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1. INTRODUCTION

This report summarises the studies undertaken by PB Power for ISO New England (ISO-NE)
to investigate prospective temporary overvoltages (TOVs) that may occur as a result of
proposals to augment supplies into South West Connecticut (SWCT) by a project that
extends the 345kV transmission system of Northeast Utilities (NU) and United llluminating

(.
The report is structured as follows:
Section 1 comprises this brief introduction;
Section 2 outlines the objectives of the studies;
Section 3 documents the criteria used in assessing the TOV's;
Section 4 presents details of the model used to undertake the study;

Section 5 describes the various system operating configurations and conditions
studied; and

Sections 6 presents the study results.

2. OBJECTIVES

A number of system operating configurations and conditions were investigated, the main
objectives being to:

Evaluate the TOV'’s resulting from the clearance of faults on the 345kV network
under various normal and line outage conditions; and

Examine a range of alternative network configurations to inform the debate on the
maximum length of underground cable that can be reliably and safely operated on
the system.

In addition to the above, a number of further objectives were:
Evaluate the effects of different system load levels and types of load model;
Evaluate the effectiveness of C-Type filters in reducing TOV's;
Examine the sensitivity of TOV's to an increase in shunt capacitor despatch;

Examine the sensitivity of TOV’s to the inclusion of additional generation on the
system; and

Examine the effect of increased lengths of 345kV underground cable on TOV'’s.
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3. TEMPORARY OVERVOLTAGE (TOV) CRITERIA

NU commissioned a consultant with specialist knowledge of equipment withstand
capabilities to establish criteria as to the acceptability or otherwise of TOVS. This work
established that surge arrestors had the lowest TOV withstand characteristics that were
reported as:

2cycles 6 cycles
115kV 1.69pu 1.65pu
345kV 1.62pu 1.58pu

By upgrading surge arrestors on the systenf, the TOV withstand capability of surge
arrestors could be increased as follows:

2cycles 6 cycles
115kV 2.03pu 1.98pu
345kvV 1.85pu 1.80pu

In evaluating the results from all the different consultants case studies ISO-NE produced
charts showing the variability of the overvoltages due to changes in load levels and damping
characteristics, generation despatch, capacitor despatch etc. From these a safety margin of
0.25pu was agreed as acceptable for surge arrester TOV capability to account for these
variances. Thus the acceptance criteria became:

2cycles 6 cycles
115kV 1.78pu 1.73pu
345kv 1.60pu 1.55pu
4. SYSTEM MODEL

To facilitate the studies an Altenative Transients Programme / Electromagnetic Transients
Programme (ATP/EMTP) model was developed. The model (detailed in Appendix D)
represents the complete 345kV and 115kV systems with equivalent source infeeds from

! Temporary Overvoltage Equipment Limits— Summary Report, K & R Consulting, 17 December
2004.

%\t should be noted that NU and Ul estimate that approximately 1200 surge arrestors will need to be
replaced. Care will need to be taken to ensure that other equipment on the transmission system
remains adequately protected to avoid equipment damage and excessive degradation in equipment
life. Further, care will need to be undertaken in managing transmission outages to facilitate the
upgrade of arrestors to ensure reliability of the system is not unduly compromised as equipment is
taken out of service during the process.
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other areas. The data required to produce the model was derived from Aspen® files supplied
by the Client. The Aspen file supplied the data generally in the form of positive, negative
and zero sequence impedances for generators, overhead lines, underground cables,
transformers, reactors and capacitors. All overhead lines and underground cables longer
than 1mile were represented by distributed parameter travelling wave models so that
transient phenomena could be investigated. As the main purpose of the model was to
investigate TOV’s initiated by the occurrence and clearance of faults it was considered to be
acceptable and conservative to use 60Hz parameters in the line and cable models. Lines
and cables shorter than 1 mile were represented by multiphase pi-section models.
Generators were represented by their positive, negative and zero sequence impedances.

An important aspect of the model was to represent the inrush characteristics of proposed
345/115kV auto-transformers. A generic three-phase auto-transformer model incorporating
saturation and hysteresis was developed for use in the SWCT 345/115kV transmission
system ATP/EMTP model.

The system load level and load frequency characteristics are important factors influencing
the damping of TOVs. Unfortunately little information was available on the frequency
characteristics of the load and it was therefore was agreed with the Client that simple series
R-L load models would be utilised initially. In later studies, a more complex load model as
shown in Figure A.1 was employed.

5. ATP/EMTP STUDIES

The set of studies shown in Table 1 were undertaken. The studies considered a number of
system topologies (detailed in AppendixB) and variations in operating conditions. The
alternative topologies considered included varying amounts of cable:

Various amounts of cable in the proposed project to augment supplies into SWCT
including:

a. Old Case 5 — This configuration is the configuration as proposed to the Siting
Council but making use of XLPE cable sections for the majority of the route
length;

b. Old Case 5 + 5 miles — Similar to (a) but with an additional 5miles of cable
between East Devon and Beseck as shown in Figure B.3;

c. Old Case 5 + 10 miles — Similar to (a) but with an additional 10.8 miles of cable
between East Devon and Beseck as shown in Figure B.4;

d. Old Case 5 + 20 miles — Similar to (a) but with an additional 17.8 miles of cable
between East Devon and Beseck as shown in Figure B.5.

®power system analysis tool used by NU and UI.
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The conversion of certain of the capacitor banks to C-type filters®
The variations in operating conditions included:

Various load levels (30%, 40%, 50% and 70%);

Various load models:

a. Series R-L model; and

b. Complex load model as shown in Figure A.1in Appendix A.

Various reactor, capacitor and generation dispatches.

