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Executive Summary

The last Comprehensive Area Transmission Review (CATR) of the Maritimes Bulk Power
Transmission system was completed and subsequently approved by NPCC Inc. in March 2006 based
on the test year 2011. Subsequent to that CATR, an Interim Review was conducted in 2007. This
Intermediate Area Transmission Review (IATR) examines changes in installed and planned facilities
and forecast load in Nova Scotia since the 2006 CATR and their effect on the reliability of the Bulk
Power System in the test year 2013/2014. The Maritimes Area IATR is conducted jointly between
NSPI and NB Power Transmission, who has produced a review of that portion of the Maritimes Area
under the control of the New Brunswick System Operator (New Brunswick, Prince Edward Island,
and Northern Maine) under separate cover.

Planned generation additions since the 2006 CATR include six wind generation facilities totaling 238
MW and a 50 MW steam turbine unit at Tuft’s Cove. The NS load in the year 2013 is forecasted to
be 2257 MW, which is lower than the load forecasted for the year 2011 (2504 MW) in the CATR.
This forecast is largely due to Demand Side Management plan.

There are no plans for significant new transmission up to the year 2013; however the application of
the new A-10 Criteria in 2007 resulted in the re-classification of 9 existing buses as Bulk Power
Elements. Therefore, this IATR includes many new contingencies not previously presented in an
NPCC Area Review. An implementation plan for the newly identified BPS elements has been
approved by NPCC up to 2012. It is recognized that some of these elements may not meet A-2
criteria until their protection systems are upgraded to meet A-5 criteria by 2012.

This IATR presents the results of steady-state thermal and voltage as well as stability analysis in
accordance with the requirements of the A-2 Criteria for various load levels and stressed interface
dispatch conditions for the test year 2013. Although this review identified issues with the non-bulk
part of the NS system, the 2013 Bulk Power System was found to be in compliance with NPCC A-2
criteria provided system upgrades associated with the newly-identified BPS elements are upgraded in
accordance with the approved BPS Implementation Plan.

Extreme contingency analysis was conducted under the system condition requirements of C-18. No
contingency resulted in significant adverse impact outside the local area.

A new non-BPS Special Protection System will be required to manage thermal overloads on the
western 69kV system associated with a new 30 MW wind generation facility at Digby. The arming
level of the Type | SPS #119 will be reduced to cover potential thermal overload on L7004 and
L6511 if the new wind generation facilities are operating at full load at the time of a permanent loss
of both circuits on the double-circuit tower Canso strait crossing (L8004 plus L7005).

There are no new Dynamic Control Systems planned for Nova Scotia. All existing Dynamic Control
Systems have only local area impact, and are not expected to change for the test year.

A Fault Current Assessments for all new generation proposed for 2013 has been conducted and no
circuit breakers were found to be deficient.

Extreme System Conditions were assessed to “obtain an indication of system robustness or to
determine the extent of a widespread adverse system response.” (Document A-2, Section 8.0). On a
winter-peaking system such as NS, extreme system conditions were taken to be the high end of the
winter peak forecast. This assessment concluded that the normal contingencies will only have local
impacts under such extreme system conditions.
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The report assessed the ability of the system to be re-dispatched following loss of critical
transmission or generation, and still meet the requirements of the Transmission Design Criteria.

The studies and analyses documented in this report demonstrate that for the planned system
conditions for the year 2013 the Nova Scotia Bulk Power System is in conformance with those
sections of the Basic Criteria for Design and Operation of Interconnected Systems (NPCC Inc.
Document A-2) that relate to the design of transmission systems.
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1. INTRODUCTION

The most recent NPCC Comprehensive Area Transmission Review (CATR) of the Nova Scotia (NS)
transmission system, was conducted in 2006 and approved by the Reliability Coordinating Council in
March 2007, and covered the planned 2011 system conditions, [1]. This Intermediate Area
Transmission Review (IATR) examines changes in planned facilities and forecasted load in Nova
Scotia since the 2006 review, and their effect on the reliability of the bulk power system in the test
year 2013. The scope of this review focuses on the following changes:

(0}

(0]

o

(0]

The addition of six wind generation facilities totaling 238 MW, plus existing wind generation
(60 MW) not previous modeled in an Area Review.

The addition of Tuft’s Cove Unit 6, a 50 MW steam turbine generator, changing the operation
of units 4 and 5 into a combined-cycle unit (Tuft’s Cove 4, 5, 6)

The reclassification of nine buses and associated elements in NS as Bulk Power as a result of
the implementation of the new A-10 Criteria.

Replacement of the generator and excitation system for Trenton unit #5 (150 MW nominal).

Figure 1 shows the general layout of the Nova Scotia transmission system, 69kV — 345kV.

Maritimes Intermediate Area Transmission Review (Nova Scotia) 1
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2. CHANGES IN FACILITIES AND SYSTEM CONDITIONS

Table 1 provides a comparison of load forecasts, generation resources and transmission facilities used
in the 2006 CATR for the year 2011 and the projected changes for the year 2013.

2.1.Load Forecast

In the 2006 CATR the in-province Winter Peak load for year 2011 was forecasted to be 2504
MW, including 403 MW of interruptible load and 2101 MW of firm load. That data came from
the 2006 load forecast. The 2008 load forecast (Figure 2) shows a lower load growth than
forecasted in 2006, with the 2013 Coincident Winter Peak projected to be 2257 MW including
345 MW non-firm and 1911 MW of firm load. The primary reason for this reduced load forecast
is an aggressive demand-side management (DSM) program begun in 2008, as well as the switch
from 30-year weather average to 10-year weather average, leading to the expectation of milder
winters in NS. This forecast does not reflect any impact of a global economic downturn.

Without the DSM program, load would be expected to be 2403 MW total (2028 MW firm), as
shown in Figure 3A. For the purposes of this study, winter peak system conditions and without
DSM are assumed. For the case of Extreme System Conditions, a higher than normal forecast,
without DSM, is used, with a total system peak demand of 2564 MW with all major industrial
loads curtailed. This represents a system load of 114% of the normal forecast of 2257 MW, as
shown in Figure 3B.

2.2.Generation Resources
The following generation resource changes have occurred since the 2006 CATR:

0 The planned uprating of Tuft’s Cove Unit 1 by 20 MW has been cancelled.
o Each of the four Lingan coal-fired units is now rated at 163 MW gross.

0 The addition of the 50 MW steam turbine to the Tuft’s Cove units 4 and 5 gas turbines
(resulting in a combined-cycle plant units 4/5/6) has been approved and is on-schedule for
2010.

In response to a request for proposals to meet the Nova Scotia Renewable Energy Standard, the
following Power Purchase Agreements for a total of 238 MW have been signed by Nova Scotia
Power for installation by the end of 2009:

o Amherst 30 MW wind generating facility (the Interconnection Request was originally for 36
MW but has recently been down-sized to 30 MW. Part of this study was conducted assuming
36 MW). The generators are 1.5 MW Acciona double-fed induction generators.

0 Nuttby Mountain 45 MW wind generating facility, using 3 MW Vestas V90 double-fed
induction generators

o Dalhousie Mountain 51 MW wind generating facility, using 1.5 MW GE double-fed induction
generators.

0 Glen Dhu 60 MW wind generation facility, using 2 MW Enercon fully-inverted generators.

o0 Digby-Rossway 30 MW wind generation facility, using 1.5 MW GE double-fed induction
generators.

Maritimes Intermediate Area Transmission Review (Nova Scotia) 2
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o Statia Terminals 22 MW wind generation facility, using 2 MW Enercon fully-inverted
generators, and possibly incorporating a smaller 800 kW Enercon machine.

The location of each of these new facilities is shown on Figure 4.

2.3.Transmission Facilities

2.3.1. In-Province Transmission

The only change to the planned transmission additions discussed in the 2006 CATR is the
thermal uprating of the 138kV line L6503 from Trenton to Onslow, which was completed in
2007*. All new generation facilities listed in this review are located at, or in close proximity
to, existing transmission facilities. The 30 MW wind generation facility at Digby-Rossway
will require a 10 km 69KV line to the nearest substation at Conway. The 69KV radial
transmission near Digby-Rossway is not considered part of the Bulk Power System and
therefore is not studied in detail in this Review (the System Impact Study has confirmed that
this plant has no adverse impact on the Bulk Power System).

2.3.2. Interconnections

There are no changes to the NS-NB interconnection planned for the period up to 2013. There
is a single 345kV line between Onslow (NS) and Memramcook (NB), and two 138kV lines
between Springhill (NS) and Memramcook (NB). However, since there is only one 345kV
line from Memramcook to Salisbury on the NB side and one 138kV line from Springhill to
Onslow on the NS side, we can consider the two grids are interconnected by a single 345kV
line in parallel with a single 138kV line.

The Total Transfer Capability of the interconnection is a function of any restrictions on the
NS side of the border as well as on the NB side. The effective TTC is the lower of the two
individual TTC values. This Review examines the impact of the addition of new generation
on TTC, particularly the new wind generation on the 138kV sections of the interconnection at
Ambherst NS and Aulac NB.

NS and NB operate under a shared operating reserve agreement, and the NS-NB must be
capable of delivering the reserve share commitment at any time. In 2008, the reserve sharing
requirement is approximately 175 MW from NS to NB and 105 MW from NB to NS. This
reserve-sharing capacity is considered a Transmission Reliability Margin (TRM) and is not
available for commercial export transactions.

The ability of NS to send power to NB is based on the single contingency loss of the Onslow
— Memramcook 345kV line (L8001/L3026). Loss of that circuit puts all export plus northern
NS load (40-60 MW) on the 138kV circuit L6513, which has a summer rating of 110 MVA or
lower?. The thermal rating of L6513 is dynamically assessed in real-time and an SPS (NPCC
#130) trips one or two units to keep L6513 within its thermal limits. The export capability
could be extended by adding more generation to the SPS scheme, but if export exceeds about
500 MW, then the split of power between the parallel 345kV and 138kV components of the

! In the 2006 CATR, the summer rating of line L6503 was exceeded for loss of L8003 in the light-load heavy transfer
case. This condition has been remedied by this upgrade.
2 |f ambient temperature exceeds 25°C, the thermal rating is reduced in accordance with IEEE Standard 738-2006.

Maritimes Intermediate Area Transmission Review (Nova Scotia) 3
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interconnection will result in L6513 being loaded to its summer rating. Therefore the Firm
Export Available Transmission Capability (based on single-contingency) is approximately 60
MW in summer and 100 MW in winter. Export conditional-firm (conditional on SPS action)
ATC is 175 MW based on the NSPI reserve-sharing commitment to NBSO of 175 MW.

The ability of NS to receive power from NB is a function of the effect of the loss of either the
345KV line from Salisbury to Memramcook (L3006) or Memramcook to Onslow
(L8001/L.3026). To prevent uncontrolled separation of the parallel 138kV system, an SPS
(NPCC #15) cross-trips L6513 at Onslow. The resulting generation deficiency during import
results in underfrequency load-shedding in NS. Although NS presently has three stages of
UFLS (10% at 59.3 Hz, 15% at 58.8 Hz and 15% at 58.3 Hz), an operating limit is placed on
scheduled imports to limit UFLS to Stage 2, for a total net loss of 25% of load for a single
contingency. By limiting scheduled import to only two stages of UFLS, one final stage
ensures frequency recover should any generation trip during the separation. Proposed changes
to the UFLS program in NPCC must be evaluated to ensure that scheduled interchange limits
continue to provide sufficient margin for single contingency.

In addition to the loss of the 345kV lines between Salisbury, Memramcook and Onslow, NS
import can be limited by contingencies inside New Brunswick, particularly at times of heavy
load in the Southeast NB region (Moncton load centre) and exports to Prince Edward Island.
It should be noted that, in order to increase the firm NB-NS transfer capability, the
transmission into Moncton from the Miramichi (L3017) and Saint John (L3013) may also
need to be reinforced.

2.3.3. Newly-Classified Bulk Power System Elements

The application of the NPCC A-10 Criteria in 2007 resulted in the increase in the number of
Bulk Power System buses from 10 to 19. The A-10 Implementation Plan approved by the
RCC provides a grace period for these newly-classified stations to be brought into compliance
with the A-5 (protection and control) Criteria, but such a grace period is not provided for
application of the A-2 Criteria. Since the contingencies associated with these elements may
not have been evaluated in accordance with A-2 Criteria and the B-4 Guide during the 2006
CATR, it is necessary to study a new set of contingencies in this Intermediate Review.

The newly-classified BPS elements are those which are connected to the following buses:
Hopewell 138kV 47C 138kV Lakeside 138kV
Onslow 138kV Burnside 138kV Sackville 138kV
Brushy Hill 138k ~ Kempt Road 138kV Tuft’s Cove 69kV

These buses are highlighted on Figure 5. It should be noted that six of these buses (Brushy
Hill, Lakeside, Sackville, Burnside, Kempt Rd., and Tuft’s Cove) are in the Halifax load
centre.

Subsequent to the A-10 criteria testing conducted in 2007, System Impact Studies for the
proposed Dalhousie Mountain wind generation facility (51 MW on L7004) have determined
this facility to be BPS and it will be designed and operated as such.

