is expected that cleaning and paint touch ups on the interior switchgear enclosure 
components would be all that is required to help provide maximum life span for switchgear. 

• The Vent doors on the rear access doors are rusted and need repair or replacement. 

• Addition of skirting around the enclosure will decrease chance of snow and rain infiltration 
into the enclosure from below. 

5.6.1.1.1 Recommended Actions 

• It is recommended that ongoing cleaning and paint touch-ups on the interior switchgear 
enclosure components be completed to help provide maximum life span for switchgear. 

• It is recommended that Vent on the rear access doors be further reviewed and additional 
snow and rain shielding added. 

• It is recommended that additional skirting around the enclosure be added to decrease 
chance of snow and rain infiltration into the enclosure from below.  

5.6.1.2 Utility Cables and Terminations 

• Utility feed cables leave the switchgear and feed the utility transformer.   The cables 
appeared to be in good shape. 

• Utility cable terminations were not recorded in photos but are taped terminations.  IEEE 
classifies these as a Class 3 termination.  The taped terminations give some electrical stress 
control but does not give complete external leakage insulation or seal against external 
elements.   Where operation at Borden needs to be as fail safe as possible IEEE Class 1 
or 2 terminations should be considered.   Class 1 offering electrical stress control, complete 
external leakage insulation and sealing against external element.    

• The taped terminations where not able to be assessed due to lack of photos for verification 
but as with other terminations at site some are showing signs of degradation as well as 
some tape installations being loose in some areas. 

• Due to the general condition of condition of the terminations at site, there is a possibility of 
failure. This has the potential to lead to a serious incident that would prove costly and have 
the potential for an extended outage time. 

• It is recommended terminations be further reviewed and replaced with terminations of an 
IEEE Class 1 or 2.    

• No evidence of corona or tracking was tracking was noted on CT bus bar and termination 
areas. 

5.6.1.2.1 Recommended Actions 

• It is recommended that terminations be reviewed and replaced with terminations of an IEEE 
Class 1 or 2. 

5.6.1.3 Generator Circuit Breaker 

• The generator Circuit Breaker GT-2 is an Vacuum Circuit Breaker and was manufactured 
by ABB in 1994.  It is rated for 2,000A at 13.8kV.   The circuit breaker is in good physical 
condition.  Based on provided test reports the circuit breaker has been tested consistently 
since 2015 with the last record of testing in June of 2022. Testing procedures 
implementation have not been consistent over that time frame. 

• Testing completed includes contact resistance and insulation resistance.  Reviewing the 
last three years of testing indicate good readings for contact resistance and insulation 
resistance.  Previous testing indicates investigation per testing reports. 
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• The circuit breaker is well maintained and although there is a possibility of failure the site 
does have a spare for continued service. The severity of a failure of a circuit breaker has 
the potential to lead to a serious incident that could prove costly and have the potential for 
an extended outage time.  

• Testing should be continued on a yearly basis and conducted on days with similar 
temperature and humidity conditions. Testing reports should be analyzed, and 
recommendations presented.  Testing parameters are sufficient. 

    

Figure – Generator Circuit Breaker 

• The circuit breaker racking system was examined and was determined to be in good 
condition. 

• The racking system is not in a condition that would indicate that a major occurrence might 
happen.  Most damage or issues that pertain to the racking system would be minor and 
would be relatively inexpensive to deal with and cause minimal outage time.  

• Regular maintenance, including cleaning and adjustment, will help to provide maximum life 
span. 
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Circuit Breaker Racking 

• Also on site is a spare generator circuit breaker.  The spare generator circuit breaker is an 
Air Circuit Breaker and was manufactured by I.T.E.  It is rated for 2,000A at 13.8kV.   The 
circuit breaker is in good physical condition.  No test reports were found on this breaker.  It 
appeared to have just recently been received from possibly refurbishment.    

       

Spare Generator Circuit Breaker  

• Testing for spare breakers should be completed on a yearly basis and conducted on days 
with similar temperature and humidity conditions. Testing reports should be analyzed, and 
recommendations presented.   
 