Data associated with the various load levels, load types and reactor / capacitor / generation
dispatches is included as AppendixD.

Table 1 Studies performed

Date Configuration Load Load Model
09-Dec-04 Old Case 5 40%, 50%, 70% Series R-L
07-Dec-04 Old Case 5 sensitivity with NW1 and MF1 generators in service 50% Series R-L
08-Dec-04 Old Case 5 sensitivity with 50% increased capacitors 50% Series R-L
10-Dec-04 Old Case 5 with C-Type filters 50%, 70% Series R-L
10-Dec-04 Old Case 5 (10 worst cases at 40%, 50% and 70% load) 40%, 50%, 70% Complex
07-Dec-04 Old Case 5 + 10 mile cables 50%, 70% Series R-L
08-Dec-04 Old Case 5 + 20 mile cables 50%, 70% Series R-L
09-Dec-04 Old Case 5 + 20 mile cables with C-Type filters 50%, 70% Series R-L
16-Dec-04 Old Case 5 30% Complex
16-Dec-04 Old Case 5 + 5 mile cables 30% Complex
16-Dec-04 Old Case 5 + 10 mile cables 30% Complex
16-Dec-04 Old Case 5 + 20 mile cables 30% Complex

For each of the above studies the range of faults and outage conditions shown in Table 2
were examined.

Table 2 Faults and outage conditions considered

Fault Type Fault Location Circuit Tripped Line Outage

(345kV) (345kV) (345kV)
3-phase line Plumtree Plumtree — Long Mountain
3-phase line East Devon T East Devon — Beseck 1
1-phase line East Devon T East Devon — Beseck t
3-phase line Norwalk Norwalk - Plumtree
3-phase line Singer Singer — East Devon
3-phase bus Norwalk
3-phase bus Plumtree
3-phase line East Devon T East Devon — Beseck T Plumtree — Long Mountain
1-phase line East Devon T East Devon — Beseck T Plumtree — Long Mountain
3-phase line Norwalk Norwalk - Plumtree Plumtree — Long Mountain
3-phase line Singer Singer — East Devon Plumtree — Long Mountain
3-phase bus Norwalk Plumtree — Long Mountain

4Harmonic Impedance Study for Southwest Connecticut Phase Il Alternatives; KEMA Inc;
18 October 2004.
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Fault Type Fault Location Circuit Tripped Line Outage

(345kV) (345kV) (345kV)
3-phase bus Plumtree Plumtree — LongMountain
3-phase line Plumtree Plumtree — Long Mountain East Devon - Beseck
3-phase line Norwalk Norwalk - Plumtree East Devon - Beseck
3-phase line Singer Singer — East Devon East Devon - Beseck
3-phase bus Norwalk East Devon - Beseck
3-phase bus Plumtree East Devon - Beseck
3-phase line Plumtree Plumtree — Long Mountain Norwalk Harbour - Northport
3-phase line East Devon T East Devon — Beseck T Norwalk Harbour - Northport
1-phase line East Devon T East Devon — Beseck t Norwalk Harbour - Northport
3-phase line Norwalk Norwalk - Plumtree Norwalk Harbour - Northport
3-phase line Singer Singer — East Devon Norwalk Harbour - Northport
3-phase bus Norwalk Norwalk Harbour - Northport
3-phase bus Plumtree Norwalk Harbour - Northport
3-phase line Plumtree Plumtree — Long Mountain Long Mountain— Pleasant Valley
3-phase line East Devon T East Devon — Beseck T Long Mountain— Pleasant Valley
1-phase line East Devon T East Devon — Beseck T Long Mountain— Pleasant Valley
3-phase line Norwalk Norwalk - Plumtree Long Mountain— Pleasant Valley
3-phase line Singer Singer — East Devon Long Mountain— Pleasant Valley
3-phase bus Norwalk Long Mountain— Pleasant Valley
3-phase bus Plumtree Long Mountain— Pleasant Valley

T For the Old Case 5 studies including additional 5, 10 and 20 miles of cable, the fault location was at
the 345kV East Devon — Beseck transition station between the overhead line and underground cable
sections. Fault clearance was achieved by tripping the 345kV overhead line section between East
Devon and Beseck with the underground cables remaining in service.

For each of the above fault and outage conditions the 2 cycle and 6cycle TOVs were
recorded at the following locations:

Plumtree 345kV and 115kV;
Norwalk 345kV and 115kV;
East Devon 345kV;

Beseck 345kV;

East Shore 345kV;

Frost Bridge 115kV;

Stony Hill 115kV; and

Rocky River 115kV.
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The timing sequence of events in performing the simulations was as follows:
The simulation runs for approximately 0.017sin the steady state;

The fault is applied at 0.017s and remains on until the fault is cleared 4 cycles later
by the relevant circuit breakers at approximately 0.082s. Voltage recovery period
(TOV) until end of simulation at 0.2s

Our method in measuring the TOV's is described below.

TOV2

This corresponds to the TOV at 2 cycles and is measured from 0.082s to 0.126s. The
additional time past 2 cycles (from 0.115s to 0.126s is to account for the time delay of
the other 2 phases to subsequently clear following the first phase to clear). A point to
note is that because this timing starts from fault clearance, the 2cycle results in
some cases may actually be measuring a high frequency switching transient rather
thana TOV.

TOV6
This corresponds to the TOV at 6 cycles and is measured from 0.18s to 0.2s.
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6. RESULTS

The results of the studies are outlined in the spreadsheets in Appendix C. Specific points
are highlighted below, with reference to Appendix A figures where necessary.

