DART

DC Traction Power Loadflow Report
D2 - Subway

Dallas, Texas
October 19, 2020

This Report was Prepared for DART
General Planning Consultant Six Managed by HDR



DART

Document Revision Record

D2 DC Traction Power Loadflow Report

HDR Report Number: Click here to enter text.

Project Manager: Tom Shelton

PIC: Tom Shelton

Revision Number: A

Date: 01/28/2020

Version 1

Date: 10/19/2020

Version 2

Date: Click here to enter text.

Originator

Name: James Ward

Firm: HNTB

Title: Traction Power Engineer

Date: October 19, 2020

Commentors
Name: Peter Lloyd
Firm: HNTB
Date: 10/19/2020
Approval

Task Manager: Peter Lloyd

Date: 10/19/2020

Verified/Approved By: Click here to enter text.

Date: Click here to enter text.

Distribution

Name: Tom Shelton Title: PIC

Firm: HDR

Name: Ernie Martinez

Title: Project Manager

Agency: DART




Table of Contents
1 INTRODUCTION c.eeeeeeeeeeeee et eee et e e e e eee e s eeeessesesaseseesesesseeesasasesessneeseeseensasessesasessssesasesessneasessasnnsanas

2 SYSTEM DESCRIPTION / PHILOSOPHY ....utiuirtiriiieieieiieit ettt sttt es et sbe s s e sne e nes
3 BACKGROUND ...ttt ettt e e s st ee e e s s s s e bt e e e e s s s aa e e e e e s e s
4 TASK DESCRIPTION ..cciiiitiiiiiitiie ittt sttt sttt ettt b e e s b e e e s ssbe e e s sbbaeessnrae s
5 SCOPE OF STUDY ..oiiiiiitiiiiiiiiieiiiiee ittt sttt sttt sba e s s aba e s s aba e e s s sbas e e sabbaeeesaraeeesas

5.1 SYSEEM CONFIGUIATION ..ottt e et e s b e e ebe st e seebe st eseebesrereas

L I A I 1o QA 170 4 1= o | SO PRSP
5.1.2  Traction POWET SYSTEM .. ....oiiii ettt e e te e e e reesreenteenreenneenes

5.2 VL= a1 L= - TSRS
53 LOAd FIOW SIMUIGTIONS ...ttt ettt sa e nenn s
oS 0t Yol =1 o 3SR
5.3.2 Other Parameters Applicable to the Simulation..........ccccccoiieiiiiiiic i
5.3.3  SUbStations and OULAZES .......cccvciiiiiiiiiieice ettt sttt sttt b et be st b ne st eans
5.3.4  DC FEEAEN CabIES......iiciiiiicticie e bbbttt ettt b et re e
5.3.5  Negative RETUIN CabliNg.........ccooiiiiiiieec ettt sttt

6 INITIAL DISCUSSIONS & OBSERVATIONS......ccoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesssesesssssssssesssessesnens
6.1 DC Cable CUITENT CAPACILY ..ovivcviieiiciiiiiicte ettt ettt b st b et e be et et ebesbe b resbesanis

7 SIMULATION RESULTS ...oeiiiiteiititesieestteesetee st e eseteesteeessteesseeeesstaessseeessseesssessnseessnsesssssessssessnseessseesnns
7.1 SIMUIGLION SOTEWAIE ..ottt ettt ne st e
7.2 Y0100 0 1= T 2 OSSR
R R 1= o U= o= | I A S 1 (=] o - TR TV T U e U T TR TR O PRPRPRRPTTN
7.2.2  SUMMAIY OFf RESUILS ....viiiciiect ettt sttt ebene s
7.2.3  TraiN VOIAEES . .cevcvieieecteceete ettt ettt ettt sttt et e st et et e st e be st e st ebesbe st etesbe st eresbentns

2 A U Tor 1Tl o o [T Y- SRR

7.3 Rail VOILAgE POTENTIAL........ciiiiiciiccceee ettt sttt bbb bbb ans

8 CONGCLUSION ..ttt ettt et ettt ettt ettt e sb e sttt e sabe e s bt e e s abeesabeesbbeesabaesbbeesabeesabbeesabeesnseenasaesnsaeesaseesnns