Maritimes Intermediate Area Transmission Review (Nova Scotia) 4
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3. Study Parameters

The basis for this IATR was the NPCC SS-37 2007 Base Case Library for Summer Peak 2013 and
Winter Peak 2013. Since a Light Load case for 2013 was not prepared by SS-37, all light load
studies were conducted using the SS-37 2008 Light Load base case, with the concurrence of TFSS.
The changes to the NB system associated with their wind generation additions, and the new wind
generation in NS was added. Included in this study is the 30.6 MW wind generating facility at
Pubnico Point 69kV and the 14 MW wind generation facility at Lingan 69kV, both of which are in-
service in 2008. Wind generation model data was provided by the equipment manufacturers. Issues
with the models are discussed in §12.

Load model assumptions are unchanged from the 2006 CATR (see §2.3 of that report).
The functions of Special Protection Systems referenced in these studies are summarized in Table 2.

3.1. Winter Peak 2013/2014

Winter Peak base cases test the ability of the system to supply maximum system load. There are
two principle concerns in this IATR for peak load conditions. The first concern is the ability to
survive A-2 Criteria contingencies associated with the newly-designated BPS buses, particularly
in the Halifax load centre. The second concern is the displacement of existing generation with the
new wind generation. The latter concern is important because 208 MW of the new wind
generation is electrically connected east of the Halifax load centre, and if economic dispatch
patterns are honoured, this generation will displace the dual-fired (oil/gas) generation at Tuft’s
Cove units 1-3 and the combustion turbines at Burnside. This has the impact of potentially
increasing east-west power flow across constrained interfaces as shown in Figure 6.

2013WP-NS-0.sav (Figure 7a, b)

NS Gross Load 2227 MW
NS Large Motor Load 66 MW
NS Transmission Losses 93 MW
NS Gross Generation 2320 MW

NS-NB transfer 0 MW
NB-NE transfer 500 MW
NB-HQ transfer 0 MW
Cape Breton Export 732 MW
Onslow Import 961 MW
Onslow South 851 MW
SPS Armed 133, 119 (1 unit for L8003, 2 units for L8004)

2013WP-DSM-NS-200.sav (Figure 8 a, b)
NS Gross Load 2408 MW
NS Large Motor Load 200 MW
NS Transmission Losses 108 MW
NS Gross Generation 2716 MW
NS-NB transfer 200 MW
NB-NE transfer 700 MW

Maritimes Intermediate Area Transmission Review (Nova Scotia) 5
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NB-HQ transfer 0 MW
Cape Breton Export 790 MW
Onslow Import 1012 MW
Onslow South 700 MW
SPS Armed 133, 119, 130 (2 units for L8003 or L8004)

2013WP-NS-import-200.sav (Figure 9 a, b)
NS Gross Load 2360 MW
NS Large Motor Load 167 MW
NS Transmission Losses 86 MW
NS Gross Generation 2247 MW

NS-NB transfer -200 MW
NB-NE transfer 300 MW
NB-HQ transfer 0 MW
Cape Breton Export 544 MW
Onslow Import 773 MW
Onslow South 863 MW
SPS Armed 133,15

3.2. Summer Peak 2013

This load level (approximately 80% of Winter Peak) permits the study of various stresses on
interfaces within NS and between NS and NB. Two of the east-west interfaces shown in Figure 6
are stability limited (Cape Breton Export and Onslow Import), and the limits are extended by a
Type | SPS (NPCC #119). Base cases examine the impact of the new wind generation with
transfers just below the arming level of the SPS, and at the limit of transfers across the interfaces.
This examines the adequacy of the current SPS schemes. In addition, Summer Peak conditions
permit an examination of the full range of NS-NB as well as stressed transfers from NB to NE.

2013SP-NS-0.sav (Figure 10 a, b)

NS Gross Load 1700 MW
NS Large Motor Load 200 MW
NS Transmission Losses 76 MW
NS Gross Generation 1775 MW

NS-NB transfer 0 MW
NB-NE transfer 1000 MW
NB-HQ transfer 0 MW
Cape Breton Export 590 MW
Onslow Import 852 MW
Onslow South 802 MW
SPS Armed none

2013SP-NS-250.sav (Figure 11 a, b)
NS Gross Load 1691 MW
NS Large Motor Load 200 MW
NS Transmission Losses 71 MW
NS Gross Generation 1513 MW
NS-NB transfer -250 MW

Maritimes Intermediate Area Transmission Review (Nova Scotia) 6
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NB-NE transfer 1000 MW
NB-HQ transfer 0 MW
Cape Breton Export 592 MW
Onslow Import 560 MW
Onslow South 765 MW
SPS Armed 15, 133

2013SP-NS+200.sav (Figure 12 a, b)
NS Gross Load 1700 MW
NS Large Motor Load 200 MW
NS Transmission Losses 98 MW
NS Gross Generation 1998 MW

NS-NB transfer 200 MW
NB-NE transfer 1000 MW
NB-HQ transfer 0 MW
Cape Breton Export 780 MW
Onslow Import 1037 MW
Onslow South 792 MW
SPS Armed 130, 133, 119 (2 units for L8003 or L8004)

2013SP-NS+300.sav (Figure 13 a, b)
NS Gross Load 1700 MW
NS Large Motor Load 200 MW
NS Transmission Losses 94 MW
NS Gross Generation 2093 MW

NS-NB transfer 300 MW
NB-NE transfer 1000 MW
NB-HQ transfer 0 MW
Cape Breton Export 780 MW
Onslow Import 1037 MW
Onslow South 692 MW
SPS Armed 130, 133, 119 (2 units for L8003 or L8004)

3.3. Light Load 2013

This series of base cases is meant to demonstrate any potential impact on system dynamic
response associated with the displacement of thermal generation with wind generation at light
load, where the total amount of wind generation becomes a significant percentage of on-line
generation (285/1057=27%). Since wind generation has little or no inertia, and voltage control
characteristics can be significantly different than conventional synchronous generators, high
penetration levels of wind generation can be a concern.

Maritimes Intermediate Area Transmission Review (Nova Scotia)
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2013LL-NS-0.sav (Figure 14 a, b)

NS Gross Load 1065 MW
NS Large Motor Load 84 MW
NS Transmission Losses 43 MW
NS Gross Generation 1192 MW

NS-NB transfer 0 MW
NB-NE transfer 605 MW
NB-HQ transfer 195 MW
Cape Breton Export 480 MW
Onslow Import 582 MW
Onslow South 576 MW
Gross Trenton Generation112 MW
SPS Armed: none

2013LL-NS-0-notr.sav (Figure 15 a, b)
NS Gross Load 1057 MW
NS Large Motor Load 84 MW
NS Transmission Losses 51 MW
NS Gross Generation 1193 MW

NS-NB transfer 0 MW
NB-NE transfer 605 MW
NB-HQ transfer 195 MW
Cape Breton Export 580 MW
Onslow Import 584 MW
Onslow South 576 MW
Gross Trenton Generation 0 MW
SPS Armed: none

Maritimes Intermediate Area Transmission Review (Nova Scotia)
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4. Steady-State Analysis

Steady-state analysis was conducted using specific contingency scripts (IDEV) listed in Appendix A
and summarized in Table 3. Contingencies were selected to test the impact of the new wind
generation and the newly identified Bulk Power System elements. However, in the region of new
wind generation north and east of Onslow, contingencies were not limited to Bulk Power System
elements, since this new generation has the potential to stress all transmission elements regardless of
BPS status.

The study process involved reading in the base case, removing the elements from service associated
with the contingency, solving the load-flow, scanning New Brunswick Area 105 and Nova Scotia
Area 106 for voltage and flow limit violations, and plotting the post-contingency results as a one-line
diagram. The post-contingency load flow assumed constant MVVA loads, consistent with the
assumption that automatic distribution tap-changers have returned most loads to their pre-
contingency voltage state, but without automatic tap changer action on transmission transformers
(which may in fact involve operator action). Automatic Generation Control was not activated, so any
increase or decrease in inter-tie flow due to changes in generation, load, or losses was not acted upon.
Generator steady-state reactive power limits were enforced, with settings appropriate for the
generator operating point (in other words, and generator operating above its nameplate real-power
rating has a reduced reactive power capability). This method of solution represents a worst-case
scenario for steady-state post-contingency analysis, in the time frame of approximately 2 minutes
after the contingency.

The criteria for post-contingency system conditions include all transmission elements within 110% of
the seasonal (summer or winter) normal rating and all voltages between the ranges of 0.9 to 1.1 per
unit. No bus should experience a voltage deviation greater than 0.1 pu.

Pre-contingency and post-contingency steady-state results for all cases (except Extreme System
Conditions) are attached as Appendices B through J:

Appendix B Winter Peak NS-NB 0
Appendix C Winter Peak NS-NB 200 MW
Appendix D Winter Peak NS-NB -200 MW
Appendix E Summer Peak NS-NB -250 MW
Appendix F Summer Peak NS-NB 0 MW
Appendix G Summer Peak NS-NB 200 MW
Appendix H Summer Peak NS-NB 300 MW
Appendix | Light Load Trenton on
Appendix J Light Load Trenton off

4.1. Winter Peak 2013

Except for the following, all contingencies satisfied voltage and thermal limit criteria.

0 CO04 - Loss of 345kV Onslow — Memramcook 345kV L8001/L3025. Loss of this circuit
while NS is importing more than 100 MW activates the SPS #15, which cross-trips the

Onslow end of the 138kV line L6513, resulting in separation of NS and subsequent
underfrequency load shedding. Since that action can only be presented in dynamics, it is not
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0 C64 - Breaker Failure at Salisbury 345kV SA3-4 with loss of L3013 and 345kV/138kV
transformer T2 results in one 138kV bus and five radial 69kV buses in the Moncton area to
drop below 0.90 per unit (lowest voltage 0.875 at Albert 69kV). The only case where this was
found was the 2013 Winter Peak with NS importing 200 MW. Since the initial condition of
the source of the radial circuit was 1.017 pu (Moncton 69kV), the post-contingency situation
would improve with a higher tap setting on the Moncton 138kV transformer. See Figure 17.

0 C40 - Double Ckt Tower L7008/L7009. The 230kV double circuit tower exiting the Brushy
Hill substation exceeds the 5 tower limit and is now considered a normal contingency (prior
to the implementation of A-10, it was not necessary to consider that all elements connected to
a BPS bus be considered to be BPS, and therefore this was not a valid contingency).
Simultaneous loss of these two circuits results in isolation of the southwestern non-bulk part
of the system, since the two 69kV circuits L5535 and L5532 will open under overcurrent
protection. The separation is shown in Figure 18 and the resulting flows are shown in Figure
19 (A, B, C).

0 C45 - Single-phase to ground fault on L5041 with failure of Breaker 91H-523. Since the
69KV bus at Tuft’s Cove does not have Breaker Failure protection, this contingency results in
clearing the entire 69kV bus, with the result that local 69kV load is left connected through
L5003 to 90H-Sackville, as shown in Figure 20. Protection will not operate to trip the L5003
or transformer 90H-T1 resulting in sustained overload of this non-bulk part of the system,
with voltages as low as 0.78 pu. This condition was found for all Winter Peak cases studied.
See Figure 21.

4.2. Summer Peak 2013

Case 2013SP-NS-250.sav examined the impact of displacing all generation at Trenton with
imports plus wind generation. East-west SPS’s are just below arming level. With no generation at
Trenton, contingencies that isolate Trenton 138kV bus from Hopewell Bus result in low voltage
in the area and along the radial 69kV system between Trenton and Ruth Falls (non-BPS).

0 C45 - Single-phase to ground fault on L5041 with failure of Breaker 91H-523. Since the
69KV bus at Tuft’s Cove does not have Breaker Failure protection, this contingency results in
clearing the entire 69kV bus, with the result that local 69kV load is left connected through
L5003 to 90H-Sackville, as shown in Figure 22. Protection will not operate to trip the L5003
or transformer 90H-T1 resulting in sustained overload of this non-bulk part of the system.

0 C50 -1 Phase fault on L6507, Breaker Failure 79N-606. This contingency trips both
138kV lines from 79N-Hopewell and 50N-Trenton. It is similar in effect to the loss of the
double-circuit tower with L6507 and L6508. The result shown in Figure 23 is low voltage on
Trenton, Michelin, Glen Dhu wind plant, and eight radial 69kV buses out of Trenton towards
Pictou and Sheet Harbour. Figure 24 shows the post-contingency status transformer tap
changers are adjusted at IN-Onslow and 50N-Trenton. It can be concluded that, if Trenton
and Eastern Shore hydro generation are off-line, the pre-contingency voltage at 1N-Onslow
138kV and 50N-Trenton 69 kV must be held at 1.05 per unit. This will prevent voltages in
this section from dropping below 0.9 per unit, but will not prevent a step change in voltage
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0 C58 - breaker failure on 79N-810 trips 345kV lines L8003 and L8004 and opens both
138kV lines from Hopewell to Trenton. Bus voltages at Trenton, Michelin, and the radial
69KV system to Ruth Falls are below criteria. This is similar to C50 above. See Figure 27.

0 C61 - Double-circuit Tower at Strait of Canso Crossing (loss of L8004 +L7005). Since the
transfer level is below the SPS arming levels, this contingency results in exceeding the
summer rating of the 230kV line L7004 from the interconnection point of IR084-Dalhousie
Mountain wind generating plant to Onslow as well as the 138kV lines L6515 from Port
Hastings to Antigonish and L6511 between the interconnection point of IR114-Glendhu wind
generating plant to Trenton. Only three buses on the radial 69kV system between Trenton and
Ruth Falls drop below 0.90 pu. See Figure 28. If the SPS arming level is reduced, a unit at
Lingan would be tripped following this contingency, eliminating the overloads as shown in
Figure 29.