Using these results, Figues A.2 through A.5 show the effects of dispatching additional
capacitor banks and generation in the SWCT system. The dots above the neutral or zero
line show that the TOVs increased resulting in a performance degradation, while those
below the zero line show a performance improvement due to decreasing TOVs. The
variability of the results indicate the complex and multi-dimensional nature of the issue under
study and were part of the basis for establishing the 0.25pu safety margin as discussed
previously in Section 3.

Figures A.6 through A.9 show the effects of introducing C-Type filters in Old Case 5 and in
Old Case 5 + 20 miles. Similar to the previous figures, the variability in these cases is quite
evident, and increases with greater length. While the introduction of CG-Type filters appears
to help in certain cases it can make things worse in other cases. Further, at low load levels
(40% and below) no capacitor banks are dispatched in the SWCT system. As such, with the
C-Type filters being associated with the capacitor banks, the C-Type filters will also not be in
service.

Figure A.10 shows that the resultant TOVs from Old Case 5 are right on the edge of the
arrester criteria as discussed in Section 3, with the system at a 40% load level. Reducing
the system to a 30% load level, as shown in Figure A.11, reveals some risk of criteria
violations, displaying further the variability and possible volatility that can result from
relatively minor changes in system conditions. While a small number of cases were run with
additional cable lengths to examine the relative sensitivity to various system changes, it was
noted that cases run with an extra 5 miles of cable between East Devon and Beseck showed
a marked degradation in TOV performance.

It should also be pointed out that care will need to be taken in the development of the SWCT
system as the complexity and multi-dimensionality of the system variables can result in
increased variability of TOVs coupled with TOVs increasing in a counter-intuitive manner to
that expected, e.g.: the studies showed that increasing system strength by dispatching the
Milford 1 and Norwalk 1 generation does not necessarily result in a reduction in the level of
TOVs.
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APPENDIX A - FIGURES
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Figure A.1 Complex load model used in Old Case 5, 30% load studies
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IMPACT OF ADDITIONAL CAPACITORS

Figure A.2

PB Case 5 (50% Load)
Impact of 50% Capacitor increase on 2C TOVs
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Figure A.3

PB Case 5 (50% Load)
Impact of 50% Capacitor increase on 6C TOVs
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IMPACT OF ADDITIONAL GENERATORS

Figure A.4

PB Case 5 (50% Load)
Impact of increased Generation on 2C TOVs
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Figure A.5

PB Case 5 (50% Load)
Impact of increased Generation on 6C TOVs
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IMPACT OF C -FILTERS

Case5
Figure A.6
PB Case 5 (50% Load)
Impact of C Filters on maximum TOV in O0to 2 cycle period
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Figure A.7
PB Case 5 (50% Load)
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IMPACT OF C -FILTERS
Case 5+ 20 Miles

Figure A.8

PB Case 5 + 20 mile extra cable (50% Load)
Impact of C Filters on 2C TOVs
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Figure A.9

PB Case 5+ 20 mile extra cable (50% Load)
Impact of C Filters on 6C TOVs
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Figure A.10
Case 5
6C TOVs (PB 40% Load levels)
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APPENDIX B - CASE TOPOLOGIES
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Figure B.1

OLD CASE 5
NORWALK - DEVON - PEQUONNOCK 115KV CONFIGURATION

NORWALK 115

R1 0.00830
RO 0.03531
X1 0.03573
X0 0.10364
B1 0.00500 R1 0.01801
BO 0.00310 RO 0.08413
6.3 miles X1 0.07717
X0 0.23543
B1 0.01092
BO 0.00650
WESTON 115 13.8 miles
HAWTHORNE 115
R1 0.00248
RO 0.01297
X1 0.01104
X0 0.03509
B1 0.00156
R1 0.01503 BO 0.00092
RO 0.08651 3.74 miles
X1 0.06817
X0 0.23434 OLD TOWN 115
B1 0.01006 ———
BO 0.00590
12.6 miles
R1 0.00159
RO 0.01904
X1 0.01558
X0 0.05615
B1 0.00262
BO 0.00150
3.78 miles
TRUMBULL(73) 115
R1 0.00524 R1 0.00340
RO 0.02130 RO 0.01904
R1 0.00340 R1 0.00511 X1 0.02378 X1 0.02166
RO 0.01904 RO 0.02044 X0 0.06553 X0 0.06139
X1 0.02166 X1 0.02046 B1 0.00324 B1 0.00294
X0 0.06139 X0 0.05764 BO 0.00198 BO 0.00174
B1 0.00294 B1 0.00428 4.3 miles 3.37 miles
BO 0.00174 BO 0.00250
3.37 miles 4.3 miles
BARNUM(73) 115
——
DEVON 115
R1 0.00060 R1 0.00060
RO 0.00295 RO 0.00295
X1 0.00260 X1 0.00260
X0 0.00320 X0 0.00320
B1 0.02115 B1 0.02115
BO 0.02115 BO 0.02115
1.4 miles 1.4 miles