5.6.1.3.1 Recommended Actions 

Generator Circuit Breaker 

• It is recommended that continued testing and maintenance be completed on a yearly basis 
and conducted on days with similar temperature and humidity conditions.   

• It is recommended that testing reports should be analyzed, and issues noted, and 
recommendations presented. 

• It is recommended that for further information Hi-Pot testing be considered. 

Racking System 

• It is recommended that ongoing maintenance of the circuit breaker racking system, 
including cleaning and adjustment, be completed to provide maximum life span of the 
racking system. 

Spare Circuit Breaker 

• It is recommended that continued testing and maintenance be completed on a yearly basis 
and conducted on days with similar temperature and humidity conditions.   

• It is recommended that testing reports should be analyzed, and issues noted, and 
recommendations presented. 

• It is recommended that for further information Hi-Pot testing be considered. 

5.6.1.4 Generator Cables 

• Generator feed cables leave the generator and feed the generator circuit breaker in the 
switchgear.  The cables appear to be in good shape.  It was noted there is some paint over 
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spray on cables.  Oil/organic, solvent based paints may decrease the mechanical strength 
of the cable and may cause cracking.  Oil based paints may also worsen the smoke and 
flame propagation properties of cables. Paint used in applications around or near cables 
should be verified per SDS sheets to determine potential issues.  In general, cables should 
be cleaned of paint overspray and future painting completed with overspray protection of 
cables.   

• Generator cable terminations are taped terminations.  IEEE classifies these as a Class 3 
termination.  The taped terminations give some electrical stress control, but does not give 
complete external leakage insulation or seal against external elements. Where operations 
at Borden needs to be as fail safe as possible, IEEE Class 1 or 2 terminations should be 
considered.   Class 1 offering electrical stress control, complete external leakage insulation 
and sealing against external element.    

o The taped terminations are showing signs of degradation as well as some tape 
installations being loose in some areas.    

o Due to condition of the terminations, there is a possibility of failure. This has the 
potential to lead to a serious incident that would prove costly and have the potential 
for an extended outage time.  

o It is recommended that terminations be reviewed and replaced with terminations of 
an IEEE Class 1 or 2.    

o No evidence of corona or tracking was noted on bus bar and termination areas. 

 

 

13.8kV Switchgear 

5.6.1.4.1 Recommended Actions 

• It is recommended that terminations be reviewed and replaced with terminations of an IEEE 
Class 1 or 2. 

5.6.1.5 Current Transformers (CT) 

• CTs appear to be in good shape and clean. 

• CTs are older ITE Products.   Availability is limited. 

• Generally, CT’s will function without issues, but testing should be done periodically. 
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• Testing will help to determine suitability for continued use. 

• Regular testing for CTs should include:  
o Inspection of bolted connections for proper torque and measure contact resistance. 
o Secondary Circuit Burden Tests (To determine proper state, single ground 

connection and connections are tight) 
o Excitation testing (To determine ability to output current to its specified ratio) 
o Perform Insulation-resistance tests on bus work and normally energized 

components 

• There is some availability of these CTs.  Spares inventory should be reviewed and if needed 
items should be purchased for spare.   If existing CTs cannot be sourced, alternate products 
should be sourced to have possible replacement solutions available. 

 

Current Transformer Nameplate Sticker 

• No evidence of corona or tracking was noted on CT bus bar and termination areas. 

 

CT Bus Bar Insulator Connection 
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5.6.1.5.1 Recommended Actions 

• Conduct regular testing on the CTs. 

• Spares for CTs should be reviewed and if needed items should be purchased. If existing 
parts cannot be sourced, alternate products should be sourced. 

5.6.1.6 Potential Transformers (PT) / Surge Protection Capacitors 

• Surge Protection Capacitors appear to be in good shape and clean. 

• Surge Protection Capacitors manufacturer was undetermined. 

• Testing will help to determine suitability for continued use. 

• Regular testing for Surge Protection should include:  
o Inspection of bolted connections for proper torque and measure contact resistance. 
o Perform Insulation-resistance tests from phase terminals to case and verify with 

manufacturer’s published data. 