List of Appendices

Appendix A — DART System Information

Appendix B —TOM CAD Electrical Model

Appendix C— DART D2 Track Schematic

Appendix D — Kinkisharyo SLRV / Toyo Denki Vehicle Data

Appendix E — Normal Operation and Emergency Operation Scenario Simulation Results
Appendix F — Outage Operations Scenario Simulation Results

Appendix G — State Fair Special Event Operations Scenario Simulation Results
Appendix H — Rectifier Loading

Appendix | — Rail Voltage Simulation Results



DART

®

D2 DC Traction Power Loadflow Report

1 INTRODUCTION

HNTB Corporation was contracted to perform a Traction Power Load Flow study for the DART
D2 Subway Project for the purposes of system planning and electrical capacity requirements.

The D2 Subway project is a future second light rail line through downtown Dallas that extends
from Victory Park to Deep Ellum. The proposed system is nearly two miles long consisting of
four new passenger stations and one relocated station. The associated power system consists
of three new traction power substations.

The load flow study is intended to confirm the initial assumptions for new substations along
the system and validate the substation ratings. Simulations were conducted at design
headways based on the DART D2 between the existing Lucas substation and Fair Park
substation for the Green Line, between Lucas substation and Sanders substation for the
Orange Line.

This report summarizes the results of the traction power simulation (load flow) study
performed and is intended to provide confirmation for the rectifier capacity, substation
spacing, operating voltage at the train under normal, and outage conditions, as well as the
state fair special event schedule and an emergency scenario where all trains
(Red/Blue/Orange/Green) route along the new D2 alignment.

2 SYSTEM DESCRIPTION / PHILOSOPHY

The objective of this traction power load flow study is to verify that the proposed
infrastructure is adequate to meet the load demands of the 15-minute peak service along the
DART D2 Subway alignment, based on the proposed D2 Operating Plans Memorandum (dated
October 7, 2019). The vehicle to be used in the study is the new Kinkisharyo SLRV with Toyo
Denki propulsion equipment operating at 845VDC.

Based on the configuration of the existing system, which typically utilizes 2.5MW traction
power substations spaced approximately 1 mile apart, the approach was to maintain similar
spacing and capacity. The expectation was that the simulation results would demonstrate that
the three new traction power substations would meet all the operational requirements based
on the proposed D2 Subway operating plans. The proposed power system for the new D2 line
is essentially a standalone system with the new substations only powering the extension.
Under emergencies they could be connected to the existing mainline at each end of the D2
alignment, however this was not as part of the scope of this study.
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The operating conditions were to be met under peak 15-minute headways for both the Green
and Orange Lines being routed along the new D2 alignment. This requirement was to be
maintained for normal conditions (all substations in service) and for contingency
circumstances (one substation out of service, and state fair special event service). As this is a
new alignment connected to the existing system, six existing traction power substations
(Lucas, Arena, Baylor, Fair Park, Portal, Sanders) are included in the model for functionality.

Due to the D2 configuration and operations routing trains that previously operated on the
mainline which combined Green, Orange, Red, and Blue trains in the main downtown area,
using the D2 alignment for the Orange and Green trains alleviates the loading on existing
traction power facilities. As a result, these other facilities outside the D2 alignment and the
reduction of load on them was not evaluated as this does not impact the D2 alignment
substations, their spacing and their ratings.

3 BACKGROUND

DART operates a light rail service over 85 route miles of track. The light rail service consists of
four lines as follows:

e Red Line 28 miles (Westmoreland to Parker Road)

e Blue Line 32 miles (Downtown Rowlett to UNT Dallas)

e Green Line 28 miles (North Carrollton/Frankford to Buckner)
e Orange Line 34 miles (DFW Airport to LBJ/Central)

This load flow study models parts of the existing Green and Orange Lines starting at Victory
station to Baylor University Medical Center for Green Line, and Cityplace / Uptown for Orange
Line. The proposed stations Museum Way, Metro Center, Commerce, and CBD East for the D2
Subway alignment are included in the model.