PEQUONNOCK 115

Page 17

TRUMBULL(71) 115

BARNUM(71) 115
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Figure B.2

OLD CASE 5
EAST DEVON - BESECK 345KV CONFIGURATION

EAST DEVON 345

R1 0.00107
RO 0.01573
X1 0.01573
X0 0.03898
B1 0.30763
BO 0.19897
33.3 miles

BESECK 345

Figure B.3

OLD CASE 5 + 5 MILES
EAST DEVON - BESECK 345KV CONFIGURATION

EAST DEVON 345

R1 0.00011 R1 0.00011 R1 0.00011

RO 0.00116 RO 0.00116 RO 0.00116

X1 0.00134 X1 0.00134 X1 0.00134

X0 0.00076 X0 0.00076 X0 0.00076 3 x 50 MVAr
B1 0.63345 Bl 0.63345 B1 0.63345

BO 0.63345 BO 0.63345 BO 0.63345

5.0 miles 5.0 miles 5.0 miles

TRANSITION POINT 345

R1 0.00102
RO 0.01552
X1 0.01565
X0 0.04058
B1 0.30638
BO 0.19590
33.2 miles

BESECK 345
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Figure B.4

OLD CASE 5 + 10 MILES
EAST DEVON - BESECK 345KV CONFIGURATION

EAST DEVON 345

R1 0.00024 R1 0.00024 R1 0.00024

RO 0.00250 RO 0.00250 RO 0.00250

X1 0.00290 X1 0.00290 X1 0.00290

X0 0.00165 X0 0.00165 X0 0.00165 3 x 50 MVAr
Bl 1.36826 Bl 1.36826 Bl 1.36826

BO 1.36826 BO 1.36826 BO 1.36826

10.8 miles 10.8 miles 10.8 miles

TRANSITION POINT 345

R1 0.00087
RO 0.01318
X1 0.01329
X0 0.03447
B1 0.26024
BO 0.16640
28.2 miles

BESECK 345

Figure B.5

OLD CASE 5 + 20 MILES
EAST DEVON - BESECK 345KV CONFIGURATIO N

EAST DEVON 345

R1 0.00040 R1 0.00040 R1 0.00040

RO 0.00411 RO 0.00411 RO 0.00411

X1 0.00478 X1 0.00478 X1 0.00478

X0 0.00273 X0 0.00273 X0 0.00273 3 x 70 MVAr
B1 2.25508 Bl 2.25508 B1 2.25508

BO 2.25508 BO 2.25508 BO 2.25508

17.8 miles 17.8 miles 17.8 miles

TRANSITION POINT 345

R1 0.00062
RO 0.00965
X1 0.00979
X0 0.02602 3 x 70 MVAr
Bl 0.18992
BO 0.12100
20.7 miles

BESECK 345
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APPENDIX C - SPREADSHEET RESULTS
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D-1. INTRODUCTION
This appendix presents the power systems database and associated ATP/EMTP® model.

The modelling data presented in this document relates to the so-called Old Case 5 network
configuration including the variants with 5, 10 and 20 miles of additional 345kV underground

cable between East Devon and Beseck.

D-2. ATP/EMTP MODEL DATA

Network Configuration

The ATP/EMTP model has been generated using Aspen One Liner data® alongside CAD
drawings’ of the system as a basis. The Aspen files and CAD drawings are included within
this report as Appendix D1 and AppendixD2 respectively. Where there have been
differences between the Aspen and CAD drawing information the Aspen data has been
taken to provide the most up -to-date information.

The model represents the system down to 115kV and includes equivalents for any circuits at
voltages lower than this. The ATP Draw network diagram for the Old Case 5 configuration is
shown in Appendix D3.

Generation

In general to represent the worst case system short circuit strength level no generation was
included within the boundaries of the South West Connecticut network consistent with
generation in the area being dispatched low in the merit order. All generation was
considered to be outside the boundaries of the system consistent with the equivalent
sources and associated transformer/impedance network defined in the Aspen data file
provided. It should be noted, that this data represents a maximum generation dispatch at
the boundaries to the modelled network.

Sensitivity studies were however undertaken in which generation at Milford 1 and Norwalk 1
was modelled. In addition the Resco Trash Burner generation was included. The data for
this generation is shown in Appendix D4.

5European EMTP User Group.

®For the initial development of the Old Case5 model the Aspen files “phaselgevers2.rep” and
“gephseldata.out” were employed.

"Diagram 4, “Existing System One Line Diagram” and Diagram 5 “Southwestern Connecticut Electric
Reliability Project” extracted from the “Southwestern Connecticut Electric Reliability Study”, Volume 1,
Final Power -Flow, Voltage and Short-Circuit Report, Presented by the ISO-NE Southwestern
Connecticut Working Group, December 2002.
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A sub-transient representation of equivalent sources was considered to be adequate for the
low frequency issues to be addressed within these studies’. The equivalent source models
at the boundary to the network are also shown in Appendix D4.

Transmission Lines/Cables

Transmission lines and cables were modelled using the ATP/EMTP distributed parameter
transposed Clarke model. This was considered to be the most appropriate line model given
the information provided by the Aspen One Liner file and GE report for the 345kV and 115kV
and transmission circuits. The 345kV and 115kV circuit data is included in Appendix D5.

Transmission circuits shorter than approximately 1 mile were not modelled as distributed
parameter elements due to their relatively short time constants and the demands this places
on the maximum simulation time step and dimensional limitations of the ATP/EMTP
program. For these circuits a pirepresentation was employed. The data for these circuits is
also included in Appendix D5.

Transformers

The transformer model is constructed using a three-winding saturable transformer
component and a hysteretic inductance. The three windings are suitably interconnected to
obtain the required winding configuration, i.e. starauto with delta tertiary. Details of this
model can be seen in Appendix D6.

Surge Arresters

In the absence of any specific data for equipment currently in use on the network, surge
arresters have been modelled using typical characteristics. In the analyses undertaken by
PB Power that include surge arresters, these have been considered only at the 345kV
voltage level and have been assumed to be of metal oxide type. The surge arrester
characteristics are shown in AppendixD7.

Capacitor Banks

During the initial development of the ATP/EMTP model the data for the shunt @pacitor
banks was taken from a report produced by GE°>. However the models for the Old Case 5
system configuration were subsequently modified in accordance with revised information
provided by NUY. The initial and revised shunt capacitor data is shown in Appendix D8.