Case 2013SP-NS+300.sav examined the impact of maximum NS export (simulating the delivery
of reserve from NS to NB). East-west SPS’s are armed such that any contingency that results in
the loss of L8003 or L8004 triggers generation rejection of two units at Lingan (300 MW). Since
export is above 220 MW, therefore the loss of L8001 (Onslow — Memramcook 345kV) results in
the rejection of two Lingan units (300 MW) via SPS #130. Loss of L3006 Memramcook —
Salisbury does not require SPS action. Case 2013SP-NS+200.sav is similar to the previous case
except that, since NS exports is below 220 MW, loss of L8001 (Onslow — Memramcook 345kV)
results in the rejection of one Lingan unit (150 MW) via SPS #130.

Results for these two cases are similar, with the following notable results:

0 C22 - Loss of L6538 with both Wreck Cove units at full load results in exceeding the
summer rating of L6537 by up to 37% (limit exceeded by 17%), as shown in Figure 30. A
similar overload condition exists for loss of either of the Glen Tosh to Wreck Cove 138kV
circuits L6545 or L6549. Operator action is required to run-back the Wreck Cove hydro units
if any of these contingencies occur. Since the average summer capacity factor of Wreck Cove
is less than 15% as shown in Figure 31, this means that the total net output of Wreck Cove
exceeds summer limit for single contingency about 40 hours per year (0.46% of the time).
Since the Wreck Cove plant is remotely controlled by the NSPI System Operator at the
Energy Control Centre, this is presently considered to be an acceptable risk for a non-BPS
element.

0 C45 - Single-phase to ground fault on L5041 with failure of Breaker 91H-523. Since the
69KV bus at Tuft’s Cove does not have Breaker Failure protection, this contingency results in
clearing the entire 69kV bus, with the result that local 69kV load is left connected through
L5003 to 90H-Sackville, as shown in Figure 32. Protection will not operate to trip the L5003
or transformer 90H-T1 resulting in sustained overload of this non-bulk part of the system.
Although no post-contingency bus voltages drop below 0.90 pu, two 69kV buses experience a
change in voltage of just over 10%.

4.3. Light Load 2013
Except for the following, all contingencies satisfied voltage and thermal limit criteria.
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0 C45 - Single-phase to ground fault on L5041 with failure of Breaker 91H-523. Since the
69kV bus at Tuft’s Cove does not have Breaker Failure protection, this contingency results in
clearing the entire 69kV bus, with the result that local 69kV load is left connected through
L5003 to 90H-Sackville, as shown in Figure 33. Protection will not operate to trip the L5003
or transformer 90H-T1 resulting in sustained overload of this non-bulk part of the system. No
post-contingency bus voltages drop below 0.90 pu, and no buses experience a change in
voltage of over 10%.

0 C61 - Double-circuit Tower at Strait of Canso Crossing (loss of L8004 +L7005). Since the
transfer level is below the SPS arming levels (in case 2013LL-NS-0-notr.sav only), this
contingency results in exceeding the summer rating of the 230kV line L7004 from the
interconnection point of IR084-Dalhousie Mountain wind generating plant to Onslow as well
as the 138kV lines L6515 from Port Hastings to Antigonish and L6511 between the
interconnection point of IR114-Glendhu wind generating plant to Trenton. In this case, no bus
voltages drop below 0.90 pu or experience a change in voltage greater than 0.1 pu. Figure 34
shows the overload of these circuits with the current setting of the SPS #119, and Figure 35
shows that the loading is relieved if the SPS arming level is reduced by 100 MW.
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5. Stability Analysis

Stability analysis was conducted using specific contingency scripts (IDEV) listed in Appendix K.
Contingencies were selected to test the impact of the new wind generation and the newly identified
Bulk Power System elements. Detailed line relay models were included for the NS and NB 230kV
and 345kV system, with the addition of models for significant (stressed) 138KV lines, regardless of
BPS status. Stability files are coded to group the types of contingencies listed in §85.1 of NPCC A-02
Criteria Document:

Type A (a07.2, a101) Three-phase fault on any transmission line, transformer, or bus
section, cleared in normal time.

Type B (b06, b102) Permanent phase to ground fault on any transmission line,
transformer or bus section with delayed clearing (assumes local
breaker failure and activation of Breaker Backup scheme)

Type C (c01, c101) Permanent phase-phase-ground fault on both circuits of a double
circuit tower, both cleared in normal time.

Type D (d03) Permanent phase-ground fault on any circuit breaker, cleared in
normal time

Type G (g101) Phase-ground bus fault with failure of a circuit breaker initiated by an
SPS

Many contingencies have the potential to trigger an SPS if the base-case flow is above a
particular arming level. Such cases are therefore run with SPS tripping of a single unit (case
ending in “s”, as in b04s) or tripping of two units (case ending in *“ss”, as in b04ss)

Contingencies representing failure of primary protection (see 85.1) end in “F” as in al20F.

The base cases used for stability analysis were based on the more stressed cases used in the steady-
state analysis.

2013WP-NS-0.sav

NS Gross Load 2227 MW
NS Large Motor Load 66 MW
NS Transmission Losses 93 MW
NS Gross Generation 2320 MW

NS-NB transfer 0 MW
NB-NE transfer 500 MW
NB-HQ transfer 0 MW
Cape Breton Export 729 MW
Onslow Import 955 MW
Onslow South 845 MW
SPS Armed 133, 119 (1 unit for L8003, 2 units for L8004)

2013WP-DSM-NS-200.sav
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NS Gross Load 2408 MW
NS Large Motor Load 200 MW
NS Transmission Losses 108 MW
NS Gross Generation 2716 MW
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NS-NB transfer 200 MW
NB-NE transfer 700 MW
NB-HQ transfer 0 MW
Cape Breton Export 786 MW
Onslow Import 1004 MW
Onslow South 693 MW
SPS Armed 133, 119, 130 (2 units for L8003 or L8004)

2013WP-NS-import-200.sav

NS Gross Load 2360 MW
NS Large Motor Load 167 MW
NS Transmission Losses 86 MW
NS Gross Generation 2247 MW

NS-NB transfer -200 MW
NB-NE transfer 300 MW
NB-HQ transfer 0 MW
Cape Breton Export 544 MW
Onslow Import 773 MW
Onslow South 864 MW
SPS Armed 133,15

2013SP-NS-0.sav

NS Gross Load 1700 MW
NS Large Motor Load 200 MW
NS Transmission Losses 76 MW
NS Gross Generation 1775 MW

NS-NB transfer 0 MW
NB-NE transfer 1000 MW
NB-HQ transfer 0 MW
Cape Breton Export 590 MW
Onslow Import 852 MW
Onslow South 802 MW
SPS Armed none

2013SP-NS-250.sav

NS Gross Load 1691 MW
NS Large Motor Load 200 MW
NS Transmission Losses 71 MW
NS Gross Generation 1513 MW

NS-NB transfer -250 MW
NB-NE transfer 1000 MW
NB-HQ transfer 0 MW

Cape Breton Export 589 MW
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Onslow Import 554 MW
Onslow South 754 MW
SPS Armed 15, 133

2013SP-NS+200.sav

NS Gross Load 1700 MW
NS Large Motor Load 200 MW
NS Transmission Losses 98 MW
NS Gross Generation 1998 MW

NS-NB transfer 200 MW
NB-NE transfer 1000 MW
NB-HQ transfer 0 MW
Cape Breton Export 780 MW
Onslow Import 1037 MW
Onslow South 792 MW
SPS Armed 130, 133, 119 (2 units for L8003 or L8004)

2013LL-NS-0.sav

NS Gross Load 1065 MW
NS Large Motor Load 84 MW
NS Transmission Losses 43 MW
NS Gross Generation 1192 MW

NS-NB transfer 0 MW
NB-NE transfer 605 MW
NB-HQ transfer 195 MW
Cape Breton Export 477 MW
Onslow Import 588 MW
Onslow South 576 MW
Gross Trenton Generation112 MW
SPS Armed: none

2013LL-NS-0-notr.sav

NS Gross Load 1057 MW
NS Large Motor Load 84 MW
NS Transmission Losses 51 MW
NS Gross Generation 1193 MW

NS-NB transfer 0 MW
NB-NE transfer 605 MW
NB-HQ transfer 195 MW
Cape Breton Export 580 MW
Onslow Import 584 MW
Onslow South 576 MW
Gross Trenton Generation 0 MW
SPS Armed: none

Results of the stability analysis are summarized in Table 4. Swing curves for each case are available
in the following Appendices L through S:
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Appendix L Winter Peak NS-NB 0

Appendix M Winter Peak NS-NB +200 MW
Appendix N Winter Peak NS-NB -200 MW
Appendix O Summer Peak NS-NB 0 MW
Appendix P Summer Peak NS-NB -250 MW
Appendix Q Summer Peak NS-NB +200 MW
Appendix R Light Load Trenton on
Appendix S Light Load Trenton off

5.1. Newly Identified BPS elements

The newly identified BPS elements do not presently have dual high-speed protection systems.
Instead they use primary and secondary with permissive. In accordance with A-2 Criteria,
stability must be maintained with both primary and secondary protection, assuming that the two
schemes do not have elements in common. Since these stations have only one station battery, and
failure of that battery produces the same result as tested for the A-10 Criteria, we know that these
newly identified elements will not meet A-2 Criteria if the station battery is the element that fails.
Further analysis with that assumption is therefore redundant. However, if the Primary (high-
speed) protection fails, then secondary protection clears near end (zone 1) in 6 cycles and remote
end (zone 2) in 27 cycles. Because Zone 1 is typically 80% of the line, faults are simulated with
the following steps:

1. 3-phase zero-impedance fault applied to Bus A at time t=0.
2. Run with fault on for 6 cycles.

3. Fault cleared, circuit from Bus A to Bus B tripped.

4

. 3-phase fault applied to Bus B with fault impedance of 0.8 * impedance of circuit
from Bus A to Bus B in ohms.

o

Run with remote-end fault for additional 21 cycles (27 cycles total).
6. Clear all faults.

7. If reclosing is used, apply 3-phase fault at Dead-Line reclosing end, fault impedance
as (1) or (4).

In the case of 138kV BPS elements near Tuft’s Cove (associated with Sackville, Burnside, Kempt
Road, Lakeside, and Brushy Hill), the lines are short enough that the remote-end impedances is
low, resulting in local instability for a clearing time of effectively 27 cycles for a three phase
fault.

Figure 36 show that a delayed clearing fault (failure of primary protection) on L6014, with a three
phase fault at the Kempt Road end, results in instability of the Tuft’s Cove plant, which results in
the separation of NS from NB and continued pole-slipping of Tuft’s Cove units (machines outside
NS are stable and well damped after NS separates. Figure 37 shows that if the Tuft’s Cove units
are tripped at 1 second by unit protection, NS still separates from NB, but units inside NS are
more stable. Clearly this is an unacceptable result. Figure 38abc and 39abc show that high speed
protection is needed for this contingency. This means that as the A-10 Implementation Plan
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upgrades the protection on these transmission elements, dual high-speed schemes are required for
the following lines:

L6003 L6007
L6009 L6014
L6040 L6042

It should be noted that some of the BPS stations (identified prior to the development of A-10
Criteria) fall under §1.1.2.1 of the A-5 Criteria, and do not have dual high-speed protection
system or dual station batteries. It is therefore assumed that the clause in A-2 “For each of the
contingencies below that involves a fault, stability shall be maintained when the simulation is
based on fault clearing initiated by the “system A” protection group, and also shall be maintained
when the simulation is based on fault clearing initiated by the “system B” protection group” does
not imply that there is a failure of a single station battery or other common protection element if
such elements fall under the A-5 *“grandfather clause”.

5.2. Double-circuit Fault L7008 — L7009

As discussed in 84, the 230kV lines between Brushy Hill and Bridgewater share a common tower
for approximately 5 km out of the Brushy Hill Substation. Since these circuits are now considered
Bulk Power Elements in accordance with A-10 Criteria (Brushy Hill 230kV bus is BPS, and “all
elements connected to it shall be considered BPS™), this becomes a new contingency for NPCC
Area Reviews. L7008 and L7009 are the only lines from the Halifax area to the Western area,
because the 138KV line L6002 is operated Normally Open at Westhaver’s Elbow. The Western
area is connected through weak 69KV circuits to the Valley area at Gulch and Sissiboo. It is
expected that if the Western Area becomes disconnected from the Halifax area via loss of the
double circuit tower carrying L7008 and L7009, the circuits to the Valley area will trip. Figure
40abc shows the impact on the system with loss of this radial part of the NS non-bulk power
system.

5.3. Double-circuit Fault L8004 L7005 Strait of Canso Crossing

As discussed in 84.2, load flow contingency C61 results in thermal overload of L7004 and L6511
if the flow is just below the arming level of the SPS. Figure 41 shows that there are no stability
issues with this flow, and Figure 42 shows the dynamic response at maximum east-west transfer
level with two units rejected by the SPS #1109.

5.4. Breaker Failure at Onslow 345kV — Lose L8003 + L8002

This contingency is often found to be the most severe on the system, and at an Onslow Import
level above 1000 MW and below the limit of 1050 MW requires two Lingan units to be tripped
by SPS #119. The summer peak case with NS-NB export of 200 MW demonstrates this
contingency, with dynamic results shown in Figure 43abc. It is important that with these transfer
levels, there is sufficient dynamic reactive power reserve available in the Halifax area.