• Spares inventory should be reviewed and if needed items should be purchased for spare.   
If existing Surge Protection Capacitors cannot be sourced, alternate products should be 
sourced to have possible replacement solutions available. 

 

Surge Protection Capacitors 

• PTs appear to be in good shape and clean. 

• PTs are older Canadian General Electric Products.    

• Generally, PTs will function without issues, but testing should be done periodically. 

• Testing will determine suitability for continued use. 

• Regular testing for PTs should include:  
o Inspection of bolted connections for proper torque and measure contact resistance. 
o Perform Insulation-resistance tests on bus work and normally energized 

components. 

• Spares inventory should be reviewed and if needed items should be purchased for spare.   
If existing PTs cannot be sourced, alternate products should be sourced to have possible 
replacement solutions available. 
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Potential Transformers 

• The PT racking system was examined and was determined to be in good condition. 

• The racking system is not in a condition that would indicate that a major occurrence might 
happen.  Most damage or issues that pertain to the racking system would be minor and 
would be relatively inexpensive to deal with causing minimal outage time.  

• In general, regular maintenance including cleaning and adjustment will help to provide 
maximum life span.  

5.6.1.6.1 Recommended Actions 

• Spares for PTs should be reviewed and if needed items should be purchased. If existing 
parts cannot be sourced, alternate products should be sourced. 

• It is recommended that ongoing maintenance of the PT racking system, including cleaning 
and adjustment, be completed to provide maximum life span of the racking system.   

5.6.1.7 Station Transformer and Disconnect 

• 13.8kV Switchgear Disconnect  
o The 13.8kV Switchgear disconnect appears to be clean and in physical good shape. 
o Regular maintenance including cleaning and adjustment will help to provide 

maximum life span. 
o No issues were raised on safety, reliability, or operability. 
o Regular testing for Disconnect Switch should include:  

▪ Inspection of bolted connections for proper torque and measurement of 
contact resistance. 

▪ Perform Insulation-resistance tests and tests for contact resistance. 
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Station Transformer Disconnect 

• Station Transformer 
o Station transformer is a 13.8kV – 480Y/277VAC, 150kVA Unit manufactured by 

Canadian General Electrical in 1973. 
o The Station Transformer is installed outdoors.  There are signs of deterioration in 

the painted surfaces and at the Cable entry on the secondary side.   
o Regular maintenance, including cleaning and repainting, will help to provide 

maximum life span.   
o For this transformer there is a possibility of failure but given the service and condition 

of this transformer that is probably unlikely. Failure of this transformer would have 
serious implications and would be fairly expensive to deal with and may cause 
extended outage time.  

o Testing will help to determine suitability for continued use. 
o Regular testing for the transformer should include:  

▪ Testing of Insulating Fluid 
▪ Perform Insulating resistance testing. 
▪ Inspection of bolted connections for proper torque and measurement of 

contact resistance. 
o The transformer is a common size and availability of a replacement should not be 

an issue.  But given lead times on new equipment in recent years it may be 
advantageous to ensure a spare is available for use, if needed. 
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Station Transformer 

o Transformer cable terminations are taped terminations.  IEEE classifies these as a 
Class 3 termination.  The taped terminations give some electrical stress control but 
does not give complete external leakage insulation or seal against external 
elements. Where operations at Borden needs to be as fail safe as possible, IEEE 
Class 1 or 2 terminations should be considered.   Class 1 offering electrical stress 
control, complete external leakage insulation and sealing against external element. 

o Due to condition of the terminations, there is a possibility of failure. This has the 
potential to lead to a serious incident that would prove costly and have the potential 
for an extended outage time. 

o It is recommended that terminations be reviewed and replaced with terminations of 
an IEEE Class 1 or 2. 

5.6.1.7.1 Recommended Actions 

• It is recommended that a spare transformer be sourced to have as spare.  

• It is recommended that transformer cable terminations be reviewed and replaced with 
terminations of an IEEE Class 1 or 2.  

