URIGINA,
<  oeveenesceonmen ([ UHRHIIINAL
m Arizona Department of Tr

Intermodal Transportation Division

ADOT 206 South Seventeenth Avenue Phoenix, Arizona 85007-3213
Janice K. Brewer Jennifer Toth
Governor State Engineer
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John S. Halikowski arch 13, 2012
Director

Arizona Corporation Commission
Docket Control

RE: Traffic Signal Preemption Timing
Docket RR-02635B-11-0282

Enclosed is a copy of the application to BNSF Railway Company/ Campbell Technology Company

(CTC) for approval of advanced preemption of our temporary grade crossing, and a copy of the CTC
report accepting the timing and other comments.

ADOT’s designer used the Texas DOT worksheet and guide for traffic signal preemption timing at
highway-railroad grade crossings. The designer had sealed the request before submittal to BNSF/ CTC.

ADOT has thus met the ACC Staff request for preemption timing evaluation.

Sincerely,

& 01 A

Robert H. Travis, PE
Railroad Liaison
602-712-6193
rtravis@azdot.gov
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cc: Vicki Bever, ADOT
Brian Lehman, ACC

Janie Hollingsworth, CTC Ayizona Corporation Commission
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

Executive Summary

Advance Preemption Time is being requested for the Burlington Northern Santa Fe
Railway (BNSF) Highway-Rail Grade Crossing (DOT # 250650C) located in Glendale,
AZ near the intersection of SR 303L and Olive Avenue. Campbell Technology

Corporation

(CTC) has been requested to review the advance preemption calculations

and to make recommendations for other improvements which may be required by
MUTCD and/or general industry practice. Recommended preemption values and design
recommendations are summarized below and described in detail along with pertinent
references in the final report.

e Summary of Preemption Operation

»

YV YV V VYV V

BNSF Railway is being requested to provide 15 seconds of Advance
Preemption Time (APT) for the crossing. For more details, see the
Preemption Calculation Form in Appendix A provided by Arizona
Department of Transportation (ADOT).

The Minimum Track Clearance Distance (MTCD) is 26 feet. Additional
Clearance Time (CT) for wide or angled crossing is not needed.

Gate Down will be implemented in the traffic signal controller. BNSF
Railway will also provide Gate Down in their signal design.

ADOT will be providing a reiay for supervised operation for the traffic
signal controller.

Do Not Stop on Tracks sign will be installed at the crossing.

A 12 conductor #14 AWG Interconnect Cable will be provided from the
traffic signal controller to the railroad equipment house.

A warning label will be provided in the traffic signai cabinet to alert traffic
signal technicians to the presence of the interconnection with the railroad
control equipment.

e Summary of Recommended Design Changes

v
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CTC

Implement a maximum preemption timer.

Implement a traffic signal health circuit.

Implement a preemption operation and maintenance program.
Implement an all red Emergency/CMU-MMU flash operation
Install limited Storage Space Signs
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

General Information

Arizona Department of Transportation (ADOT) is in the process of designing the
widening of SR 303L. As a result, the intersection of SR 303L and QOlive Ave will be
relocated approximately 200 feet to the east to accommodate the main line of the
freeway construction. The relocated intersection of SR 303L and Olive Ave will be
utilized for the freeway construction detour for approximately 2 years. Therefore,
Advance Preemption Time is being requested for the BNSF Railway Grade Crossing
(DOT# 250650C) on the Ennis Subdivision located in Giendale, AZ near the relocated
intersection of SR 303L and Olive Avenue.

The traffic control signal plans provided were designed by the Baker Engineering and
Arizona Department of Transportation (Agency). The Texas preemption timing form
(TXDOT 2304) was provided by the Arizona Department of Transportation.

Contact Information

Agency:
Robert Travis, PE

State Railroad Liason

Arizona Department of Transportation
205 S 17" Ave, Room 357

MD 618E

Phoenix, AZ 85007

602-712-6193

rtravis@azdot.gov

Burlington Northern Santa Fe Railway:
Mr. Melvin Thomas

Manager Pubiic Projects

Burlington Northern Santa Fe Railway
740 East Carnegie Dr.