The D2 alignment is required to alleviate overloading and increase service levels through
downtown Dallas to enhance ridership.
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4 TASK DESCRIPTION

The loadflow study encompasses the DART D2 Subway traction power system and its interface
with the existing DART traction power system.

The study is comprised of four scenarios:

1. Normal Operating Conditions — 15-minute peak headways Green/Orange Lines with all
traction power substations in service.

2. Outage Conditions - 15-minute peak headways Green/Orange Lines with one traction
power substation out of service at any one time. Train simultaneous starts were also
modelled under these conditions with worst case simultaneous train acceleration at
the nearest platform to the substation out of service.

3. State Fair Special Event Service — 10-minute peak Green Line headways, 15-minute
peak Orange Line headways with all traction power substations in service. This was also
modelled with outage conditions.

4. Emergency Operating Conditions — 15-minute peak headways Red/Blue/Green/Orange
Lines all routed along D2 with all traction power substations in service. This scenario
presents effectively a 3.75-minute headway between trains along the D2 alignment.

The existing system parameters and data were determined by as-built information. The
physical parameters for the proposed system for the DART D2 Subway alignment were
extracted from the proposed track alignment, profile and speed charts. The vehicle
information was provided by DART for the Toyo Denki tractive effort curves for the existing
and new vehicles.

Electrical parameters for the study are presented in Section 5 below and is based on standard
DART power system configurations and equipment.

HNTB has utilized Train Operations Model (TOM) software to perform the DC traction power
loadflow study. Train Operations Model (TOM), developed at Carnegie-Mellon University, was
used to simulate the LRT system train operations and the power network. The TOM program
contains all the necessary computer tools to simulate the operation of the DART system. It
contains a train performance simulator and an electric network simulator, and these are used
in sequence to model the train operations and performance and then insert these into the
electrical traction power network. The simulation, mimicking the everyday light rail operations,
makes calculations at every point in the electrical network on a second-by-second basis. The
results are selectable and typically provided for train voltage and substation loading although
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this can be expanded for rail potentials, wire temperatures and energy usage reporting. This
program is widely used in the industry and has been verified for accuracy by the supplier.
Version 3.8.6 was used.

Each scenario entails building the physical and electrical models and running TOM simulations
for the train and system operations described above. The resulting output is obtained,
reviewed, analyzed, and checked to ensure the correct results are provided. The output data
and assessment are presented in this report.

5 SCOPE OF STUDY
5.1 System Configuration
5.1.1 Track Alignment

The track alignment (stationing and curves) and profile (gradients) are based on the proposed
DART D2 Urban Design Package, included in Appendix A. As-built information was utilized to
build the model for the existing parts of the alignment.

5.1.2 Traction Power System

The existing system outside of the D2 alignment is a simple catenary system with a messenger
supplied at 845VDC via the traction power substations. For the D2 Subway alignment,
aluminum conductor rail (OCR) was used for the underground segments in this study, as is
often used for tunnel installations on various light rail systems; catenary was used for the
areas outside of the tunnel segments. If catenary is proposed for the tunnel segments in lieu of
OCR, the minimum voltage is not expected to be infringed. Catenary can be modelled in the
tunnel segments in due course if requested. The merits of OCR versus a catenary system are
beyond the scope of this load flow report.

The main elements of the positive network are:
e the ACincoming utility services

e the traction power substations which convert the AC to DC power for traction (rectifier
and rectifier-transformer)

e the positive traction power feeder cables

e the overhead catenary system

The negative network comprises the
e running rails
e negative return cables
e crossbonds midway between each TPSS

The electrical network parameters are shown on the next page in Table 1.
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Description Value

350 kemil HD Cu trolley wire (20% worn) +
500 kcmil messenger wire, 75 deg C

Conductor Rail Aluminum Conductor Rail, 75 deg C

(3) 750 kcmil Cu per power section

Nominal length assumed to be 500ft

(6) 750 kcmil Cu (per track)
Nominal length assumed to be 500ft

Contact Wire Size

Positive Feeder Cable Size

Negative Return Cable Size

Rail Type 115lb
(both rails used for negative return)
Conductor Temperature 75 deg C
Rail Temperature 40 deg C, no wear
2500 kw