¥ Studies undertaken by GE (described in the report “Connecticut Cable Transient and Harmonic
Study for Phase 2", November 2003) have suggested transient issues associated with 2nd to 3rd
order harmonic resonances on the network to be the most prolific. It is therefore considered adequate
to utilise a relatively simple equivalent source representation.

°Report prepared by GE Power Systems Energy Consulting for Northeast Utilities, “Connecticut

Cable Transient and Harmonic Study for Phase 2", Final Report, November 2003.

© Capacitor and reactor dispatch schedules issued by NU (via email) on 2 December 2004.
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The C-Type filter data used to prepare the network model is also shown in Appendix D8".
Loads

The loads on the system have been modelled as equivalents based on a PSS/E saved case
supplied by ISO-NE?. Two load models were employed; the Series RL model and the

Complex model. Detailed load data is shown in Appendix D9.

Note that 100 % load corresponds to a total load level in the model of 4571MW.

Shunt Reactors

The shunt reactor data used to prepare the Old Case 5 models is shown in Appendix D10.
This data is based on information provided by NU™.

" Data for the C -Type filters was taken from the report “Harmonic Impedance Study for Southwest
Connecticut Phase Il Alternatives”, produced by KEMA Inc. for the Connecticut Siting Council,

18 October 2004. Note that for the analysis of certain load conditions in line with the capacitor and
reactor dispatch schedule stipulated by NU it was necessary for PB Power to modify this data.

2 The PSS/E saved case file “phase2-alt2-091503-2.SAV” was used to determine equivalent system
P-Q loads for the 100% system load level. The required load levels of 30%, 40%, 50% and 70% were
calculated pro-rata from the 100% load data.
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PHASE1GEVERS2.REP

BASE WA =
TH'S FILE HAS:

100.0
368
54
0
8
230
127
52
14
30

FI LE COMMVENTS:

ASPEN OnelLi ner --

BUSES

GENERATORS

LQOADS

SHUNTS

LI NES

2- W NDI NG TRANSFORMERS
3- W NDI NG TRANSFORMERS
PHASE SHI FTERS

MUTUAL COUPLI NG GROUPS

NETWORK EQUI VALENT COMPUTED BY ASPEN ONELI NER( Tm)

-- BUS DATA --
BUS 0 11U-SS 0.48KV AREA=7 ZONE-1
BUS 0 12U-SS 0.48 KV AREA=7 ZONE=1
BUS 0 13U-SS 0.48KV AREA=7 ZONE-1
BUS 0 14U-SS 0. 48KV AREA=7 ZONE=1
BUS 0 1977tap 115. KV AREA=6 ZONE=1
BUS 0 1X Bus 13. 8KV AREA=9 ZONE=1
BUS 0 21S Sta serv 4.16KV AREA=1 ZONE=1
BUS 0 2X Bus 13. 8KV AREA=9 ZONE=1
BUS 0 6J-21S 4.16KV AREA=1 ZONE-1
BUS 0 ALLI NGS 88 115. KV AREA=10 ZONE=1
BUS 0 ALLI NGS 89 115. KV AREA=10 ZONE=1
BUS 266 ANSONI A 115. KV AREA=10 ZONE=1
BUS 263 ANSONI A TAP 115. KV AREA=8 ZONE=1
BUS 0 Archers Lane 345.KV AREA=6 ZONE=1
BUS 146 ASHCREEK 115. KV AREA=666 ZONE=1
BUS 2151 BAIRD 13. 8KV AREA=12 ZONE=1
BUS 151 BAIRD 88 115. KV AREA=666 ZONE=1
BUS 152 BAIRD 89 115. KV AREA=666 ZONE-1
BUS 262 BALDWN 57 115. KV AREA=13 ZONE-1
BUS 256 BALDW N 99 115. KV AREA=13 ZONE=1
BUS 2256 BALDW N A2 13. 8KV AREA=7 ZONE=1
BUS 2262 BALDWN A3 13. 8KV AREA=7 ZONE=1
BUS 286 BALDWN JCTA 115.KV AREA=8 ZONE=1
BUS 277 BALDWN JCTB 115. KV AREA=8 ZONE=1
BUS 7256 BALDW N TER2 1. KV AREA=8 ZONE=1
BUS 7262 BALDW N TER3 1. KV AREA=8 ZONE=1
BUS 2157 BARNUM 13. 8KV AREA=12 ZONE=1
BUS 0 Barnum 71 115. KV AREA=8 ZONE=1
BUS 0 Barnum 73 115. KV AREA=8 ZONE=1
BUS 157 BARNUM 88 115. KV AREA=10 ZONE=1
BUS 156 BARNUM 89 115. KV AREA=10 ZONE=1
BUS 2202 BATES RCK Al 13.8KV AREA=7 ZONE=1
BUS 3202 BATES RCK A2 13.8KV AREA=7 ZONE=1
BUS 202 BATES ROCK 115. KV AREA=25 ZONE=1
BUS 2259 BEACON Al 13. 8KV AREA=7 ZONE=1
BUS 3259 BEACON A2 13. 8KV AREA=7 ZONE=1
BUS 259 BEACON FALLS 115. KV AREA=666 ZONE=1
BUS 221 BERLIN 115. KV AREA=14 ZONE=1
GENERATOR: On-Li ne 0. OORef Ang Regul ate V= 1.00p.u. at bus:
Unit 1 On-Line 100. 0OMWA 0.01135R 0. 10649X 0. 02396R0
BUS 282 BLACK RKTRNU 14.4KV AREA=15 ZONE=1
BUS 287 BLACK ROCK 69. KV AREA=14 ZONE=1
BUS 2279 BLACKRK A1A2 14.4KV AREA=16 ZONE=1
BUS 279 BLACKROCK 67 115.KV AREA=14 ZONE=1
SHUNT: Unit 1 On-Line 0. 00000G 0.00000B  0.00000& -0.92740B0
BUS 281 BLACKROCK 82 115.KV AREA=14 ZONE=1
BUS 280 BLACKROCK 83 115.KV AREA=14 ZONE=1
BUS 3279 BLACKROCK Al  4.8KV AREA=16 ZONE=1
BUS 2280 BLACKROCK A2  4.8KV AREA=16 ZONE=1
BUS 2281 BLACKROCK A3 14.4KV AREA=16 ZONE=1
BUS 7281 BLK RCK TER3 1. KV AREA=15 ZONE=1
BUS 8281 BLK RCK TER4 7.2KV  AREA=15 ZONE=1
BUS 272 BRANFCRD 115. KV AREA=551 ZONE=1
BUS 2272 BRANFORD R1 23. KV AREA=4 ZONE=1
BUS 3272 BRANFORD R2 23. KV AREA=4 ZONE=1
BUS 225 BRANFORD RR 115. KV AREA=6 ZONE=1
BUS 0 brdgphbr 2 18. 4KV AREA=1 ZONE=1
GENERATOR: On-Li ne 0. OORef Ang Regul ate V= 1.00p.u. at bus:
Unit 2 On-Line 100. 00OWA  0.00291R  0.10150X 0.00291R0
BUS 0 brdgphbr 3 20. 2KV AREA=1 ZONE=1
GENERATOR: On-Li ne 0. O0Ref Ang Regul ate V= 1.00p.u. at bus:
Unit 3 On-Line 100. 00OMVA  0.00068R  0.05550X 0.00068RO
BUS 0 brdgphbr jet 13.68KV AREA=1 ZONE=1
GENERATOR: On-Li ne 0. O0Ref Ang Regul ate V= 1.00p.u. at bus:
Unit jt On-Line 100. 00OMVA  0.00800R  0.44161X 0.00800RO
BUS 0 BRGPRT ENERG 115.KV AREA=24 ZONE=1
BUS 248 BRI STOL 115. KV AREA=14 ZONE=1
BUS 4248 BRI STOL Al 4. 8KV  AREA=16 ZONE=1
BUS 2248 BRI STOL Al 13. 8KV AREA=16 ZONE=1
BUS 5248 BRI STOL A2 4. 8KV AREA=16 ZONE=1
BUS 3248 BRI STOL A2 13. 8KV AREA=16 ZONE=1
BUS 0 BROADWAY 115. KV AREA=24 ZONE=1
BUS 3213 BULLS BRIDGE 4.8KV AREA=7 ZONE=1
BUS 2213 BULLS BRIDGE 27.6KV AREA=7 ZONE=1
GENERATOR: On-Li ne 0. O0ORef Ang Regul ate V= 1.00p.u. at bus:
Unit 1 On-Line 100. 0OMWA  0.00000R  2.07039X 0.01651R0
SHUNT: Unit 1 On-Line 0.00000G 0.00000B 0.00000G0 -0.46730B0
BUS 213 BULLS BRIDGE 115.KV AREA=6 ZONE=1