San Bernardino, CA 92408

This review is being conducted by CTC, Inc. to evaluate the proposed time
requirements and to make recommendations for other improvements which may be
required by MUTCD and/or general industry practice.
This report consists of five parts in addition to the attached forms:

1. General background information on the project;
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

Site specific information for the grade crossing and the intersection;

Analysis of the traffic control signal and the proposed preemption operation;
Specific recommendations to the Agency regarding the proposed design, and,;
Report conclusion.

oD

It should be noted that the 2009 Manual on Uniform Traffic Control Devices (MUTCD)
as published by the Federal Highway Administration has specific requirements in
Chapter 8C, Section 8C.09, Paragraph 6 and 8 which apply to the information provided
in this report and how it is used:

Section 8C.09 Traffic Control Signals at or Near Highway-Rail Grade Crossings

Guidance:
06 The highway agency or authority with jurisdiction and the regulatory agency with statutory
authority, if applicable, should jointly determine the preemption operation and the timing of
iraffic control signals interconnected with highway-rail grade crossings adjacent to signalized
highway intersections.

Standard:

08 Information regarding the type of preemption and any related timing parameters shall be
provided to the railroad company so that they can design the appropriate train detection
circuitry.

The report also makes reference to the Institute of Transportation Engineers 2006
Recommended Practice on Preemption of Traffic Signals Near Railroad Crossings. In
addition, information from NCHRP 271, “Traffic Signal Operations Near Highway-Rail
Grade Crossings” as published by the Transportation Research Board (TRB), “Railroad-
Highway Grade Crossing Handbook — Revised Second Edition” as published by Federal
Highway Administration and the AREMA 2011 “Communication & Signal Manual of
Recommended Practice”.

The Information provided in the report consists of recommendations to the Public
Agency based on the review of the information provided. BNSF and CTC both
recognize that the Public Agency is responsible for the design, operation and
maintenance of the traffic control signal as well as any signing, pavement marking and
roadway design.

1. Site Specific Grade Crossing and Intersection information

The Railroad operates on one main line crossing SR 303L adjacent to the signalized
intersection with Olive Avenue. Railroad gates will be provided at the crossing.

. CAMPRELL
(\' STECHNOLOGY
O CORFORATION

i A
Hicanway - R Grank Crossize Supross

Page 4




Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

The Clear Storage Distance (CSD) indicated on the preemption form is 57 feet.

The Minimum Track Clearance Distance (MTCD) indicated on the preemption form is 26
feet.

The roadway grade approaching, over and departing the Minimum Track Clearance
Distance (MTCD) is not indicated to exceed 2%.

There is one through lane and a left turn lane over the track approaching the
intersection with West Olive Ave.

During the track clearance interval, the traffic signal displays a circular green and a
green left turn arrow indication at the intersection.

2. Analysis of Proposed Trafiic Signal Railroad Preemption:

Design Vehicle:

The Agency specified a Tractor Trailer 75 Feet long as the design vehicle for the
location.

Traffic Signal Preemption Operation:

The proposed interconnection is specified as a 12 conductor # 14 AWG Cable from the
traffic signal controller to the railroad equipment.

A gate down circuit will be provided in the current design.
A maximum preemption time circuit is not provided in the current design.
A traffic signal health circuit is not provided in the current design.

Railroad Preemption Operation:

The Railroad is being requested to provide 15 seconds of APT.

The MTCD is 26 feet across which does not require additional seconds of Clearance
Time (CT).
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

Traffic Signal Controller:

The traffic signal controller is an integral part of the operation of the preemption system.
The operation of the controller is determined by the firmware installed in the controller
unit. It is highly recommended that a thorough inspection of the preemption operation be
made to assure that the controller is capable of providing the required preemption
features prior to placing the system into operation. The inspection should include a
performance test of the preemption sequence under the maximum Right-of-Way
Transfer Time condition in order to verify the receipt of the preemption call, the
transition to the track clearance interval and the operation of the dwell interval. Many
conditions such as, but not limited to coordinated operation, emergency vehicle
preemption, transit priority, or manual control will alter the operation of the controller unit
when those conditions are in effect. In addition, periodic updates or revisions to
firmware may negatively affect the operation and/or programming parameters of the
controller unit. Any change in controller unit hardware or firmware should be followed by
a performance test in order to assure that the unit is functioning in accordance with the
design plans.

The traffic signal controller specified on the plans is an Econolite TS2 ASC3.
The firmware installed in the controller unit is not specified in the plans.
The Agency did provide traffic signal plans.

Traffic Signal Coordination:

The traffic signal is not coordinated with adjacent traffic signais.

Pedestrian Qperation:

There are four crosswalks at the intersection.

