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The Eastern CT, Reliability Project Stability Study

Executive Summary
This report summarizes time simulations performed to evaluate stability on the Eastern
region of Connecticut.

Several probable contingencies, such as the loss of the 69-kV 100-line or the loss of the
115-kV 1080-line or the loss of the 1000-1080 DCT, result in either severe overloads,
extremely low, unacceptable voltages or voltage collapse. Steady state analysis of the
region indicated the following upgrades to relieve the problems:

e Splitting the existing 345-kV Sherman to Lake Road 347 line, terminating the
ends to the Tracy 14M Substation, which creates a new Tracy to Sherman 347E
line and a new Tracy to Lake Road 347W line. A 345 kV breaker is to be added at
the Tracy end of the 347E line.

e Add a new 345/115-kV autotransformer at the Tracy 14M Substation with a
600/600/600 MVVA summer thermal rating and (0.00063 + 0.03703) per unit
impedance on a 100 MVA base. Additional 115 KV breakers for the transformer
are added at Tracy 14M.

e Add anew 345 kV breaker at the Card 11F substation.

Results of this study indicate that the proposed upgrades would not cause an adverse
stability impact on the reliability or operating characteristics of the NEPOOL power
system.

The study also results in the recommendation that the Lake Road SPS will shut down all
three of the Lake Road units and disconnect them from the system within three to four
seconds of a trip for the 347E or 347W Line, eliminating the need to trip for the 330 line.

The project is to be completed and placed in service in December 2006.

Introduction

The purpose of this report is to present the Eastern Connecticut, Reliability Project
dynamic stability analysis to the Stability Task Force. The proposed in service date for
the Project is December 2006.

The Eastern Connecticut System extends from the Rhode Island border in a westerly
direction for 20 to 25 miles. It runs from Long Island Sound to Massachusetts.

The Eastern Connecticut area was evaluated using steady-state analyses to determine its
capability to serve peak load and light load.

The required transmission upgrades from the steady-state analyses report are as follows:

1. Split the existing 345-kV Sherman to Lake Road 347 line, terminating the ends
to the Tracy 14M Substation, which creates a new Tracy to Sherman 347E line
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and a new Tracy to Lake Road 347W line. A 345 KV breaker is to be added at
the Tracy end of the 347E line.

2. Add a new 345/115-kV autotransformer at the Tracy 14M Substation with a
600/600/600 MV A summer thermal rating and (0.00063 + 0.03703) per unit
impedance on a 100 MVA base. Additional 115 KV breakers for the transformer
are added at Tracy 14M.

3. Add anew 345 kV breaker at the Card 11F substation.

A transmission network one-line diagram of the Eastern Connecticut area with the Tracy
auto is shown in Figure 1. A proposed Tracy 14M Substation one-line diagram appears
in Figure 2. Figure 3 shows the location of the new Card breaker.

Methodology

System Representation

The cases were developed from ISO-New England’s (ISO-NE) 2000 library. The
following system upgrades were added to the library case:

1. Phase 1 of the Southwest Connecticut project,

2. Haddam autotransformer,

3. Glenbrook statcom,

4. Shunock substation.
In the peak case, the New England Power Pool (NEPOOL) load is representative of
approximately 27,700 MW. This is representative of a 2006 extreme summer peak load
level (90/10). In the light load case, the New England Power Pool (NEPOOL) load is
representative of approximately 11,700 MW. This is the 2006 light load level in the 2003
CELT report. Both cases include the required upgrades listed in the “Introduction” part
of this report. The Tracy autotransformer is modeled to hold a 1.0348 per unit voltage at
the 115-kV Tracy 14M Substation bus.

Initial Conditions

The peak load case was developed with the New Brunswick (NB) to New England (NE)
transfer maintained at 700 MW. Power flow on the Long Island Cable(1385) was
maintained at 0 MW. The Cross Sound Cable was exporting approximately 350 MW to
Long Island. The New England to New York (NY) transfer was set at approximately 750
MW. The Phase Il HVdc dispatch was maintained at 2000 MW. The Connecticut import
was set at approximately 500 MW. The peak load case summary appears in Table 1.

