






























































































































































































































: How are we doing? I:[

Quarterly Service Performance Review
Third Quarter, FY 2013
January - March, 2013

Engineering & Operations Committee
June 13, 2013





: How are we doing? I:[

FY 13 Third Quarter Overview...

v" Continued ridership growth, weekdays up 5.8%

v" Train service reliability steady, just below goal with four
biggest delays of the quarter (406 late trains) due to
medical/law enforcement

v" Car reliability solid, other systems met goal
v" Car, station elevator and AFC availability goals met

v" Escalator availability goals not met but improvement
trend continues

v" Customer rated attributes fairly steady, most met goal

v Complaints down compared to last quarter, up from one
year ago
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Number of Average Weekday Trips
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v Total ridership increased by 4.1% compared to same quarter last year

v" Average weekday ridership (387,442) up 5.8% over same quarter
last year; core weekday ridership up by 5.6% and SFO Extension

weekday

ridership up by 7.5%

v’ Saturday and Sunday up by 5.1% and 6.2%, respectively





: How are we doing? I:[

On-Time Service- Customer

On-Time Service - Customer
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v 95.21%, goal missed by 0.79%

v" Approximately 47% of all late trains due to “Miscellaneous” causes

v’ Biggest delay of the quarter (148 late trains) due to “serious medical
emergency’”’
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On-Time Service - Train

On-Time Service - Train
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2013

v 93.79%, goal missed by 0.21%

v Four most serious incidents of the quarter involved two “serious
medical emergencies” (148 and 69 late trains), shots fired at
Hayward (116 late trains) and a suspicious object on the street
above Powell Station (73 late trains)
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Delayed Trains per 100 Train Trips
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Includes False Occupancy & Routing, Delays Per 100 Train Runs
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v Goal met
v Wayside MUX box lightening arrestor replacement and new card pack

installation progressing.

v UPS Battery Replacement Project progressing, two Train Control Huts

on L Line completed

v" 13 new Alstom Switch Machines installed to date
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: How are we doing? I:[

Delayed Trains per 100 Train Trips

Computer Control System

Includes ICS computer & SORS, Delays per 100 train runs
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2013

v Goal met
v" ICS being continuously modified. A sample of recent upgrades:
v" Central Display Board and Train Controller workstations updated to
include Warm Springs graphics
v" Central Display Board and Power and Support Controller workstations
updated to include graphics for new Transbay Tube and Oakland Wye
34.5kv circuits.
v Wayside Access Guide version 5 update published in ICS.
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: How are we doing? I:[

Traction Power

Includes Coverboards, Insulators,
Third Rail Trips, Substations,
Delays Per 100 Train Runs
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v" Goal met

v' January spike due to undetermined power problem on W Line
that resulted in major AM rush period delays due to multiple
trains with blown collector shoe fuses
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Delayed Trains per 100 Train Trips

: How are we doing? I:[

Transportation

Includes Late Dispatches, Controller-Train
Operator-Tower Procedures and Other
Operational Delays Per 100 Train Runs
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v Goal not met

v' Transportation delays .56, missed goal by .06

v" Train Operator procedure delays (81 incidents — 152 total late trains) were high
v" Transportation graduated a large number of new Train Operators this quarter.
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Car Equipment - Reliability
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v Goal met
v C Car Propulsion and HVAC Overhauls continue
v Good performance from Daly City Shop
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Car Equipment - Availability (@ 0400 hours

Number of Cars
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v Goal met
v’ Aggressive interior reconfiguration deadline impacting availability
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Elevator Availability - Stations
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v Goal met
v" Tragic accident at Montgomery, elevator out of service

March 10 to April 18
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Elevator Availability - Garage
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Goal
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v Goal not met

v Multiple units at Pleasant Hill Garage out of service due

Sept Oct Nov Dec Jan Feb

2013

to motor generator set rebuild
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Escalator Availability - Street
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80% 1
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v Goal not met but continued improvement
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3 Results