221 BERLIN 115. KV

0. 09252X0 0. 01169R2 0.10666X2
0 brdgphbr 2 18. 4KV

0.10150X0 0. 00291R2 0.10150X2
0 brdgphbr 3 20. 2KV

0. 05550X0 0. 00068R2 0. 05550X2
0 brdgphbr jet 13.68KV

0.44161X0 0. 00800R2 0. 44161X2

2213 BULLS BRIDGE 27.6KV

0.14447X0  0.00000R2  2.07039X2
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BUS 230 BUNKERHI LL57 115. KV AREA=55 ZONE=1
BUS 232 BUNKERHILL58 115.KV AREA=55 ZONE=1
BUS 231 BUNKERHILL66 115.KV AREA=55 ZONE=1
BUS 2232 BUNKERHI LLA3 13. 8KV AREA=7 ZONE=1
BUS 2230 BUNKERHI LLA4 13. 8KV AREA=7 ZONE=1

BUS 288 BURRITT 69. KV AREA=14 ZONE-1
BUS 0 BUS 1X 115. KV AREA=6 ZONE=1
BUS 0 BUS2X 115. KV AREA=6 ZONE=1
BUS 407 CAWPVI LLE 115. KV AREA=13 ZONE=1
GENERATOR: On-Li ne 0. OORef Ang Regul ate V= 1.00p.u. at bus: 407 CAWPVI LLE 115. KV

Unit 1 On-Line 100.00WA 0.03700R  0.24144X 0.05694R0O  0.22116X0 0.03700R2  0.24145X2
BUS 2240 CANAL 23. KV AREA=16 ZONE=1

BUS 240 CANAL 115. KV AREA=14 ZONE-1
BUS 471 CARD 345. KV AREA=1 ZONE-1
GENERATOR: On-Li ne 0. OORef Ang Regul ate V= 1.00p.u. at bus:

471 CARD 345. KV
Unit 1 On-Line 100. 00MVA  0.00165R  0.02370X 0.00647R0 0. 03389X0 0. 00224R2 0. 02394X2
BUS 2218 CARMEL HILL 23. KV AREA=7 ZONE=1
BUS 218 CARMEL HILL 115. KV AREA=13 ZONE=1
BUS 0 CEDAR HTS 75 115.KV AREA=6 ZONE=1
BUS 113 CEDAR HTS 79 115.KV AREA=6 ZONE=1
BUS 2113 CEDAR HTS A2 13.2KV AREA=7 ZONE=1
BUS 2112 CEDAR HTS A3 13.2KV AREA=7 ZONE=1
BUS 7113 CEDAR HTS T2 1. KV AREA=8 ZONE=1
BUS 7112 CEDAR HTS T3 1. KV AREA=8 ZONE=1
BUS 0 CedHt sFdr 13. 2KV AREA=7 ZONE=1
BUS 249 CHIPPEN HILL 115.KV AREA=14 ZONE=1
BUS 247 CHI PPEN TAP 115. KV AREA=15 ZONE=1
BUS 2249 CHI PPENHL Al 13.8KV AREA=16 ZONE=1
BUS 3249 CHI PPENHL A2 13.8KV AREA=16 ZONE=1
BUS 7249 CHI PPENHL T1 1.KV AREA=15 ZONE=1
BUS 8249 CHI PPENHL T2 1. KV AREA=15 ZONE=1

BUS 301 COLONY 115. KV AREA=14 ZONE=1
BUS 0 cowOo 115. KV AREA=10 ZONE=1
BUS 2181 CONGRESS 13. 8KV AREA=12 ZONE=1

BUS 181 CONGRESS 88 115. KV AREA=10 ZONE=1

BUS 182 CONGRESS 89 115. KV AREA=10 ZONE=1

BUS 100 COs cCoB 115. KV AREA=6 ZONE=1

BUS 2100 COS COB Al 27.6KV AREA=7 ZONE-1

BUS 3100 COS COB A2A3 27.6KV AREA=7 ZONE=1

BUS 0 COSCOBGEN 13. 8KV AREA=9 ZONE=1

GENERATOR: On-Li ne 0. OORef Ang Regul ate V= 1.00p.u. at bus: 0 COSCOBGEN 13. 8KV

Unit 3 On-Line 25.00WA  0.00270R  0.12000X  0.00270R0O 0. 06000X0 0. 00270R2 0. 13000X2
Unit 2 On-Line 25.00WA  0.00270R  0.12000X 0.00270RO 0. 06000X0 0. 00270R2 0. 13000X2
Unit 1 On-Line 25.00WA  0.00270R  0.12000X 0.00270RO 0. 06000X0 0. 00270R2 0. 13000X2

BUS 0 CRS SOUN CBL 345.KV AREA=10 ZONE-1

BUS 115 DARIEN 115. KV AREA=6 ZONE=1
BUS 2115 DARIEN Al 13.2KV AREA=7 ZONE=1
BUS 3115 DARIEN A2 13. 2KV AREA=7 ZONE=1

BUS 7115 DARIEN TERT1 12.47KV AREA=8 ZONE=1
BUS 8115 DARI EN TERT2 12. 4KV AREA=8 ZONE=1

BUS 264 DERBY TAP 115. KV AREA=8 ZONE=1
BUS 0 DEVON 11U 13. 8KV AREA=7 ZONE=1
GENERATOR: On-Li ne 30. 00Ref Ang Regul ate V= 1.00p.u. at bus: 0 DEVON 11U 13. 8KV

Unit 1 On-Line 100. OOMWA  0.00280R  0.22500X  0.00280R0 99999. 00000X0 0. 00280R2 0. 22500X2
BUS 0 DEVON 12U 13. 8KV AREA=7 ZONE-1
GENERATOR: On-Li ne 30. 00Ref Ang Regul ate V= 1.00p.u. at bus: 0 DEVON 12U 13. 8KV
Unit 1 On-Line 100. 0O0OMVA 0. 00280R  0.22500X 0.00280R0 99999. 00000X0 0. 00280R2 0. 22500X2
BUS 0 DEVON 13U 13. 8KV AREA=7 ZONE-1

GENERATOR: On-Li ne 30. O0Ref Ang Regul ate V= 1.00p.u. at bus: 0 DEVON 13U 13. 8KV
Unit 1 On-Line 100. O0OMVA 0. 00280R  0.22500X 0.00280R0 99999. 00000X0 0. 00280R2 0. 22500X2
BUS 0 DEVON 14U 13. 8KV AREA=7 ZONE-1
GENERATOR: On-Li ne 30. 00Ref Ang Regul ate V= 1.00p.u. at bus: 0 DEVON 14U 13. 8KV

Unit 1 On-Line 100. O0OMVA 0. 00280R  0.22500X 0.00280R0 99999. 00000X0 0. 00280R2 0. 22500X2
BUS 0 Devon Ring 1 115.KV AREA=551 ZONE=1
BUS 0 Devon Ring 2 115.KV AREA=551 ZONE=1
BUS 0 Devon RR 115. KV AREA=1 ZONE=1
BUS 170 DEVON TIE 88 115.KV AREA=666 ZONE=1
BUS 171 DEVON TIE 89 115.KV AREA=666 ZONE=1
BUS 290 E. MERI DEN 115. KV AREA=14 ZONE=1
GENERATOR: On-Li ne 0. O0Ref Ang Regul ate V= 1.00p.u. at bus: 290 E. MERI DEN 115. KV
Unit 1 On-Line 100. 00OMWA 0. 04458R  0.54017X 0. 10999R0 0.40108X0 0. 04431R2 0. 53998X2
BUS 190 E. MAINTAP 88 115. KV AREA=10 ZONE=1
BUS 191 E. MAINTAP 89 115.KV AREA=10 ZONE=1
BUS 292 EAST SHORE 115. KV AREA=10 ZONE=1
BUS 291 EAST SHORE 345. KV AREA=10 ZONE-1
BUS 2176 ELMAEST 13. 8KV AREA=12 ZONE=1
BUS 176 ELMWEST 88 115. KV AREA=10 ZONE-1
BUS 177 ELMAEST 89 115. KV AREA=10 ZONE-1