It should also be noted that both L8003 and L8002 have Single-Pole Auto-Reclose (SPAR). The
normal assumptions for this contingency is that the permanent single-phase to ground fault occurs
on one of the transmission lines, and in that case the two healthy phases of the faulted line would
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continue to carry power until the high-speed reclose attempt fails (800ms) and the line trips three-
pole remotely and a single-phase breaker sticks at the Onslow end, resulting in the delayed
tripping of the other line. This contingency was studied without the assumptions of SPAR, which
would be the case if the fault occurred on the bus section at the Onslow node of L8002 and

L8003.
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6. Extreme System Condition Analysis

Then intent of assessing the NS system under extreme conditions is “...to obtain an indication of
system robustness or to determine the extent of a widespread adverse system response.”?

Since NS is a winter-peaking system, these Extreme System Conditions are assumed to occur when
ambient temperatures are much lower than expected for normal winter peak cases. Since normal
winter rating of transmission equipment is based on an ambient temperature of 5°C, equipment
thermal capability for Extreme System Conditions would actually be higher than normal winter
rating. By contrast, summer-peaking systems would be studied with peak loads associated with very
high ambient temperatures (and subsequent reduction in equipment ratings from “normal” ratings) . It
is assumed under these conditions that some non-firm load will be curtailed, either voluntarily via the
Real Time Pricing rate, or through invocation of interruptible load operating rules.

The case 2013XP.sav represents a 14% increase over the base load forecast of 2303 MW and was
used for Extreme System Condition testing. To provide the capacity to serve this load (assuming all
wind generation is at full load on peak), non-firm load is curtailed. This means that the total load of
2564 MW is 126% of the firm load used in the rest of this review. At that load level, there are some
pre-contingency flows that exceed the normal rating of some radial and distribution equipment. No
attempt was made to address those loading issues, since load may be balanced at the distribution level
to relieve these loads, or some loss of life of distribution transformers may be accepted for brief
periods (although if temperatures are below -20°C this may not be an issue for equipment). The load
flow conditions are summarized:

2013XP.sav (Figure 44ab)

NS Gross Load 2564 MW
NS Large Motor Load 0 MW
NS Transmission Losses 112 MW
NS Gross Generation 2675 MW

NS-NB transfer 0 MW
NB-NE transfer 500 MW
NB-HQ transfer 0 MW
Cape Breton Export 810 MW
Onslow Import 1001 MW
Onslow South 853 MW
SPS Armed 133, 119 (2 unit for L8003, 2 units for L8004)

It should be noted that reactive power reserve in the Halifax Area is below acceptable levels, and NS
is drawing more than its share of line charging reactive power from New Brunswick (-88 Mvar)
across L8001. As expected the load flow for contingency C57, breaker 67N-812 failure at Onslow
345kV which removes L8003 plus L8002, would not solve even with the two-unit SPS #119 armed.
Sensitivity studies showed that approximately 200 Mvar of reactive support at Onslow 230kV bus
would be required to reach a load flow solution. Figures 45 and 46 show this effect pre-contingency
and post-contingency respectively. In addition, contingency C45, breaker failure at Tuft’s Cove 69kV
bus, causes voltage collapse and would not solve in load flow.

Section 8.0 of NPCC Inc. A02 Document.
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Steady-state results of Extreme System Condition Analysis are shown in Appendix T and stability
analysis results are shown in Appendix U (summarized in Table 4).

7. Special Sensitivity Studies

There are two cases of interest arising from the Feasibility Studies and System Impact Studies
conducted for new generation that are not evident in the base cases selected, and require sensitivity
analysis to identify system issues.

7.1. Nuttby Mountain at Full Load in Summer — restrictions on L5040

Nuttby Mountain wind generating plant is rated 45 MW, consisting of 15 Vestas V90 (3.0 MW)
units on a 34.5kV collector system. It is interconnected with the NS grid via a simple line tap on
the radial 69kV circuit L5040 from 1N-Onslow to 4N-Tatamagouche. L5040 is designed to a
conductor temperature of 50°C (sag-limited) using 336.4 kcmil Linnet ACSR. The normal
summer rating of L5040 (25°C ambient, 2 ft/sec. wind speed) is 41 MVA. Although the output
from the wind generating plant will split towards Tatamagouche, minimum load at that substation
is only 2 MVA, and the remainder of the plant output will flow towards Onslow. Assuming 1
MW of losses in the wind generating plant collector system and transformers, line L5040 would
be at or above its summer rating with the wind generating plant at full load. The wind generating
plant is on the top of a mountain, and L5040 is in a deep valley below the mountain, so there will
not be a close relationship between wind speed at the generation source and wind speed across
the 69kV circuit. Since the wind developer has applied for Energy Resource Interconnection
Service, he has effectively agreed to be curtailed when transmission capacity is not available.
The transmission line will be monitored and curtailment will be implemented particularly when
the line loading exceeds rating and local ambient temperature exceeds 25°C.

7.2. Tuft’s Cove Plant at Full Load in Summer — overload L5003

The addition of Unit #6 at Tuft’s Cove brings the total net demonstrated capability at that plant to
469 MW. If all generation at Tuft’s Cove is on-line during the summer, the thermal ratings of the
non-bulk power 69KV line from Sackville to Farrell St. (L5003) would be exceeded for the loss of
the double-circuit tower L6003/L6009 or L6003/L6007, as shown in Figures 47, 48 and 49. At
lower load levels, the overload would be greater. However, Tuft’s Cove has historically not run
at full load in the summer for load levels below 75% of peak (1700 MW). Line L5003 is currently
restricted by the rating of the switches at Akerley Boulevard and Farrell St. If these switches
were uprated to match or exceed the thermal capacity of the conductor (which is sag-limited to 55
degrees in summer), then the loading on the line would be an acceptable 10% over its summer
normal rating. At lower levels of load, where the line loading would be higher at maximum Tuft’s
Cove output, operating restrictions will be used. It should be noted that this contingency issue
pre-dates the addition of Tuft’s Cove Unit #6, and is the result of the newly designated BPS
elements L6003, L6007 and L6009 to which NPCC A-2 criteria now applies, whereas double-
circuit tower faults are not considered in the NSPI Design Criteria.

7.3. Replacement of Trenton Unit 5 Generator and Excitation System

Trenton Unit #5 was built in the mid 1960’s and is undergoing replacement of the generator.
Because the previous excitation system was an induction motor / dc generator set (Westinghouse
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Mag-a-Stat), it is slow and unreliable. In fact, all system studies are conducted with the
assumption that the exciter for Trenton Unit 5 is operating with manual excitation (AVR model is
disabled). The new generator will have a state of the art high-speed static exciter (EXST1) and
Power System Stabilizer (PSS2A).

A sensitivity case was run do demonstrate the positive impact of this generator replacement.
Figure 50 compares the Trenton 5 MW swing to the same disturbance (contingency al0 — 3 phase
fault on L6503 at 50N-Trenton) with the original model and the proposed new generator model.
Response is noticeably quicker and damping is better with the new model.

7.4. Extension of East — West Transmission Limits

Figure 6 shows the potential increase across existing transmission interfaces associated with the
addition of new wind generation in NS. These increases, particularly 132 MW across the Onslow
Import interface and 212 MW across the Onslow South Interface will occur if all wind generation
IS operating at maximum output simultaneously, and the wind generation displaces generation in
the Halifax load centre. Figure 51 shows the expected aggregate generation duration curve of all
wind generation in Nova Scotia for the period 2013. Figure 52 shows the generation duration
curve for a single typical wind generating plant. From these plots it can be seen that there is a low
probability that all wind generators operate at full load simultaneously, and is likely to occur less
than 5% of the time in a localized area. Nevertheless, the transmission analysis conducted in this
IATR assumes that all wind generation is operating at full load for each of the loading scenarios.

If the assumption that any new generation added to the system will displace the most expensive
generation on the system, then economic dispatch principles would expect that Burnside and
Tuft’s Cove generation would be displaced first. The Onslow Import limit of 1050 MW is based
on the most limiting contingency b06ss “single-phase fault on L8003 with failure of breaker 67N-
812” coupled with the operation of SPS #119 which rejects two Lingan units (300 MW of
generation). In this review the base case 2013SP-NS+200.sav represented near-maximum flows
across the Onslow Import and Onslow South interfaces. In that case, the only generation on-line
in Halifax is Tuft’s Cove 3 at 133 MW, as shown in Figure 53ab. Load at 47C is 179 MW. If
47C load is reduced in this case by 140 MW, and economic dispatch is applied, then Tuft’s Cove
generation would be taken off line (analysis ignores reserve requirements), as shown in Figure
54ab. Onslow Import is at 1173 MW and Onslow South is at 922 MW. To sustain voltage in
Halifax at these transfer levels, the Brushy Hill SVC went from 0 Mvar to 70 Mvar. If the Brushy
Hill SVC had unlimited reactive capability, the contingency b06ss (still with two unit SPS
rejection) would require approximately 275 Mvar as shown in Figure 55ab. However, under
these flow conditions flow on L6001 (Onslow — EImsdale) exceeds its summer rating by 12%
(122% of long-term rating). To keep flows on L6001 within its summer rating, the Onslow South
flow should be kept below 850 MW as shown in Figure 56ab.

The conclusion of this sensitivity analysis is that only slightly more generation in the Halifax load
center could be displaced with the addition of more reactive power between Onslow and Halifax
in summer before the thermal limits of L6001 are exceeded, but if thermal ratings are not a
significant factor, as is the case in Winter, then the addition of reactive power at Onslow or
Brushy Hill can significantly increase the flow across these interfaces. At some point the rating
of L6503 becomes a limiting factor due to the rating of the switchgear at 50N-Trenton, which can
be replaced to match the rating of the conductor.
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Steady-state results are shown in Appendix V. Contingency C57ss is the breaker 67N-812 failure
at Onslow 345kV resulting in the loss of both L8003 and L8004. In spite of the activation of SPS
#119 which trips two Lingan units, the load flow would not solve. Appendix W shows the
dynamic results of selected contingencies. Although the contingency C57/b06 is stable in
dynamics, the Onslow voltage dips quite low post-fault, which is consistent with the steady-state
results with constant MVVA load models.
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8. Special Protection Systems

The 2006 CATR studied the Breaker Failure SPS at Lingan which is designed to prevent instability
for a permanent single-phase ground fault on either L7012 or L7014 with a failure of the circuit
breaker 88S-723 shared by both circuits. Action taken by the Type | SPS #130 was found to be
ineffective, and the recommended action was to reduce the breaker failure time delay, which was
reported in the 2007 Interim Review.

All SPS’s studied in this IATR met the performance functions for which they are intended. A System
Impact Study for the 30 MW wind generation facility on the western 69kV (non-bulk power)
transmission system at Digby Rossway has identified the need for a generation rejection SPS to
prevent overloading local 69kV circuits for certain contingencies. This SPS is expected to be
classified as Type Il and will be brought to NPCC in 2009.

Steady-state contingency C61 — Double Circuit Fault on L8004/L7005 at Strait of Canso was found
to result in overload of L7004 and L6511 if wind generating plants at Dalhousie Mountain and Glen
Dhu are operating at full load while the Cape Breton Export interface is operating just below the
current arming level of SPS #119. It is proposed that this SPS arming level be reduced by 100 MW
to prevent this overload.

The Onslow Import Interface used to arm SPS’s is meant to reflect power received at 67N-Onslow on
L8003, L7003, L7004, and L7005 plus L6503 at 1N-Onslow. Presently some of these lines are
monitored at the sending end, not the receiving end, and the addition of the IR082 Dalhousie
Mountain wind generation facility on L7004 will make the correction of this metered interface
mandatory.

Maritimes Intermediate Area Transmission Review (Nova Scotia) 23




Maritime Link SBA IR-272 Attachment 6 Page 29 of 1825

9. Dynamic Control System Analysis

No new Dynamic Control Systems (DCS) are confirmed for NS. All existing and planned DCSs in
Nova Scotia have only local area impact, and are not expected to change for the year 2013, unless the
Onslow — South interface is reinforced using a new Static Var Compensator at Onslow or Halifax, as
discussed in §7.3 .
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10. Extreme Contingency Analysis

Extreme Contingency Analysis was conducted with the stressed winter peak case 2013WP-NS-0.sav.

Figures 57 and 58 demonstrate that the Cape Breton Export and Onslow South interfaces in this case

are consistent with the C-18 Document Procedure for Testing and Analysis of Extreme Contingencies
in that they are “at least 75% of the historical or expected maximum transfer on a flow duration basis
up to the maximum operating limit for the interfaces being tested”.

Results of Extreme Contingency Analysis are attached as Appendix X,

10.1. Loss of the Entire Capability of a Generating Station

In this case, Tuft’s Cove is operating at a total of 391 MW. Figure 59 shows the dynamic results
are stable and well damped. Figure 60ab shows the post-contingency load flow conditions are
within limits.

10.2. Loss of All Lines Emanating from a Substation / on a Common Right of Way

The most significant substation for this test case is Brushy Hill 230kV / 138kV. Figure 61 shows
the dynamic results are stable and well damped. Figure 62ab shows the post-contingency load
flow conditions after a major part of the NS is isolated by the contingency, and elements are
within limits.