Pedestrian Treatment:

The existing operation eliminates the pedestrian change interval.
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

Traffic Control Signal Preemption Timing:

The calculated Right-of-Way Transfer Time (RWTT) is 10.9 seconds as shown below:

Programmed
Value
: (sec)
Programmed Controller Preemption Delay Time 0
Controller Preemption Response Time 0
Minimum Green before Track Clearance 5
Walk before Track Clearance® 0
Pedestrian Change before Track Clearance® 0
Yellow Change before Track Clearance 4.3
Red Clearance before Track Clearance 1.6
Additional RWTT Due To Qveriap 0
Right of Way Transfer Time (RWTT) 10.9

Turning Movement Restrictions:

The left turn movement towards the track is prohibited during preemption with a no left
turn biank out sign.

The right turn movement toward the track is prohibited during preemption with a no right
turn blank out sign.

Yellow Trap (Lagging Yellow Left Turn Condition);

The left turn movement opposing the track clearance phase operates in a permissive
only mode. This can create a lagging left turn condition that displays a circular yellow
indication for the left turn movement opposing the track clearance phase during the
transfer to the track clearance interval. (Refer to NCHRP Report 3-54, page 16,
Heading: Lead-Lag Phasing With PPLT Control). It was noted in the Pre-PSE
Comments that the traffic signal timing plan will be developed by ADOT to prevent the
lagging left turn condition from occurring during the transition period to track clearance.

Track Clearance Green Phase(s):

The track clearance green phases are 2 and 5 per timing plan.
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

Preemption Dwell Operation:

The traffic signal dwell operation provides limited service allowing Phases 4 and 8 to be
served during railroad preemption.

Emergency / CMU-MMU Flashing Operation:

The traffic signal operation during a malfunction is not specified in the traffic signai
plans.

Vehicle Detection:

From the plans provided, video vehicle detection is located before the crossing.

Back-up Power Supply

From the plans provided, the traffic signal cabinet is equipped with back-up power
supply in order to provide operation during power outages. The need for backup power
is per the 2009 MUTCD, Chapter 4D, Section 4D.27, Paragraph 11 which recommends
that traffic control signals with preemption should be provided with a back-up power

supply.
DO NOT STOP ON TRACK Signs:

From the plans provided, DO NOT STOP ON TRACK signs will be installed at this
location.

3. Recommendations for the Public Agency:

As a result of the plan review, the following proposed recommendations are being
presented to the Public Agency for consideration to enhance the operation of the
preemption system. BNSF and CTC recognize that the Public Agency is the final
authority regarding the design and operation of the preemption system per the 2009
(MUTCD) Chapter 8C, Section 8C.09, Paragraphs 6 and 8.

The Railroad is available to assist the Agency with any of the proposed
recommendations at the Agency’s request.
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 625650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

Advance Preemption Time;

The Advance Preemption Time (APT) proposed by the Agency is 15 seconds (See
Appendix A — Line 35 of the Preemption Calculation Form). CTC does not object
to the proposed APT.

NOTE: APT value does not include Clearance Time (CT), Minimum Warning Time (MT),
Buffer Time (BT), Equipment Response Time (ERT), or Propagation Delay Time (PDT).

Traffic Signal Health Circuit:

The traffic signal health circuit is provided by the traffic signal controller unit to the
railroad crossing warning system. |t is typically connected to the controller cabinet flash
bus or simiiar circuit so that it will de-energize any time the traffic signals are flashing or
dark. Consideration should be given to a fail-safe design for the health circuit so that
there will be no case in which the circuit will remain energized while the traffic signals
are flashing or dark.

It is recommended that the Agency implement a traffic signal health circuit at this
location. At the direction of ADOT, Traffic Signal Health Circuit will not be
implemented at the intersection.

Maximum Preemption Timer:

A Maximum Preemption Timer is a timing circuit in the traffic signal controller which
limits the period of time the preemption can be in effect. The purpose of this timing
circuit is to allow the traffic signal to exit the preemption sequence in the event the
railroad warning system ‘“fails-safe”. Because railroad waming systems are safety
critical systems, they are designed in such a manner as to fail in a “safe” state in the
event of a non-catastrophic fault. What this means is that the warning devices will
operate to indicate that it is not safe to proceed even when no train is present. This is a
“safe” failure mode. However, when a fail-safe condition occurs, the traffic control signal
will remain in preemption if & maximum preemption timing circuit has not been provided.
Because of the limited sequence operation during the dwell interval, non-aliowable
movements are inhibited. Road users may become frustrated and attempt to make
moves against a red traffic signal indication. The maximum preemption timing circuit will
cause the traffic signal to transition to an all-red flashing state after a predetermined
period of time until the preemption circuit returns to its normal state at which time
normal operation of the traffic signal resumes.
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

It is recommended that the Agency implement a maximum preemption timing
circuit at this location. At the direction of ADOT, Maximum Preemption Timer will
not be implemented at the intersection.

