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Acronyms and Abbreviations

AH)J Authority Having Jurisdiction
DART Dallas Area Rapid Transit

DCM Design Criteria Manual

DFT Dry Film Thickness

FCC Fire Command Center

FDC Fire Department Connection

FPM Feet Per Minute (velocity)

FT Feet (Length)

GPM Gallons Per Minute (Flow)

Inw.g. Inches of Water Guage (pressure)
LRV Light Rail Vehicle

NFPA National Fire Protection Association
SLRV Super Light Rail Vehicle

SF Square Feet (Area)

TXDOT Texas State Department of Transportation
MCE Metro Center East

MCW Metro Center West

CSE Commerce Street East

CSw Commerce Street West

CBE CBD East

cBwW CBD East
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1 Introduction

1.1 General

The preliminary ventilation report provides presents the evaluation of emergency ventilation within the
underground portion of the DART D2 Subway extension. The Authority Having Jurisdiction is the Texas
State Department of Transportation (TxDOT). This report will address the fire life safety systems in place
for the underground trainway and station portion of the DART D2 Subway project.

This conceptual 30% design preliminary fire life safety ventilation report is preliminary and conceptual in
nature and has not been signed or sealed. Tunnel ventilation system capacities and configuration is
dependent on geometric configuration of station and headhouse elements including smoke rated
enclosures at concourse and smoke control baffle downstands at platform and concourse locations. It is
the Design-Builders responsibility to complete the design and prepare a ventilation report based on
their design. The Design-Builder shall conduct all Work necessary to design, furnish, and install an
integrated and fully functional fire life safety system. The Design-Builder shall provide and submit for
review and comment an engineering analysis of all life safety systems, including but are not limited to
the following: Fire hazard analysis, Ventilation analysis, Egress analysis, and Fire durability analysis.
These analyses shall be based on the Design-Builder’s proposed design and installation to confirm
compliance with the National Fire Protection Association (NFPA) 130 standards for fixed guideway
transit and passenger rail system as well as other applicable standards. These analyses shall be prepared
by the Design Builders Engineer of Record who must be qualified in this area of practice as an active
licensed professional engineer in the State of Texas.

1.2 Project Description

The DART D2 Subway Project is comprised of a subway system that would begin southeast of Victory
Station and end west of Baylor University Medical Center Station. The subway extension will include one
at-grade station (Museum Way), and three underground Rail stations (Metro Center, Commerce Street,
and CBD East).

Figure 1. Layout indicating approximate extents of DART D2 Subway alignment

S,
INNING OF PROJEC
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Ventilation systems will need to be considered for the underground segment of the DART D2 Subway
system to help with exhaust during normal train operations, as well as during a fire emergency to limit
smoke spread and fire hazard development.

1.3  Applicable Codes, Standards and Requirements

The following standards are applicable for the Fire Life Safety Analysis for the DART D2 Subway:
International Building Code (IBC) as amended by the City of Dallas

International Fire Code (IFC) as amended by the City of Dallas

NFPA 130 2014 edition — Standard for Fixed Guideway Transit and Passenger Rail Systems

DART, Emergency Operating Procedure, Publication Number: 101.01, 04/01/2004

5. DART, Fire Smoke (Tunnel) Operating Procedure, Publication Number: 101.07, 04/01/2004

In addition to the standards listed above the DART Design Criteria Manual (DCM) 2003 edition by ACT 21
is used to evaluate any applicable design features, but note that the DCM is project specific and does
not directly apply to the current DART D2 Project

PwnNE

Table 1 Fire Life Safety Concept Design Principles Code Matrix

Design Feature Code/Standard Basis Discussion

Fire Rated 2014 NFPA 130; 5.2.4.1 Interconnection between floor levels

Construction is allowed with special provisions.

Fire Rated 2014 NFPA 130; 5.2.4.3 Fire Rated separation between

Construction ancillary occupancies as required by
NFPA 101

Fire Rated 2014 NFPA 130; 5.2.4.2 All Public areas shall be fire

Construction separated from adjacent non-public
areas

Corridor Width 2015 IBC; 1020.2 Minimum corridor width 44 in.

2014 NFPA 130; 5.3.4.2 Additionally applies to platforms from

NFPA 130
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DART

Stairway width

20151BC; 1011.2

Minimum stairway width 44 in.

Number of exits

20151BC; 1006.2.1.1

Three exits or exit access doorways
shall be provided from any space
with occupant load of 501 to 1000

Definition of Point of
Safety

2014 NFPA 130; 3.3.35

Special provisions allow point of
safety at the following: trainway,
station, at grade point beyond
vehicle

Evacuation 2014 NFPA 130; 5.3.1.1 Platform Evacuation Time —
2014 NFPA 130; 5.3.1.2 Evacuate platform in 4 minutes or
less
Evacuation Time to a Point of Safety
in 6 minutes or less
Exits 2014 NFPA 130;6.3.1.4 Maximum distance between exits

shall not exceed 2500 ft

Cross Passage

2014 NFPA 130; 6.3.1.6

Cross-passageways shall not be
farther than 800 ft

Exit Signs 2014 NFPA 130; 6.3.5.5 Enclosed trainways greater than 1
train length shall be provided with
directional signs as appropriate for
emergency procedures

Mechanical 2014 NFPA 130; 7.1.2.2 Mechanical Ventilation required at:

Ventilation 2014 NFPA 130; 7.2.3 1. Enclosed Stations

2. Trainway greater than 1000 ft

Design should incorporate:

1. Fire Heat release rate

2. Fire Growth rate

3. Station and trainway geometries

4. Elevation, temperature
differences wind etc.

Fan ramp up time

2014 NFPA 130; 7.3.1.1

Fan motors designed to achieve full
operating speed in no more than 30
seconds from stopped position, and
no more than 60 seconds for
variable-speed motors.

Standpipe

2014 NFPA 130; 5.4.5
2014 NFPA 130; 5.4.5.2

Class | standpipes shall be installed
in enclosed stations in accordance
with NFPA 14

Standpipes are required to be

enclosed in fire rated construction

unless:

1. System is cross-connected or fed
from two locations.

2. lsolation valves are installed not
more than 800 ft apart

Hydrants

2003 DART DCM Vol 1 by ACT 21;
29.6.1

Hydrants within 150 feet of Fire
Department Connection to a
Standpipe system

October 12,2020 | 7
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Within 150 feet of each subway
station entrance or access point.

Hydrants 2015 IFC; 507.5.1.1 Standpipe system shall have a fire
hydrant within 100 feet of the fire
department connections.

Ventilation 2003 DART DCM Vol 1 by ACT 21; Maintain a single Evacuation path

Requirements 25.3.2 from the train that is clear of smoke
and hot gases.

Ventilation 2003 DART DCM Vol 1 by ACT 21; Tunnel Ventilation Fan Dampers:

Requirements 2545 Max velocity 1800 FPM

Tunnel Ventilation Fan Sound
Attenuators: Max velocity 1800 FPM

Isolation Dampers: Max velocity
2000 FPM

Concrete Ducts/Plenums/Shafts:

Tunnel Ventilation Shaft: Nominal
velocity of 1800 FPM, Max velocity of
2200 FPM

Other concrete

ducts/plenums/shafts: Nominal
velocity of 1500 fpm, Max velocity of
1800 FPM

2 Station Ventilation Concept
2.1 Design Objective

The objective of the ventilation and fire safety design is to mitigate hazards to provide adequate level
of safety for tunnel or station area occupants during periods of revenue and maintenance operations.
Ventilation system configuration and sequence of operations are established to provide tenable
environment to facilitate self-evacuation from tunnel and station areas.

2.2 Design Principle

Stations of the subject project has been proposed with platform screen doors (PSD), which separate
the platform and the trackway into two zones. Therefore trackway fires and platform fires are
managed separately. Moreover, it can also achieve energy savings for climate control, as the station
cooling air will not be lost into the tunnel as it is separated from the platform of the station.

October 12,2020 | 8
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2.3 Smoke control and ventilation strategy

Table 2: Fire Scenarios

ID Fire Location Fire HRR Smoke control strategy
(a) Train fire 14.9 MW (Medium Over Track Exhaust
growth rate) (OTE) Over Platform
Exhaust (OPE)
(b) Trackway Fire 1.5 MW (UF) OTE
(c) Platform Fire 3.5 MW (UF) OPE

2.3.1 Fire Scenario (a) Train fire OTE and OPE on:

During a train fire the over track exhaust (OTE) dampers will open to exhaust the smoke from the
incident track. The platform screen doors are open to allow passengers to exit the train. Since the
doors are open there is a concern that smoke will develop in the platform as well. So platform
exhaust dampers are opened as well to help with the exhaust of smoke.

Figure 2: Fire Scenario (a)

2.3.2  Fire Scenario (b) Track fire:

Trackway fire is non-rolling Stock fires occurring in the trackway within the Station length.

For such an incident — where a train is not located within the incident station trackway — the PSDs on
the incident track remain open representing a worst case scenario and the incident track OTE will be
operated in smoke control mode, exhausting 127 kCFM, as shown in Figure 3.
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Figure 3: Fire Scenario (b)

2.3.3  Fire Scenario (c) Platform fire:

For a station fire originating within a platform zone, the objective will be to limit smoke to the incident
zone. On activation, the Station Smoke Management System (SSMS) will utilize the OTE fans to
exhaust through the duct above the platform to provide over platform exhaust as shown in Figure 4.

A

Figure 4: Fire Scenario (c)
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2.4  Ventilation airflow diagram

Ventilation airflow diagrams for two options are presented for fire scenarios (a) (b) (c) in Figure 5 and
Figure 6.

(a) TVS Fan

OTE Fan

o

130 wls

(b) TV Fan

OTE Fan

oo

om®

(<) TVS Fan

OTE Fan

g5

owf®

Figure 5: Fire Scenario Option 1

October 12,2020 | 11



DART

»

DART D2 Preliminary Ventilation Report

(a) TVS Fan

OTE Fan

o

130 m‘:[s

(b) TVS Fan
OTE Fan

g [®

grotle

(c) TVS Fan
OTE Fan

oo

grtl®

Figure 6: Fire Scenario Option 2
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2.5 Ventilation Plant Schematic

The preliminary ventilation plant layout includes a set of 3 fans per fan plant, each with a capacity of 250
kCFM. It is assumed that a maximum capacity of 500 kCFM will be required at each fan plant location.
This results in a maximum of 2 fans on at a time with and an additional fan on standby for redundancy.
Figure 7 demonstrates the ventilation configuration for Commerce Station.