10.3. Three-phase Fault with a Stuck Breaker at Onslow 345kV

A three phase fault is placed on L8001 at the Onslow 345kV terminal. The line opens at the
Memramcook end and breaker 67N-815 at Onslow open in 4 cycles. One pole of breaker 67N-
814 fails to open (independent pole operation). The fault continues as a single-phase fault for
another 10 cycles until the fault is cleared by opening of all three poles of breaker 67N-813 which
trips transformer 67N-T81. Figure 63 shows that results are stable and well damped. Figure 64ab
shows the post-contingency load flow conditions are within limits.

10.4. Three-phase Fault with a Stuck Breaker at Onslow 345kV

A three phase fault is placed on L8003 at the Onslow 345kV terminal. The line opens at the
Hopewell end and breaker 67N-811 at Onslow open in 4 cycles. One pole of breaker 67N-812
fails to open (independent pole operation). The fault continues as a single-phase fault for another
10 cycles until the fault is cleared by opening of all three poles of breaker 67N-813 which trips
line L8002 to Lakeside. Figure 65 shows that L6503 trips on swing at 0.792 seconds, followed by
low-voltage tripping of wind generating plant IR084-Dalhousie Mountain (50 MW) at 1.256
seconds, and cascading tripping of the three 230kV lines from Onslow to Port Hastings (1.37s to
1.4s). This isolates eastern NS with a net deficiency to the interconnected system of 950 MW,
resulting in the separation of Nova Scotia from New Brunswick at approximately 2 seconds.
Although NS does not survive the frequency decline as an island, the interconnected system
remains stable and well damped. Figure 66ab shows the post-contingency load flow conditions
for NB and NE are within limits.
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10.5. Three-phase Fault with a Stuck Breaker at Hopewell 345kV

A three phase fault is placed on L8004 at the Hopewell 345kV terminal. The line opens at the
Woodbine end opens in 5 cycles. One pole of breaker 79N-810 fails to open (independent pole
operation). The fault continues as a single-phase fault for another 10 cycles until the fault is
cleared by opening of all three poles of breaker 79N-803 which trips transformer 79N-T81 and
Line L8003. SPS #130 trips one Lingan Unit. Figure 67 shows the dynamic results are stable and
well damped. Voltage at Orrington 345kV swings less than 3% and voltage at Salisbury does not
swing below 0.92 pu. Figure 68 shows the post-contingency load flow conditions are within
limits.

10.6. Inter-Area Oscillation Originating outside the Region

An attempt was made to initiate a large-scale system oscillation on the system by suddenly
tripping all generation at Millstone (about 2000 MW). Figure 69 shows the NS system is stable
and well damped for this contingency.

10.7. Failure of a Type I SPS to Operate when Required

Several of the contingencies for which SPS #119 was required to operate and trip one Lingan unit
for this dispatch pattern were studied and reported in 85. Figure 70 is a 3-phase fault on L8003 at
Onslow for which one unit is expected to be tripped by SPS #119 but fails. Figure 71 is a single-
phase fault on L8003 near Onslow with failure of breaker 67N-712 resulting in the delayed
clearing of L8002 plus L8003. The SPS #119 is expected to trip one Lingan unit, but fails to
operate. These samples show stable and damped operation for this test case.

* Note that the Stora machine is off-line, so relative angle (Stora — Darlington) shows an inconsequential drift.
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11. Element out of Service (N-1) Re-dispatch Testing

The Basic Criteria for Design and Operation of Interconnected Power Systems (NPCC Inc.
Document A-2) requires transmission systems to be designed with sufficient transmission capability
to be able to serve forecasted loads under the conditions listed in §5.1 and 85.2 of NPCC Inc.
Document A-2 (known as the “single contingency criteria”).

NPCC A-2 Transmission Design Criteria (85.0) also require that:

“These criteria will also apply after any critical generator, transmission circuit, transformer, series or
shunt compensating device or HVdc pole has already been lost, assuming that the Area generation
and power flows are adjusted between outages by the use of ten-minute reserve and where available,
phase angle regulator control and HVdc control.”

Similarly, NPCC A-2 Transmission Operating Criteria (86.3) require that:

“Immediately after the occurrence of a contingency, the status of the bulk power system must be
assessed and transfer levels must be adjusted, if necessary, to prepare for the next contingency. If the
readjustment of generation, load resources, phase angle regulators, and direct current facilities, is not
adequate to restore the system to a secure state, then other measures such as voltage reduction and
shedding of firm load may be required. System adjustments shall be completed as quickly as
possible, but in all cases within 30 minutes after the occurrence of the contingency”.

The Transmission Design Criteria implies that the only permissible methods of adjusting generation
and power flows to prepare for subsequent contingencies is through the use of ten-minute reserve, if
phase-angle regulation and HVdc controls are not available. This statement is not consistent with the
Transmission Operating Criteria, which does not place restrictions on how the power system is to be
prepared for the next contingency, only that it must be done within 30 minutes. In Nova Scotia, for
example, ten-minute reserve can only be used to replace lost generation and not for loss of a “critical
transmission circuit, transformer, series or shunt compensator”. NSPI has developed Type Il SPS’s

(#113, #170) that are only enabled when critical transmission elements are out of service. The system
can be re-dispatched in accordance with the conditions at the time of the first contingency, based on
operating instructions developed by Operations Planners. Operators may curtail non-firm export
transactions or non-firm in-province load in response to the loss of a critical transmission element.

The following are examples of how NS meets this component of the A-2 Criteria.

11.1. Loss of L8004

With the loss of this section of the backbone 345kV transmission, east-west transfers must be
reduced such that flow into Hastings is less than 600 MW and Cape Breton Export® is below 590
MW summer / 680 MW winter. SPS #113 is armed to cover subsequent loss of 230kV
transmission by shedding one Lingan if armed and activated. This is a reduction in Cape Breton
Export capability of 250/340 MW (Winter/Summer) from the normal limit of 930 MW.

Test case 2013WP-NS-0.sav has the highest Cape Breton Export (729 MW) without curtailable
exports. To reduce Cape Breton Export to 680 MW, all four quick-start gas turbines at Burnside
were brought from synchronous condenser mode to generate mode (+132 MW), Wreck Cove 1

® With L8004 out of service, Cape Breton Export is identified as Mainland at Hastings.
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was taken off-line (-50 MW) and Tuft’s Cove 3 was adjusted to 75 MW. In addition, Trenton
gross generation must be reduced from 330 MW to 275 MW, with the difference taken up by
curtailing BMPC non-firm load (-66 MW) and the rest balanced on Tufts Cove 3 (96 MW).
Figure 72ab shows the pre-condition, and Figure 73ab shows the re-dispatched condition.
Reactive power reserve in this dispatch pattern is acceptable but below optimal. It should be
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noted that loss of L8004 would have resulted in the tripping of a Lingan Unit by action of SPS

#119.

The following contingencies were run with this N-1 configuration. Results meet NPCC criteria

and are found in Appendix Y:
a07.1s

ald

h03s

b04s

b06s

c01s

c03s

al06

c110a

3 phase fault on 18003 at
hopewell 345kv cleared in 4.5
cycles: sps drops lingan 2

3 phase fault lakeside b62,
cleared in 4 cycles, clearing
16008 and 16016

Slg fault on hastings end of 7012
3c-715 fails, clears 7012 and
7004 in 17 cycles sps

Slg fault on onslow end of 7005
67n-712 fails, clears 7005 and
7018 in 17 cycles; sps trips 1
lingan unit

Slg fault on onslow end of 8003
67n-812 fails, clears 8003 and
8002; sps trips 1 lingan unit

Slg flt on separate phases of
double ckt tower 7003 and 7004
near trenton cleared in 5 cycles

Slg flt on separate phases of
double ckt tower 8004 and 7005
canso crossing sps trips 1 lingan

3 phase fault on b62 at lakeside
Trips 16008, 16016, 103h-t6

1 phase fault on 16009 at 108h
108h-609 breaker fails bbu
operates in 15 cycles b2 no
reclosing no bs on
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b99 3 phase fault on west section of
17004 at onslow cleared in 4.5
cycles
11.2. Loss of Brushy Hill SVC on Peak

Brushy Hill SVC provides the bulk of the dynamic reactive reserve requirements (DRR) to
support the east-west corridor stability and the voltage stability of the Halifax load centre. The
Onslow South Interface is limited by the DRR as shown in Figure 74.

Under winter peak conditions represented in the case 2013WP-NS-0.sav the Onslow South flow
of 845 MW requires reactive reserve of 255 Mvar, which as shown in Figure 75 is provided by:

o0 Brushy Hill SVC 120 Mvar dynamic

o Burnside 1-4: 60 Mvar
o0 Tufts Cove 1 27 Mvar
o0 Tufts Cove 2 29 Mvar
o Tufts Cove 3 59 Mvar
o TuftsCove4,56 29 Mvar
o Total 324 Mvar

If the SVC is lost under these conditions, the DRR would drop to 204 Mvar, and the limit from
Figure 74 would be 740 MW, or a reduction of 105 MW. This re-dispatch would be
accomplished by reducing the output of Wreck Cove by 50 MW, Trenton 5 by 20 MW and
Trenton 6 by 40 MW. The redispatch would replace this generation with Burnside (66 MW) and
Tuft’s Cove 2 (42 MW). Figure 76 shows the post-redispatch conditions with DRR coming from:

0 Brushy Hill SVC 0 Mvar dynamic

o Burnside 1-4: 68 Mvar
0 Tufts Cove 1 30 Mvar
0 Tufts Cove 2 30 Mvar
0 Tufts Cove 3 68 Mvar
o TuftsCove4,5,6 35 Muvar
o Total 222 Mvar

Note that the decrease in flow increased the amount of DRR from the expected 204 Mvar due to
lower line flows.

The following contingencies were run with this N-1 configuration. Results meet NPCC criteria
and are found in Appendix Z:
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a07.1s

ald

b03s

b04s

b06s

c01s

c03s

al106

c110a

299.1

a99.2
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3 phase fault on 18003 at
hopewell 345kv cleared in 4.5
cycles: sps drops lingan 2

3 phase fault lakeside b62,
cleared in 4 cycles, clearing
16008 and 16016

Slg fault on hastings end of 7012
3c-715 fails, clears 7012 and
7004 in 17 cycles sps

Slg fault on onslow end of 7005
67n-712 fails, clears 7005 and
7018 in 17 cycles; sps trips 1
lingan unit

Slg fault on onslow end of 8003
67n-812 fails, clears 8003 and
8002; sps trips 1 lingan unit

Slg flt on separate phases of
double ckt tower 7003 and 7004
near trenton cleared in 5 cycles

Slg flt on separate phases of
double ckt tower 8004 and 7005
canso crossing sps trips 1 lingan

3 phase fault on b62 at lakeside
Trips 16008, 16016, 103h-t6

1 phase fault on 16009 at 108h
108h-609 breaker fails bbu
operates in 15 cycles b2 no
reclosing no bs on

3 phase fault on west section of
17004 at onslow cleared in 4.5
cycles

3 phase fault on west section of
17004 at ir084 cleared in 4.5
cycles
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Wind Model Issues

This is the first Area Review to include detailed dynamics models for existing and proposed wind
generation facilities. Numerous challenges were experienced with the models as provided by
manufacturers, some of which have been resolved by model updates and some of which still
outstanding. These issues do not significantly impact the results of this Review, but resolution is
required as these units come on-line.

12.1. Acciona AW1500

The Acciona AW1500 is a 1.5 MW Double-Fed Induction Generator (Type I11) with the stator
winding connected directly to the grid and the rotor winding connected to the grid through a
bidirectional power electronic voltage source converter. These machines are proposed for the 30
MW wind generating plant at Amherst NS and the 65 MW wind generating plant at nearby Aulac
NB. The generators are rated 12kV and as such do not require step-up transformer to an
intermediate collector voltage. The generators are capable of delivering power at a controllable
power factor from 0.95 leading to 0.9 lagging. The units are capable of controlling voltage on the
12kV bus level and they respond to system disturbances by adjusting reactive power output;
however this control is only available for three seconds, after which the reactive power output is
returned to pre-contingency set point as shown in Figure 77. This provides some initial system
voltage support for the first few seconds, but otherwise the units behave as constant var sources.

The Acciona plants are also supplied with a separate “SCADA-based wind plant voltage
regulator. This system is used to dynamically control the reactive power output of the individual
wind turbines within the wind plant to regulate a remote bus voltage, typically at the low side of
the collector substation transformer although remote high side control may be feasible on a case
by case basis”. This is a relatively slow-speed device which can control voltage over a period of
10’s of seconds to provide reactive power support to declining post-contingency voltage. This
model has occasionally introduced high-frequency oscillations into the first few seconds of the
simulation as shown in Figure 78. Because the effectiveness of the model is not evident in the
10-second time frame of the dynamic simulations, it was turned off in some studies to eliminate
the numerical oscillation.

12.2. Enercon E82

The Enercon E82 is a 2.0 MW Fully-Inverted (Type V) machine with the capability of voltage
control and a reactive power range of between 0.90 leading to 0.90 lagging. Some versions of this
machine can provide full reactive power range down to zero real power output, effectively
operating as a FACTS device. These machines are proposed for the 22 MW wind generating plant
at Statia and the 60 MW wind generating plant at Glen Dhu. The Statia plant will operate in
constant power factor control mode to prevent voltage variations on the local distribution system
which they share with other customers. The Glen Dhu plant will require the optional Farm
Control Unit (FCU), which is a SCADA-based master voltage controller for the wind generating
plant capable of controlling the voltage at the Point of Common Coupling by sending control
signals to individual generators in the wind generating plant to provide coordinated reactive
output control. The model used was revised in October 2008 to eliminate onerous requirements
of 1ms time step and 15 second initialization. However, we still notice that the model does not
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initialize from the load flow condition unless run for about 1 second. These issues did not
adversely affect the study results.