Track Clearance Green Time;

The Track Clearance Green Time (TCG) is the period of time programmed into the
traffic signal controller that the green indication is displayed to vehicles stopped within
the Minimum Track Clearance Distance (MTCD). The green indication allows these
vehicles to start and to move clear of the track with an approaching train. if there is not
a gate down circuit present, this value is a fixed period of time. Where a gate down
circuit is used, this value becomes a minimum period of time which is extended until the
gate down indication is received.

From the documents provided a gate down circuit will be impilemented. Therefore, CTC
does not object to the track clearance green time.

Lagging Yellow Condition:

Traffic signal design and operation involves many elements, one of which is the mode of
operation for left turn signals. These are engineering decisions made by the Agency at
the time the fraffic signai is designed for a specific location. The term “Lagging Yellow”
is one way to describe a specific condition which occurs during the yellow change
sequence operation within a traffic control signal operating under specific left turn signal
modes. The condition occurs when a left turn movement that operates in protected-
permissive or permissive only left turn signal operation is terminating opposite of a
lagging left turn movement. Under this condition, left turning vehicles which have
entered the intersection (opposing the lagging left turn movement) expecting to make a
permissive left turn on a circular green indication see a circular yellow indication. These
drivers are conditioned to clear the intersection when the yellow indication is displayed.
What they fail to realize is that the opposing through movement has and continues to
have a circular green indication. The result is that in the move to clear the intersection,
these drivers can pull into the path of an oncoming vehicle proceeding on a circular
green indication incorrectly expecting the oncoming vehicle to also have a yellow
indication. This can create a collision which potentially blocks the exit path from the
grade crossing when a train is approaching.

Additional information regarding the above described condition is available as a part of
NCHRP Project 3-54, Evaluation of Traffic Signal Displays for Protected/Permitted Left
Turn Control.
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

This location has been identified as having a lagging yellow condition during the
transition to the track clearance interval. However, it has been noted in the
documents that ADOT will develop a traffic signal plan to prevent the lagging
yellow condition. The following methods may be implemented at this location to
resolve this condition:

. Protected only mode left turn operation for the approach opposing the
track clearance direction.

o Controlier programming to provide a transition through an all-red signal
display to eliminate the lagging yellow condition. It should be noted that
not all controllers are capable of providing this operation.

o Split phase sequence for the movement where the lagging yeliow occurs.

. Implementation of Flashing Yellow Arrow Operation to eliminate the
lagging yellow cendition and retain the protected/permissive mode left turn
operation.

Emergency/CMU-MMU and Maintenance Flash:

In situations where the Clear Storage Distance (CSD) is less than the length of the
design vehicle, Emergency/CMU-MMU and maintenance flash should be all-red flash to
aliow the design vehicle a chance to clear the tracks when a train is approaching.

It is recommended that the Agency provide an all red Emergency/CMU-MMU flash
operation.

Limited Storage Space Signs:

Where the CSD is less than the length of the design vehicle, the installation of limited
storage space warning signs are helpful to advise motorist of the amount of space
available between the railroad tracks and the intersecting street. Section 8B-24 of the
2009 MUTCD provides guidance on where these signs may be installed.

It is recommended that the Agency install limited Storage Space Signs (W10-11A
or W10-11b) signs.
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

Implementation of Preemption Operation and Maintenance Program:

In accordance with the FRA Safety Advisory it is recommended that a joint program be
established between the Agency and the Railroad to provide for an annual (minimum)
operational test of the preemption system.

The program should provide for a joint inspection with a representative
from the Agency and the Railroad.

The program should require a live operational test of the system under the
worst case (maximum Right-of-Way Transfer Time) condition.

The program should include review of data recorder logs where available
to verify proper operation of the system.

The program should determine that no operational changes have been
made to the grade crossing, warning system, roadway, traffic control
signal or other facility that modifies the operation of the system as it is
presently functioning.

It is recommended that a plan be developed to notify the Railroad in the event the
traffic control signal fails to operate as intended. The plan should include the
following elements:

If the traffic control signal enters flashing mode, notify the Railroad and
provide police officers or flaggers to provide for the safe movement of
roadway users over the grade crossing.

If the traffic control signal loses power or all of the signals are dark, notify
the Railroad and provide police officers or flaggers to provide for the safe
movement of roadway users over the grade crossing.