COMMERCE WEST
Ccsw

XX-FS-4 XX=FS-6
m i 1}

Xx-TF-é XX=TF=3
SEENe o
XX-FS-3 XX=FS-5

NEE-
o

LOMMERCE STATION
ocef H
,l{l [FZ 210 ] 'I'I"
Mosrzz 1| [~ Zo=al
—%X=3 2 AT
| [FZ3z0] oeg 2 |
— xxdw-4___ _ _ __ ] — — xx--
'J'l €22 OTE4 I'L'
| g ]

xx-Fé—_-t_ xxEFSD—S xx-éo—e
1]

XX=FS=7 XX=FS=9 XX=FS=11
co o
XX-TF-4 XX1-TF-5 XX-TF-6 \
_ Q
XX-FS-8 XX-F$=10  [xx-F$-12 O%F
T%

COMMERCE EAST
CSE

Figure 7: Commerce Station Ventilation Schematic

The ventilation fans have been preliminarily sized for 250 kCFM at 3.6 in w.g. this corresponds to a
400 hp fan. See Appendix A for preliminary fan pressure calculation. Calculations were based on
preliminary assumptions for duct and plenum sizes in order to provide adequate ventilation.
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Fires can occur at multiple locations along the Dart D2 Extension. Providing adequate ventilation for
different fire scenarios can prove to be challenging because of the different components that need to be
configured, such as damper opening positions, which fans to turn on, and whether the fans are in supply
or exhaust mode. For this reason, a preliminary mode matrix is created to establish the different
configurations that will be implemented within different fire zones along the length of the alignment.
Figure 8 shows a preliminary layout of the different equipment involved for emergency ventilation.

A I i i b e

vt ! | g ¢ !

s VAL Y

METRO CENTER COMMERCE STREET CBD EAST
STATION STATION STATION
fe——120- :-| |<— 320+ 370 4 |\ 520 + 570 { )-— 720—
To-1-I [0k — s im0 | Torm S Ttk Jmros | | TO-1(I0| _OTE1 — e moa
| OPE1 Oﬁe | CP1 | OEE:EI Dﬁ"’ cP2 CP3 | OPE1 OEEEE ‘
To-2Hm)| O1&2 4 |[HTD-4 ! TD-2HIm| O1E2 4 |[IHTD-4 TD-2HI DﬁE 9&54 [MHTD-4
PLATFORM
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] il m T
OCE1 OCE2 Boer ock? OCE1 OCE2
CONCOURSE CONCOURSE CONCOURSE
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!
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Figure 8: Mode Matrix Diagram

3 Methodology and Analysis
3.1 Design Methodology

Tunnel ventilation design for the project will be configured to manage environmental conditions within
the enclosed underground trainways and public circulation areas for normal, congested and emergency
fire scenario conditions. Conceptual space proofing requirements will be established by emergency fire
scenarios for tunnel and station fires. A segment wide ventilation flow network model created with the
SES (Subway Environmental Simulation) tool is created for the underground portion of the Dart D2
extension. A series of SES simulations are developed to test the different fire scenarios and establish
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flow rates. A 3D model of the station is created and set up to run scenarios aligned with SES cases, using
results from SES as boundary conditions. The methodology applied for this analysis is broken into the
following steps:

1.
2.

10.

11.
12.

Gather data: Gather geometrical data, walkway tunnels/stairs, platforms, and ventilation shafts.
Evaluation & Simplification of Geometry: Evaluate detail of features such as signages, beams, and
other projections in space to determine if they introduce significant impacts on ventilation flow
conditions generated by a fire in the station.

Establish domain: Determine fire and airflow region for proper model domain. Use ancillary
calculations as needed to validate an adequate model size prior to solid modeling.

Solidify model: Create a three-dimensional computer solid model of station features determined to
be of significance to ventilation flow field.

Meshing: Evaluate the solid model for decomposition and meshing schemes. Generate the Mesh
model.

Solve: Read mesh into Fluent software solver and prepare inputs for iterative solution scheme
including boundary conditions, model equations, solver schemes, and other customized time-
dependent inputs. A detailed discussion of model inputs for fire source term is included in Section
3.2.1, of this report.

Simulation: Initiate iterative solution based on assumed time step interval for managing stable
transient solution.

Monitor: Checkpoint simulation with the following activities: monitor residual values generated by
momentum, continuity and energy equations of the simulation, evaluate wall function metrics
generated for dataset at intermediate time steps, evaluate flow velocity conditions verses cell
dimensions to confirm flow transit criterion is maintained, review simulation inputs for any incorrect
boundary condition settings. Reconfigure simulation and restart if any issues are discovered.
Verify: Verify simulation is complete.

Post process: Post process simulation to show smoke visibility conditions or other parameters that
are of interest

Analyze: Analyze results for compliance with intended scope and pertinent code requirements
Repeat: Repeat steps 3 through 11 as needed for subsequent simulations, such as varying fire
location(s), ventilation modes, or other environmental characteristics to accurately represent project
conditions and goals

Key features and project dimensions of the overall facility for this analysis were developed from the
architectural drawings. Simplifications for details not relevant to the solution were made and applied to the
CFD model to help reduce computational time. The engineering team analyzed the fire scenarios then applied
them to the 3D constructed model along with ambient characteristics. Results gathered from the CFD
analysis allowed the engineering team to verify if the proposed ventilation meets the project criterion for
safe egress.

3.2

Inputs and Assumptions

Makeup airflow from emergency ventilation operations comes from headhouses above, this assumes that

public accessways will remain open during an emergency event. This can be achieved by either having

magnetic hold open doors or doorless open entryways.

1.

Platform is enclosed with platform screen doors. It is assumed that smoke and airflow from
trackways will only travel to the platform through open platform screen doors that will align with
open train doors.

October 12,2020 | 15
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2. Elevators and emergency egress stairways where doors typically remain closed are assumed to have
no contributions to airflow and are therefore modeled as a solid obstruction

3. The objective for emergency ventilation is to provide a pressure differential between the incident
location and the non-incident location. A higher pressure at a non-incident location is desirable so
that the direction of airflow is from the non-incident location towards the incident location.
Indicating a resistance of smoke ingress to the non-incident location.

4. Initial indications for successful emergency ventilation operation includes the ability to maintain
critical velocity. This is the air velocity in the incident bore required to prevent the back layering of
smoke. Critical velocity applies only to push pull ventilation scenarios where on one side of the fire is
in exhaust and one side is in supply providing longitudinal airflow. An initial pass/fail criterion for a
push-pull ventilation scenario is a velocity greater than 459 FPM within a tunnel segment, and 481
FPM for a station track with platform screen doors. See 4.3Appendix F for critical velocity
calculations.

3.2.1 Design Fire Scenario

There are 3 different fire scenarios achieved in this case a train fire, track fire and a platform fire. The
train fire is based on the DART D2 rolling stock (SLRV). The peak fire heat release rate is assumed to be
14.9 MW. The track fire is assumed to be have a peak heat release rate of 3.5 MW. The platform fire is
assumed to have a peak heat release rate of 1.5 MW.

All fire growth rates are based on a t? growth rate defined by:

Q = at?

Where

Q is the heat release rate in W

o is the growth rate coefficient 11.722 w/s”2 for a train fire. This represents a medium growth rate
o is the growth rate coefficient 187.55 w/s”2 for a track and station fire. This represents an ultra fast
growth rate.

tis time in seconds

Fire growth rate curve is shown in Figure 9.

Additional user defined characteristics were implemented as well:
e Heat of Combustion of 39.4 MJ/kg.
* Soot Yield of 0.165 kg (soot) /kg (fuel).
* Water Yield of 0.695 kg (water)/kg (fuel).
e COYield of 0.14 kg (CO)/kg (fuel).
»  Mass specific extinction coefficient for smoke produced by pyrolysis Km=4703 m?/kg
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Fire Growth Rate

16
4 Minutes after fire has been
14 growing; simulation starts. 2 Minutes f
Passenger begin evacuation, Last passenger 18,8 Minutes
and fans are on Evacuates Platform Peak Fire Heat
Release Rate is
12
Simulation starts.
Passenger begin evacuation,
and fans are on
10 10 Minutes
Passenger clear
headhouse

Heat Release Rate [MW)
[=.e]

0 4 8 12 16 20 24

Time [Minutes)

Train Fire Track Fire Flatform Fire
Figure 9: Fire Growth Rate

Carbon Monoxide Model

One product of combustion includes Carbon Monoxide (CO) Species development for Carbon monoxide
which is specified by 0.14 kg/kg at the fire source. Although carbon monoxide exposure is an important
characteristic in determining tenability of an egress path this study used visibility obscuration due to
smoke as the determining factor for tenability.

Smoke Model

Species development for smoke in the CFD simulation is guided by a soot yield factor of 0.165 kg/kg. A
custom field function in fluent is used to visualize areas within the station that would be impacted by
smoke. The numerical scale used to visualize smoke obscuration in CFD Fluent model is from 0 to 10 m
where 0 represents an area where smoke completely obscures the visibility of passengers and 10
represents an unobstructed sight range of 10 meters.
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3.2.2  SES Inputs

SES software is an engineering tool programmed to evaluate complex flow relationships throughout an
underground rail system envelope by ventilation system operations in multiple locations. Used as a
standard method in the transportation industry, SES provides accurate prediction of airflows in
managing underground hazard conditions. SES software incorporates evaluation of radiation and
convection heat transfer, climatic influences on airflow, pressure and airflow relationships, and
influences of train piston effect in its calculations.

Inputs and assumptions for the SES simulations include:

1. Outdoor air temperature is 70.6 degrees F and 61.6 degrees F wb'

2. Tunnel air temperature is 81.2 degrees F and 63.3 degrees F wb

3. Rolling stock is DART Kinkisharyo

4. Friction loss was calculated based on input of wall roughness of 0.01 ft on concrete surface, and the
other areas with fixtures such as lightings, wirings, etc are assumed 0.127 ft.

To develop the appropriate pressure losses associated with the underground station. A non-dimensional
factor k applied at various locations where cross section area changes, turns, and other locations there
would be a resistance to airflow.

Table 3: SES K Factors

K factor
Geometry Forward Positive Forward Negative
Cross sectional area changes from Tunnel to
Station 0.06 0.04
Open Track Damper 2.205 2.205
Open Over Track Exhaust 2 2
Open Over Platform Exhaust 1 1
Fan Plant 0.259 0.259
Open Platform screen doors 4 4

3.2.3  CFD Input

Geometry Simplifications

CFD model of current Commerce Station configuration is shown in Figure 10: CFD Model. Modifications
were made to the station configuration to simplify the CFD analysis, these include simplifying the
ventilation path to surface, excluding limited airflow paths from the model, which includes emergency
egress stairs, and elevators.

" Reference ASHRAE Climatic Design Conditions 2017
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SE Portal
West headhouse West headhouse Entrance Boundary Condition
Entrance left 'open’ opening left 'open’ Value from SES

CSW Exhaust NE Portal
Boundary Condition left 'open’
Value from SES

_ / (Geometry Simplified)
|

OTE Damper
left ‘open’

NW Portal
Boundary Condition
Value from SES

* CSE Exhaust
Boundary Condition

Value from SES East Headhouse

Entrance left ‘open’

SW Portal
Boundary Condition
Value from SES

.
(Geometry Simplified) (Geometry Simplified)

Figure 10: CFD Model

CFD simulation assumes the walls as no slip boundary, standard wall roughness with a roughness
constant of 0.5 is assumed. The walls participate in the thermal radiation calculation and conjugate heat
transfer boundary condition are applied.

Ventilation related boundary conditions as shown in Figure 10 are listed in Table 4.