(Heavy Traction Power Duty per IEEE 1653.2)
ANSI Circuit #31 configuration, 12 pulse
Thyristor Controlled Rectifier
*** To provide worst case results the
rectifiers have been modelled in TOM as
uncontrolled diode rectifiers ***

TPSS Regulation 4.5 %
Full Load (Nominal) Voltage 845 VDC
Table 1. Electrical Network Parameters

TPSS Power Rating

The loadflow simulation utilizes a common milepost for each train along its route. The
mileposts used are based on the starting milepost (MP -1.688) being at existing Lucas
Substation and continuing to Fair Park Substation for the Green Line (MP 3.068), and Sanders
Substation for the Orange Line (MP 3.558). For the milepost locations, as translated for the
system refer to the system CAD drawings in Appendix B.

The station and substation locations are shown on the next page in Table 2. The station and
substation locations are also represented in the CAD drawings of the electrical model. Refer to
Appendix B for the CAD drawings of the electrical model. Refer to Appendix C for a track
schematic of the DART D2 Subway alignment.
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On the electrical side of the vehicle, the cars are assumed to operate at full power at 845VDC
with a peak line current of approximately 2000A per car. The line current will vary with the
voltage delivered to the pantograph of the vehicle. Auxiliary power per car is 83kW. As is
consistent with traction power studies, this auxiliary load is assumed to be on at all times.

The Kinkisharyo SLRV vehicles with Toyo Denki propulsion equipment are designed to operate
with a full load line voltage range of 845VDC with occasional swings due to unusual load
demands to as low as 525VDC and as high as 900VDC. Therefore, per the design criteria, the
voltage used in the analysis for the voltage at the train below which “dropout” of the
propulsion system will occur is 525 Volts.

For the purposes of the study, the trains have not been modeled to regenerate current.

5.3 Load Flow Simulations

In order to provide an evaluation of the relevant service levels and in accordance with the
proposed DART D2 Subway operating plans, the following scenarios were selected to be
modeled. A 30 second station dwell time was used in TOM to determine electrical loading on
the system. Three cars trains were operated on both lines.

5.3.1 Scenarios

1. Normal Operating Conditions — 15-minute peak headways Green/Orange Lines with all
traction power substations in service.

2. Outage Conditions - 15-minute peak headways Green/Orange Lines with one traction
power substation out of service at a time. A simulation is run for each new substation
out of service.

a. Normal operating schedule

b. Schedule configured for simultaneous train starts at the nearest platform to the
substation out of service. To simulate simultaneous starts, two additional Green
Line trains are added at a specific time (varies for each substation outage) for
each substation outage to create a worst-case scenario near the substation that
is out of service. See Table 4 on the next page for a summary of simultaneous
start locations.
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Platform where ] . .
Outage Condition Simultaneous Start Distance from | Distance from | Distance from
8 New 1 TPSS New 2 TPSS New 3 TPSS
Occurs

New 1 TPSS Out Victory

[STA. 14+75, CBD2] [STA.127+46, NW1] N/A 5480 ft 10,120t
New 2 TPSS Out Commerce

[STA. 61+30, CBD2?] [STA.71+90, CBD2?] 5710 ft N/A 4,640 ft
New 3 TPSS Out CBD East

[STA. 107+70, CBD2] [STA. 95+65, CBD2?] 8,090 ft 3,430 ft N/A

Table 4. Simultaneous Start Locations

3. State Fair Special Event Service — 10-minute peak Green Line headways, 15-minute
peak Orange Line headways with all traction power substations in service. This was also
modelled with outage conditions (one traction power substation out of service at a
time).

4. Emergency Service — 15-minute peak headways Red/Blue/Green/Orange with all
traction power substations in service. This scenario presents 3.75 minute headways
between trains effectively.

5.3.2 Other Parameters Applicable to the Simulation

e Propulsion systems are modeled using a constant-current model (propulsion current
does not vary significantly with variations in line voltage but varies based on
mechanical energy required to move and accelerate trains).

e No stored trains were included along the D2 alighment.