 

 AC Low Voltage Distribution and Switchgear 

5.6.2.1 AC MCC 

• AC MCC General 
o The AC MCC for CT2 is 480VAC, 600A manufactured by General Electric. 
o The units are no longer manufactured. 
o The MCC appears to be in good shape and clean. 
o The existing branch units are a bucket style.  Simple swapping of buckets is not 

possible as spare buckets are not available. 
o No test records were found. Testing will help to determine suitability for continued 

use. 
o The MCC and internal components have a possibility of failure. This has the 

potential to lead to a serious incident that would prove costly and have the potential 
for an extended outage time.  

o Regular testing for MCCs should include:  
▪ Inspection of bolted connections for proper torque and measurement of 

contact resistance. 
▪ IR thermography should be performed to identify issues. 
▪ Perform Insulation-resistance tests on bus work and normally energized 

components. 
o In general, to maintain and repair the existing branch units spare components for all 

items should be stocked for ease of access.   If existing parts cannot be sourced, 
alternate products should be sourced to have possible replacement solutions 
available. 

o For critical branch units, consideration should be given to build up of spare units, 
pre-assembled on new back panels for ease of installation and reduction of 
downtime upon a failure of a component. 

o Regular maintenance, including cleaning and adjustment, will help to provide 
maximum life span, in particular, door hinges, latching mechanisms and disconnect 
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switch mechanisms. 
o Regular testing 
o Replacement has been considered and based on site observations it is considered 

an option.   Costs to stock spare parts for older equipment could become expensive 
and if alternate parts or solutions above are not viable, then replacement would be 
required.   
 

• Incoming and Metering 
o The existing AC MCC does not contain any metering. 
o Consideration should be given to include metering with digital meters for better 

tracking of usage data. 

 

CT2 AC MCC  

• Typical Starter 
o The typical starter shown is complicated as far as component quantity and wiring is 

concerned.  Failure of a component could cause damage to wiring and other 
components. Keeping a stock of spare parts would help with repairs as required but 
some parts are obsolete and sourcing of parts to rebuild starters could cause 
unnecessary downtime.  In this case, a built-up spare unit, pre-assembled in a new 
bucket, with new components, would be beneficial for ease of maintenance and 
repair.  
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CT2 120 Vac and 480 Vac Distribution 

 

• Typical Fused Disconnect 
o The typical fused disconnect is not a complicated device as far as component 

quantity and wiring is concerned.  Failure of the switch could cause down time if 
spares are not on hand or need to be ordered.   Keeping a stock of spare parts 
would help with repairs as required but some parts are obsolete and sourcing of 
parts to rebuild could cause unnecessary downtime.  In this case, a built-up spare 
unit, pre-assembled in a new bucket, with new components, would be beneficial for 
ease of maintenance and repair. One typical unit could likely be utilized as a spare 
for more than one unit.  
 

• 120 Vac and 480 Vac Distribution 
o Distribution panels should require little maintenance to provide maximum life span. 
o Keeping a stock of spare breakers on hand would help with repairs as required. 

 

CT2 120 Vac and 480 Vac Distribution 
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5.6.2.2 Recommended Actions 

• It is recommended that spare components for existing branch units be stocked for ease of 
access.   If existing parts cannot be sourced, alternate products should be sourced to have 
possible replacement solutions available. 

• It is recommended that for critical branch units, consideration should be given to build up of 
spare units, pre-assembled on new back panels for ease of installation and decrease of 
downtime upon a failure of a component. 

• It is recommended that ongoing cleaning and paint touch ups on the interior switchgear 
enclosure components be completed to help provide maximum life span for switchgear. 

• It is recommended that ongoing maintenance including cleaning and adjustment be 
completed to help provide maximum life span for the equipment. 

• Replacement is considered an option.   Costs to stock spare parts for older equipment could 
become expensive and if alternate parts or solutions above are not viable, then replacement 
would be required. 