Table 4: Ventilation flow parameters for fire scenario (a), (b), and (c)

CFD Simulation No. R9_3r2 R9_4 R9_5
Fire Scenario (a) (b) (c)
CSW Exhaust -210.0 -78.8 -79.5
CSE Exhaust -205.2 -73.1 -79.5

NW Portal 6.5 10.2 11.7
NE Portal Open Open Open
SW Portal 153.3 67.2 32.8
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SE Portal 150.3 -39 -31.4
West Headhouse Entrance Open Open Open
East Headhouse Entrance Open Open Open
OPE Damper Open Closed Open
OTE Damper Open Open Closed
Notes:
1. Values for flow parameters are based on SES Results.
2. The ‘Open’ designation refers to a 0 gauge pressure inlet boundary condition. This

allows the CFD program to determine what the flow rate is at the location. This is
done to prevent over constraining the CFD simulation.

3. The ‘Closed’ designation refers to a wall boundary condition, which doesn’t allow flow
through the boundary.

4. Positive values refer to airflow into the station domain, negative values indicate
airflow out of the station domain.

The train geometry for the DART D2 project is modeled after the Kinkishayo Super Light Rail Vehicle
(SLRV). It is assumed during a fire scenario only doors located on the platform side are open to allow
passenger egress. Windows would be broken due the heat of the fire and is there simulated as open as
well.

e o
0 6383 00 :'FD\—'} ]|[ E/[]
e I o B ——— e W 7w

S [ [ I I

HE
HEEH
HEl

9448.8 9448.8

Figure 11: CFD Train

Geometry simplifications were made to the CFD model to improve cell quality and count. For example,
the semicircular space above the trackway used for duct space of approximately 66 SF has been
represented with rectangular duct with a similar hydraulic diameter and a slightly smaller area of 64 SF
as shown in Figure 12. This is done because circular geometry is more complicated for meshing. After
applying geometry simplifications, overall cell count of the model after meshing is 3.8 million cells. The
cell size around the simplified duct ranges from (0.25/3) ft*3 to roughly 1 ft"3.
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Figure 12: Geometry Simplification

Fires within the station will be exhausted through over track dampers. Over Track Dampers are currently
sized at 50 SF.

4 Results and Discussion
4.1 SES Results

A summary of the SES simulations are shown in Table 5, more details are provided in the SES simulation
tracker in Appendix B. SES simulations are used to establish the entire airflow network within the
underground alignment. SES runs can typically provide an initial indicator of a pass or fail criteria with
longitudinal ventilation schemes, detailing whether a simulation has achieved ‘critical velocity’ for push
pull scenarios. For station extraction cases the airflow rates from SES simulations are used as boundary
conditions for subsequent CFD simulations to determine if the case passes or fails. The station extraction
cases (1-5) are done using a SES model with platform screen doors (PSD) only on Commerce station. The
push pull cases (6-11) are done using a SES model with PSDs on all stations. For more detail see
Appendix B and C.
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Table 5: SES Simulations

SES Simulation
No. (Case #) 3r2 4 5 6 7 10 11r1 9
Station Fire
Scenario (@) (b) (c) N/a N/a N/a N/a N/a
. D2_case3r D2_push | D2_push D2_push D2_push D2_push
SSUELELY  ©, D2casedD2.caseS| o1 002 | pull 03 | pull04rl | pull 01r2
Fire Location 625 625 605 106 306 118 318 102
Fire Zone 410 410 420 120 100 300 320 120
SY[MbI{=leilolal West/East| West/East|West/East| West West East East West
§moI.<e Extraction|Extraction |Extraction East East West West East
Direction
MCW - - - 2E 2E - - 3E
MCE - - - - - 2E 2E -
CSW 1E 1E 1E - y 2 2 -
CSE 1E 1E 1E - - - - -
CBW - - 2 - - - - -
CBE - - - > - - - -
Pass/Fail N/a N/a N/a Pass Pass Pass Pass Pass
Notes:

1. For further detail see the node network diagrams in Appendix C. As well as results in
Appendix B

2. See Appendix D for ventilation schematic with ventilation zones labeled.

3. Critical velocity applies to longitudinal ventilation, and not extraction ventilation.

4. Pass Fail criteria undetermined in extraction ventilation cases using SES of the 2D nature
of its analysis CFD simulation is required to determine if simulation passes.

5. There are 2 fan plants in each station, each fan plant consists of three fans, 2E refers to
two fans in a fan plant operating in exhaust mode, 2S refers to two fans in a fan plant
operating in supply mode.

4.1.1  Case No. 3r2 (Fire Scenario (a)):

This case represents Fire Scenario (a). This scenario entails a middle train fire event within the
south track. The ventilation system is postured in an extraction configuration where the west
and east fan plant (CSW) and (CSE) are both in exhaust. Platform screen doors on the south
track are open, and eastbound over track ventilation dampers are open, as well as over platform
dampers. The area of the ventilation adit is updated according to the 30% plans.
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Figure 13: SES Case No. 3r2 Diagram

4.1.2 Case No. 4 (Fire Scenario (b)):

This case represents Fire Scenario (b). This scenario entails fire event within the south track with
no trains present. The ventilation system is postured in an extraction configuration where the
west and east fan plant (CSW) and (CSE) are both in exhaust. Platform screen doors on the south
track are open, and eastbound over track ventilation dampers are open.
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Figure 14: SES Case No. 4 Diagram
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Case No. 5 (Fire Scenario (c)):

DART

"

This case represents Fire Scenario (c). This scenario entails a fire event within the enclosed
platform. The ventilation system is postured in an extraction configuration where the west and
east fan plant (CSW) and (CSE) are both in exhaust. Dampers within the enclosed platform are

open.
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Figure 14: SES Case No. 5 Diagram

Case no. 6 (tunnel fire):

This case represents a tunnel fire in Eastbound track between west portal and metro center
station. For this case the evacuation direction is towards the portal (west) and the smoke
extraction direction is towards metro station (east). Fire zone is 120.Fire location near Metro
Center Station. Two fans in the metro station west plant (MCW) are operating in exhaust
mode. Critical velocity is achieved. Non incident tunnel track dampers 902 and 907 are

closed.
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Figure 16

: SES Case No. 6 Diagram
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4.1.5 Case no. 7(tunnel fire):

Tunnel fire in Westbound track between west portal and metro center station. For this case
the evacuation direction is towards the portal (west) and the smoke extraction direction is
towards metro center station (east). Fire zone is 100. Two fans in the metro station west
plant (MCW) are operating in exhaust mode. Critical velocity is achieved. Non incident tunnel
track dampers 901 and 906 are closed.
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Figure 17: SES Case No. 7 Diagram

4.1.6 Case no. 10 (Tunnel fire):

Tunnel fire in Eastbound track between metro station and commerce station. For this case
the evacuation direction is towards the commerce station (CS) and the smoke extraction
direction is towards metro center station (east). Fire zone is 320. Two fans in the metro
station east plant (MCE) are operating in exhaust mode and two fans in commerce station
west plant (CSW) in supply mode. Critical velocity is achieved. Non incident tunnel track
dampers 907 and 912 are closed.
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Figure 18: SES Case No. 10 Diagram
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Case no. 11r1 (Tunnel fire):

Tunnel fire in Westbound track between metro center station and commerce station. For this
case the evacuation direction is towards the commerce station (CS) and the smoke
extraction direction is towards metro center station (east) Fire zone is 300. Two fans in the
metro center station east plant (MCE) is operating in exhaust mode and two fans in
commerce station west plant (CSW) in supply mode. Critical velocity is achieved. Non
incident tunnel track dampers 906 and 911 are closed.
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Figure 19: SES Case No. 11 Diagram

Case no.9 (Tunnel fire):

Tunnel fire in Eastbound track near west portal. For this case the evacuation direction is
towards the portal (west) and the smoke extraction direction is towards metro station (east).
Fire zone is 120. Three fans in the metro station west plant (MCW) are operating in exhaust
mode. Critical velocity is achieved. Non incident tunnel track dampers 902 and 907 are
closed. Three fans have to be turned on to achieve critical velocity due to the 6% slope of the
tunnel near the west portal.
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Figure 20: SES Case No. 9 Diagram
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4.1.9 Case no.12: Piston effects pressure relief calculations

When a train approaches or departs the station, excessive pressure change should be controlled to
avoid rate of pressure change more rapid than 1.7 in. w.g. per second. This analysis considered the
updated geometry of the adits and the duct with cross section areas of 220 sf and 85sf, respectively.
Cross section area input into the SES simulation is representative of the area designed into the
system and accounts for other impacts such as total shaft volume and friction loss conditions. SES
modelling results are given in Figure 21, which confirmed that the maximum pressure change is less
than the threshold value of 0.06 psi/sec (1.7 in w.g./s)

COMMERCE STREET STATION

Figure 21: SES case No. 12

Pressure change with time at seg 130 ,wg Train Stopped

_ WB Train Stopped / at CBD Station
: EB Train Stopped |at Commerce e _~EastBound Train 8000
WB Train Stopped &t Commerce | Station " at east portal
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0.5 A N { ¥ — N 6000
\\\ \\\ I." '\ “WestBound Train
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Figure 22: Pressure change with time at segment 130 for SES case.12

4.2 CFD Results

Results from CFD simulations are provided in Table 6 . Further details can be found in 4.3Appendix E.
Note the train fire simulation starts 4 minutes after fire has began to grow.
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Table 6: CFD Results

LT - R9_3r2 R9_4 R9_5
ID
SES Case (Case #) 3rl 4 5
Fire Scenario (a) (b) (c)
South Track South Track c
; ; Middle Train outh Trac enter
e koezidon No Train Platform
Exhaust . ) .
Scheme Extraction Extraction Extraction
Smoke .
Direction Extraction Extraction Extraction
Prtl NW 6.5 10.2 11.7
Input Prtl NE Vent Vent Vent
Boundary | prtl sw 153.2 67.2 325
Conditions P
(KCFM) rtl S 150.3 39 31.4
\\A/’:rftt -210 -78.8 79.5
\Ezztt -205.2 73.1 79.5
Prtl NW 6.5 10.2 11.7
Recorded Prtl NE -7.1 -10.6 -11.9
Boundary |PrtISW 153.2 67.2 325
Conditio;ls Prtl SE 150.3 39 314
(KCFM) West
Vent -210 -78.8 -79.5
East
Vent -205.2 -73.1 -73.1
Pass/Fail? Pass Fail Pass

1. Simulation pass/fail is determined by the system’s ability to keep smoke from propagating
towards egress walkway paths.

2. A positive value indicates supply from a boundary condition (airflow “into” domain). A
negative value indicates exhaust from the domain.

