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IN THE MATTER OF 1 
the Electrical Power Control Act, 1994,  2 
SNL 1994, Chapter E-5.1 (the "EPCA")  3 
and the Public Utilities Act, RSNL 1990, 4 
Chapter P-47 (the "Act"), as amended; 5 
 6 
AND 7 
 8 
IN THE MATTER OF 9 
the Board’s Investigation and Hearing 10 
into Supply Issues and Power Outages 11 
on the Island Interconnected System. 12 
 13 
Ref: JC4834-MEMO-004b 
Date: 11-October-2016 
To: Thomas Johnson, representing the Consumer Advocate of Newfoundland and 

Labrador 
From: Bradley D. Railing, P.E.  
 PSC North America 
 

Memo Report – Newfoundland and Labrador Board of Commissioners of Public 
Utilities (Board), Investigation and Hearing into Supply Issues and Power Outages on 
the Island Interconnected System 

1. Introduction  14 
PSC North America (PSC) was retained in April 2014 via a consulting service agreement with the 15 
Consumer Advocate (CA) of Newfoundland and Labrador c/o attorney Thomas Johnson of the 16 
O’Dea-Earle law firm.  PSC was retained to provide consulting services as requested to assist the 17 
CA with their intervention into the power supply issues and power outages associated with the 18 
Island Interconnected System, with focus on the HVDC transmission systems.  Please note that 19 
PSC did not include a review of the HVAC or HVDC transmission lines, the CA retained another 20 
consultant recommended by PSC to review the transmission lines. 21 

PSC has reviewed reports, drafted RFIs and reviewed RFIs per the request of the CA.  This report 22 
will highlight the HVDC related issues that PSC feels will require follow up to avoid impacts on 23 
the reliability of the Island Interconnected System.   24 

2. Overview of the Muskrat Falls and the Island Interconnected System 25 
Figure1 shows the overview of the Muskrat Falls hydro project and the Island 26 
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 1 
Figure 1 – Muskrat Falls and the Island Interconnected System [1, 2] 2 
 3 
interconnected system.  The key components and initial in-service dates for Muskrat Falls and the 4 
island interconnected system transmission are provided in Table 1. 5 
 6 
Item Description Planned In-

Service Date 
(original) 

Targeted In-
Service Dates 
(latest) 

1 Muskrat Falls Hydro Facility, 824 MW  Q4-2017 to Q1 
2018 

Q3-2019 to 
Q1-2021 

2 Churchill Falls 315kV AC Switchyard and (2) 
250 km, 315kV AC overhead lines between 
Churchill Falls and Muskrat Falls 

Q4-2017 Q2-2018 

3 Labrador Island Link 900 MW, ± 350kV, (2) 
converter stations, Muskrat Falls in Labrador 
and Soldiers Pond in Newfoundland (also 
includes 3 x 175 MVAr synchronous 
condensers) 

Q4-2017 Q2-2018 

4 Labrador Island Link 900 MW, ± 350kV, 1,100 
km overhead transmission line,   

Q4-2017 Q2-2018 

5 Labrador Island Link, (2) overhead line to 
submarine cable transition stations, Forteau 
Point and Shoal Cove 

Q4-2017 Q2-2018 

6 Labrador Island Link Straight of Belle Isle 
Submarine Cable, (3) x ± 350kV, 30 km 

Q4-2017 Q2-2018 

7 Labrador Island Link, (2) sea electrodes and 
electrode lines, L’ Anse au Diable in Labrador 
(400 km line) and Dowden’s Point in 
Newfoundland (10 km line) 

Q4-2017 Q2-2018 
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8 Newfoundland 230kV facilities, substations at 
Granite Canal and Bottom Brook, 230 kV 
transmission lines, 160km  

Q4-2017 Q2-2018 

9 Maritime Link 500 MW, ± 200kV, (2) converter 
stations, Bottom Brook in Newfoundland and 
Woodbine in Nova Scotia  

Q4-2017 Q4-2017 

10 Maritime Link, ± 200kV overhead transmission 
lines, 142 km in Newfoundland and 46 km in 
Nova Scotia 

Q4-2017 Q4-2017 

11 Maritime Link, (2) overhead line to submarine 
cable transition stations, Cape Ray in 
Newfoundland and Point Aconi in Nova Scotia. 