The light load case was developed with the NB-NE transfer maintained at 700 MW.
Power flow on the Long Island Cable(1385) was maintained at 0 MW. The Cross Sound
Cable was exporting approximately 350 MW to Long Island. The New England to New
York (NY) transfer was set at approximately 1200 MW. The Phase Il HVdc dispatch
was maintained at 0 MW. The Connecticut import was set at approximately 800 MW.
Lake Road was considered out of Connecticut when calculating the import. The light
load case summary appears in Table 2.
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For both the peak and the light load case, the Eastern Connecticut and Western Rhode
Island generation was scheduled to maximize stresses in the area around the Tracy
autotransformer. In the light load case, the SEMA/RI export was approximately 3000
MW and the East-West interface was at 1700 MW. Note that in measuring the East-West
interface flow that the Lake Road units were assumed in the West. If these units are
assumed in the East, the East-West interface would be approximately 2600 MW.

Dynamic Stability Analysis

The dynamic stability analysis was performed using Power Technologies Inc. PSS/E
version 28 software package. Simulations were first executed with the proposed project
in place. If a simulation result was unacceptable, then a before project simulation was
executed. The results from the pre-and post-project simulations are compared to
determine the Project’s impact on the power system.

Selection of Stability Contingencies

The majority of contingency faults that were simulated were located in and around the
new Tracy 345 kV bus. All normal design criteria contingency faults were cleared by the
slower of the two protection groups. A set of limiting normal and extreme contingencies
were simulated. If the extreme contingency violated the normal contingency criteria, the
corresponding normal contingency was simulated.

The contingency list appears in Table 3.

Lake Road Generating Station SPS

The current type 3 Lake Road SPS will shut down all three of the Lake Road units and
disconnect them from the system within three to four seconds of a trip of either the 330 or
347 Line. Discussions late last year with the plant manager of Lake Road, indicated that
Lake Road could accept a delta power change of 0.5 per unit that resulted from reclosing
of the 345 kV lines connected to the plant. Table 4 shows the resulting delta power for a
variety of Connecticut imports and exports. The resulting change in power after
reclosing was never greater than 0.5 for the 330 line. The SPS which results in tripping
of the Lake Road units should be modified such that it only trips the units when either the
347W or 347E line trips, eliminating the need for the 330 line trip.

Note that for simulations involving the loss of the 330 line from Lake Road to Card that
the Lake Road units were never tripped. However, except for simulation 1 which was for
Bulk Power System testing, whenever the 347W line from Lake Road to Tracy was
tripped, a simulation with and without tripping of the Lake Road units was made. This
demonstrates the consequences of failure of the Lake Road SPS.
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Stability Performance Criteria

The following criteria define stable transmission system performance for normal

contingencies.

e All units transiently stable except for units tripped for fault clearing

e A 50% reduction in the magnitude of system oscillations must be observed over four
periods of the oscillation.

e Loss of source not greater than 1200 MW

e Having no Keswick GCX Relay entry

The following criteria define stable transmission system performance for an extreme
contingency.
e A 50% reduction in the magnitude of system oscillations must be observed over four
periods of the oscillation.
e Alloss of source greater than 1400 MW is not immediately acceptable
e Aloss of source between 1400 MW and 2200 MW may be acceptable depending
upon the likelihood of occurrence and other factors
e Aloss of source above 2200 MW is not acceptable
e NB tie Zone 2 entry

Discussion of Stability Results

Bulk Power System Testing

Simulation 1 is to test whether the Tracy 115 kV bus must be a Bulk Power System
(BPS) station. In this simulation, a three phase fault was placed on the Tracy 115 kV bus.
It was assumed that there was no communication from the station and thus all the remote
terminals had to clear the fault. It was assumed that this occurred five seconds after fault
inception. Four seconds after fault clearing the Lake Road units tripped as a result of the
Lake Road Generating Station SPS on the 347 line. Since no other units lost
synchronism and had to be tripped and since neither the Keswick GCX Relay nor the 396
line protection operating characteristics were entered, it was determined that it is not
necessary for the Tracy 115 KV bus to be a BPS station.

The Tracy 345 kV bus will be a BPS station.

Other Simulations

The plots of all peak load simulations with the project are contained in Appendix A. The

simulation number on the top of each page corresponds to the contingency as described in
Table 3. All peak load simulations were stable, did not result in any additional machines

being tripped and did not enter the Keswick GCX Relay.