Goal

Weighted
Availability

v" Green line represents weighted availability based on foot rise and

usage of each unit

v Extended outages at Powell (51), 1/29-2/27 step chain replacement
and Civic Center (55), 2/20-3/12 handrail replacement

v" Continued challenge and focus
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Escalator Availability - Platform
—— g m— g NP S
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v Goal not met but continued improvement

v Recent dip in performance due to hand rail repairs (M, L and K Lines); drive
gear rebuilds (Glen Park, North Berkeley); chain replacements (Daly City,
16t Street); gearbox rebuild (Ashby)

v Continued challenge and focus
14
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AFC Gate Availability
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v Goal met

v' Installation of larger capacity hard drives in each
gate (necessitated by Clipper) completed
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AFC Vendor Availability
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2013
v" Goal met

v' Availability of Add Fare 98.5%
v' Availability of Add Fare Parking 98.5%
v' Availability of Parking Validation Machines 99.8%
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Environment - Outside Stations

4
Ratings guide: 3
4 = Excellent Y C—J Results
3 = Good 2181 2.82 2.83 2|84 2183 |
2.80 = Goal Goa
2 = Only Fair 2
1 =Poor

1

FY2012 Qtr 3 FY2012Qtr 4 FY2013 Qtr 1 FY2013 Qtr 2 FY2013Qtr 3

Composite rating of:
Walkways & Entry Plaza Cleanliness (50%) 2.75
BART Parking Lot Cleanliness (25%) 3.04
Appearance of BART Landscaping (25%) 2.77

v" Goal met

v" Cleanliness ratings of either Excellent or Good:
Walkways/Entry Plazas: 67.6%  Parking Lots: 80.8%
Landscaping Appearance: 68.6%
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Environment - Inside Stations

4
Ratings guide:
4 = Excellent 3
3 2187 2|86 287 2/87 2|85
2.90 = Goal | C— Results
2 = Only Fair 2 coal
1 = Poor
1
FY2012 Qtr 3 FY2012 Qtr4 FY2013 Qtr 1 FY2013 Qtr 2 FY2013 Qtr 3
Composite rating for Cleanliness of:

Station Platform (60%) 3.00

Other Station Areas (20%) 2.81

Restrooms (10%) 2.29

Elevator Cleanliness (10%) 2.61

v Goal not met

v" Cleanliness ratings of either Excellent or Good:
Station Platform: 79.6% Other Station Areas: 70.1%
Restrooms: 42.6% Elevators: 59.7%

v’ Safety stand-down due to several scrubber incidents
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Station Vandalism

4
Ratings guide:
4 = Excellent 37
3.19 = Goal 3.08 3.08 3.13 09 09
3 =Good
2 = Only Fair 2 1
1 =Poor

1

FY2012 Qtr 3 FY2012Qtr 4 FY2013Qtr 1 FY2013Qtr 2 FY2013Qtr 3

v" Goal not met

Station Kept Free of Graffiti

[ Results

v 83.1% of those surveyed ranked this category as either Excellent or Good

19






: How are we

BABT

doing? I:[

Station Services

Ratings guide:
4 = Excellent

3.06 = Goal

3 =Good

2 = Only Fair

1 = Poor

3 e —
305 3.02
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04

3 Results

e Goal

1

FY2012 Qtr 3 FY2012Qtr 4 FY2013Qtr 1 FY2013 Qtr 2

FY2013Qtr 3

Composite rating of:

Station Agent Availability (65%) 3.02
Brochures Availability (35%) 3.11

v Goal not met

v' Availability ratings of either Excellent or Good:

Station Agents: 80.4%
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4 = Excellent
3.09 = Goal

3 =Good

2 = Only Fair
1 =Poor

Ratings guide:

Train P.A. Announcements

1

FY2012Qtr3  FY2012Qw4  FY2013Qw1l  FY2013Qtr2  FY2013Qtr 3

116

Composite rating of:

P.A. Arrival Announcements (33%) 3.12
P.A. Transfer Announcements (33%) 3.10
P.A. Destination Announcements (33%) 3.26
v Goal met
v" Announcement ratings of either Excellent or Good:
Arrivals: 80.6% Transfers: 80.0%

Destinations: 86.0%
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Train Exterior Appearance

4
Ratings guide:
4 = Excellent 3 — C— Results
3.00 = Goal
3= Good 2188 2.88 293 2195 L —
2 = Only Fair
1 = Poor 2
1

FY2012 Qtr 3 FY2012Qtr 4 FY2013Qtr 1 FY2013 Qtr 2 FY2013Qtr 3

v Goal not met

v 80.2% of those surveyed ranked this category as either Excellent or Good
v Washing less but smarter, with related environmental benefits

v Appearance of some C Car cabs may negatively impact customer ratings
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Train Interior Cleanliness