5.3.3 Substations and Outages

The normal operations scenario is modeled with all equipment in service and operating to
schedule. All traction power equipment is assumed to be operational and providing power to
the system as originally intended.

The outage operations scenario is modeled with one substation out of service and operating to
schedule. All traction power equipment at in-service substations is assumed to be operational
and providing power to the system as originally intended. As part of the outage scenarios,
worst case conditions are modelled by performing simultaneous starts at the platform nearest
to the substation that is out of service.

The main power equipment installed on the D2 Subway traction power substations are as
follows. Each substation is configured to have a 13.2kV in-feed and produce 845V dc at 100%
load. Each rectifier-transformer set comprises of a thyristor-controlled rectifier configured in
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an ANSI #31 configuration. An output regulation of 4.5% for the rectifier-transformers has
been used at all locations. For the purposes of this simulation, the rectifiers were modelled as
standard uncontrolled diode rectifiers instead of thyristor-controlled rectifiers to provide
worse case (voltage drop) results. The new traction power substations are summarized below
in Table 5.

DART D2 Subway — New Traction Power Substations
Model Name TPSS Name Substation Capacity
TPSS New 1 Name TBD 1-2.5MW
TPSS New 2 Name TBD 1-2.5MW
TPSS New 3 Name TBD 1-25MW

Table 5. DART D2 Subway - New Traction Power Substations

5.3.4 DC Feeder Cables

For the purposes of the simulation study, a standard feeder cable length of 500ft has been
used. This will vary depending on the actual TPSS sites used. Each feeder circuit to each section
(north and south of the substation per track) is via (3) 750 kcmil. As a conservative approach,
the resistance used for each cable is for a 75 deg C continuous operating temperature.

The OCS is comprised of 500 kcmil hard drawn copper messenger wire and 350 kcmil hard
drawn copper trolley wire (20% worn), per track. This is conservative as it is very unlikely that a
system will reach 20% worn throughout the system but allows for spot areas of increased wear
while maintaining system requirements. The resistance used for each cable is for a 75 deg C
continuous operating temperature. Aluminum conductor rail is used in areas within the tunnel.
Within the TOM model all conductors have been included as a conductor, or set of conductors,
in parallel with the OCS and the calculations have been performed to treat each configuration
as one equivalent conductor between the nodes within the model. The cable and OCS layout
can be seen in the electrical model CAD drawings in Appendix B.

5.3.5 Negative Return Cabling

The negative return system uses the following assumptions.

e The running rails are 115Ib steel rails.

e The traction power negative return circuit has been modeled to comprise 2-115lb
running rail per track and is configured as one equivalent conductor. Negative return
connections are made at the substation sites.

e Crossbonds midway between traction power substations
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The negative return connections can be seen in the system electrical models in Appendix B.

6 INITIAL DISCUSSIONS & OBSERVATIONS
6.1 DC Cable Current Capacity

While not part of this scope of work, HNTB has previously performed a cable capacity analysis
to determine realistic capacities and ratings for the DC cables installed in similar condition to
that on the DART D2 Subway Project.

The results of previous the cable capacity calculations for the 750 kcmil cables used yielded cable
capacity ratings of 420 amps per cable or 1,260 A for the three 750 kcmil cables/conduit
configuration for a 90 degrees C steady state condition. There are three 750 kcmil cables per
power section, for a total of six 750 kcmil cables per track.

It should be noted that ductbank configurations and fill will vary throughout the power system
therefore, the conservative approach adopted as described in the use of parameters above, is
appropriate.

7 SIMULATION RESULTS

7.1 Simulation Software

The TOM software employs a highly efficient electrical network simulator capable of solving
very large traction power electrical network models. These network, positive and negative, are
represented in the model by an assembly of "branches" and "nodes", which are used to model
individual or combined pieces of equipment. A branch is any conductor (wire, cable, bus bar,
third rail, running rail, etc.) that can be modeled as a linear resistance, and a node is simply
one end point of a branch. Parallel conductors can be explicitly modeled as separate branches,
if desired, or combined into equivalent conductors. Rectifiers are modeled as branches with a
variable resistance which increases with high forward load current in a manner specified by
the user. The alternating current (AC) side of the rectifiers are modeled as Thevenin
equivalents of the connected AC power sources (the electric utility). Any conceivable
configuration of electrical equipment can be efficiently simulated to the desired degree of
detail, due to advanced solution and memory management techniques incorporated into the
software.