3. Simulation results updated upon completion

421 Case No.3r2

The CFD configuration represents fire scenario 1 where a center train on the south track is on fire. The
ventilation method used for this scenario is the same as SES Case no.3r1 with an extraction ventilation
approach. In this case both the west fan plant (CSW) and the east fan plant (CSE) are in exhaust with
both the OTE and OPE terminals open. Simulation time is 4 minutes (8 minutes after fire has started).
Results indicate that smoke is maintained with the center of the platform where the OPE terminals are.
Note this assumes there is a path for makeup air to enter the platform from the east headhouse.
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Plan View
e Section Plane 2.5 meters above platform
CSW Ventilation Stack

Area of low visibility due to smoke|

N 0 0 O [

CSE Ventilation Stack|

%]
200123_DART_D2_Commerce_Station_r9_3r2
Contours of visblty-Igt-ref-m (Time=2.4000e+02) Feb 21, 2020
HNTB Corporation ANSYS Fluent Release 19.2 (3d, pbns, spe, ske, transient)
Figure 23: Case 3 - Smoke visibilit‘ at 4 mins awation (8 mins since fire starts)
42.2 CaseNo4

The CFD configuration represents fire scenari misc eous track fire. The
ventilation method used for this scenario is th with an extraction ventilation

Section Plane 2.5 meters above platform
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Figure 24: Case 4 - Smoke visibility at 4 mins after evacuation (8 mins since fire starts)
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423 Case No.5

The CFD configuration represents fire scenario 3 where a fire occurs on the platform. The ventilation
method used for this scenario is the same as SES Case no.5 with an extraction ventilation approach. In
this case both the west fan plant (CSW) and the east fan plant (CSE) are in exhaust and OPE terminals
open. Simulation time is stopped after 8 minutes when it is assumed all passengers have evacuated the
platform. Results indicate that smoke is maintained with the center of the platform where the OPE
terminals are. Note this assumes there is a path for makeup air to enter the platform from the east
headhouse.

Plan View

— Section Plane 2.5 meters above platform
CSW Ventilation Stack

Commerce Station

Fire Location

~ Area of low visibility due to smcke
5
o] T i [ [ R T S e
== i 4|4
2 I ) Y
8
CSE Ventilation Stack
e |
10 e
200123_DART_D2_Commerce_Station_r9_5
Contours of visblty-Igt-ref-m (Time=4.8000e+02) Mar 05, 2020
HNTB Corporation ANSYS Fluent Release 19.2 (3d, pbns, spe, ske, transient)

Figure 25: Case 5 - Smoke visibility at 4 mins after evacuation (8 mins since fire starts)

4.3 Discussion and Future Considerations

The current ventilation concept seems to be effective at exhausting smoke within the station. With the
exception of case 4 which can be mitigated if we maintain closed platform screen doors isolating the
track from the platform. Ventilation Simulations are preliminary and should be refined in future efforts.
Current ventilation plenum sizes may not be adequate enough for flow rates established during
emergency Ventilation operations. See Appendix F for space proofing concept. Although the CFD model
follows the current sizes for ductwork along the Commerce Street Station; the established flow rates
from SES results were based on k factor calculations using larger ducts as shown in appendix A.
Additionally section 4.2.1 shows that makeup air is needed at the east headhouse. Currently the only
public access at this location is Elevator only, so there isn’t a reliable way to introduce makeup airflow.
Future consideration for a shaft to grade would help mitigate this as shown in Appendix D.
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Made By: jn Date: 2/10/2020 Job No.: 61144
H NTB Checked by tvt Date: 2/21/2020 Sheet No.:

Bkchk by: Date: ; File Name: \\seaw00\jobs2\61144\Redbook\08_TechProd\20%_Cncpt_Dsgn_Rpt\[Dart D2 Duct Minor Losses.xIsx]HV-1 with Fan
PROJECT NAME: DART D2
CALCULATION: Comparison of Duct Section with Abrupt Contraction @ Silencer Outlet To Flex Connection - Study of Airflow At Outlet of Baffle To Flex Connection
Air density at 70deg F and 14.7 psia: 0.081 Ibm/ft®
Air temperature 32 degF.

HIDE THE ORANGE ROWS FOR PRINTING
1. ENTER RECTANGULAR DUCT SIZE OR ROUND DUCT SIZE, NOT BOTH. FORMULAS WILL IGNORE RECTANGULAR DUCT SIZE IF ROUND DUCT SIZE IS ENTERED INTO CELL.
2. VALUES IN COLUMN "Duct Pressure Drop/100 ft (in. w.ater)" WILL BE RED TEXT WITH RED SHADE BACKGROUND IF PRESSURE DROP EXCEEDS 0.25 IN WATER PER 100 FT

ASHRAE Terminal/ Rectangular Duct Size Velocity Duct Summary of | Reynolds Friction | Duct Pressure Fitting Equipment Total Notes
Duct Fitting Fitting(s) Duct Duct Branch Airflow | Duct Size | Duct Size | Duct Size | Duct Size | Duct Area | Room NC/ | Velocity Pressure Length | Fitting Loss | Number Factor Drop/100 ft | Pressure Drop | Pressure Drop | Pressure Drop
Section Name No. Material | Roughness, ft. Airflow (cfm) (W, in.) (L,in.) (Dh,in.) | (Dia., in.) (ft%) Max Velcity (fom) (in. water) (ft) Coefficients Re f (in. water) (in. water) (in. water) (in. water)
(Ref1,2) e (cfm) (fpm) (Ref 4) (Ref 3)
1 Damper Fig2.28  Galv. St.  0.0005 500000 500000 144 156 149.76 156.00 35/2000 3205 0.6918 0.44  469E+06  0.0000 0.0000 0.3044 0.3044 1,2
2 Entry Fig2.28  Galv. St.  0.0005 500000 500000 144 156 149.76 156.00 35/2000 3205 0.6918 0.5 4.69E+06  0.0109 0.0602 0.3459 0.3459 1,2
3 90deg turn  Fig2.28  Galv. Stl.  0.0005 500000 500000 144 156 149.76 156.00 35/2000 3205 0.6918 1.2 4.69E+06  0.0109 0.0602 0.8302 0.8302 1,2
4 Length  Fig2.28  Galv. St.  0.0005 500000 500000 144 156 149.76 156.00 35/2000 3205 0.6918 170.00 4.69E+06  0.0109 0.0602 0.0000 0.1024 1,2
5 Abruptopen Fig2.28  Galv. Stl.  0.0005 500000 500000 276 138 184 264.50 35/2000 1890 0.2406 0.3 3.40E+06  0.0109 0.0170 0.0722 0.0722 1,2
6 90deg turn  Fig2.28  Galv. Stl.  0.0005 500000 500000 408 120 185.45455 340.00 35/2000 1471 0.1456 1.2 2.67E+06  0.0111 0.0104 0.1748 0.1748 1,2
7 Length  Fig2.28  Galv. St.  0.0005 500000 500000 408 120 185.45455 340.00 35/2000 1471 0.1456 35.00 2.67E+06  0.0111 0.0104 0.0000 0.0037 1,2
8 Contraction Fig2.28  Galv. Stl.  0.0005 500000 500000 318 120 174.24658 265.00 35/2000 1887 0.2397 0.05 3.22E+06  0.0110 0.0181 0.0120 0.0120 1,2
9 Length  Fig2.28  Galv. Stl.  0.0005 500000 500000 228 120 157.24138 190.00 35/2000 2632 0.4664 32.00 4.05E+06  0.0109 0.0388 0.0000 0.0124 1,2
10 Contraction Fig2.28  Galv. Stl.  0.0005 500000 250000 174 120 142.04082 145.00 35/2000 1724 0.2002 0.05 240E+06  0.0114 0.0194 0.0100 0.0100 1,2
10.1 Length  Fig2.28  Galv. St.  0.0005 500000 250000 #DIV/O! 120 78.54 35/2000 3183 0.6823 10.00 3.74E+06  0.0113 0.0771 0.0000 0.0077 1,2
10.2 Silencer  Fig2.28  Galv. Stl.  0.0005 500000 250000 #DIV/O! 120 78.54 35/2000 3183 0.6823 0.55 3.74E+06  0.0000 0.0000 0.3753 0.3753 1,2
10.3 Contraction Fig2.28  Galv. Stl.  0.0005 500000 250000 #DIV/O! 104.00 58.99 35/2000 4238 1.2094 0.05 4.31E+06  0.0114 0.1595 0.0605 0.0605 1,2
10.4 Fig2.28  Galv. St.  0.0005 500000 250000 #DIV/O! 88 4224 35/2000 5919 2.3593 5.09E+06  0.0116 0.3739 0.0000 0.0000 1,2
10.5 Diffuser ~ Fig2.28  Galv. Stl.  0.0005 500000 250000 #DIV/O! 104.00 58.99 35/2000 4238 1.2094 0.12  4.31E+06  0.0114 0.1595 0.1451 0.1451 1,2
10.6 Silencer  Fig2.28  Galv. Stl.  0.0005 500000 250000 #DIV/O! 120.00 78.54 35/2000 3183 0.6823 0.55 3.74E+06  0.0000 0.0000 0.3753 0.3753 1,2
10.7 Length  Fig2.28  Galv. St.  0.0005 500000 250000 #DIV/O! 120 78.54 35/2000 3183 0.6823 10.00 3.74E+06  0.0113 0.0771 0.0000 0.0077 1,2
11 Diffuser ~ Fig2.28  Galv. Stl.  0.0005 500000 500000 201 258 225.96078 360.13 35/2000 1388 0.1298 0.5 3.07E+06  0.0108 0.0074 0.0649 0.0649 1,2
12 90deg turn  Fig2.28  Galv. Stl.  0.0005 500000 500000 228 396 289.38462 627.00 35/2000 797 0.0428 1.2 2.26E+06  0.0109 0.0019 0.0514 0.0514 1,2
13 Length  Fig2.28  Galv. St.  0.0005 500000 500000 228 396 289.38462 627.00 35/2000 797 0.0428 90.00 2.26E+06  0.0109 0.0019 0.0000 0.0017 1,2
14 Exitw/ elbow Fig2.29  Galv. St.  0.0005 500000 500000 228 396 289.38462 627.00 35/2000 797 0.0428 1.8 2.26E+06  0.0109 0.0019 0.0771 0.0771 1,2
15 Damper  Fig2.28  Galv. St.  0.0005 500000 500000 228 396 289.38462 627.00 35/2000 797 0.0428 044 226E+06  0.0109 0.0019 0.0188 0.0188 1,2
Too  [SOSE
Individual Pressure Drops Total Vol  Section Pressure Drop  Area (ft’) 'V (fpm)  K-factor to achieve drop  Resulting Drop F.S.20% 4.58
References: 102500.8 1.8298 156 3205.1282 1.830013698
1. ASHRAE Duct Fitting Database, Version 2.2.5 1.2236 400 1250 1163033291 1.223765906
2. 1989 Fundamentals, Chapter 32, Fitting Loss Coefficients
. ASHRAE 1997 Fundamentals, Equation 32.20

3
4. ASHRAE 1997 Fundamentals, Equation 32.21 [
4. ASHRAE 1981 Fundamentals, Chapter 33, Duct Design

Notes:
1. Fittings are located at the beginning of a duct section
2. Equipment is located at the end of a duct section
3. Equipment loss is for register

h ; N =Damper  wEntry 90degturn = Length = Abrupt open = 90deg turn
4. Equipment loss is for combination fire/smoke damper

= Length = Contraction = Length = Contraction = Length = Silencer
= Contraction = Motor Diffuser  mSilencer Length Diffuser

90degtumn W Length Exit w/ elbow = Damper
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Appendix B. SES Simulation Results