Ratings guide: 3

4 = Excellent
3 =Good 2184 2.0 3)00 3|00 3,02

2.94 = Goal — Goal

3 Results

2 = Only Fair
1 = Poor

1
FY2012 Qtr 3 FY2012Qtr 4 FY2013Qtr 1 FY2013 Qtr 2 FY2013Qtr 3

Composite rating of:
Train interior cleanliness (60%) 2.77
Train interior kept free of graffiti (40%) 3.40

v Goal met, good trend
v" Train Interior ratings of either Excellent or Good:
Cleanliness: 66.9%  Graffiti-free: 93.0%
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Train Temperature

4
Ratings guide: = ——————————,
4 = Excellent 3 7 325 " Results
3.12 = Goal 3p3 3.15 3{22 3/20 j -
3 = Good *
2 = Only Fair 2
1 = Poor
1
FY2012Qtr3  FY2012Qtr4  FY2013Qr1  FY2013Qr2  FY2013Qtr 3
Comfortable Temperature Onboard Train
v Goal met

v 88.2% of those surveyed ranked this category as either Excellent or Good

v Warmer weather and C Car HVAC design problem will impact results,
mod proceeding slowly
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Per 100,000 Customers

Customer Complaints

Complaints Per 100,000 Customers
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v Goal met

v' Total complaints decreased 101 (7.9%) from last quarter, up 218 (22.6%)
when compared with FY 12, third quarter.

v Complaints increased in AFC, Personnel, Police Services, Policies, and
Station Cleanliness.

v Complaints decreased in Announcements, M&E, and Trains
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Station Incidents/Million Patrons

Patron Safety:
Station Incidents per Million Patrons
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v Goal not met

v" Increase due to change in methodology (to be consistent with
FTA Rail Safety Statistics Report) — injuries due to “imprudent
patron behavior” now included.
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Vehicle Incidents/Million Patrons

Patron Safety
Vehicle Incidents per Million Patrons
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v" Down. Goal met.
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Lost Time Injuries/Illness per OSHA rate
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Employee Safety:
Lost Time Injuries/Illnesses
per OSHA Incidence Rate

v Goal met
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OSHA Recordable Injuries/Illnesses/OSHA rate

Employee Safety:
OSHA-Recordable Injuries/Illnesses
per OSHA Incidence Rate
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v Goal not met
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Operating Safety:
Unscheduled Door Openings per Million Car Miles
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Unscheduled Door Openings/Million Car Miles

v Goal met
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Rule Violations per Million Car Miles

Rule Violations per Million Car Miles

Operating Safety:

Benchmark
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v" Up. Goal met.
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BART Police Presence

4 = Excellent
3 = Good
2.50 = Goal
2 = Only Fair
1 = Poor

Ratings guide:

4

3

2240 2.89 239 242

@42

1

FY2012 Qtr 3 FY2012Qtr 4 FY2013Qtr 1 FY2013 Qtr 2 FY2013Qtr 3

[ Results

Goal

Composite Rating of Adequate BART Police Presence in:
Stations (33%) 2.40
Parking Lots and Garages (33%) 2.48
Trains (33%) 2.37

v Adequate Presence ratings of either Excellent or Good:

Stations: 48.6% Parking Lots/Garages: 53.0%

Trains: 45.9%
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Crimes per Million Trips

Quality of Life*
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4 Quality of Life incidents are up from the last quarter, and up
from the corresponding quarter of the prior fiscal year.

*Quality of Life Violations include: Disturbing the Peace, Vagrancy, Public Urination,
Fare Evasion, Loud Music/Radios, Smoking, Eating/Drinking and Expectoration
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Crimes Against Persons
(Homicide, Rape, Robbery, and Aggravated Assault)

4

/ —~ C— Results

Crimes per Million Trips

0
FY2012 Qtr 3 FY2012 Qtr 4 FY2013Qtr 1 FY2013 Qtr 2 FY2013Qtr 3

v Goal met.

v Crimes against persons are down from the last quarter, and up
from the corresponding quarter of the prior fiscal year.
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Auto Theft and Burglary

12

10

1 Results

6 Goal

Crimes per 1000 Parking Spaces

0
FY2012 Qtr 3 FY2012 Qtr 4 FY2013 Qtr 1 FY2013 Qtr 2 FY2013 Qtr 3

v Goal met.

v The number of incidents per thousand parking spaces are up from last quarter,
and up from the corresponding quarter from the prior fiscal year.