12.3. Vestas V90

The Vestas V90 is a 3.0 MW Double-Fed Induction Generator (Type 111) machine with the
capability of voltage control and a reactive power range of between 0.90 leading to 0.90 lagging.
The machine is proposed for the Nuttby Mountain 45 MW wind generating plant, which is
connected to a radial 69kV circuit L5040 out of the 1N-Onslow substation. Several contingencies
studied in this Review isolate the wind generating plant due to switching sequences:

dos5 SLG fault on Onslow breaker
1N-600 clears Onslow 138kV
and radial lines

al02 3 phase fault on Onslow 138kV
bus 1N-B6 trips T72, L6001, T4,
capacitor bank

cl02 1 phase fault on Onslow B61
BBU on bus tie breaker

The Vestas V90 model does not behave properly for any case which isolates the plant with no
other generators connected. The model also prevents disconnection of the model or the bus
during simulation. As shown in Table 4 (note 4), the simulations for the above contingencies halt
as soon as the V90 becomes isolated. To demonstrate the system performance for these
contingencies, sensitivity simulations were conducted for the most stressed case (2013SP-
NS+200.sav) with the assumption that the Nuttby Mountain plant is a classical generator model,
so disconnection of the plant does not cause the simulation to halt. Results are presented in
Appendix AA and are stable and well damped.

12.4. Performance during Underfrequency Events

Two of the base cases used in the stability analysis simulate transfers from NB to NS that result
in underfrequency load shedding in NS following contingencies that trip the NS-NB intertie.
These contingencies permit verification of the performance of the wind generation models in off-
frequency conditions, which have been reported as problematic in other studies.

Figure 79 shows the underfrequency performance for summer peak, where islanding while
importing 250 MW results in two stages of UFLS. Figure 80 show the underfrequency
performance for winter peak, where islanding while importing 200 MW results in one stage of
UFLS. Although the GE machines exhibit some minor numerical oscillation and the Dalhousie
Mountain Enercon drop their output significantly while frequency is depressed, the models seem
to behave adequately.

12.5. Dynamic Performance with High Wind Penetration

Wind generation has significantly different dynamic characteristics than “conventional”
synchronous generators. A primary difference is the reduced or lack of rotational inertia,
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particularly for the Type 111 machines (DFIG) and Type IV machines (fully-isolated inverter).
Inertia is one component of the general stability equations — higher inertia generally means better
stability. As higher degrees of wind-based generation is introduced into power systems,
displacing conventional generation, there is the potential for reduced system stability/damping.

Figure 81abc shows the comparative performance of rotor angle and voltage for the same
disturbance under the same load levels and transfer levels, but with and without 284 MW of wind
generation (284/1192 = 23.8%). Figure 81a clearly shows that swing angles are more prominent
with wind generation than with thermal generation. Figure 81b shows that voltage response on
the Bulk Power 230kV system is better without the wind generation. However, Figure 81b also
shows that system damping is better with the wind generation. This is because conventional
generators “oscillate” when disturbed, whereas the wind generators tend to have a flat dynamic
response, as shown in Figure 81c.
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13. Short Circuit Analysis

The detailed System Impact Studies conducted for each of the new wind generation facilities in this
IATR include an analysis of their impact on the short-circuit capacity of nearby equipment. Type 11
and Type 1V wind generators do not add significant short circuit current in the sub-transient time
frame, and no switchgear was found to be impacted by the addition of this new generation.

The following table summarizes the results of the short circuit analysis conducted as part of the
respective System Impact Study:

Interconnection Project Short Circuit Level | % Increase
Request

IR045 Ambherst 30 MW Maccan 138kV 4,300 A 55
IR082 Nuttby 45 MW Onslow 69KV 5.907 A 6.8
IR084 Dalhousie 51MW Onslow 230kV 10,892A 0.1
IR114 Glen Dhu 60 MW Lochaber 138kV 5,180 A 4.9
IR141 Digby 30 MW Gulch 69kV 3,500 A 20
IR137/IR150 Statia 22 MW Tupper 138kV 9,300 A 1.7
IR151 Tufts Cove 6 50 MW Tufts Cove 138kV 3,069 A 4.7
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14.

Impact Assessment and Overall Summary

Nova Scotia forecast and plans for the study year 2013 have been discussed in this Intermediate Area
Transmission Review, with focus on:

1.

The addition of six wind generation facilities totaling 238 MW, plus existing wind generation
(60 MW) not previous modeled in an Area Review.

The addition of Tuft’s Cove Unit 6, a 50 MW steam turbine generator, changing the operation
of units 4 and 5 into a combined-cycle unit (Tuft’s Cove 4, 5, 6)

The reclassification of nine buses and associated elements in NS as Bulk Power as a result of
the implementation of the new A-10 Criteria.

The replacement of the generator and excitation system for Trenton unit #5 (150 MW
nominal).

The main conclusion of this Intermediate Review is that the Bulk Power Transmission system of
Nova Scotia planned for the study year 2013 is judged to be in conformance with the "NPCC Basic
Criteria for Design and Operation of the Interconnected Power Systems”. The following
observations are noted:

1.

Several 138kV lines near the Tuft’s Cove generating station, as newly classified BPS
elements, require dual high-speed protection systems.

2. The Tuft’s Cove 69kV bus requires Breaker Failure Protection

The Type | SPS #119 arming level should be reduced by 100 MW to prevent thermal
overload of L6511 and L7004 with the addition of new wind generating plants at Dalhousie
Mountain and Glen Dhu.

Switches on L5003 at Akerley Boulevard and Farrell St. 69kV substations should be uprated
to match the rating of the line, in conjunction with summer operating restrictions on the total
net output of the Tuft’s Cove thermal generating station.

The double-circuit towers which carry L7008 and L7009 for 5.5 km out of Brushy Hill
230kV substation should be re-configured to accommaodate the normal contingency loss of
both circuits, which isolates the western non-bulk system in an uncontrolled fashion.

Wind generation model issues should be addressed by the manufacturers.

A Type I11 SPS for the Digby-Rossway 30 MW wind generation plant on the western non-
bulk power 69kV system will be brought to NPCC for review in 2009.

The NS system can be operated reliably with the addition of the new generation facilities
provided that transmission interfaces are honoured. This may result in a change in the
economic dispatch principles presently used.

The Onslow-South interface limit can be increased with the addition of 100 Mvar of reactive
power support at Onslow 230KV bus, but the benefit of the increase will be limited by the
summer thermal rating of L6001. Overload of L6001 could be managed by starting the 10-
minute reserve units at Burnside post-contingency.
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Nuttby Mountain 45 MW wind generation plant will be curtailed when its output exceeds the
thermal rating of the 69kV radial line L5040.

If load approaches the level studied in the Extreme System Condition analysis (90/10
forecast with no effective DSM program), there will be local voltage and loading issues.
Reactive power sharing arrangements on the 345kV intertie with NB would be violated, and
the breaker failure at Onslow 345kV would fail criteria without the addition of about 200
Mvar of reactive power support in that area. It is recognized that Extreme System Condition
assessment is not meant to dictate planning requirements (criteria need not be met), but is an
indication of robustness of the system.

Operation without generation at Trenton exposes the Eastern Shore 69kV system and buses
near Trenton to low voltage in the event of loss of both 138kV circuits from Hopewell to
Trenton (double-circuit tower fault, breaker failure, bus fault). Operating instructions for the
Onslow 230kV-138kV autotransformer should be enforced, but the addition of a capacitor
bank at Trenton will eliminate the issue.

The system can be reasonably re-dispatched following the loss of the most critical elements
on the NS system. This may not be the case following loss of the single 345kV tie between
NS and NB which could put NS in and islanded mode of operation. However, while islanded
from the interconnected system, contingencies in NS would have no adverse effect outside
the local area.

The replacement of the generator and excitation system of Trenton Unit 5 will improve the
performance of the power system.

Wind generation plants perform well during UFLS events, but can trip off-line during
instability events.

Wind generators have less inertia, therefore tend to decrease system angular stability, but
tend to improve system damping at high penetration levels.

The monitoring points for the Onslow Import interface, used for arming SPS’s, must be
updated to reflect power received at 67N-Onslow and 1N-Onslow.

Dead-line testing for three-pole reclosing should be moved away from the Tuft’s Cove
generating station, except for the case of L6040 and L6042.

Increase in short circuit level due to new generation does not require switchgear upgrade.
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Tables
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Comparison between the Study Conditions of the 2006 Comprehensive Area Transmission Review
and this Intermediate Area Transmission Review

2006 Comprehensive Area
Transmission Review

2008 Intermediate Area
Transmission Review

Study Year

2011

2013

Basis for Load Forecast

2006 Nova Scotia Power Load
Forecast

2008 Nova Scotia Power Load
Forecast

In-Province Load

Firm Load

Operable Generation Capacity
(Existing & Planned Changes)
Capacity Sales Agreements

Margin Based on net Capacity &
Firm Load

2504 MW

2102 MW

2493 MW (includes 199 MW
renewable generation accredited
with 64 MW capacity)

0 MW

18.6%

2257 MW

1911 MW

2457 MW (includes 320 MW
renewable generation with
accredited capacity 102.4 MW)
0 MW

28.6%

In-Province Transmission
Facilities

Hammonds Plains 2007
Beaver Narrows Crossing 2008
Ambherst Transformer 2008
Waterville Transformer 2008
St Croix 138kV bus 2009
Burnside East 138kV 2009
Tremont 138kV second line and
Transformer 2009

Prospect Road 69kV 2010
Bridgewater 36Mvar cap 2010
Barrington Passage Xfmr 2011
Lakeside 69KV capacitor 2011

Hammond Plains (in-service)
Beaver Narrows (in-service)
Ambherst Xfmr (in-service)
Waterville Transformer 2009
St Croix 138kV bus 2009
Burnside East 138kV 2009
Tremont 138kV second line and
Transformer 2010

Prospect Road 138kV 2010
Bridgewater 36Mvar cap 2010
Barrington Passage Xfmr 2012
Gannan Rd Xfmr 2011

Maritimes Intermediate Area Transmission Review (Nova Scotia)
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NPCC Classified SPS List
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NPCC# Type Function

133

119

15

139

113

130

GR

GR

TCT

LR

GR

GR

Common Name

Lingan BBU
SPS

NS 345 kV
SPS

NB - NS
(Import Power
Monitor)

Strait Area
Overload
Protection
System
230 PHLO

NS Export to
NB (Export
power

Initiating Condition

Breaker backup operation
of the common breaker
(88S-723) between L7012
and L7014 at Lingan

The SPS will operate
following a specific system
event or a sequence of
events at the Hopewell or
Onslow substations and/or
lines L-8003 and L-8004

Total exports from NB to
NS exceeds 100 MW* and
345 kV Line 3025/8001
opens.

Loss of 138 kV line with
high local load and high
ambient temperature

Any multiphase fault on the
Onslow Lingan 230 kV
circuits or the loss of one or
more circuits when power
flows are above certain
levels.

Loss of L-8001(or NB
Lines L-3006 or L-3025)
with exports from NS to NB

Resulting Action

Trip one of four units at
Lingan (pre-selected by the
operator)

Depending on the level of NS
internal East - West transfers,
either one or two 150 MW
units will be rejected at
Lingan. These units will be
pre-selected by the operator at
flow levels determined by
operating studies.

Cross-trip 138kV line L6513 to
force an island of Nova Scotia

Automatic reduction of load at
47C

Trip selected units at Lingan.
(150 -300 MW)

Rejection of up to 300 MW of
NS generation.

Reason for Initiation

To prevent instability of
eastern NS system for any fault
on L7012 or L7014 coincident
with specific breaker failure
Maintain stability.

To prevent uncontrolled
separation of NS, thereby
limiting exposure to UFLS

Prevent thermal overload of
lines supplying 47C load

System stability and prevent
thermal overload when L8004
is out of service.

To prevent thermal
overloading of line
L6513, and separation of Nova

Maritimes Intermediate Area Transmission Review (Nova Scotia)
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NPCC# Type

168

169

170

193

194

Function  Common Name Initiating Condition
monitor) in excess of a thermal limit
on L-6513.
LR Strait area High load in Strait of Canso
Transformer Area with high ambient
Overload temperature, no generation
Protection at Pt. Tupper, followed by
loss of one 230-138 kV
transformer, or loss of
generation at Tupper with
one transformer out
GR Lingan Auto arm if load at 47C
Overfrequency exceeds 15% of total load,
SPS loss of load as an island
GR Lingan N-1 Transmission element out
SPS of service, loss of one or
more additional elements.
GR Wreck Cove Line L6538 load over 114
L6538 MVA for more than 6
Overload minutes
LR/TCT  Kinston Loss of transmission
Greenwood elements with resulting low
UVLS voltage

Resulting Action

Send signal to rapidly curtail
non-firm load at 47C plant on
detection of transformer
overload

Trip one unit at Lingan (150
MW) if frequency exceeds
60.8 Hz for 100 ms.

Trip one or two units (150 MW
each) at Lingan.

Trip one Wreck Cove unit (up
to 100 MW)

Trip radial 69kV circuit L5024
isolating load at Kingston and
Greenwood

Reason for Initiation

Scotia from New Brunswick.