Q4-2017 Q4-2017 

12 Maritime Link Cabot Straight Submarine Cable, 
(2) x ± 200kV, 180 km 

Q4-2017 Q4-2017 

13 Maritime Link, (2) sea electrodes and electrode 
lines, Indian Head in Newfoundland (23 km 
line) and Big Lorraine in Nova Scotia (41 km 
line) 

Q4-2017 Q4-2017 

Table 1 – Muskrat Falls and Island Interconnected System Key Components [3 thru 9] 1 
 2 
The Liberty report and Nalcor have recently reported a delay in the completion of the Muskrat 3 
Falls hydro generation plant from the originally scheduled winter of 2017-2018 to first power in 4 
Q3-2019 [7] and full in-service of Q4-2020 to Q1-2021 [6].  Nalcor [7] reported the Labrador 5 
Island Link and associated transmission facilities in Newfoundland and Labrador are now 6 
targeted for completion in Q2-2018.  Emera [8] and ABB [9] have reported that the Maritime 7 
Link will be completed and ready for operation during Q4-2017.  8 
 9 
Table 1 indicates that the Muskrat Falls, Labrador Island Link, various Newfoundland AC 10 
network upgrades and the Maritime Link are now out of synch for testing and commissioning.  11 
Maritime Link is targeted to be ready for commissioning during Q4-2017 which requires 500 12 
MW of power transmission in both directions; Newfoundland to Nova Scotia and Nova Scotia to 13 
Newfoundland.  The Labrador Island Link is targeted to be commissioned in Q2-2018 and 900 14 
MW of power will be needed to transmit from Muskrat Falls to Newfoundland.  The full power 15 
commissioning and operation of Muskrat Falls and the transmission projects may not be 16 
completed until Q1-2021.  17 
 18 
3. HVDC Related Issues  19 
The issues provided below were noted during PSC’s review of Board’s hearing record reports and 20 
RFIs.  A summary of the issue is provided along with recommended actions for follow up. 21 
 22 
 23 
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The HVDC transmission systems are being built per contracts that have terms and conditions 2 
covering schedule, milestones for completion, performance guarantees, testing requirements and 3 
warranty periods.  The Owners of the transmission systems typically have obligations in these 4 
contracts to provide high voltage supply for commissioning power by an agreed date.  It appears 5 
that the Muskrat Falls supply will not be available to provide up to 900 MW of power for the 6 
HVDC commissioning tests.  The impact [10] on the various HVDC contracts and operations has 7 
not been reviewed.  It is unknown if the HVDC contractors will accept limited commercial 8 
operation if the equipment has not been fully tested and the contractors have not been fully paid.  9 
It is also unknown if HVDC operations and maintenance staff will be trained and available for 10 
testing and commercial operation. 11 

3.1 HVDC Transmission Testing 1 

 12 
Recommended Actions

 17 

 – Confirm (1) Hydro and Emera both have plans to deal with the delay in 13 
HVDC test power up to 900 MW and (2) the HVDC contractors will allow commercial operation 14 
of the HVDC equipment at limited power levels and (3) HVDC operations and maintenance staff 15 
will be trained and available for testing and commercial operation. 16 

The addition of the Muskrat Falls hydro generation, the 315 kV transmission lines to Churchill 20 
Falls, the Labrador Island Link, the synchronous condensers in Newfoundland, the various 230 21 
kV transmission upgrades in Newfoundland and the Maritime Link is an ambitious and 22 
challenging project.  It is common practice to perform both steady state and dynamic performance 23 
modeling and testing, on power systems simulators such as PSS/e and PSCAD, to verify the 24 
stability of the complete system.  There are multiple equipment suppliers involved that will each 25 
be responsible for providing models [11], and these studies may continue until Q2-2016 [12].  26 
Hydro noted that PSS/e and PSCAD models will be validated [13] after the installation, testing 27 
and commissioning is complete. 28 

3.2 Dynamic Performance Modeling and Testing of Muskrat Falls, HVDC systems, 18 
synchronous condensers and AC transmission system 19 

 29 
It is not clear if Hydro is performing simulation studies, in advance of the HVDC transmission 30 
testing, using all of the manufacturer’s models to study response to typical network disturbances, 31 
generator trips, HVDC line faults, etc.  As noted above [12], these models may not be available 32 
until Q2-2016 and then work needs to be completed to load the various models and run 33 
simulation cases.  The simulations will show if additional control or protection adjustments are 34 
needed prior to high voltage testing with the AC networks. 35 
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Recommended Actions