35





TEo= s RART

: How are we doing? I:[

Average Emergency Response Time
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/3 Results

Response Time (in Minutes)

0
FY2012 Qtr 3 FY2012 Qtr 4 FY2013 Qtr 1 FY2013 Qtr 2 FY2013 Qtr 3

v’ The Average Emergency Response Time goal was met.

36





: How are we doing? I:[

Total Quarterly Bike Thefts

Bike Theft
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FY2012 Qtr 3
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v" 147 bike thefts for current quarter, down 42 from last quarter and
down from the corresponding quarter of the prior fiscal year.

* The penal code for grand theft value changed in 2011. The software was updated, which resulted in a
change of bicycle theft statistics effective FY12-Q3.
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SUMMARY CHART 3rd QUARTER FY 2013

PERFORMANCE INDICATORS CURRENT QUARTER PRIOR QTR ACTUALS YEAR TO DATE
LAST THIS QTR
ACTUAL | STANDARD STATUS QUARTER LAST YEAR ACTUAL STANDARD STATUS

Average Ridership - Weekday 387,442 371,696 MET 396,566 366,245 390,250 374,908 MET
Customers on Time

Peak 94.28% 96.00%| NOTMET [ | 95.21% 95.93% 95.00% 96.00%| NOT MET

Daily 95.21% 96.00%| NOTMET [ | 95.33% 96.20% 95.34% 96.00%| NOT MET
Trains on Time |

Peak 91.57% N/A N/A ] 92.60% 93.83% 92.50% N/A N/A

Daily 93.79% 94.00%| NOT MET E 93.54% 94.97% 93.74% 94.0%| NOT MET
Peak Period Transbay Car Throughput

AM Peak 98.45% 97.50% MET 99.69% 99.36% 99.10% 97.50% MET

PM Peak 98.99% 97.50% MET 99.71% 99.69% 99.78% 97.50% MET
Car Availability at 4 AM (0400) 582 573 MET 588 584 587 573 MET
Mean Time Between Failures 3,918 3,150 MET 3,721 3,069 3,689 3,150 MET
Elevators in Service | ] [ ]

Station 98.97% 98.00% MET 98.07% 99.30% 98.46% 98.00% MET

Garage 97.37% 98.00%| NOTMET | | 98.40% 98.23% 97.20% 98.00%| NOTMET | |
Escalators in Service || [ ]

Street 91.60% 95.00%| NOTMET | | 89.33% 87.67% 89.57% 94.33%| NOT MET

Platform 95.83% 96.00%| NOTMET | | 94.87% 94.17% 95.14% 96.00%| NOTMET | |
Automatic Fare Collection || [

Gates 99.38% 98.00% MET 99.30% 99.13% 99.35% 98.00% MET

Vendors 95.10% 95.00% MET 95.57% 95.40% 95.23% 95.00% MET
Wayside Train Control System 0.96 1.20 MET 0.89 0.63 0.87 1.20 MET
Computer Control System 0.080 0.10 MET 0.093 0.033 0.074 0.10 MET
Traction Power 0.15 0.25 MET 0.10 0.09 0.13 0.25 MET
Transportation 0.56 0.50[ NOT MET 0.45 0.40 0.50 0.50] NOTMET | |
Environment Outside Stations 2.83 2.80 MET 2.84 2.81 2.83 2.80 MET
Environment Inside Stations 2.85 2.90] NOTMET | | 2.87 2.87 2.86 2.90| NOTMET | |
Station Vandalism 3.09 3.19| NOTMET [ | 3.09 3.08 3.10 3.19] NOTMET | |
Station Services 3.05 3.06] NOTMET | | 3.06 3.05 3.05 3.06)] NOTMET | |
Train P.A. Announcements 3.16 3.09 MET 3.17 3.14 3.16 3.09 MET
Train Exterior Appearance 2.97 3.00] NOTMET | | 2.95 2.88 2.95 3.00) NOTMET | |
Train Interior Cleanliness 3.02 2.94 MET 3.00 2.84 3.01 2.94 MET
Train Temperature 3.25 3.12 MET 3.20 3.23 3.22 3.12 MET
Customer Complaints | ] [ ]