Prevent post contingency
thermal overload of Port
Hastings 230-138 kV
transformer

Limit overfrequency when NS
or Maritimes is operating as an
island and a large block of load
is lost.

Provide increased east-west
transfer capability when
transmission elements are out
of service or forced outages
greater than 30 min.

To prevent thermal overload of
steel conductor water crossing
for loss of L6537 when total
Wreck Cove output is above
120 MW

To avoid local voltage
depression for a single
contingency at high load
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Table 3
Steady-State Testing Contingencies

Trip L8004 With 1 unit SPS

Trip L8003 Without SPS

Trip L8003 With 2-unit SPS

Trip L8001 Without SPS

Trip L8001 With 2-unit SPS

Trip L7012 With sps

Trip L7005

Trip L7009

Trip L7014

Trip L6511

Trip L6511W (Glen Dhu Wind generating plant to Trenton
138kV)

Trip L6536 (Springhill to Aulac Wind generating plant in NB)

Trip L6535N (Amherst Wind generating plant to
Memramcook)

Trip L6516

Trip L6003
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Trip L6007

Trip L6009

Trip L6014

Trip L6033

Trip 103H-B61

Double Circuit Tower L6005+L6010

Double Circuit Tower L6005 L6016

Double Circuit Tower L6003 L6007

1 Phase Fault on L6016 Breaker Failure 622

Breaker Failure L6005 L6010 90h-608

Breaker Failure on 91H-523

1 Phase Fault 103H-600

1 Phase Fault on 104H-600

1 Phase Fault fault on L6507, Breaker Failure 79N-606

1 Phase Fault fault on 1N Bus 61

Breaker 47C-602 fault

Breaker Failure 885-723 With SPS

Breaker Failure 67N-811 L8003 + T82 Without SPS
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Breaker Failure 67N-811 L8003 + T82 2 unit SPS

Breaker Failure 67N-812 1-unit SPS

Breaker Failure 79N-810 Without SPS

Breaker Failure 79N-810 2-unit SPS

Double Circuit Tower on L7003+L7004

Double Circuit Tower on Strait Crossing L8004-L7005 1-unit SPS

1 Phase Fault on breaker 88S-721 Trips Lingan 3 and 4

1 Phase Fault on breaker Salisbury Breaker SA3-4 Trips
L3013 and T2
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Dynamics Results

Number

Filename
Fault / Disturbance Description

2013WP-NS-0

Winter

2013WP-DSM-NS-200

2013WP-NS-import-200

2013SP-NS-0

Summer Light Extreme

2013SP-NS-250
2013SP-NS+200
2013LL-NS-0
2013LL-NS-notr
2013XP

Detailed Results in Appendix

a07.1s

a07.2

a07.2s

a07.2ss

a08

a09

a09.1

a09s

al0

al2

al2s

al2ss

ald

299.1

299.2

b01

b01s

b03

Legend:

a07.1s-3p_8003_79n-BASECASE.out
3 PHASE FAULT ON L8003 AT Hopewell 345kV
CLEARED IN 4.5 CYCLES: sps drops lingan 2

a07.2-3p_8003_67n-BASECASE.out
3 PHASE FAULT ON L8003 AT ONSLOW
CLEARED IN 4.5 CYCLES: No SPS

a07.2s-3p_8003_67n-BASECASE.out
3 PHASE FAULT ON L8003 AT ONSLOW
CLEARED IN 4.5 CYCLES: sps drops lingan 2

a07.2ss-3p_8003_67n-BASECASE.out
3 PHASE FAULT ON L8003 AT ONSLOW
CLEARED IN 4.5 CYCLES: sps drops lingan 2 + 4

a08-3p_8002_67n-BASECASE.out
3 PHASE FAULT ON L8002 AT ONSLOW
CLEARED IN 4.5 CYCLES: NO SPS

a09-3p_8001_67n-BASECASE.out
3 PHASE FAULT ON L8001 AT ONSLOW
CLEARED IN 4.5 CYCLES: NO SPS

a09.1-3p_8001_67n-BASECASE.out
3 PHASE FAULT ON L8001 AT ONSLOW
CLEARED IN 4.5 CYCLES: SPS trips L6513 isolates NS on import

a09s-3p_8001_67n-BASECASE.out
3 PHASE FAULT ON L8001 AT ONSLOW
CLEARED IN 4.5 CYCLES: NO SPS

a10-3p_6503_50n-BASECASE.out
3 PHASE FAULT ON L6503 AT TRENTON
CLEARED IN 5 CYCLES: NO SPS

al2-3p_79n-BASECASE.out
3 PHASE FAULT ON T81 AT WOODBINE
CLEARED IN 4.5 CYCLES: no SPS

al2s-3p_79n-BASECASE.out
3 PHASE FAULT ON T81 AT WOODBINE
CLEARED IN 4.5 CYCLES: SPS DROPS LINGAN UNIT 2

al2ss-3p_79n-BASECASE.out
3 PHASE FAULT ON T81 AT WOODBINE
CLEARED IN 4.5 CYCLES: SPS DROPS LINGAN UNIT 2 and 3

al4-3ph_103h_b62-BASECASE.out
3 phase fault Lakeside B62, cleared in
4 cycles, clearing L6008 and L6016

a99.1-7004w_3ph_67N-BASECASE.out
3 phase fault on west section of L7004 at Onslow
cleared in 4.5 cycles

a99.2-7004w_3ph_67N-BASECASE.out
3 phase fault on west section of L7004 at IR084
cleared in 4.5 cycles

b01-7012_1ph_88s723-BASECASE.out
SLG FAULT ON LINGAN END OF 7012
88S723 FAILS, CLEARS 7012 AND 7014 IN 15 CYCLES: NO SPS

b01s-7012_1ph_88s723-BASECASE.out
SLG FAULT ON LINGAN END OF 7012
885723 FAILS, CLEARS 7012 AND 7014 IN 15 CYCLES: SPS trips Unit 4

b03-7012_1ph_3c715-BASECASE.out
SLG FAULT ON HASTINGS END OF 7012
3C-715 FAILS, CLEARS 7012 AND 7004 IN 17 CYCLES

O - Results OK

1- SPS Required
2 - SPS Not Armed

3 - Line does not currently have dual high-speed
protection but will be required

4 - Simulation halted due to Vestas V90 model see 12.3
5 - Stage 1 UFLS
6 - Stage | and 2 UFLS
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Dynamics Results

Number

Filename
Fault / Disturbance Description

2013WP-NS-0

Winter

2013SP-NS-0

Summer Light Extreme

2013SP-NS-250
2013SP-NS+200
2013LL-NS-0
2013LL-NS-notr
2013XP

b03s

b04

b04s

b04ss

b06

b06s

b06ss

b07

b07s

b07ss

b08

b09

b09s

c01

cOls

c03

c03s

c03ss

d03

Legend:

b03s-7012_1ph_3c715-BASECASE.out
SLG FAULT ON HASTINGS END OF 7012
3C-715 FAILS, CLEARS 7012 AND 7004 IN 17 CYCLES SPS

b04-7005_1ph_67n712-BASECASE.out
SLG FAULT ON ONSLOW END OF 7005
67N-712 FAILS, CLEARS 7005 AND 7018 IN 17 CYCLES

b04s-7005_1ph_67n712-BASECASE.out
SLG FAULT ON ONSLOW END OF 7005
67N-712 FAILS, CLEARS 7005 AND 7018 IN 17 CYCLES; SPS trips 1 lingan unit

b04ss-7005_1ph_67n712-2013SP-NS+200a.out
SLG FAULT ON ONSLOW END OF 7005
67N-712 FAILS, CLEARS 7005 AND 7018 IN 17 CYCLES; SPS trips 2 lingan units

b06-8003_1ph_67n812-BASECASE.out
SLG FAULT ON ONSLOW END OF 8003
67N-812 FAILS, CLEARS 8003 AND 8002 no SPS

b06s-8003_1ph_67n812-BASECASE.out
SLG FAULT ON ONSLOW END OF 8003
67N-812 FAILS, CLEARS 8003 AND 8002; sps trips 1 lingan unit

b06ss-8003_1ph_67n812-BASECASE.out
SLG FAULT ON ONSLOW END OF 8003
67N-812 FAILS, CLEARS 8003 AND 8002; sps trips 2 lingan units

b07-pg_8004_79n_bbu-BASECASE.out
1 PHASE FAULT ON L8004 AT HOPEWELL, BREAKER 79N-810 FAILS
BBU TRIPS 8003 IN 15 CYCLES: no sps

b07s-pg_8004_79n_bbu-BASECASE.out
1 PHASE FAULT ON L8004 AT HOPEWELL BREAKER 79N-810 FAILS
BBU TRIPS 8003 IN 15 CYCLES: SPS DROPS LINGAN UNIT 2

b07ss-pg_8004_79n_bbu-BASECASE.out
1 PHASE FAULT ON L8004 AT HOPEWELL BREAKER 79N-810 FAILS
BBU TRIPS 8003 IN 15 CYCLES: SPS DROPS LINGAN UNIT 2 and 3

b08-88s_h71_1ph_88s721-BASECASE.out
SLG FAULT ON LINGAN bus node between G3 and G4
88S721 FAILS, CLEARS G3 and G4 IN 15 CYCLES

b09-pg_8001_67n_815_bbu-BASECASE.out
1 PHASE FAULT ON L8001 AT onslow BREAKER 67N-815 FAILS;
BBU TRIPS 67N-T82 IN 15 CYCLES; no sps

b09s-pg_8001_67n_815_bbu-BASECASE.out
1 PHASE FAULT ON L8001 AT onslow BREAKER 67N-815 FAILS;
BBU TRIPS 67N-T82 IN 15 CYCLES; SPS trips 1 Unit

c01-pg_7003_7004_50n-BASECASE .out
slg flt on separate phases of double ckt tower
7003 and 7004 near Trenton cleared in 5 cycles

c01s-pg_7003_7004_50n-BASECASE .out
slg flt on separate phases of double ckt tower
7003 and 7004 near Trenton cleared in 5 cycles

c03-pg_8004_7005_strait-BASECASE.out
slg flt on separate phases of double ckt tower
8004 and 7005 Canso crossing cleared in 4 cycles

c03s-pg_8004_7005_strait-BASECASE.out
slg flt on separate phases of double ckt tower
8004 and 7005 Canso crossing sps trips 1 lingan

c03ss-pg_8004_7005_strait-BASECASE.out
slg flt on separate phases of double ckt tower
8004 and 7005 Canso crossing sps trips 2 lingans

d03-1ph_50n604-BASECASE.out
1 phase fault on trenton Bus-tie Breaker 50n604
5 cycles, no reclosing, clears whole 138 kV station

O - Results OK

1- SPS Required
2 - SPS Not Armed

(o]

O|| 2013WP-DSM-NS-200

3 - Line does not currently have dual high-speed
protection but will be required

0| 2013WP-NS-import-200

o

o
o
o
o
o

4 - Simulation halted due to Vestas V90 model see 12.3
5 - Stage 1 UFLS
6 - Stage | and 2 UFLS
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Dynamics Results

Number

Filename
Fault / Disturbance Description

2013WP-NS-0

Winter

2013SP-NS-0

Summer Light Extreme

2013SP-NS-250
2013SP-NS+200
2013LL-NS-0
2013LL-NS-notr
2013XP

do4

d05

e02

e03

al01l

alOls

al0lss

al02

al03

al04

al05

al06

al07

al08

al09

allo

all2

all3

alld

Legend:

d04-88s721_1ph-BASECASE.out
SLG FAULT ON LINGAN breaker 88S721trips lingan 3 and 4 in 4 cycles

d05-1n600_1ph-BASECASE.out
SLG FAULT ON Onslow breaker 1n600
clears Onslow 138kv and radial lines

e02-lose-tc3-BASECASE.out
Lose Tufts Cove 3
No Fault

e03-lose-stora-BASECASE.out
Lose all load at Stra
No Fault

al01-b1_3ph_79n_nrecl-BASECASE.out
3ph FAULT ON 138kV bus B1 at 79N Hopewell
No SPS

al01s-b1_3ph_79n_nrecl-BASECASE.out
3ph FAULT ON 138kV bus B1 at 79N Hopewell
SPS trips lingan unit

al01ss-b1_3ph_79n_nrecl-BASECASE.out
3ph FAULT ON 138kV bus B1 at 79N Hopewell
SPS trips 2 lingan units

al102-b61_3ph_1n_nrecl-BASECASE.out
3 phase fault on Onslow 138kV bus B6trips T72, L6001, T4, capacitor bank

al103-L6503_3ph_1n_recl-BASECASE.out
3 phase fault on L6503 at Trenton
Cleared in 6 cycles - reclose attempt from Onslow

al104-120h-b61_3ph_nrecl-BASECASE.out
3 phase fault on B61 at Brushy Hill 138kV
trips 120H-T72

al05-L6012_3ph_recl-BASECASE.out
3 phase fault on L6012 at 120H Brushy
Recloses in 5 seconds

al106-103h-b62_3ph_nrecl-BASECASE.out
3 phase fault on B62 at Lakeside
trips 16008, 16016, 103h-t6

al107-16003_3ph_recl-BASECASE.out
3 phase fault on 16003 at sackville
recloses from Sackville in 5 seconds

a108-16003_91H_3ph_recl-BASECASE.out
3 phase fault on 16003 at Tufts cove
clears fault in 6 cycles Recloses from tufts cove in 3s

a109-16004_90H_3ph_recl-BASECASE.out
3 phase fault 16004 at sackville
clears fault in 6 cycles, recloses in 4 seconds from TC

al110-16523_3ph_recl-BASECASE.out
3 phase fault 16523 at stora
clears fault in 6 cycles, recloses in 5 seconds from POT

al12-15049_3ph_nrecl-BASECASE.out
3 phase fault 15049 at 91H-Tufts Cove69kV
clears fault in 9 cycles, no reclose

al13-16009_3ph_recl-BASECASE.out
3 phase fault 16009 at 101H Cobequid Rd
clears fault in 6 cycles, reclose from Sackville in 5s

all4-b61_3ph_2C_nrecl-BASECASE.out
3 phase fault on Hastings 138kV Bus B61
Cleared in 6 cycles