 

 DC Low Voltage Distribution 

5.6.3.1 DC MCC 

• DC MCC General 
o The DC MCC for CT2 is 120Vdc, 400A manufactured by General Electric in 1973.    
o The units are no longer manufactured. 
o The MCC appears to be in good shape and clean. 
o The existing branch units are a bucket-style.  Simple swapping of buckets is not 

possible as spare buckets are not available. 
o No test records were found. Testing will help to determine suitability for continued 

use. 
o The MCC and internal components have a possibility of failure. This has the 

potential to lead to a serious incident that would prove costly and have the potential 
for an extended outage time.  

o Regular testing for MCCs should include:  
▪ Inspecting bolted connections for proper torque and measurement of contact 

resistance. 
▪ IR thermography should be performed to identify issues. 
▪ Perform Insulation-resistance tests on bus work and normally energized 

components. 
o In general, to maintain and repair the existing branch units spare components for all 

items should be stocked for ease of access.   If existing parts cannot be sourced, 
alternate products should be sourced to have possible replacement solutions 
available. 

o For critical branch units, consideration should be given to build up of spare units, 
pre-assembled on new back panels for ease of installation and reduction of 
downtime upon a failure of a component. 

o Regular maintenance, including cleaning and adjustment, will help to provide 
maximum life span, in particular door hinges, latching mechanisms and disconnect 
switch mechanisms. 

o Replacement has been considered and based on site observations it is considered 
an option.   Costs to stock spare parts for older equipment could become expensive 
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and if alternate parts or solutions above are not viable, then replacement would be 
required.   

 

CT2 DC MCC 

• Typical DC Starter 
o The typical starter shown is complicated as far as component quantity and wiring is 

concerned.  Failure of a component could cause damage to wiring and other 
components. Keeping a stock of spare parts would help with repairs as required. In 
this case, a built-up spare unit, pre-assembled on new back panels would be 
beneficial. 

  

CT2 DC Starter  

5.6.3.2 Recommended Actions 

• It is recommended that spare components for existing branch units be stocked for ease of 
access.   If existing parts cannot be sourced, alternate products should be sourced to have 
possible replacement solutions available. 

• It is recommended that for critical branch units, consideration should be given to build up of 
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spare units, pre-assembled on new back panels for ease of installation and decrease of 
downtime upon a failure of a component. 

• It is recommended that ongoing maintenance including cleaning and adjustment be 
completed to help provide maximum life span for the equipment. 

• MCC Replacement is considered an option.   Costs to stock spare parts for older equipment 
could become expensive and if alternate parts or solutions above are not viable, then 
replacement would be required.   
 

 Transfer Switch 

• The control room contains a transfer switch located in the basement/crawl-space for 
transfer of station power to utility power. 

• The transfer switch is in a space that is restrictive for proper movement in the area and for 
operation/maintenance activities on the transfer switch. 

 

CT2 Transfer Switch 

5.6.4.1 Recommended Actions 

• The transfer switch should be removed from the basement/crawl-space and located to a 
more suitable location. Due to limited space, it is recommended the switch is locate outside 
the control room.   

 

5.7 Control Systems 

 Condition Assessment 

The existing PLC control system was installed in 2009.  It is based on an Allen-Bradley ControlLogix 
5561 Controller as the main controller. 

• The ControlLogix system is fully supported by Allen-Bradley.   

• The system is in good shape physically 

• The Control systems and internal components have a possibility of failure. This has the 
potential to lead to a serious incident and could prove costly and have the potential for an 
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extended outage time. 

• In general, to maintain and repair the existing PLC controller system, as a minimum, critical 
components should be stocked for ease of access.   If existing parts cannot be sourced, 
alternate products should be sourced to have possible replacement solutions available. 

• Regular maintenance, including cleaning and adjustment, will help to provide maximum life 
span. 

• Industry estimates for control system obsolescence is typically 15 years. 

• PLC System 
o The main controller for the PLC system is a ControlLogix 1756-L55/A 1756-M23/A 

ControlLogix 5561 Controller.  This controller is now obsolete.  
o Consideration should be given to upgrading the existing controller to a current 

controller.  

 

CT2 PLC Control (Front Panel) 

 

 

CT2 PLC Controls 

• The PLC system is controlled by existing computers utilizing legacy Microsoft Windows XP 
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operating system.  The operating system and software do not allow flexible upgrade options 
in the future.   An upgrade to Microsoft Windows 10 operating system will support the 
existing RS Logix software older versions including RS Logix 5000 but the Windows XP 
operating system will not support newer versions of RS/Studio 5000.  