H NTB Made By: SSP  Date: 10/7/2020 Job Number: 61144
Chkd By: Date: Sheet No: 1
File Name:
Dart D2 SES Run Log
Link to SES files = SES files
Link to SES results diagram = SES post
NON
Case Fire INCIDEDT INCIDEDT Evac Smoke Critical  |Critical |Run Run mMC Node network
File Name Notes Mode DAMPERS |[Fire Zone | .. ) R R Velocity |Airflow [Velocity |Airflow |Pass/Fail MCE |CSW |CSE |CBW |CBE |Results diagram .
No Segment |DAMPERS direction |Direction diagram
CLOSED (fpm) (kfpm) |(fpm) (kcfm)
CLOSED
fire in station track, 3 platf d .
1 |p2_case1 Ire 1h station track, S platiorm doors | b action| 625 | 912,917 | none 410 N/A N/A NA | Na | NAa | N/A NA | - | - | 1E|1E] - | - [D2 casel.pdf node dart D2.pdf
open, fan curve is adjusted
fire in station track, 3 platform doors
2 |D2_case2 open, fan curve is adjusted, OPENED | Extraction 625 912,917 none 410 N/A N/A N/A N/A N/A N/A N/A - - 1E(1E| - - |D2_case2.pdf node dart D2.pdf
PLATFORM DAMPERS
fire in station track, 3 platform doors
3 |D2_case3 open, fan curve is adjusted, both Extraction 625 912,917 none 410 N/A N/A N/A N/A N/A N/A N/A - - 1E(1E| - - |D2_case3.pdf node dart D2.pdf
platfrom dampers are open
. . . Node Dart D2-
3r1 [D2_case3rl increase fan capcity Extraction 625 912,917 none 410 N/A N/A N/A N/A N/A N/A N/A - - 1E(1E| - - |D2_case3rl.pdf m
. . Node Dart D2-
3r2 [D2_case3r2 updated area of exhaust shaft adit Extraction 625 912,917 none 410 N/A N/A N/A N/A N/A N/A N/A - - 1E(1E| - - |D2_case3r2.pdf m
track fire, no train, 3 platform doors Node Dart D2-
4 |D2 case4 open e, N, SP Extraction | 625 | 912,917 | none 410 N/A N/A NA | Na | NA | N/A NA | - | - | 1e|1E| - | - |D2 cased.pdf Vlope%
. . . Node Dart D2-
5 |D2_case5 platform fire, no train Extraction 605 N/A none 420 N/A N/A N/A N/A N/A N/A N/A - - - - - - |D2_case5.pdf m
. Node Dart D2-
6 |D2_push pull_01 tunnel fire Push Pull 106 902,907 none 120 west east 459 131 467 144 Pass 2E - - - - - D2 _push pull 01.pdf -
v2.pdf
. Node Dart D2-
7 |D2_push pull_02 tunnel fire Push Pull 306 901,906 none 100 west east 459 131 630.7 194.2 Pass 2E - - - - - |D2_push pull 02.pdf W
. . Node Dart D2-
8 |D2_push pull_01_r1 [tunnel fire near the west portal Push Pull 102 901,906 none 120 west east 459 131 283.5 87.3 fail 2E - - - - - |D2 push pull 01 ri.pdf W
tunnel fire near the west portal, 3 Node Dart D2-
9 |D2_push pull_01 r2 ) ! westp Push Pull 102 901,906 none 120 west east 459 131 682.1 210.1 Pass 3E - - - - - |D2 push pull 01 r2.pdf node LA be
fans ON at MCW v2.pdf
. Node Dart D2-
10 (D2_push pull_03 tunnel fire Push Pull 118 907,912 none 320 east west 459 131 799.6 227.9 Pass - 2E 2S - - - |D2_push pull 03.pdf W
. Node Dart D2-
11 (D2_push pull_04 tunnel fire Push Pull 318 906, 911 none 300 east west 459 131 911.5 259.8 Pass - 2E 2S - - - |D2_push pull 04.pdf W
tunnel fire (updated area of exhaust Node Dart D2-
11r1 |D2_push pull_oarg  |tunne! fire (up XNAUSE ) pushpull | 318 | 906,911 | none 300 east west 459 131 | 911 | 2596 | Pass | - | 26| 2s | - | - | - |D2 pushpull 04rlpdf |
shaft adit) v2.pdf
run to anlayse the piston effect of Node Dart D2-
12 |DART D2_piston t;’ains y P! draft relief|  N/A N/A N/A N/A N/A N/A NA | Na | NA | N/A pass | - | - | - | -| - | - |piston.pdf Vaope%
13
14




CASE 3rl

P MCW MCE o P CSW CSE 4 P CBW CBE 4
—— —t —t — = LEGEND
46.4 210.0 205.2 58.4 32.8
WEST 380 EAST EB EASTBOUND
PORTAL PORTAL WB WESTBOUND
NE— METRO NE— MCW METRO CENTER WEST
CENTER SOMMERCE. L gl MCE METRO CENTER EAST
o S cow COMMERCE WEST
CSE COMMERCE EAST
CBW CBD EAST — WEST
505-905  |MCW FAN Plant Three Fans 720 KCFM 1000, 5000,  Exhaust CBE CBD EAST — EAST
910-910 |MCE FAN Plant Three Fans 720 KCFM 1000, 5000,  Exhaust MOCW MCE
815-815 |CSW FAN Plant Howden axial 1 fan a0. 5000.  Exhaust — —
§20- 520 |CSE FAN Plant Howden axial 1 fan 60. 5000. Exhaust T 2~
925 925 |CEW FAN Plant Three Fans 720 KCFM 1000, S000.  Exhaust r6a " "'
930-930 |CBE FAMN Plant Three Fans 720 KCFW 1000, 5000.  Exhaust : B, v d 380 F e T :
cut Run Up Time lsn— sec cfm
cont | Exhaust Curve Supply Curve
p— S e o e v
#N/A p— 7—' g —
EB TRACK ——p = N = - =
N 232 19.4 N g = g =
WEST METRO
PORTAL CENTER
N 23.2 185 »
WB TRACK 4——
> >
106.9 6.5
I 5.43% | |
Sadgic 7 1.24%
41450 > 47+60 66+25
210.0 205.2
CSW CSE & CBW =B
R IR, TR SRR, S 2
\ <« N N \ 58.4 N v 32.8
5 %, >
1226 % = 1189 R g
’\/ —
&
- /’
> > < ¢ «
153.3 153.2 -150.3 -150.4 -105.2
SRR I ¥ ——P EB TRACK
I \ /
o v \' N ¢ a2 ¢ 26.9 164 &
-34.0 7.5 ¥ -35.4
v COMmMERCE J Y L CBD EAST - EAST
. PN PORTAL
li < 869 '
IO.Z 0.2 ) N 314 16.4 o
HIOCK, atatated 44— WB TRACK
> > > <
6.5 6.0 5.6 -105.2
| 4.74% | | 8.00% |
0.34% 76460 I 91+40 1.25% 99495 101465
— =
LEGEND FAN OPERATING SES FILE 0:\61144\Redbook\08_TechProd\SES files\D2_case3r1.SES
@mmmmp TrCin o= FAN NOT OPERATING %QQ;Z’? PROJECT DART D2
+
XX.X
XXX, ARFLOW (kefm) XXXXX CLOSED DAMPER SCALE : NTS |DATE




CASE 3r2

PN MCW MCE PN PN CSW GSE N PN CBWw CBE 4
—— —t —t — = LEGEND
! . : 58.4 3238
WEST e 380 092 — EAST EB EASTBOUND
PORTAL PORTAL WB WESTBOUND
NE— METRO NE— MCW METRO CENTER WEST
CENTER SOMMERCE. L gl MCE METRO CENTER EAST
o S E— csw COMMERCE WEST
CSE COMMERCE EAST
CBW CBD EAST — WEST
505-905  |MCW FAN Plant Three Fans 720 KCFM 1000, 5000,  Exhaust CBE CBD EAST — EAST
910-910 |MCE FAN Plant Three Fans 720 KCFM 1000, 5000,  Exhaust MOCW MCE
815-815 |CSW FAN Plant Howden axial 1 fan a0. 5000.  Exhaust — —
§20- 520 |CSE FAN Plant Howden axial 1 fan 60. 5000. Exhaust T 2~
925 925 |CEW FAN Plant Three Fans 720 KCFM 1000, S000.  Exhaust res " "'
930-930 |CBE FAN Plant Three Fans 720 KCFM 1000, S000.  Exhaust : B, v d 380 F e R e o immmn
cut Run Up Time lsn— sec cfm
cont | Exhaust Curve Supply Curve
5 N eI e
106.9 153.4 - T o s ,—n
EB TRACK ——p = N = - =
N 232 19.5 N g = g =
WEST METRO
PORTAL CENTER
N 232 186 »
WB TRACK 4——
> >
106.9 6.5
I 5.43% | |
Sadgic 7 1.24%
41+50 > 47+60 66+25
209.9 205.3
CSW CSE & CBW =B
O, TR SRR, S 2
\ <« N N \ 58.4 N v 32.8
% N
1226 1189 v g
i - > < < <
153.4 153.2 -150.3 -150.4 -105.3
HRRK, 1 —P EB TRACK
: \
a3 NS \‘ | 0.2 N 269 16.4 ¢
340 75 v 354
v COMmMERCE J Y L CBD EAST - EAST
. I PORTAL
li < 868 '
.- 02 PN 315 16.4 N
HIOCK, atatated 44— WB TRACK
> > > <
6.5 6.0 5.6 -105.3
| 4.74% | | 8.00% |
0.34% 76+60 5 91+40 1.25 99+95 101+65
— =
LEGEND FAN OPERATING SES FILE C:\Users\sparayil\Desktop\D2_case3r2.SES
@mmmmp TrCin o= FAN NOT OPERATING %"{'} PROJECT DART D2
XXX
XXX, ARFLOW (kefm) XXXXX CLOSED DAMPER SCALE : NTS |DATE