Complaints per 100,000 Passenger Trips 4.17 5.07 MET 4.34 3.53 4.21 5.07 MET
Safety I I

Station Incidents/Million Patrons 7.51 5.50 NOT MET 4.47 4.07 5.34 5.50 MET

Vehicle Incidents/Million Patrons 0.39 1.30 MET 1.08 0.59 0.82 1.30 MET

Lost Time Injuries/llinesses/Per OSHA 7.25 7.50 MET 5.22 6.70 6.11 7.50 MET

OSHA-Recordable Injuries/llinesses/Per OSHA 16.54 13.30] NOT MET 14.98 15.22 15.24 13.30] NOT MET

Unscheduled Door Openings/Million Car Miles 0.120 0.300 MET 0.000 0.060 0.060 0.300 MET

Rule Violations Summary/Million Car Miles 0.240 0.500 MET 0.060 0.130 0.100 0.500 MET
Police .

BART Police Presence 2.42 250 NOTMET | | 2.42 2.40 241 2,50 NOT MET

Quality of Life per million riders 50.53 N/A N/A | 51.18 44.02 45.90 N/A N/A

Crimes Against Persons per million riders 1.90 2.00 MET 2.03 1.69 2.17 2.00] NOT MET

Auto Theft and Burglaries per 1,000 parking spaces 5.67 8.00 MET 5.36 5.11 6.03 8.00 MET

Police Response Time per Emergency Incident (Minutes) 4.67 5.00 MET 4.13 4.60 4.62 5.00 MET

Bike Thefts (Quarterly Total and YTD Quarterly Average) 147 150.00 MET 189 166 190 150.001 NOT MET

LEGEND:

Goal met

Goal not met but within 5% [ |

Goal not met by more than 5%











BART 2013 State &
Federal Legislation






2013: State Legislative Advocacy Goals E

Respond to state budget proposals & actions
*Secure dedicated transit funding
*Work to appropriate dedicated transit funds
from propositions

Be active in efforts to create new statewide dedicated
transit revenue

Continue efforts to enhance local transit revenue
opportunities

Remain active in greenhouse gas/ land use/cap &
trade issues; support mechanism for transit
revenue

Support efforts to expedite CEQA process for
transit projects

Continue Infrastructure Finance District (IFD)
efforts in post-redevelopment environment

Support efforts providing incentives for transit use

Participate in efforts to redraft cellular phone
shutoff legislation

Protect & reinstate federal active transportation
programs





2013 State Legislation for SUPPORT E

SB 1 (Steinberg) Sustainable Communities Investment Authority

SB 33 (Wolk) Infrastructure Finance Districts

SB 142 (DeSauliner) Transit Benefit Assessment Districts (BART Sponsored)

SB 391 (DeSauliner) California Homes and Jobs Act of 2013

SB 628 (Beall) Infrastructure financing: transit priority projects (BART Sponsored)

SCA4 (Liu)and SCA 8 (Corbett) Transportation Projects: Special Taxes: Voter Approval





2013 State Legislation for SUPPORT E

AB 210 (Wieckowski) Transactions and Use taxes: County of Alameda and
the County of Contra Costa
AB 417(Frazier) Bike CEQA Exemption

AB 574 (Lowenthal) Cap & Trade : Gas Reduction Fund





2013 State Legislation for WATCH E

SB 380 (Padilla) Statewide cellular service disruption policy

SB 731 (Steinberg) Environment: California Environmental Quality Act and sustainable
communities strategy

AB 160 (Alejo) Transit employee exemptions to California Public Employees’

Pension Reform Act of 2013

AB 179 (Bocanegra) Public transit electronic fare collection systems: disclosure of personal
information

AB 1002 (Bloom) Vehicles: registration fee: sustainable communities strategies

AB 1051 (Bocanegra) Cap & Trade funding for affordable housing





Legislative Advocacy Goals E

Monitor implementation of MAP-21: especially new regulations associated with State of Good Repair and
Core Capacity funding programs.