 7 

 – Confirm (1) Hydro and Emera have produced a common simulation 1 
model that includes their AC networks, the synchronous condensers, the Labrador Island HVDC 2 
Link, the Maritime Link, Muskrat Falls hydro units and AC networks that are interconnected to 3 
Nalcor and Emera, (2) Hydro, Emera and parties interconnected with their networks agree that 4 
dynamic simulations have been satisfactorily completed before high voltage testing and (3) 5 
Nalcor and Emera update their dynamic models after the commissioning is completed.  6 

Hydro has noted that they will be compliant with NERC reliability standards [14, 15] for their 9 
role in commissioning of the Maritime Link, and for the entire system for commercial operation.  10 
The resources and schedule [16] to determine required NERC compliance items has not been 11 
clear.  Failure to complete NERC related action items could cause operating restrictions until 12 
these items are completed.   13 

3.3 Compliance with NERC 8 

 14 
Recommended Actions

 18 

 – Confirm (1) Hydro and Emera have a NERC compliance plan, for 15 
commissioning and for commercial operation, in place that has been reviewed by an independent 16 
party. 17 

The Labrador Island Link and the Maritime Link will both use sea electrodes for the return 20 
conductor for the approximately 1% steady state imbalance current and for steady state operation 21 
in monopolar sea return.  Monopolar sea return may be required if a converter station or one of 22 
the HVDC pole conductors is not available.   23 

3.4 Risk of Sea Electrode Stray Current  19 

 24 
Sea electrodes can be carefully designed and installed, but testing is required to confirm that stray 25 
current is not impacting existing metallic infrastructure near the electrodes.  If there are stray 26 
current impacts, the impacts may require rework to the electrodes or local protections on the 27 
impacted infrastructure.  Failure to identify stray current impacts could result in operating 28 
restrictions. 29 
 30 
Recommended Action 

 34 

– Consider a test of the electrodes after they are installed, but before the 31 
HVDC transmission testing, using mobile test equipment.  Any stray current impacts could be 32 
detected and mitigated before the HVDC transmission testing and commercial operation.   33 

 35 
 36 
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Associated with the sea electrodes are the overhead lines that connect the converter station to the 2 
electrode.  The lines need protections to detect open and short circuits.  The details of the 3 
electrode line protections [17] were not provided.  PSC’s experience with electrode line 4 
protections has been mixed when using impedance or pulse echo methods in weather conditions 5 
that include snow and ice. 6 

3.5 Electrode Line Protections 1 

 7 
Recommended Action

 10 

 – Confirm that Hydro and Emera have electrode line protection schemes 8 
that have reliable operation in all weather conditions.  9 

Hydro indicated [18, 19] that development of asset management plans and related service 12 
agreements, for items such as submarine cable repair, would be considered in 12-18 months.  The 13 
asset management plans need to include personnel, spare parts and services that are in agreement 14 
with the HVDC manufacturer’s RAM (reliability-availability-maintenance) assumptions for the 15 
availability design targets.  Failure to have a completed asset management plan could result in 16 
extended outages due to delays to access resources needed to repair the asset. 17 

3.6 HVDC Asset Management Plans 11 

 18 
Recommended Action

 21 

 – Confirm that both Hydro and Emera have developed an HVDC asset 19 
management plans.  20 

Related to the HVDC Asset Management plan are approved OPEX (operating expenses) and 23 
CAPEX (major scheduled or forced maintenance items, planned replacements, future upgrades).  24 
The financial plans and budgets for the life of the project should include a forecast of the OPEX 25 
and ongoing CAPEX.  There needs to be funds available to complete these items.  For example, a 26 
submarine cable fault could cost in excess of $10M USD to repair and these funds would need to 27 
be available rapidly.  Another example is the HVDC control system will likely need to be 28 
replaced after 15-20 years of operation.  It is important that asset managers have plans for the 29 
financial management of OPEX and ongoing CAPEX.  If these funds are not available when 30 
needed, the repairs or replacements could be delayed.     31 

3.7 Project OPEX and CAPEX Budgets 22 

 32 
Recommended Action

 35 

 – Confirm that both Hydro and Emera have developed OPEX and CAPEX 33 
plans and budgets. 34 
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Yours sincerely, 

Bradley D. Railing, P.E. 
Principal HVDC Consultant 
PSC North America 
  1 
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