The plots of all the light load simulations with the project are contained in Appendix B.
As for the peak load simulations, the simulation number on the top of each page
corresponds to the contingency described in Table 3. The Keswick SPS GCX relay entry
occurred in Light Load Simulation 19 and Light Load Simulation 20. These are extreme
contingency simulations of a 3 phase fault at the Card 11F end of the 330 line where
either the Card 1T or 3T breaker sticks. These two simulations were then repeated




The Eastern CT, Reliability Project Stability Study

without the project. The resulting simulation plots are shown in Appendix C. Without
the project Keswick SPS GCX entry also results. Since these two simulations were
extreme contingencies, they were repeated with line to ground faults rather than three
phase faults. The results of the simulations are labeled Light Load line-ground 19 and
Light Load line-ground 20 are contained in Appendix D. No Keswick SPS GCX entry
occurs.

Table 5 summarizes the simulations where the Lake Road SPS resulted in the Lake Road
units being tripped.

Conclusion

The simulation results indicate that this project, specifically addition of the Tracy
345/115 kV autotransformer does not adversely impact the system from a stability view
point.
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Figure 1 — Eastern Connecticut
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Table 1 - Peak Load Summary

PEAK LOAD, NEW ENGLAND LIBRARY 2000
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Table 2 - Light Load Dispatch Summary
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Table 3 List of Contingencies

Contingency Fault Switching
Type Type Location Elements Switched Times(cycles/sec)
347E,347W, 330 1505, 1607 and Tracy
1 BPStest 3 phase Tracy 115 auto 300.0/5.0
Lake Road units 240.0/4.0
2 Normal 3 phase Lake Road end of 347W line  347W line Lake Road - Tracy 4.0/0.066666
Tracy 345/115 auto 5.0/0.083333
Reclose 347W line Lake Road - Tracy 304.0/5.06666
3 Normal 3 phase Lake Road end of 347W line 347 W line Lake Road - Tracy 4.0/0.066666
Tracy 345/115 auto 5.0/0.083333
plus trip of Lake Road units 240.0/4.0
Reclose 347W line Lake Road - Tracy 304.0/5.06666
4 Normal 3 phase Sherman end of 347E line 347E line Tracy - Sherman 4.0/0.066666
Reclose 347E line 304.0/5.0666
5 Normal 3 phase Sherman end of 347E line 347E line Tracy - Sherman 4.0/0.066666
plus trip of Lake Road units 240.0/4.0
Reclose 347E line 304.0/5.0666
6 Normal 3 phase Tracy end of 347E line 347E line Tracy - Sherman 4.0/0.066666
Reclose 347E line 304.0/5.0666
7 Normal 3 phase Tracy end of 347E line 347E line Tracy - Sherman 4.0/0.066666
plus trip of Lake Road units 240.0/4.0
Reclose 347E line 304.0/5.0666
8 Normal 3 phase Lake Road end of 330 line 330 line 4.0/0.066666
Reclose 330 line 304.0/5.0666
9 Normal 3 phase Tracy end of 1505 line 1505 breaker at Tracy 5.0/0.08333
1505 breaker at Tunnel 34.5/0.575
10 Normal 3 phase Tracy end of 1607 line 1607 breaker at Tracy 5.0/0.083333
1607 breaker at Tunnel 34.5/0.575
11 Extreme 3 phase Tracy end of 347W line 347W line at Lake Road 4.0/0.06666
Tracy D sticks Tracy 345/115 auto 5.0/0.083333
347E line 9.5/0.158333
12 Extreme 3 phase Tracy end of 347W line 347W line at Lake Road 4.0/0.06666
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Tracy D sticks