 

 

PLC/Control Monitoring 

• Generator Protection 
o Generator protection is completed using Schweitzer SEL-387E (10000) Current 

Differential and Voltage Protection relay and SEL-300G (6000) Generator Relay. 
o These components were upgraded in 2020. 
o The units are current offerings in the SEL line up and it is expected they can be 

supported to provide maximum life span. 

 

       

CT2 Generator Protection 

• Generator Controls 
o The Voltage regulation system is a Basler, DECS-250 Digital Excitation Control 

System. 
o It was upgraded in 2020. 
o The units are current offerings in the Basler line up and it is expected they can be 

supported to provide maximum life span. 
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CT2 Generator Control 

 Recommended Actions 

• It is recommended that critical components should be stocked for ease of access.  If existing 
parts cannot be sourced, alternate products should be sourced to have possible 
replacement solutions available. 

• It is recommended that ongoing regular maintenance, including cleaning and adjustment, 
be completed to help provide maximum life span. 

• Engage Instrumentation and Controls Engineering service provider to assess the CT2 
control system for obsolescence and support challenges, assess inventory levels of critical 
spares, and report on path forward. 

o Estimated cost for this work is $11,840 CAD (site visit, inspection, spare parts 
assessment, software assessment, hardware assessment and reporting). 

 

5.8 Battery and Charging System 

 Condition Assessment 

• 125 Vdc Charger 
o The existing battery charger is rated for an output 125VDC.   It appears to be in 

good condition and no issues were noted.  It is expected this charger will continue 
to operate without issue and provide maximum life span. 

    

CT2 125 VDC Charger 
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• Battery Bank 
o The existing Battery Bank at the time of first site visit consisted of 14 Cells. During 

the shutdown visit batteries were being replaced. 
o It is expected they can be supported to provide maximum life span. 

 

Existing 125Vdc Battery Bank at time of site visit 

New 125Vdc Battery Bank Being Installed 

• The Battery charging equipment has a possibility of failure but being new and well 
maintained it is unlikely a failure would occur.  The battery charging equipment is self-
contained and has the potential to lead to a serious incident that would prove costly and 
have the potential for an extended outage time.  
 

 Recommended Actions 

No recommended actions for Battery Bank and Charging System. 
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1. Report Details 
 

Title: Power Turbine inspection  

Date: 07/06/25 

Report Number: 61113 

Service Representative and Position: Ken Potts. Field Service Engineer 

  

Customer: Maritime Electric  

Site: Borden- Carlton /Canada  

Customer Designation: GT1 

Service Order Number: GLL 16126 

  

Engine Type: Avon 

Period of Visit: 02/06/25 – 06/06/25 

 
 

2. Equipment Details 
 

Gas Generator:   

Model:  Avon 1533-75L/11 

Serial Number:  37667 

Total Hours Run:  11255 

Peak Running Hours:   

Number of Starts:  3206 

Recorded Hours Since Last Overhaul:  454 

 

Power Turbine: 

Make/Model GEC EASI 1533 

Serial Number GT192 

Total hours  

Total starts  

Hours since overhaul  
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3. Work Scope 
 
Greenray were mobilised to Maritime Electric, Borden-Carleton site, Canada, to carry out 
a Power Turbine inspection due to the damage found on the PT Nozzle /Rotor. 
 
A Borescope /Visual and NDT inspection was carried out on the Nozzle /Rotor.  
The spare Nozzle was also inspected at Maritime Electric in Charlottetown stores. 

 
On arrival the Avon Gas Generator, Transition Piece, Inlet Ducting lagging had all been 
removed by site personnel. 

 

4. Details of Work 
 

On arrival at site the transition duct had already been removed by site personnel and 
readied for inspection, a borescope inspection was carried out on the nozzle and the rotor 
blades. 
 
There was found to be some mirror impact damage on three of the rotor blades, this was 
reported back to Greenray for engineering feedback. 
 