BUS 160 ELY AVE 115. KV AREA=8 ZONE-1
BUS Oelyjct 115. KV AREA=8 ZONE=1
BUS Oelyjct2 115. KV AREA=8 ZONE=1
BUS 2480 ENFIELD 23. KV AREA=4 ZONE=1
BUS 0 English 13. 68KV AREA=1 ZONE=1
GENERATOR: n-Li ne 0.00Ref Ang Regulate V= 1.00p.u. at bus: 0 English 13. 68KV
Unit 8 On-Line 100. 0OMWA 0.00237R 0. 18979X 0. 00237R0O 0. 18979X0 0. 00237R2 0.18979X2
Unit 7 On-Line 100. 00OMWA  0.00294R  0.23049X 0. 00294R0 0. 23049X0 0. 00294R2 0. 23049X2
BUS 0 ESHOREGEN 13. 8KV AREA=24 ZONE=1
GENERATOR: On-Li ne 0. OORef Ang Regul ate V= 1.00p.u. at bus: 0 ESHOREGEN 13. 8KV

Unit 1 On-Line 100. 0O0OMVA 0. 00051R  0.03599X 0. 00000R0 99999. 00000X0 0. 00051R2 0. 03599X2
BUS 134 FLAX HILL 115. KV AREA=6 ZONE-1
BUS 2134 FLAX HILL A2 13.8KV AREA=7 ZONE=1
BUS 3134 FLAX HILL A3 13.8KV AREA=7 ZONE=1
BUS 2246 FORESTVIL Al 13.8KV AREA=16 ZONE=1
GENERATOR: On-Li ne 0. OORef Ang Regul ate V= 1.00p.u. at bus: 2246 FORESTVIL Al 13.8KV
Unit 1 On-Line 100. 00OMVA  0.21100R  1.31660X 11.60210R0 3.20630X0 0. 21100R2 1.31660X2
BUS 3246 FORESTVIL A3 13.8KV AREA=16 ZONE=1
BUS 7246 FORESTVIL T1 1. KV AREA=15 ZONE=1
BUS 8246 FORESTVIL T2 1. KV AREA=15 ZONE=1
BUS 9246 FORESTVIL T3 12.47KV AREA=15 ZONE=1
BUS 246 FORESTVILLE 115. KV AREA=14 ZONE=1
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BUS
BUS
BUS

BUS
BUS
BUS
BUS
BUS
BUS
BUS

BUS

BUS

BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS

BUS

BUS

BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS

BUS
BUS
BUS
BUS
BUS
BUS

BUS
BUS
BUS
BUS
BUS
BUS
BUS

BUS
BUS

BUS

BUS
BUS

BUS

BUS
BUS

BUS

BUS
BUS
BUS
BUS
BUS

BUS
BUS
BUS
BUS
BUS
BUS
BUS
BUS

233
2233
3233
7233
8233

FREI GHT
FREI GHT Al
FREI GHT A3
FREI GHT TER1
FREI GHT TER2
9233 FREI GHT TER3
7228 FROST BRI DGE
0 Frost bridge
228 FROST BRI DGE
229 frst brdg tp
0 Gl/ X
GENERATOR:
Unit 1
0 BHA
GENERATOR:
Unit 1
0 G
GENERATOR:
Unit 1
d enbr ook
110 GLENBROOK
0 d enbrook 3X
2110 d enbrook 3X
7110 GLENBROXK T1
8110 GLENBROXK T2
273 GLENLAKE JCT
187 GRAND AVE.
293 GREEN HILL
GENERATOR:

o

Unit 1
0 GT1 (11)
GENERATOR:
Unit 1
0 Gr2 (12)
GENERATOR:
Unit 1
12 HADDAM NECK
4298 HANOVER
0 HANOVER 23A
299 HANOVER 60
298 HANOVER 63
3299 HANOVER A2
3298 HANOVER A3
8299 HANOVER TER2
7298 HANOVER TER3
0 HANOVER TER5
140 HAWIMHORNE
265 | NDI AN VELL
SHUNT: Unit 1
269 JUNE ST
239 LONG MIN
0 |low side
251 LUCCI NI J251
300 LUCCINI J300
470 MANCHSTER
GENERATOR:
Unit 1
0 MERI DEN GEN
0 MERI DEN TAP
205 M DDLE RI VER
2205 M DDLE RVRA2
3205 M DDLE RVRA3
15 M DDLETOMN
0 M ddl etown 4
GENERATOR:
Unit 1
0 MlIford
0 MlIford 1
GENERATOR:
Unit 1
0 Mlford 2
GENERATOR:
Unit 1
0 MLL RIVER
26 MLLS U2 RSS
SHUNT: Unit 1
27 MLLS U3 RSS
SHUNT: Unit 1
29 M LLSTONE
22 M LLSTONE U2
GENERATOR:
Unit 1
23 M LLSTONE U3
GENERATOR:
Unit 1
2172 M LVON
172 M LVON 88
173 M LVON 89
296 M X AVE
24 MONTVI LLE
GENERATOR:

Unit 1
NEWTOMN
NEWTOMN
NO. HAVEN
NCERA
NCERA Al
NOERA A2
NOERA TAP 16
NOERA TAP 55

2260
260
274

3234

2234

2235
236
237

115. KV
13. 8KV
13.8KV

333

34.5
115. KV
345. KV
115. KV
13. 8KV
On-Li ne
On-Li ne
13. 8KV
On-Li ne
On-Li ne
13. 8KV
On-Li ne
On-Li ne
13. 2KV
115. KV
7. 26KV
13. 2KV
7. 26KV
7. 26KV
115. KV
115. KV
115. KV
On-Li ne
On-Li ne
16. K