CASE 4

P MCW MCE o P CSW CSE 4 P CBW CBE 4
—t—> —t — —ir— = LEGEND
58.2 70.8 78.8 73.1 90.0 41.7 EAST
WEST : EB EASTBOUND
PORTAL PORTAL WwB WESTBOUND
NE— METRO NE—= MCW METRO CENTER WEST
CENTER ROMMERCE e g i MCE METRO CENTER EAST
Sgp— SB~— csw COMMERCE WEST
) CSE COMMERCE EAST
905- 805 |MCW FAN Plant Three Fans 720 KCFM 1000, 5000,  Exhaust CBW CBD EAST — WEST
910- 910 |MCE FAN Plant Three Fans 720 KCFM 1000,  5000. Exhaust CBE CBD EAST — EAST
915815 |CSW FAN Plant Howden axial 1 fan 80, 5000,  Exhaust MOCW MCE
520- 520 |CSE FAN Plant Howden axial 1 fan 80. 5000. Exhaust —t —t
925- 925 |CBW FAN Plant Three Fans 720 KCFM 1000, 5000, Exhaust N 2 I—%be
930- 930 |CBE FAN Plant Three Fans 720 KCFM 1000, 5000, Exhaust
58.2 N g — &
& Exhaust Curve Supply Curve
e i e
5 N ; :
g 673 | o Foece s Fecee
EB TRACK —p» : n
¢ 29.1 39.8 ¢
WEST METRO
PORTAL CENTER
N 29.1 311 0
WB TRACK 44—
> >
913 10.2
[ o | |
41450 56'3 3 47460 1.24% 66+25
[
78.8 73.1
CSW ¢ CSE [+ CBW CB
RO, ORI, s »
k <« N N \ 90.0 N v 417
2
— < 2 727
P —
I > 3 < <
o 672 e /[ ER a0 o 5
I i ——P» EB TRACK
1 \ /
sl 0 \' 0 'I‘ 01 v 22 23 v
15.1 16.4 4 13.4 AST
v COMMERCE - L CBD EAST L EAS
A PN PORTAL
01 01 N 453 208 N
HIOCK, atatated 44— WB TRACK
> > > <
10.2 10.1 10.0 -73.7
| 4.74% | | 8.00% |
0.34% 76+60 I 91+40 1.25% 99+95 101+65
LEGEND FAN OPERATING SES FILE 0:\61144\Redbook\08_TechProd\SES files\D2_case4.SES
@mmmmp TrCin o= FAN NOT OPERATING E{'}‘ PROJECT DART D2
+
XXX
XX ARFLOW (kefm) XXXXX CLOSED DAMPER SCALE : NTS |DATE




CASE 5

o MCW MCE 4 o cSwW CSE 4 P CBW CBE 4
—t—> —t — —ir— = LEGEND
62.2 79.5 79.5 1215 44.6
WEST 83 EAST EB EASTBOUND
PORTAL PORTAL WwB WESTBOUND
NE —= METRO NE—= MCW METRO CENTER WEST
CENTER ROMMERCE e g i MCE METRO CENTER EAST
Sgp— SB~— csw COMMERCE WEST
CSE COMMERCE EAST
CBW CBD EAST — WEST
905-905 |MCW FAN Plant Three Fans 720 KCFWM 1000, 5000,  Exhaust CBE CBD EAST — EAST
910-910 |MCE FAN Plant Three Fans 720 KCFM 1000, 5000,  Exhaust MOCW MCE
815-815 |CSW FAN Plant Howden axial 1 fan a0. 5000.  Exhaust — —
§20- 520 |CSE FAN Plant Howden axial 1 fan 60. 5000. Exhaust T 2~ S —
925-925 |CBW FAN Plant Three Fans 720 KCFM  1000.  5000. Exhaust
930- 930 |CBE FAN Plant Three Fans 720 KCFM  1000.  S000.  Exhaust 622 N v 85.5 r% e CowerFow Link & Tum O Fan
0/.\ ir Density Ib/ft3. [ cfm -
cut Run Up Time. lsn— sec cfm
S Exhaust Curve ‘Supply Curve
851 328 Paste . 3[ ) n (cfm) . 3[ ) - (cfm)
E B TRAC K 4’ oo 05 [ea000 0s 20000
. - 15 . i i
WEST METRO s
PORTAL CENTER
N 311 373 0
WB TRACK 44—
> >
85.1 11.7
I 5.43% | |
Aa 7 1.24%
41+50 > 47+80 66+25
79.5 79.5
CSW ¢ CSE [+ CBW CBE
RO, ORI, fr 1~
\ < N N \ 1215 N 7 44.6
e
03 "> =z 03 N
&
pas /’
> > \I > > «
328 325 / [ | 314 311 -59.8
SRR, I 1 — P EB TRACK
: ‘
g N \' N N 03 ¢ 60.8 223 ¢
-0.2 0.2 4 -0.2
v COM*; RCE v CBD EAST EAST
gl PORTAL
T~ < 786 >
78.6
03 03 N 60.8 223 N
HIOCK, atatated 44— WB TRACK
> > > <
11.7 11.2 10.7 -59.8
[ I | £.00% |
0.34% 76+60 91+40 1.25% 99495 101+65
— ]
LEGEND FAN OPERATING SES FILE 0:\61144\Redbook\08_TechProd\SES files\D2_case5.SES
@mmmmp TrCin o= FAN NOT OPERATING %QQ;Z’? PROJECT DART D2
+
XXX
XX ARFLOW (kefm) XXXXX CLOSED DAMPER SCALE : NTS |DATE




CASE 6

P MCW MCE 5 CSW GoE IR N CBW CBE 4
—t—> —t — —ir— = LEGEND
— 496.7 ey 1217 5.0 103.9 202 EAST EB EASTBOUND
PORTAL PORTAL WwB WESTBOUND
NE— METRO NB— MCW METRO CENTER WEST
CENTER ROMMERGE e g i MCE METRO CENTER EAST
Sgp— S cow COMMERCE WEST
905-905|WMCW _FAN Plant Two Fans 480 KCFM . 160.  5000.  Exhaust e el e
910-910 |MCE FAMN Plant One Fan 240 KCFM 1000,  5000. Exhaust CBE CED EAST — EAST
915-915 |CSW FAN Plant Three Fans 720 KCFM 1000 5000,  Exhaust
920-920 |CSE FAN Plant Three Fans 720 KCFM 1000, 5000,  Exhaust MCW MCE
§25-925 |CBW FAMN Plant Three Fans 720 KCFM 1000,  S000.  Exhaust == —f= =
930-930 |CBE FAN Plant Three Fans 720 KCFM 1000, 5000, Exhaust i HHHHK v
496.7 / N g SRl
CV =459 fpm ‘z;@ oY
466.6 fpm >
-> 143.7 Kcfm
> t > < « < / < <
143.7 1437 -351.9 -314.9 -286.1 J/" -266.3 156.4
EB TRACK ——p T T /1
¢ 495.6 T \ T / 0 -110.0 N
WEST 37.0 v I\ 258 R O v 198
PORTAL SO CENTER KOO,
N 0.5 0.0 v
WB TRACK 44— |
> > >
31.2 31.2 30.4
[ 5.43% |
4 Cadgtic 7 1.24%
1450 > 47+60 66+25
1217 5.0
CEW B CSE B CBW CBE
L -cwme ~se- § § ~ao- e 3 (o s | | oo - cva |
2 ™
> N 103.9 W 2 50.4
b-’) v h')v’
-0.1
5,;.\
| - < « < <
_156.4 734 -73.1 -36.0 96.7
——P EB TRACK
-82.8 -37.1 N[ 42.8 18.1 ¢
i COMMERCE - L CBD EAST ] EAST
. I PORTAL
7 32,0 N 61.0 323 N
44— WB TRACK
> > > <
304 69.1 37.1 -56.4
| 4.74% | | 8.00% |
0.34% 76460 A 91+40 1.25% 99+95 101+65
LEGEND FAN OPERATING SES FILE 0:\61144\Redbook\08_TechProd\SES files\D2_push pull_01.SES
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CASE 7

PN MCW MCE ¢ v CSW CSE N PN cCBwW CBE 4
—t—> —t — —ir— = LEGEND
496.1 4 -73.1 57.7 89.5 48.2
WEST 921 EAST EB EASTBOUND
PORTAL PORTAL WwB WESTBOUND
NE— METRO NE— MCW METRO CENTER WEST
CENTER ROMMERGE e g i MCE METRO CENTER EAST
s SB— csw COMMERCE WEST
T CSE COMMERCE EAST
805-905 |MCW FAN Plant Frwo Fans 450 KCFM 160, 5000.  Exhaust e ) R - ey
910-910 |MCE FAN Plant One Fan 240 KCFM 1000,  5000. Exhaust CBE CED EAST — EAST
815915 |CSW FAN Plant Three Fans 720 KCFM  1000. 5000,  Exhaust
820-920 |CSE FAM Plant Three Fans 720 KCFM  1000. 5000,  Exhaust MCW MCE
925-925 |CBW FAN Plant Three Fans 720 KCFM 1000,  5000.  Exhaust N B I =
830-930 |CBE FAN Plant Three Fans 720 KCFM  1000. 5000,  Exhaust K, v
496.1 / N 5 il
A é),?’
> > / >
610 610 / 60.1
EB TRACK ——p \ ’ RN,
¢ 0.5 \ N 3
4 2 o 0.0
WEST . hor RO il T
PORTAL CV =459 fpm CENTER
630.7 fpm
B P 495.1 { v . ‘ v 919 0
WB TRACK €——— = 12 (Ein v 399 349 i 30.9
> ) * > < & < < @
194.2 N 194.2 -300.8 -260.9 -226.0 -195.1 -103.2
I 5.43% | |
4 Cadgtic 7 1.24%
1450 = 47+80 66425
731 57.7
CSW o CSE CBW CBE
L -cwme ~se- § § ~ao- e 3 (o s | | oo - cva |
2 ™
= N 89.5 N 7 482
2 %
0.0 > “ W9
i - > > > <
60.1 66.6 66.7 15.2 68.3
——P EB TRACK
-6.6 51.4 N[ 53.8 29.8 ¢
= COMMERCE - L CBD EAST . EAST
. 2 PORTAL
65 6.2 2 35.7 18.4 2
44— WB TRACK
& < < @
-103.2 -36.5 -42.5 -96.5
| 4.74% | | 8.00% |
0.34% 76460 A 91+40 1.25% 99+95 101465
LEGEND FAN OPERATING SES FILE 0:\61144\Redbook\08_TechProd\SES files\D2_push pull_02.SES
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CASE

9

. MCW MCE n CSW GSE o CcBwW CBE 4
—t—> —t — —ir— = LEGEND
WEST 733.2 1544 -140.8 -93.8 109.4 48.8 FAST & R e
PORTAL PORTAL WwB WESTBOUND
NE —= METRO NE — MCW METRO CENTER WEST
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Appendix C. Node Network Diagram




FOR SES CASE 1-5
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SES NODE NETWORK DIAGRAM

DART D2, with PSD only in Commerce Station
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FOR SES CASE 6-11 "
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700 701 02 793 704 709 796 797 08 709 710
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Appendix D. Ventilation Schematic
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Appendix E. CFD Simulation Results