Tracy 345/115 auto
347E line

5.0/0.083333
9.5/0.158333

plus trip of Lake Road units 240.0/4.0
13 Extreme 3 phase Tracy end of 347W line 347W & D breaker 4.0/0.066666
Tracy B sticks C breaker opens 5.0/0.083333
E breaker opens, splitting Tracy bus 12.0/0.2
1505 breaker at Tunnel 14.25/0.24166
14 Extreme 3 phase Tracy end of 347W line 347W & D breaker 4.0/0.066666
Tracy B sticks C breaker opens 5.0/0.083333
E breaker opens, splitting Tracy bus 12.0/0.2
1505 breaker at Tunnel 14.25/0.24166
plus trip of Lake Road units 240.0/4.0
15 Extreme 3 phase Tracy end of 347W line 347W & D breaker 4.0/0.066666
Tracy C sticks B breaker opens 5.0/0.083333
A breaker opens, splitting Tracy bus 12.0/0.2
1607 breaker at Tunnel 14.25/0.24166
16 Extreme 3 phase Tracy end of 347W line 347W & D breaker 4.0/0.066666
Tracy C sticks B breaker opens 5.0/0.083333
A breaker opens, splitting Tracy bus 12.0/0.2
1607 breaker at Tunnel 14.25/0.24166
plus trip of Lake Road units 240.0/4.0
17 Extreme 3 phase Tracy end of 347E line 347E line 4.0/0.066666
Tracy D sticks 347W line 10.5/0.175
Tracy 345/115 auto 12.0/0.2
18 Extreme 3 phase Tracy end of 347E line 347E line 4.0/0.066666
Tracy D sticks 347W line 10.5/0.175
Tracy 345/115 auto 12.0/0.2
plus trip of Lake Road units 240.0/4.0
Lake Road end of 330 line,3T breaker
19 Extreme 3 phase Card end of 330 line opens 4.0/0.066666

Card 1T sticks

345/115 auto opens
new breaker opens hanging 383 line
368 line opens clearing fault

5.0/0.083333
9.0/0.15
11.25/0.1875




The Eastern CT, Reliability Project Stability Study

Lake Road end of 330 line, 1T breaker

20 Extreme 3 phase Card end of 330 line opens 4.0/0.066666
Card 3T sticks 345/115 auto opens 5.0/0.083333
2T opens hanging 368 line 9.0/0.15
383 line opens clearing fault 11.25/0.1875
21 Extreme 3 phase Millstone end of 383 line Millstone end of 383,2T breaker opens 4.0/0.066666
Card 3T sticks 1T opens hanging 368 line 9.0/0.15
330 line 11.25/0.1875
Card 345/115 auto,clearing fault 12.25/0.2041666
Manchester end of 368,new breaker
22 Extreme 3 phase Manchester end of 368 line  opens 34.5/0.568
Card 1T sticks 3T opens hanging 383 line 34.5/0.569
330 line 34.5/0.570
Card 345/115 auto,clearing fault 34.5/0.571
23 Normal 2 phase Tracy end of 1505 line Tracy end of 1505 line 34.5/0.572
Tracy end of 1607 line 34.5/0.573
Tunnel end of 1505 line 34.5/0.574
Tunnel end of 1607 line 34.5/0.575
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CT
Power Flow EXPORT
Peak Load -2200
Peak Load -2200
Peak Load -2200
Peak Load -2900
Peak Load 814
Peak Load 642
Peak Load 476
Peak Load 307
Peak Load 137
Peak Load -155
Peak Load -426
Light Load -2029
Light Load -2200
Light Load -2181
Light Load 2200
Light Load 2214
Light Load 2048
Light Load 1889
Light Load 1728
Light Load 1584

Table 4 Delta P analysis

# of
LR
units in
service

NDNDNNWNWDNDNWWWWWWWWWWW

Flow
Lake
Road
to
Card
848
847
960
1056
-223
-172
-123

Flow
Tracy to

Lake

Road
10
10
123
218
-1060
-1009
-960
-910
-860
-746
-687
411
454
262
-867
-1058
-822
-778
-732
-692

Delta P
for 330

Delta P
for 347W
Reclosure Reclosure
0.324 0.146
0.321 0.138
0.347 0.224
0.399 0.381
0.095 0.762
0.073 0.755
0.051 0.747
0.03 0.739
0.009 0.731
0.039 0.709
0.063 0.697
0.415 0.513
0.432 0.525
0.414 0.384
0.165 0.633
0.106 0.654
0.14 0.624
0.115 0.615
0.091 0.606
0.068 0.599

Delta P
for 347E
Reclosure

0.648

0.57
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Table 5 Source Loss Contingencies — Lake Road units

Simulation

Appendix

Peak Load Simulation 1

Peak Load Simulation 3

Peak Load Simulation 5

Peak Load Simulation 7

Peak Load Simulation 12

Peak Load Simulation 14

Peak Load Simulation 16

Peak Load Simulation 18

Light Load Simulation 1

Light Load Simulation 3

Light Load Simulation 5

Light Load Simulation 7

Light Load Simulation 12

Light Load Simulation 14

Light Load Simulation 16

Light Load Simulation 18
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Appendix A Peak Load Simulations
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Appendix B Light Load Simulations
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Appendix C Light Load Simulations without
Project
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Appendix D Light Load Simulations for Non-
extreme Comparison
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