The information received back advised that the rotor blades could be dressed to lessen 
the impact damage. 
 
There is a small section missing for the edge of one of the nozzle segments at around the 
8 o’clock position. This was sent to Greenray for analysis, this damage looks to already 
have been dressed and not believed to be of any detriment to the nozzle. No further 
action was taken. 
 
In an earlier report (dated 16/06/2011) it was stated that:  
 
A crack detection inspection (dye penetrant) was undertaken by a specialist company. 
This revealed two small cracks on the nozzle shrouds inner lips at the 8-9 O’clock position 
(1” long). At present this condition is acceptable but the author would advise that if an 
opportune condition (outage) arises in the future, the area of the nozzle where these 
cracks are most likely to occur should be inspected. The inlet duct/dome was in good 
condition (see inspection report). 
 
An NDT was undertaken and no evidence of the cracks could be found, so it was decided 
to remove the centre nose cone. this could not be removed without damaging or breaking 
the fastener, it was decided not to remove the nose cone as site did not have spares. As 
a result, the cracks found in the earlier report have not been found. 
 
Greenray was also requested to carry out an inspection on Maritime Electric`s spare 
nozzle finding on this are below. 
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The power Turbine volute inspection Ref -Service Bulletin Reference: SB/EAS/16-023  
Turbine Exhaust Diffuser and Volute Inspection has not been carried out due to access 
issues. 
This will need to be carried out at a later date. 
 
There are signs of exhaust gases leaking around the flexible joint area on the volute; 
without further inspection it is difficult to find the fault. But it looks to be leaking bellows.  
 
 
 
 

Power turbine Nozzle  
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 Pictures of Nozzle with NDT spray applied no cracking has been found  
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             Small section missing for the edge of one of the nozzle segments at around the 8 o’clock position. 
 

4.1.1. The power turbine rotor  
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The pictures above show impact damage to the three rotor blades  
 
The blade damage was analysed by Greenray engineers in Lincoln and NDT was carried 
out, no cracks have been identified the blades have been dressed to lessen damage  
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Power Turbine Ducting 
 

 The ducting appeared to be in a good visual condition with no obvious defects seen. 
 

    
   
       Internal condition of Inlet Outer Duct.                      External condition of Inlet Outer Duct. 

 
Volute  
 

   
 
The pictures show discolouring for exhaust gas leak 
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Spare Nozzle  
As part of the visit an inspection was carried out on the spare nozzle. 
 
The nozzle had been cleaned by laser before Greenrays arrival /inspection. A visual and 
NDT inspection was carried out; the NDT inspection highlighted several cracks on the rear 
face of the nozzle segments. 
At this point it was decided that the nozzle would need to be sent to Greenrays workshop 
for a full strip, investigation and appraisal. 
 
The pictures below show the extent of the cracking to the spare nozzle: 
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5. Recommendations 
 

1. Gain access to Volute to carry Service Bulletin Reference: SB/EAS/16-023 - Turbine 
Exhaust Diffuser and Volute Inspection. 

2. Investigate exhaust leakage around volute expansion joint. 

3. Send the spare nozzle back to Greenray`s workshop for evaluation. 

4. On Greenray`s recommendations, Greenray to supply a certified nozzle. 

5. Change out spare nozzle with nozzle fitted to the unit. 

6. Send nozzle to Greenray for overhaul to have as a spare. This to be discussed 
further at debrief meeting. 

7. Maritime Electric have asked if they can purchase: 
Locking Tab washer P/N 3902P2335/20       
CT130A/2 - 20 off 

8. Greenray to recommend critical spares to be stocked on site.  

 

6. Conclusion 
                       
                   GT1 on visual inspection has been maintained to a good standard, to keep the unit in a 

good reliable condition it would be advisable to carry out the Recommendation listed 
above. Greenray look forward to working with Maritime Electric in the future. 

 
                     

7. Approval 
 

Report Author: Ken Potts 

Title/Position: Field Service Engineer 

Date: 07/06/25 

  
Authorised Approver: Andy Murray 

Title/Position FSE Manager 

Signature: AJMurray 
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