DART D2 made by: tvt date: 12/20/2017
File/Simulation Location: \\seaw00\jobs2\62726\Analysis\FLS\CFD Simulations
Key:|Yellow highlight indicates a successful and reliable simulation
Currently Running Simulation(s)
Simulations that need to be restarted
Simulation Data Fire Characterstic Inputs Smoke Characterstic Inputs Boundary/Induced Conditions
Submitted Rev # Date Sim. Comp. #Main Meshes Cell Ct.(main mesh) Time to Fin Fire Size Fire Curve Growth Rate Fire Loc. CO Yield Soot Yield Vis. Factor Max. Vis. SES File Used Sth Track Dpr Nth Track Dpr Sth OPE Nth OPE NW/SW Prtls NE/SE Prtls West Stair East Stair
Report (Date) (*10°) (s) (MW) (s) (kg/kg) (kg)kg) (m) (KCFM) (KCFM) (kCFM) (kCFM) (kCFM) - Ea (kCFM) - Ea (kcfm) (kcfm)
TBD 2/12/2020 SEAD909 4 3800 N/a 14.9 14.9 MW/120 sec 120 South Trk Center Train 0.14 0.165 TBD 30 m N/a TBD N/a N/a -100 N/a N/a Open Open
revl
2/13/2020 SEAD909 4 3800 N/a 14.9 14.9 MW/120 sec 120 South Trk Center Train 0.14 0.165 TBD 30m N/a TBD N/a N/a -100 Open Open
rev2 (N/a)/(50) N/a
2/13/2020 SEAD909 4 3800 N/a 14.9 14.9 MW/120 sec 120 South Trk Center Train 0.14 0.165 TBD 30 m N/a TBD N/a N/a -100 N/a Open Open
rev3 N/a
2/13/2020 SEAD909 4 3800 N/a 14.9 14.9 MW/120 sec 120 South Trk Center Train 0.14 0.165 TBD 30m N/a TBD N/a N/a -100 N/a Open Open
rev4 N/a
2/13/2020 SEAD909 4 3800 N/a 14.9 14.9 MW/120 sec 120 South Trk Center Train 0.14 0.165 TBD 30 m N/a TBD N/a N/a -100 N/a TBD TBD
revs N/a
\\seaw00\jobs2\61144\Redb
° 2/18/2020 SEAD909 4 3800 1200 14.9 1.055 MW at 300 sec South Trk Center Train 0.14 0.165 TBD 30m 00k\08 TechProd\20% Cncp Open Open
% t Dsgn Rpt\dart SES\SES
N Casel T-squared medium growth post\D2 casel.pdf 130 CLOSED CLOSED CLOSED 12.4/55.4 kcfm -12.1/42.9 kcfm
g Case 2 2/20/2020 SEAD909 4 try to reduce to <2 mil? 1200 14.9 1.055 MW at 300 sec iT-squared medium growth South Trk Center Train 0.14 0.165 TBD 30m 110 CLOSED 45 CLOSED 11.9/57.1 kcfm -11.6/40.4 kcfm Open Open
o}
S \\seaw00\jobs2\61144\Redb
v 2/21/2020 SEAD909 4 3800 1200 14.9 1.055 MW at 300 sec South Trk Center Train 0.14 0.165 TBD 30m 00k\08 TechProd\20% Cncp Open Open
e t Dsgn Rpt\dart SES\SES
CTJ Case 3 T-squared medium growth post\D2 case3.pdf 110 CLOSED 45 45 11.6 /74.7 kcfm -11.2/66.2 kcfm
e \\seaw00\jobs2\61144\Redb
O 2/21/2020 SEAD909 4 3800 1200 14.9 1.055 MW at 300 sec South Trk Center Train 0.14 0.165 TBD 30m 00k\08 TechProd\20% Cncp Open Open
(©)
t Dsgn Rpt\dart SES\SES
Case 3r2 T-squared medium growth post\D2 case3rl.pdf 220 CLOSED 90 90 6.5/153.3 kcfm -5.6/150.4 kcfm
2/24/2020 SEAD909 4 3800 1200 3.5 3.5 MW at 136 sec 0.14 0.165 TBD 30m 130 Open Open
Case 4 T-squared Ultrafast growth Trackway fire CLOSED CLOSED CLOSED 10.2/67.3 kcfm -10/39.1 kcfm
\\seaw00\jobs2\61144\Redb
3/2/2020 SEAD909 4 3800 1200 1.5 1.5 MW at 89 sec 0.14 0.165 TBD 30m 00k\08 TechProd\20% Cncp Open Open
t Dsgn Rpt\dart SES\SES
Case 5 T-squared Ultrafast growth Platform fire post\D2 case5.pdf CLOSED CLOSED 45 45 11.7/32.8 kcfm -10.7/-31.1 kefm




CFD Supporting File Links

Simulation Notes - Consolidated Changes for simulation

Scheme File

User Defined Function (UDF Files)

Mesh

File Name

SES File Used

0:\61144\Analysis\CFD\Mesh\200123_DART_D2_C

\\sead909\ES\DATA909 61144 DART D2\2001

0:\61144\Analysis\CFD\Scheme\DART_master.scm \\sead909\ES\DATA909 61144 DART D2\DART slow FGR 2.c ommerce_Station_r7_1.msh 53 DART D2 Commerce Station r7 3.cas N/a Test Fire Case, Middle train fire. Growth Rate 14.9 MW/ 120 sec, exhaust 100 KCFM split between 2 fan plants. 2 station dampers open. Failed Flow Rates too high
0:\61144\Analysis\CFD\Mesh\200123 DART D2 _C sead909\ES\DATA909 61144 DART D2\2001 Test Fire C Middle train fire. G th Rate 14.9 MW/ 120 haust 100 KCFM split bet 2 f lants. 2 station d .Ind d 50kcfm f SW tal. Fl
0:\61144\Analysis\CFD\Scheme\DART _master.scm \\sead909\E$\DATA909 61144 DART D2\DART slow FGR 2.c \61144\Analysis\CFD\Mesh\ ~DART_D2 € j\ AES\ : \ N/a est Hire Lase, ilddle train fire. Browth Rate /120 sec, exhaus SPIt between 2 Tan plants. £ station dampers open. Induced STkcim from STV portal. Flow
ommerce_Station_r7_1.msh 23 DART D2 Commerce Station r7 4.cas Rates Diverged as soon as fire started
) . . . 0:\61144\Analysis\CFD\Mesh\200123_DART_D2_C :\\sead909\ES\DATA909 61144 DART D2\2001 Test Fire Case, Middle train fire. Growth Rate 14.9 MW/ 120 sec, exhaust 100 KCFM split between 2 fan plants. 2 station dampers open. Using previous UDF from BART Silicon
0:\61144\Analysis\CFD\Scheme\DART_master.scm \\sead909\ES\DATA909 61144 DART D2\UDF BSV VLB Station 3fire.c ommerce_Station_r7_1.msh 53 DART D2 Commerce Station r7 5.cas N/a Valley VLB Station. Flow Rates Diverged..
0:\61144\Analysis\CFD\Mesh\200123 DART D2 _C sead909\ES\DATA909 61144 DART D2\2001 Test Fire C Middle train fire. G th Rate 14.9 MW/ 120 haust 100 KCFM split bet 2 f lants. 2 station d .0 d Platf d Il
0:\61144\Analysis\CFD\Scheme\DART master.scm \\sead909\ES\DATA909 61144 DART D2\DART slow FGR 2.c \ \Ana 'y5|s\ \Mesh\ . " D2_C i\ \ES\ : \ N/a es nje ase, Middle train fire. Grow ate / sec, exhaus split between 2 fan plants. 2 station dampers open. Opened up Platform screen door wa
ommerce_Station_r7_1.msh 23 DART D2 Commerce Station r7 6.cas Flow Diverged
: i sead909\ES\DATA909 61144 DART D2\2001
0:\61144\Analysis\CFD\Scheme\DART_master.scm \\sead909\ES\DATA909 61144 DART D2\DART slow FGR 2.c © \61144\AnaIYS|5\CFD\Mesh\200123_DART_D2_C \\ \ES\ - \ N/a Test Fire Case, Middle train fire. Growth Rate 14.9 MW/ 120 sec, exhaust 100 KCFM split between 2 fan plants. 2 station dampers open. Moved Train away from Platform Edge
ommerce_Station_r8.msh 23 DART D2 Commerce Station r8 3.cas
: i sead909\ES\DATA909 61144 DART D2\2001 . i i i is si ion. i i in fi
0:\61144\Analysis\CFD\Scheme\DART_master.scm \\sead909\ES\DATA909 61144 DART D2\DART slow FGR 2.c (o] \61144\AnaIYS|5\CFD\Mesh\200123_DART_D2_C \\ \ES\ : \ \\seaw00\jobs2\61144\Redbook\08 TechProd\20 Closed Gapiln waII.dlscovered |n. revs, added.EncIosed Platform Damper to r’r?esh,.CIosed for this simulation 1.30KCF.M exhaust split between 2 fan plants, middle train fire,
ommerce_Station_r9.msh 23 DART D2 Commerce Station r9 1.cas 14.9 MW, Simulation starts 4 minutes after fire has started, fans are on at this point. smoke enters platform simulation fail
% Cncpt _Dsgn Rpt\dart SES\SES
post\D2 casel.xlsm
: i sead909\ES\DATA909 61144 DART D2\2001 . i i i is si ion. i i in fi
0:\61144\Analysis\CFD\Scheme\DART _master.scm \\sead909\ES\DATA909 61144 DART D2\DART slow FGR 2.c (o] \61144\AnaIYS|5\CFD\Mesh\200123_DART_D2_C \\ \ES\ : \ \\seaw00\jobs2\61144\Redbook\08 TechProd\20 Closed Gapiln waII.dlscovered |n. revs, added.EncIosed Platform Damper to r’r?esh,.CIosed for this simulation. 130KCFM exhaust split between 2 fan plants, middle train fire,
ommerce_Station_r9.msh 23 DART D2 Commerce Station r9 3.cas 14.9 MW, Simulation starts 4 minutes after fire has started, fans are on at this point. smoke enters the platform
% Cncpt_Dsgn Rpt\dart SES\SES
post\D2 casel.xlsm
0:\61144\Analysis\CFD\Mesh\200123_DART_D2_C i\\sead909\ES\DATA909 61144 DART D2\2001 .
0:\61144\Analysis\CFD\Scheme\DART_master.scm \\sead909\ES\DATA909 61144 DART D2\DART slow FGR 2.c \ \Ana _ySIS\ \Mesh\ - b2 ¢ )\ AES\ - \ \\seaw00\jobs2\61144\Redbook\08 TechProd\20 |using Case 3 as a base, and double the exhaust flow rate. Smoke is maintain between Over Platform Exhaust Dampers (OPE)
ommerce_Station_r9.msh 23 DART D2 Commerce Station r9 3r2.cas o
% Cncpt Dsgn Rpt\dart SES\SES
post\D2 case3rl.xlsm
_ \\seaw00\jobs2\61144\Redbook\08 TechProd\20 . _ . _
0:\61144\Analysis\CFD\Scheme\DART_master.scm \\sead909\ES\DATA909 61144 DART D2\DART ult fast FGR cased.c O:\61144\AnaIYS|s\CFD\Mesh\200123_DART_D2_C \\sead909\ES\DATA909 61144 DART D2\2001 :% Cncpt Dsgn Rpt\dart SES\SES Ultra Fast fire growth rate Track Fire. Peak Heat release rate of 3.5 MW, Platform Screen Doors remain open as worst case scenario. Only Over Track Exhaust Dampers (OTE)
ommerce_Station_r9.msh . are open, smoke propogates to east headhouse.
23 DART D2 Commerce Station r9 4.cas post\D2 case4.xlsm
0:\61144\Analysis\CFD\Mesh\200123 DART D2 _C .
0:\61144\Analysis\CFD\Scheme\DART_master.scm \\sead909\ES\DATA909 61144 DART D2\DART ult fast FGR.c \ \Analysis\CFD\Mesh\ - - = \\seaw00\jobs2\61144\Redbook\08 TechProd\20 Jultra Fast fire growth rate Platform fire. Peak Heat release rate of 1.5 MW, Only Over Platform Exhaust Dampers (OPE) are open, smoke is maintained between OPE

ommerce_Station_r9.msh

\\sead909\ES\DATA909 61144 DART D2\2001

% Cncpt Dsgn Rpt\dart SES\SES

23 DART D2 Commerce Station r9 5.cas

post\D2 case5.xlsm




APPENDIX
DART D2 Preliminary Ventilation Report
CFD RESULTS OF SMOKE VISIBILITY 2M ABOVE PLATFORM LEVEL (Case No. 3r2)
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Appendix F. Critical Velocity Calculation




m Made By: sSSP Date: 2/14/2020 Job Number: 61144
Sheet No.: 1 1

File Name:
\\seaw00\jobs2\61144\Redbook\08_TechProd\20%_Cncpt_Dsgn_Rpt\dart SES\[cr_vel_ for DART D