O - Results OK

1- SPS Required
2 - SPS Not Armed

(o]

O|| 2013WP-DSM-NS-200

EN

3 - Line does not currently have dual high-speed
protection but will be required

0| 2013WP-NS-import-200

EN

o

o
o
o
o
o

4 - Simulation halted due to Vestas V90 model see 12.3
5 - Stage 1 UFLS
6 - Stage | and 2 UFLS
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Table 4 Dynamics Results

Number Filename Winter Summer Light Extreme
Fault / Disturbance Description

2013SP-NS-250
2013LL-NS-0
2013LL-NS-notr
2013XP

2013SP-NS-0
2013SP-NS+200

2013WP-NS-0
O|| 2013WP-DSM-NS-200
0| 2013WP-NS-import-200

alls al15-b62_3ph_2C_nrecl-BASECASE.out
3 phase fault on Hastings 138kV Bus B62
Cleared in 6 cycles

o
o
o
o
o
o
o

all6 al16-16014_91H_3ph_recl-BASECASE.out o (@] (@] (@] (@] (@] (@] (@] (@]
3 phase fault on L6014 at Tuft's Cove
Cleared in 6 cycles reclosing attempt from 91H in 10 sec

all6F all6F-16014_91H_3ph_recl-BASECASE.out o (@] (@] (@] o (e] (@] o (@]
3 phase fault on L6014 at Tuft's Cove Primary Protection Fails
Cleared in 6 cycles reclosing attempt from 91H in 10 sec

all7 al17-16014_104H_3ph_recl-BASECASE.out o (@] o (@] (@] (e] (@] (e] (@]
3 phase fault on L6014 at Kempt Rd
Cleared in 6 cycles reclosing attempt from 91H in 10 sec

all7F all7F-16014_104H_3ph_recl-BASECASE.out 3 3 3 3 (0] 3 (0] (0] 3
3 phase fault on L6014 at Kempt Rd Primary Failed
Cleared in 6 cycles reclosing attempt from 91H in 10 sec

all7.1F all7.1F-16014_104H_3ph_recl-BASECASE.out 3 3 3 (0] (0] 3 (0] o 3
3 phase fault on L6014 at Kempt Rd Primary Failed
Tufts Cove units trip

all8 al118-16035_1H_3ph_nrecl-BASECASE.out o o (@] (e] (e] (@] o (@] (@]
3 phase fault on L6035 at Water St
Cleared in 6 cycles

all8F all18F-16035_1H_3ph_nrecl-BASECASE.out o (@] (0] (e] (@] (@] (@] (@] (@]
3 phase fault on L6035 at Water St Primary Failed
Cleared in 6 cycles from 1H, 25 Cycles from KemptRd

all9 al119-16007_108H_3ph_recl-BASECASE.out o (@] (@] (@] o (@] (@] (@] (@]
3 phase fault on L6007 at Burnside
Cleared in 6 cycles from Burnside

all9F all9F-16007_108H_3ph_recl-BASECASE.out 3 3 3 (0] (0] 3 (0] (0] 3
3 phase fault on L6007 at Burnside Primary Protection Fails
Cleared in 6 cycles from Burnside

al20 a120-16008_103H_3ph_recl-BASECASE.out o (@] (@] (@] o (@] (@] (@] (@]
3 phase fault on L6008 at 108H-LAK
Cleared in 6 cycles - reclose attempt in 5 sec from 91H

al20F al20F-16008_103H_3ph_recl-BASECASE.out o (@] o (e] (@] (@] (@] (@] (@]
3 phase fault on L6008 at 108H-LAK Primary Fails
Cleared in 6 cycles - reclose attempt in 5 sec from 91H

al2l al121-16010_120H_3ph_recl-BASECASE.out o o (@] (@] o (@] (@] (@] (@]
3 phase fault on L6010 at 120H-BrushyHill
Cleared in 6 cycles - reclose attempt in 3 sec from 120H

al2lF al21F-16010_120H_3ph_recl-BASECASE.out o (0] (0] 3 (0] 3 (0] (0] (0]
3 phase fault on L6010 at 120H-BrushyHill Primary Fails
Cleared in 6 cycles - reclose attempt in 3 sec from 120H

al22 al122-16042_113H_3ph_recl-BASECASE.out o (@] (@] (@] (@] (@] (@] (@] (@]
3 phase fault on L6042 at 113H-DartEast
Cleared in 6 cycles - reclose attempt in 5 sec from 91H

al22F al22F-16042_113H_3ph_recl-BASECASE.out o (@] (@] (@] (@] (@] o (@] (@]
3 phase fault on L6042 at 113H-DartEast Primary Fails
Cleared in 6 cycles - reclose attempt in 5 sec from 91H

b101 b101-L6005+L6010_DCT_nrecl-BASECASE.out o (@] (@] (@] (@] (@] (@] (@] (@]
1 phase fault on DCT L6005+L6010 at 120H Brushy
clears fault in 6 cycles, no reclose

b102 b102-L6011+L6010_DCT_nrecl-BASECASE.out o (@] (@] (@] (@] (@] (@] (@] (@]
1 phase fault on DCT L6011 + L6010 at Brushy 138
clears fault in 6 cycles, no reclose

b103 b103-L6005+L6016_DCT_nrecl-BASECASE.out o (@] (@] (@] (@] (@] o (@] (@]
1 phase fault L6005/L6016 at 120H, cleared in
6 cycles, no reclosing

Legend:

O - Results OK 4 - Simulation halted due to Vestas V90 model see 12.3
1- SPS Required 3 - Line does not currently have dual high-speed 5 - Stage 1 UFLS
2 - SPS Not Armed protection but will be required 6 - Stage | and 2 UFLS
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Dynamics Results

Number

Filename
Fault / Disturbance Description

Winter

2013SP-NS-0

Summer Light Extreme

2013SP-NS-250
2013SP-NS+200
2013LL-NS-0
2013LL-NS-notr
2013XP

b104

b105a

b105b

b105c

b106

c101

c101s

c102

c103

c104

c105

c106

c107

c108a

c108b

c108c

c108d

c109

c110a

Legend:

b104-L6003+L6009_DCT_nrecl-BASECASE.out
1 phase fault L6003/L6009 at 90H, cleared in
6 cycles, no reclosing

b105a-L6003+L6007_DCT_nrecl-BASECASE.out
1 phase fault L6003/L6007 at 91H, cleared in 6 cy
fault impedance with all generation on

b105b-L6003+L6007_DCT_nrecl-BASECASE.out
1 phase fault L6003/L6007 at 91H, cleared in 6 cy
fault impedance with Burnside generation off

b105¢-L6003+L6007_DCT_nrecl-BASECASE.out
1 phase fault L6003/L6007 at 91H, cleared in 6 cy
fault impedance with burnside and TC 1+2 off

b106-L7008+L7009_DCT_nrecl-BASECASE.out
1 phase fault DCT L7008/L7009 at 120H, cleared in
4 cycles, no reclosing - west separates at 0.2 sec

c101-79N-606_BBU_nrecl-BASECASE.out
1 phase fault Hopewell L6507, cleared in 6 cy
BBU on Breaker 600 clears the station - no SPS

c101s-79N-606_BBU_nrecl-BASECASE.out
1 phase fault Hopewell L6507, cleared in 6 cy
BBU on Breaker 600 clears the station - 1 unit SPS

c102-1N-600_BBU_nrecl-BASECASE.out
1 phase fault on Onslow B61
BBU on bus tie breaker

¢103-120H-622_BBU_nrecl-BASECASE.out
1 phase fault L6016 at 120H, BBU on 120H-622
trips L6016 L6005 in 14 cycles

c104-103H-632_BBU_nrecl-BASECASE.out
1 phase fault L6033 at 103H, cleared 1H in 6 cy
103h-632 fails, Bus B61 clears

c105-90H-608_BBU_nrecl-BASECASE.out
1 phase fault L6010 at 90H, 120H end cleared in 6 cy
BBU on 90H-608 trips L6005 in 14 cycles

c106-90H-611_BBU_nrecl-BASECASE.out
1 phase fault L6008 at 90H, 103H end cleared in 6 cy
BBU on 90H-611 trips L6009 in 14 cycles

c107-47C-601_BBU_nrecl-BASECASE.out
1 phase fault L6518 at 47C, 2C end cleared in 6 cy
BBU on 47C-601 trips TMP-1 in 14 cycles

c108a-91H-523_BBU_nrecl-BASECASE.out
1 phase fault on L5041 at 91H opens from 99h in 9 cycle
91H-523 breaker fails No BBU installed; all gens on

c108b-91H-523_BBU_nrecl-BASECASE.out
1 phase fault on L5041 at 91H opens from 99h in 9 cycle
91H-523 breaker fails No BBU installed; TC 1 off

c108¢c-91H-523_BBU_nrecl-BASECASE.out
1 phase fault on L5041 at 91H opens from 99h in 9 cycle
91H-523 breaker fails No BBU installed; TC1 and 2 off

¢108d-91H-523_BBU_nrecl-BASECASE.out
1 phase fault on L5041 at 91H opens from 99h in 9 cycle
91H-523 breaker fails No BBU installed; all TC off

¢109-101h-600_BBU_nrecl-BASECASE.out
1 phase fault on 101H-B62 101H-600 breaker fails
BBU opertes in 15 cycles entire bus no reclosing

c110a-108h-609_BBU_nrecl-BASECASE.out
1 phase fault on L6009 at 108H 108H-609 breaker fails
BBU opertes in 15 cycles B2 no reclosing; all BS on

O - Results OK
1- SPS Required
2 - SPS Not Armed

2013WP-NS-0
O|| 2013WP-DSM-NS-200

(o]

3 - Line does not currently have dual high-speed
protection but will be required

0| 2013WP-NS-import-200

o

o
o
o
o
o

4 - Simulation halted due to Vestas V90 model see 12.3
5 - Stage 1 UFLS
6 - Stage | and 2 UFLS
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Dynamics Results

Number

Filename
Fault / Disturbance Description

2013WP-NS-0

Winter

2013SP-NS-0

Summer Light Extreme

2013SP-NS-250
2013SP-NS+200
2013LL-NS-0
2013LL-NS-notr
2013XP

c110b

el01

e102

el03a

e103b

e103c

e103d

el04a

e104b

9101

c110b-108h-609_BBU_nrecl-BASECASE.out
1 phase fault on L6009 at 108H 108H-609 breaker fails
BBU opertes in 15 cycles B2 no reclosing no BS on

€101-103H-600-1p_nrecl-BASECASE.out
1 phase fault on Bus tie breaker 103H-600 at Lakeside
Clears 103H 138kV bus

e102-47C-602-1p_nrecl-BASECASE.out
1 phase fault on breaker 47C-602 at Stora
Clears 2 TMP

e103a-91H-523-1p_nrecl-BASECASE.out
1 phase fault on breaker 91H-523 at Tuft's Cove 69kV
Clears 5041 and T11 All TC on

€103b-91H-523-1p_nrecl-BASECASE.out
1 phase fault on breaker 91H-523 at Tuft's Cove 69kV
Clears 5041 and T11 TC1 off

e103c-91H-523-1p_nrecl-BASECASE.out
1 phase fault on breaker 91H-523 at Tuft's Cove 69kV
Clears 5041 and T11 TC1 and 2 off

€103d-91H-523-1p_nrecl-BASECASE.out
1 phase fault on breaker 91H-523 at Tuft's Cove 69kV
Clears 5041 and T11 All TC off

e104a-104H-600-1p_nrecl-BASECASE.out
1 phase fault on breaker 104h-600 at burnside 138kv
Clears bus; all burnside on

e104b-104H-600-1p_nrecl-BASECASE.out
1 phase fault on breaker 104h-600 at burnside 138kv
Clears bus; all burnside off

g101-79N-B61-SPS_delay_nrecl-BASECASE.out
1 phase fault on Bus B61 at Hopewell Failure of SPS Breaker
Clears bus and transformer, open ends L8003 trip L8004

(o]

O|| 2013WP-DSM-NS-200

0| 2013WP-NS-import-200

o

o
o
o
o
o

Legend:

O - Results OK

1- SPS Required

2 - SPS Not Armed

protection but will be required

3 - Line does not currently have dual high-speed

4 - Simulation halted due to Vestas V90 model see 12.3
5 - Stage 1 UFLS
6 - Stage | and 2 UFLS
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Figures

Maritimes Intermediate Area Transmission Review (Nova Scotia)



Figure 1 - General
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Figure 2 — Comparison of 2008 Forecast with Previous
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Figure 3A Annual Net System Peaki(Mintenerdizag)o s rae s of 1825
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Figure3B

Annual System Peak, High and Low Scenarios
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Figure4
New GeneratiorBites
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