The Traction Power Load Flow program performs a time-based simulation of a traction power
system. This involves the selection by the user of a time period over which the simulation will
occur, plus the scheduling of the desired vehicle or train dispatches during this period. During
the simulation time period, the TOM program moves scheduled trains, based on the Train
Performance Simulator (TPS) module output, along their respective routes according to the
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train movement simulation information contained in the appropriate power profiles. Via the
Electric Network Simulator (ENS) module, at regular user-selected time intervals (typically,
every second), new network nodes are created for each vehicle or train at their proper
location on the power system and a network solution ("snapshot") is performed. Depending
on whether a voltage-dependent train model is selected by the user or if the train is
regenerating current into the system, further network solutions may be performed to arrive at
a solution based on an adjusted vehicle or train load. Results from each "snapshot" are
written to various output data files for review and further processing using either commercial
spreadsheet programs or within TOM’s own graphical features. Information derived from each
snapshot is also stored and managed internally to produce a comprehensive summary report
file at the end of the simulation.

7.2 Summary
7.2.1 General / Criteria

As described above each scenario has been simulated under scheduled service conditions.
Each has been analyzed and the results described on the following page.

For each scenario, Voltage at the train is presented in graphical form. Rectifier/Transformer
capacity and cable loading are present in tables.

For the voltage plots, the critical voltage of 525V dc is used to determine if the proposed
operating scenario will result in the vehicles stalling and losing power. Long cable lengths, long
section lengths, long distances between substations and feed points all increase the electrical
resistance of the circuits resulting in voltage drop. These drops increase as the traction power
load increases. 845VDC is also shown on the voltage as the nominal voltage for normal
operations.

For the Rectifier-Transformer capacity the 100% load capability is used. E.g. a 2.5MW rectifier
supplying power at 845V will be able to provide 2959A continuously. In addition, the traction
power transformers and rectifiers are heavy traction power duty rated which allows this
equipment to supply 150% of full loads for 2 hours and 300% load for 5 minutes intervals.

The feeder cable loads have not been reported as part of this study but based on the RMS
currents at each substation node, no cable overloading is expected. One value in particular is
focused on i.e. rms loading during the simulation time period. The rms (root mean square) load
is used and compared against the 100% current carrying capacity of the cables at the
maximum allowed temperature (90 deg C). Cables do have emergency ratings for 130 degrees
C and 250 degrees C but these are very seldom encountered or calculated, but these are short
duration values and will lead to loss of equipment service life.
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The rail potential has been considered within the design and simulations to ensure that it does
not exceed 72V under any scenario. Maintaining the rail potential as low as possible while
accommodating signal equipment and design requirements will reduce the potential for dc
stray current and also for personnel safety, in particular at passenger stations. The frequency
of substations and amount of cross bonding affects the rail potentials and to ensure safe
operation under worse case conditions, the simulation results for the rail potentials are
performed for all scenarios.

7.2.2 Summary of Results

The results can be found in AppendicesE, F, G, H, and I. Appendices E, F, and G present
voltage profiles for the model system between existing Lucas substation and Fair Park
substation for the Green Line, and between existing Lucas substation and Sanders substation
for the Orange Line. Appendix H presents rectifier capacity and loading. Appendix | presents
the rail voltage potentials for each scenario.

7.2.3 Train Voltages

The important criteria are shown in the summary results tables and voltage plots provided in
the Appendices of this report. A summary of the lowest voltage per scenario is provided in
Table 6 on the next page. Trains are operated at full performance for all scenarios. State Fair
Special Event minimum voltages are provided for outage conditions but is assumed that all
substations would be in service during these conditions. Emergency operating conditions are
simulated with all traction power substations in service.
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Under the substation outages with simultaneous starts, the maximum rms rectifier loading for
D2 is 67.8% at N2 TPSS, when N3 TPSS is out of service.