PROJECT NAME: DART D2

Vehicle Tunnel Smoke Backlayering Calculation Tunnel Area
14.69 MW LOAD
Description Value Variable  Units
Critical Velocity Constant 0.606 K1 none
Grade Factor 1.0 K2 none
Acceleration of Gravity 322¢g ft/(sec”2)
Height of the tunnel 16 H ft
Fire Energy Load 13941 Q Btu/sec 949 14.69 MW
Specific heat of air 0.24 Cp Btu/(Ib*F)
Perpendicular area of tunnel 285 A fth2
Initial guess Average temp of fire site gases 1200 Tf R
Average Temperature of approach air 539.33 Ti R 459 80.33 DEG F from CFD model (300K)
Density of air 0.0735 rho Ib/(ft"3) From engineering toolbox
Iteration constant 2
Units R FPS R
Iterative Solution
Tf Ve Tfit

1200 6.407576 972.0937
1086.047 6.624049 957.951
1021.999 6.759493 949.5629
985.7809 6.841199 944.6633
965.2221 6.889382 941.8286
953.5253 6.91741 940.1977
946.8615 6.933583 939.2626
943.0621 6.942873 938.7275
940.8948 6.948194 938.4216
939.6582 6.951238 938.2469
938.9525 6.952977 938.1471
9038.5498 6.95397 938.0901

938.32 6.954538 938.0576
038.1888 6.954861 938.0391
938.1139 6.955046 938.0285
938.0712 6.955152 938.0224
938.0468 6.955212 938.019
938.0329 6.955246 938.017
938.0249 6.955266 938.0159
938.0204 6.955277 938.0152
938.0178 6.955283 938.0149
938.0163 6.955287 938.0146
938.0155 6.955289 938.0145

938.015 6.95529 938.0145
938.0147 6.955291 938.0144
938.0146 6.955291 938.0144 459 479.01 DEGF

|Velocity for smoke backlayering 417.32 FPM |

REQUIRED AIRFLOW DOWN TUNNEL TO PREVENT SMOKE BACKLAYERING

118,935 CFM
TOTAL REQUIRED SMOKE EVACUATION FLOW
237871
Flow splits to each fan plant 118,935
Considering Fire Site Temperatures Flow Capacity Expansion 5.963082

Assume duct smoke cooling and air mixture cools effective temperature of smoke inlet into ventilation system

Fire Site Temperature Expansion Factor 3 356806.5
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where:
V. = critical velocity [m//sec (fpm) ]

K, = 0.606 (Froude number factor, Fr ~'/*)
Kg grade factor (see Figure 1). 1)

g = acceleration caused by gravity [m/sec™ (ft/sec?)]

H = height of duct or tunnel at the fire site [m (ft)]

(} = heat fire is adding directly to air at the fire site
[MW (Btu,/sec) ]

p = average density of the approach (upstream) air
[kg/m" (Ib/ft*}]
C,, = specific heat of air [k]/kg K (Btu/Ib"R)]
A = area perpendicular to the flow [m2 {ftQ}]

1, = average temperature of the fire site gases [K ("R)]
T = temperature of the approach air [K ("R} ]

Figure D.1 provides the grade factor for (K,) in equation D.1.

1.3
1.2
11
1.0
0.9
0.8

0.7 L L L 1 L 1 1 1 1 1 1 L 1
6 4 2 0 -2 -4 -6

Roadway grade (%)

Grade factor (Kp)

FIGURE D.1 Grade Factor for Determining Critical Velocity.

2/28/2020 1:31 PM Page 2 of 3 cr_vel_ for DART D2.xls Tunnel



1000-835 .oy gag

pw://pwhdruscen01 :HDR_US_Central _01/Documenis/Dal los_Areo_Ropid_Tronsil_DART_Dallas_TX/DART _General _Plonni

14- JAN-2020 11:55

G TBM TUNNEL € TEM TUNNEL SCALE (N FEE)
e —
‘ CATENARY FEEDER ‘ CATENARY FEEDER o 1 e “
KEY
SEGHENT 6 ! € CBD-2 TRACK CATENARY SUPPORT ARM ! € CBD-2 TRACK CATENARY SUPPORT ARM
‘ ‘ ALTERNATIVE POSITION ‘ ‘ ALTERNATIVE POSITION
‘ ONLY ONE REQUIRED ‘ ONLY ONE REQUIRED NOTES
: MINING AND LINER N MINING AND LINER
CONSTRUCTION TOLERANCE e — CONSTRUCTION TOLERANCE 1. FOR STRUCTURAL GENERAL NOTES, SEE DRAWING
y -z ‘ No. GC3-0001.
, THEORETICAL TUNNEL 72— THEORETICAL TUNNEL
S\ EXCAVATION LINE 7 - % T k=i \ EXCAVATION LINE 2. FOR STRUCTURAL SYMBOLS AND ABBREVIATIONS, SEE
SN L7 » | N ‘ DVG No. GC3-0002.
AN ANNULAR GROUTING ’
STATIC ENVELOPE AN STATIC ENVELOPE SHOTCRETE. LINING 3. STATIC AND DYNAMIC ENVELOPES SHOWN ARE
NG\ 12" PRE-CAST FOR CURVED TRACK, R=300', WITH
DYNANIC ENVELOPE N\ R SEGMENTAL LINING (TYP) DYNANIC ENVELOPE SUPERELEVATION: 1.5%,
HCR NEMBRANE
/ \ ' SEGMENT 1 WATERPROOF ING 4. MININUM CLEARANCE BETVEEN TOP OF RAIL AND
/ / A\ BOTTOM OF CATENARY CABLE SHALL BE 14-FEET.
/ \ \ 12" FINAL CIP
CONCRETE LINING
EERGENGY [/ ARRY EMERGENCY \ 5. SIGNALS, SYSTEMS EQUIPMENT, RAIL AND
WALKWAY / VALKWAY \ FACILITIES SHONN ON THESE CROSS-SECTIONS
ENVELOPE \ \ ENVELOPE \ ARE INCOMPLETE AND FOR ILLUSTRATION ONLY.
= SEE RELEVANT DISCIPLINE DRAWINGS FOR
' 5 1 l — 5 \ DETALLS.
_ SPRINGLINE | S 1. L _ SPRINGLINE _ L ,AAJXAA,, . .
\ L o /]! l ] ©
x V\ e SIGNAL e SIGNAL

| =]
/1) : V| e
; | N =
/ | vk ] Q@[‘j W
/ / T0P OF RAIL \‘ = - “4°-8l a
/, JUNCTION BOX e \ Lo L TRACK GAUGE ﬁ WY, JUNCTION BOX
/ © [ —  E—
g SEGMENT 2 y N by T ‘
// NN v f
g —

9 \
TOP OF RAIL \
PGL

N

-6
74
/

SEGMENT 4

SEGHENT 3 = . HCR VATERSTOP (TYP)
REINFORCED T 10" X 107 REINFORCED CONCRETE TRACK SLAB ‘ 10° X 10°
(T:g':gEE;EAB -3 TRENGH DA REINFORCED CONCRETE [NVERT SLAB LJ‘*U TRENCH DRAIN
DRAIN PIPE DRAIN PIPE
WESTBOUND EASTBOUND
(SECTION LOOKING WEST) (SECTION LOOKING EAST)
DRAFT
CONCEPTUAL DESIGN PENDING
RAIL/FACILITY SYSTEMS AND
TUNNEL/STATION VENTILATION INPUT,
TBM RUNNING TUNNEL WITH PRECAST SEGMENTAL LINER TBM RUNNING TUNNEL WITH CAST-IN-PLACE CONCRETE LINER N0 A0D(TIoR, SiTE SPECTFIC DATA
TYPICAL SECTION - OPTION 1 WESTBOUND TUNNEL AS SHOWN TYPICAL SECTION - OPTION 2 EASTBOUND TUNNEL AS SHOWN NOT FOR CONSTRUCTION
SOE T EASTBOUND TUNNEL OPP HAND HE T WESTBOUND TUNNEL OPP HAND NOT AN APPROVED DRAWING

ADVANCED CONCEPTUAL DESIGN

bwhiteside
Default

CONTRACT SHEET No.
SCALE
DART PROJECT L W LIGHT RAIL TRANSIT SYSTEM
THIS DOCUMENT (S RELEASED H N I B T B. WHITESIDE LINE SECTION CBD-2

FOR THE PURPOSE OF REVIEW UNDER THE C. MOON

AUTHORITY OF ¢ CHECKED

suacs s swe. v o, | s —wwed - TBM RUNNING TUNNEL - SINGLE BORE
ON 03/06/2020 orporation
HNTB CORPORAT ION The HNTB Companies D. - c. STo¥ TYPICAL SECTION
TBPE FIRM NO. F-420 Engineers Architects Planners ® 06 MAR 2020 OPT IONS 1 & 2
IT 1S NOT TO BE USED FOR CONSTRUCTION. | TBPE Firm Registration No. 420 —— CONTRACT DWG No. REV
wev /\ [mewo | @ | oae | oescrerion BY [N | o | aep BIDDING OR PERMIT PURPOSES. @m SC8-0001
pws//pwhdruscen01:HDR_US_Central _01/Documents/Dol los _Areo_Ropid_Tronsit_DART_Dal Ios_TX/DA-RT_GeneruI_Plonmng_CS_VI/G.O_CAD_BIM/G.Z_lork_In_Prog



Pass Fail Criteria

Derived Values

[4]
Case Tunnel Confizuration Height of [ Tunnel Cross Fire load Critical [ Critical Vel. + | Critical Notes
No e Tunnel | Sectional Area Vel. [1] | 10%F.S.[2] | Airflow
(ft) (sq. Ft) (MW) (fpm) (fpm) (kcfm)

1 |Tunnel track 16 285 14.9 417 459 131 1

2 |Station Track 16 230 14.9 437 481 111 1

1 |Tunnel track 16 175 14.9 417 459 80 5

2 |Station Track 16 120 14.9 437 481 58 5
Notes:

[1] Critical velocity for full area is used

[2] Added 10% factor of safety per BFS Criteria - Mechanical Line Sections, page 12 of 18
[3] Fourde number used for critical velocity calculation is 0.85 per interpolation based on a fire load of 15 MW.
[4] Fourde number used for critical velocity calculation is 0.606 per interpolation based on a fire load of 15 MW.

[5] Annular area = tunnel area minus train area
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Appendix G. VENTILATION SPACE PROOFING
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