Participate in next reauthorization effort:

«  BART will actively work to support a “full funding” reauthorization bill signed into law, and oppose proposals
which would cut formula funding by a significant percentage;

*  BART will continue to support the Obama Administration’s efforts to maintain “Livability” programs that
enhance bicycle and pedestrian projects and evaluate effectiveness of shifting the enhancements program back
to states.

Monitor new federal safety regulations

Continue to assist job creation and “Make It In America” goals
Seek additional funding for BART security needs

Support re-establishment of transit commuter benefits





Legislation

HR 949 (Rayall) Invest in American Jobs Act of 2013
HR 1210 (Speier) Mass Transit Intelligence Prioritization Act

S 387 (Rockefeller) American Infrastructure Investment Act
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Oakland Airport Connector
Quarterly Project Report

E&O Committee
June 13, 2013






Project Progress
Budget Review
Disadvantaged Business Enterprise

. Local Hiring

1.
2.
3.
4

D.

Questions & Answers

BART Oakland Airport Connector 2





Construction Progress

* Airport Station

* Bike Path

* Doolittle Maintenance Facility
* Guideway Installation

* Coliseum Station

* Vehicle

* Train Control Equipment

BART Oakland Airport Connector 3





Construction Progress

Doolitt/e Dr
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Construction Progress
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Vehicle & Train Control
Fabrication Progress
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Look Ahead

Activity Estimated Finish

Station(s) Construction September 2011 November 2013
Guideway Installation June 2011 November 2013
Maintenance & Storage Facility July 2011 August 2013
Vehicle Fabrication December 2012 Aug-Nov 2013
Train Control System Fabrication January 2013 August 2013
System Testing December 2013 September 2014






Project Budget Review

Budget at Estimated

Award Invoiced to Date| Costto Forecast at
Description (Nov 1, 2010)| (Jan 31,2013) | Complete | Completion
FEIR, PE & Pre Utility
relocations 20.1 20.1 0.0 20.1
ROW 12.1 12.0 0.3 12.3
Insurance 9.9 9.2 0.9 10.1
BART Contract Oversight 37.1 25.6 12.5 38.1
DB Construction Contract 361.0 284.3 76.7 361.0| 78%
Contract Changes *%*2.9 3.8 9.2 13.0 +500K
Construction Contingency 33.0 0.0 23.0 23.0 500K
Finance Expense 8.0 0.4 6.1 6.5
Subtotal 484.1 355.4 128.7 484.1

**$2.88M Inflationary Price Adjustment approved by the Board prior to NTP





Disadvantaged Business

Enterprise (DBE) Utilization

Flatiron/Parsons JV - DBE Payment Summary
Source: DBE Payment Reports through 5/15/13

CATEGORY OF WORK DBE COMMITMENT ACTUAL PAID % PAID

CATEGORY I:
Design and Professional Services S 7,633,000 S 8,246,434 108%
14 DBEs Paid
CATEGORY II:
Construction and Trucking S 31,169,000 S 29,422,995 94%
32 DBEs Paid
TOTAL DBE Commitment and Participation S 38,802,000 S 37,669,429 97%

BART Oakland Airport Connector 9





Local Hiring Program

Flatiron / Parsons JV — Labor Report
Source: Elation System — Certified Payroll Reports through 4/30/13
PSA Goal

(% of Total Contractor Number

Labor Performance of on-site
Project Stabilization Agreement (PSA) Goals | Hours) 11/02/10 - 4/30/13 Workers
All Labor 1190
Local Area Residents - BART Counties
Alameda, SF, Contra Costa, and San Mateo 50% 69.1% 724
Project Local Impact Area - City of Oakland 25% 26.6% 210
Project Area Residents 136
Apprentice Labor (% of total labor hours) 20% 18.9%

Local Area Residents 100% 91%

Project Local Impact Area - City of Oakland 50% 56.1%






Questions and Answers
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Rail Noise Issues at BART
Current and Planned Mitigation
Efforts