Under the State Fair Special Event conditions with all TPSS in service, the maximum rms
rectifier loading for D2 is 41% at N2 TPSS.

Under the Emergency operation, the maximum rms rectifier loading for D2 is 61.3% at N2
TPSS.

Computer Loadflow Simulation Study for DART D2 Subway Project
Substation Rectifier Loading Results
All Substations in Service
Normal Scenario
Simulated Load Current Rectifier Load Ratings Rectifier Loading Analysis
Substation (Col. 1) (Col. 2) 1 Min. Rms Loading Results (1) | Peak Loading (2)
Rectifier RMS Peak Continuous | 2-Hr NEMA NEMA % of Contin. % of 2-Hr % of 1 Min.

Substation Capacity (Continuous) |(Instantaneous)| Ratings Ratings Ratings Rectifier Rectifier Rectifier

Name MP (kW) Amps Amps (Amps) (Amps) (Amps) Rating Rating Rating
E1-LUCAS -1.688 2500 840 3,552 2,959 4,438 8,876 284 18.9 40.0
E2 - ARENA -0.494 2500 1,318 2,364 2,959 4438 8876 445 297 266
N1 - NEW 1 0.090 2500 630 2,574 2,959 4,438 8,876 21.3 14.2 29.0
N2 - NEW 2 0.972 2500 969 3,180 2,959 4,438 8,876 327 21.8 35.8
N3 - NEW 3 1.850 2500 818 2,112 2,959 4,438 8,876 216 18.4 23.8
E3-PORTAL | 2421 2500 880 2,784 2,959 4,438 8,876 29.7 19.8 314
E4 - SANDERS | 3.558 2500 746 4,200 2,959 4,438 8,876 252 16.8 47.3
E5-BAYLOR | 2270 2500 655 2436 2,959 4,438 8,876 222 14.8 215
E6 - FAIR PARK | 3 068 2500 199 8§21 2,959 4 438 8,876 67 45 93

Table 7. Rectifier Loading for Normal Conditions

Computer Loadflow Simulation Study for DART D2 Subway Project
Substation Rectifier Loading Results
Substations Out Of Service As Indicated - State Fair Schedule and Emergency (Red/Blue/Orange/Green) Included
SS indicates emergency simultaneous start case
Substation Rectifier Capacity Rectifier RMS Load Current with Indicated Substation Out Of Service
Total 100% 2-Hr
Rectifier Continuous NEMA RI-9 System QuT1 ouT2 ouT3 QUT4/sS OUT5/SS OuUTE/SS State Fair Emergency
Substation Capacity Rating Rating Normal N1-NEW 1 |N2-NEW 2| N3-NEW 3 | N1-NEW 1 N2 - NEW 2 N3 - NEW 3 Schedule Red/Blue/Orange/Green
Name MP (kW) (Amps) (Amps)
E1-LUCAS  |-1.688] 2500 2,959 4,438 840 840 840 840 996 927 1,028 961 1,201
% of Continuous Rectifier Capacity Used 28 39% 28 39% 28.39% 28.39% 33.65% 3134% 34 76% 32 48%) 40.59%)
E2-ARENA _ |-0494] 2500 | 2,859 | 4,438 1,318 1,318 1,318 1,318 1,479 1,443 1,533 1,651 1,932
% of Continuous Rectifier Capacity Used 44.53%) 44.56%) 44.56% 49 97%) 48 T7% 51.82%) 55 80%} 65.28%)
N1 - NEW 1 0000] 2500 | 2,959 | 4,438 630 1,077 871 1,212 1,024 758 1,167
% of Continuous Rectifier Capacity Used 21.29%| 36.41%)| 29.44% 44.35% 34.61%)| 25.62%)| 39.43%
N2 - NEW 2 0972| 2500 | 2,959 4,438 969 1,428 2,005 1,213 1,813
% of Continuous Rectifier Capacity Used 32.75% 48 26% 67.76%) 41.01%] 61.28%
N3-NEW 3 1850 2500 ] 2,859 4,438 818 1,052 1,440 1,208 1,811 1,005 1,475
% of Continuous Rectifier Capacity Used 27 64% 35 55%. 48.68% 40.87% 6121% 33.97%) 49.87%
E3-PORTAL |2421] 2500 | 2959 | 4438 380 381 881 881 881 882 881 1,288
% of Continuous Rectifier Capacity Used 29.74% 29.77% 29.77%)| 29.76% 29.78% 29.80% 29.80% 29.78%) 46.92%|
E4-SANDERS [3558] 2500 | 2,959 | 4,438 746 746 746 746 746 748 747 746 1,073
% of Continuous Reclifier Capacity Used 25.20%) 2521% 2521%) 2521% 25.21%) 2522% 25.25% 25.22%] 36.25%)
E5-BAYLOR |2270] 2500 | 2,959 | 4,438 655 656 656 656 701 743 743 841 929
% of Continuous Rectifier Capacity Used 22.15%)| 22 16% 22.16% 22.16% 23.68%)| 2511% 25.11%)| 28.42%] 31.41%
E6-FARPARK|3068] 2500 | 2,959 | 4,438 199 199 199 199 211 223 223 256 282
% of Continuous Rectifier Capacity Used 6.72%| 6.72% 6.72%| 6.72% 7.15%) 7.55% 7.54%) 8.64%] 9.53%

Table 8. Rectifier Loading for Special Conditions
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7.3 Rail Voltage Potential

Table 9 below summarizes the highest rail potential voltages observed for each scenario.
Maximum rail potential voltages are provided for the D2 alignment only, as the existing system
model is not a complete model of the existing system. All rail voltages along the system are
below the threshold of 72V. Graphs are provided in Appendix I.

SUMMARY OF MAXIMUM RAIL POTENTIAL VOLTAGE

D2 Alignment Maximum Rail Voltage
Scenarios and Substation Status: [Milepost]

Normal Operations:
All Substations in Service 9.5V [0.09]

Outage Operations:

New 1 TPSS Out of Service 13V [0.55]
New 2 TPSS Out of Service 13.4V [0.74]
New 3 TPSS Out of Service 11.8V [1.85]

Simultaneous Start Operations:

New 1 TPSS Out of Service 13V [0.55]
New 2 TPSS Out of Service 14.7V [0.97]
New 3 TPSS Out of Service 12V [0.97]

State Fair Special Event Operations:

All Substations in Service 10.6V [0.09]
New 1 TPSS Out of Service 14.4V [0.09]
New 2 TPSS Out of Service 14.7V [0.74]
New 3 TPSS Out of Service 14.1V [1.58]

Emergency Operation

(Red/Blue/Orange/Green):

All Substations in Service 14.5 [0.09]
Table 9. Summary of Maximum Rail Potential Voltages
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8 CONCLUSION

As applies to all simulations, it is very difficult to exactly match the actual system operations
for a multitude of reasons. However, the simulations are intended to be pessimistic in their
approach and the results obtained may or may not in practice occur during day-to-day
operations. As a result, the DC traction power simulation has been performed under multiple
scenarios. These scenarios and results for the expected future operations are used to confirm
if the traction power system as per the model simulated is suitable to maintain reliable
operations.

As is seen in the results, the voltages do not fall below the minimum level of 525VDC under
expected operating conditions.

The rectifier loading is not exceeded for any new DART D2 Subway traction power substations.
The system as modeled with three new 2.5MW traction power substations is adequate to
meet the demands of the DART D2 Subway Project for the conditions, electrical system, and

scenarios simulated.

The maximum rail potential voltage threshold of 72V is not exceeded under any scenario
simulated.
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Appendix A — DART System Information
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Appendix B — TOM CAD Electrical Model
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Appendix C — DART D2 Track Schematic
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Appendix D — Kinkisharyo SLRV / Toyo Denki Vehicle Data
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Appendix E - Normal and Emergency Operations Scenario Simulation Results
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Appendix F — Outage Operations Scenario Simulation Results
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Appendix G — State Fair Special Event Operations Scenario Simulation Results
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Appendix H — Rectifier Loading
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Appendix | - Maximum Rail Potential Voltage Simulation Results
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