BART Board of Directors
June 13, 2013






Noise Fundamentals

Types of Noise

Rail Corrugations

System-wide Sound Mapping

Rail Grinding

Rail Damper Trial — Preliminary Results
Friction Management

Rail Pad Stiffness

Wheel/Rail Interface

Station Noise






e dB - Decibel scale

— 0 dB - threshold of normal human hearing
— 120dB - naminal threshold of pain
* A-weighting:
— A filter that alters the sensitivity of sound level
meters to closely match human sensitivity

— The most widely accepted metric used for most
types of railway sounds

— Expressed as dBA






* 3 dBA change in noise level is considered
“barely perceptible”

* 5 dBA change is considered “readily
perceptible”

* 10 dBA change is usually perceived as a
doubling of noise level






e Sound Exposure Level (SEL) is the cumulative
exposure to noise over time

* SEL is considered the primary descriptor for
the measurement of transit vehicle noise (FTA)

CalOSHA Occupational
exposure level limits:
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* Rolling Noise:
— Caused by vibrations of the wheel and track structures

— Induced at the wheel-rail contact point by surface
roughness of the wheels and rails

— Increases with speed (doubling speed nearly doubles
noise)

— Wheel Squeal in sharp curves; caused by uneven frictional
forces at the wheel-rail contact point

° Impact Noise:

— Caused by discontinuities in the rail running surface, such
as rail joints, frogs, welds, wheel burns

* Propulsion System Noise
— Noise from power conversion components






Patrons Neighbors
Rolling noise from X X
wheel/rail interaction
Impact noise from rail X
discontinuities
Propulsion System Low

noise (dominates at
low speeds)











Rolling noise radiated from the wheel

— rail interface
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Rolling Noise is the dominant source of noise
on most Transit Systems

Noise radiates from rail, wheels, structures
and vehicles

Steel rails develop surface roughness called
“corrugations”

Wheels also develop surface roughness

Wheel squeal in curves
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RT rail corrugation

s — south of Balboa Park
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Aerial and subway structures

Straight and curved track

More severe on inside/low rail of curved
track

At locations subjected to high acceleration
and braking, such as station stops/starts
and grades
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Relatively high track stiffness coupled with low
damping characteristics

BART wheel and rail profiles result in poor
steering in curves and promotes wheel-slip (roll-
slip) phenomenon

All axles driven by 150 hp traction motors
High acceleration and deceleration forces

Uniform traffic loading: same wheel, same speed
same direction — every train contributes

14
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pring to absorb

energy and dampen vibrations

Least likely track form to develop rail
corrugations on BART
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Direct Fixation (DF) track: wm__mz<mm< stiff rail pads
fastened directly to a concrete structure

Aerial corrugations can
develop in 6 —8 months

Subway in 3 — 6 months
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Wheel profile is critical to achieve proper steering
of vehicle trucks

BART wheels are cylindrical in profile, have poor
steering characteristics

Poor steering influences wheel-slip (roll-slip),
which causes rail corrugations and excessive rail
wear

Tapered (conical) wheels improve steering
through a tendency to “self-center” between the
rails
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* On BART vehicles, every axle is driven by a
150-hp traction motor |

* Driven wheeisets experience torsional
vibrations which exacerbate the wheel-slip
and roll-slip conditions by amplifying the
oscillations.

* Greater tendency to create corrugations and
noise

15






Types of corrugations typically found on BART

(from “Rail Corrugation: Characteristics, Causes and Treatments; S. L. Grassie)

?
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In early 2012, BART began performing periodic
system-wide sound level mapping

Process consists of recording sound levels and
train speed from trailing cabs of revenue trains

Sections of track with rail corrugations are
identified using the relationship of noise,
frequency and train speed.

Correlated with sophisticated rail profile
measurements

21
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* Advantages:

— Fast setup — iess than 2 minutes

— Mounts easily in rear cab — no interface with
equipment required

— One-man crew plus a BART representative

— Actual train speed measured by radar allows
location to be determined accurately

— Enables the entire system to be mapped quickly
and economically, without sacrificing accuracy

23
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Sound levels color-coded on geographic display
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Location list — segments sorted by “Noise Rating
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BART currently owns and operates 2 Loram
Light Rail Grinders

Machines are relatively smali:

— Each grinder has 12 grinding modules

— Compared to 48 to 120 grinding modules for
Heavy Rail Grinders

BART Infrastructure does not permit larger
equipment
Multiple passes required at slower speeds

28






Short work windows:

— 2-1/2 hrs on weeknights, depending on iocation
— 3-1/2 hrs on Friday night/Saturday morning
— 4-1/2 hrs on Saturday night/Sunday morning

Fire hazard on aerial and at-grade sections during
dry season

Parked cars under aerial structures
Homes and businesses in close proximity
Noise from work equipment and vent structures

28
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Cars parked under aerial structures — covered by BART
employees in advance of grinding
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Created a database for tracking work performed
Purchased “MiniProf” to measure rail profiles

Using sound mapping data to prioritize locations
and monitor effectiveness

Engaged Advanced Rail Management (ARM) to

— Optimize grinding patterns and practices to optimize
rail profile

— Provide operator training for grinding through special
trackwork

— Design and manufacture measuring tools to monitor
effectiveness
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Grinding Work Days - 2012 - 2013

== Wark Days

——Linear Trendline
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Important metrics can be tracked directly from database
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* Objective:
— Reduce rolling noise by increasing the vibration
decay rate of the rail

— Reduce or slow corrugation growth by damping
vibration in the rail

35
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Measure baseline parameters for noise and damper
design
— Rail vibration decay

— On-board noise levels
— Wayside noise levels (3 and 25 feet from track)
— Rail accelerations

Grind the rail
Determine time for corrugations to return

Install dampers and measure parameters for noise and
damper performance

Grind the rail and monitor time for corrugations to
return.
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Northbound noise spectra measured at 3 ft from track,
with and without rail dampers. Shows frequencies
predicted by rail corrugations only.
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Rail grinding resulted in a noise reduction of
6 — 8 dBA at test site

n the initial period corrugations returned to
ore-grinding level within 8 months

Rail dampers were installed and provide a
3 — 5 dBA noise reduction

Effect on corrugation growth will be
monitored for 1 year following installation






Gage-Face (GF) Lubrication:

Reduces rate of corrugation development
Reduces rolling noise — including wheel squeal
Reduces L/V ratio — derailment potential
Reduces rail and wheel wear

Saves energy

Top of Rail {TOR) Friction Modifiers:

Reduces rate of corrugation development
Reduces rolling noise due to corrugations
Balances lubrication with traction/adhesion
Saves energy
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(* Railway Track and Structures, “Modifying and Managing Friction”, by Dr Joe
Kalousek, NRC Center for Surface Transportation Technology, May 1997






Recent Survey of Existing GF Lubricators:
— BART has 50 GF lubricators

— 30 units require parts/upgrades to restore
efficient operation, some are obsolete

— Short-term goal: bring existing units to state of
good repair

Conduct analysis to identify critical areas to add
units to curves on aerials and subways
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*» Worid-wide testing has shown that application of
TOR friction modifier is effective at:

— Reducing the growth rate of rail corrugations

— Reducing noise generated from the wheel/rail
interface

* BART currently does not use TOR friction modifier
applicators due to concerns of:
— Effect on braking/traction
— Effect on train control systems
— Increased maintenance requirements
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TOR friction modifiers can be applied by
wayside units or with vehicle-mounted
applicators

Conduct a test installation of trackside TOR
friction modifier application on Hayward Test
Track

— Assess the effect on traction and braking
— Assess the effect on ATC system
— Determine required application rates
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Contributes to pinned resonance corrugation
development

Transit Cooperative Research Program studies
specified rail pad stiffness should be below
177 kips

New BART rail pads are 140 kips

Conduct a test to determine if new rail pad
stiffness is effective in mitigating corrugation
“development
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 BART contracted with the Transportation

Technology Center, Inc. (TTCI) to conduct a wheel-
rail interaction study

* Objectives:

— Measure BART wheels and rail in various states of
wear

— Model interaction for various proposed wheel and rail
profiles

— Recommend an optimal design

— Perform Cost-Benefit analysis of implementing 1:40
wheel conicity
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Minimize wheel climb potential
Improve truck steering in curves
Reduce growth of rail corrugations

Reduction in corrugations results in reduces
noise

Reduce wheel and rail wear

Reduce rail grinding
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Station Noise

 Conceptual studies undertaken for noise
abatement in:

— Freeway median stations
— Underground stations

* Key element in the Station Modernization
suite of design options
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