Notify the Railroad once the system has been restored to normal
operation.

If a signal maintainer is required to perform a joint test of the preemption system, notify

the Railroad

it is recommended that procedures be implemented to provide flagging or other
suitable temporary traffic control plan in the event a lane closure downstream
from the grade crossing causes roadway users to queue onto the crossing. (See
2009 MUTCD Section 8A.08 for additional information.)

CTC
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

It is recommended that anytime changes are made to the roadway, the traffic
control signal, or preemption operation, the Railroad shall be notified in
accordance with 2009 MUTCD, Section 8A.02 Paragraph 6.

4. Conclusions:

It is recommended that the Agency follow up with the Railroad to review this
report if there are any unresolved issues or comments. [f the Agency desires, the
Railroad should be contacted to assist with any recommendations, answer any
questions or participate in a diagnostic team inspection to resoive any outstanding
items.
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Glendale, AZ

SR 303L @ Olive Avenue
DOT# 025650C

Ennis Subdivision, LS 7209
Report

February 2, 2012

Appendix A
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Michael Baker Jr., Inc.
A Unit of Michael Baker Corporation

2929 N, Central Avenue
Suite 800

Phoenix, AZ 85012
(602) 279-1234

FAX (6802) 279-1411

Melvin Thomas January 25, 2012
Public Projects Manager

Burlington Northern Santa Fe Railway

740 East Carnegie Dr.

San Bernardino, CA 92408

RE:  Intersection Inprovements at SR 303L Defour & Olive Ave and BNSI RR

Dear Mr. Thomas:

The existing traffic signal at the intersection of SR 303L & Olive Ave is currently owned and operated by the
Arizona Department of Transportation (ADOT). This intersection currently operates with advance preemption.
ADOT is in the process of designing the widening of SR 303L. The intersection of SR 303L & Olive Ave will be
relocated approximately 200 feet to the east to accommodate the main line of the freeway consiruction. The
relocated intersection of SR 303L & Olive Ave will be utilized for the SR 303L detour for approximately 2 years.
Given the proximity of the BNSF Rail Road to this intersection, the signal will have to be synchronized with the
BNSF’s warning device at the RR crossing similarly to its current synchronization.

The calculations for the required traffic signal preemption were based on the FHWA document titled Raifroad-
Highway Grade Crossing Handbook - Revised Second Edition August 2007 Appendix I Preemption Caleulation
Procedures, Example From State Of Texas. This document has been recently adopted by ADOT. Warning time
calculations ave attached to this document.

Currently, SR 303L and Olive Avenue experience heavy truck traffic. According to the Arizona Revised Statue
28-1095, the design vehicle permitted on these readway facilities is 75 feet in length, therefore, 75 feet in length
was assumed to calculate a conservative track clearance time value. The posted speed limits on SR 303L detour
and Olive Avenue will be 45 mph.

The intersection is designed to utilize Advance Preemption Time (APT). Based on the current calculations, the
intersection will require 35 seconds of maximum preemption time to clear the tracks. The required Minimum
Warning Time (MWT) at a RR crossing is 20 seconds per MUTCD. Per BNSF standards 20 seconds wamning
time is provided. Therefore, 15 seconds of advance warning time is needed to clear the tracks. The 35 seconds of
preemption time to clear the tracks was calculated based on the worst-case conflicting vehicle phase (phase 4) and
time, which are 5 seconds of minimum green time, 4.3 seconds of yellow and 1.6 seconds of red clearance time;
queue clearance time (19.9 seconds) and the minimum separation time (4 seconds) values. Subtracting the 20
seconds of BNSF provided warning time from the 35 seconds of maximum preemption time, 15 seconds of
additional warning time or advance preemption time is required from the railroad.

Thank you for your assistance in this matter. Please call me at (602) 798-7533 if you have any questions.

Sincerely,

ICHAEL BAKERWJR. _INC.
a2
{

Marta Gerber, P.E.
Traffic Engineer




Version 2/28/2008

—-—-——-——-— ; Has Form been revised for this request?
LAY 1 YES, Revision Date:

A
NO

HIGHWAY-RAIL. GRADE CROSSING
TRAFFIC SIGNAL PREEMPTION REQUEST FORM

The Road Authority traffic controller circuitry requires raifroad preemption contacts to initiate the preemption sequence.
Per BNSF standard, we will provide normally closed “dry” preemption relay contacts to interconnect the railroad active
warning system to the Road Authority traffic signal controller assembly. These contacts are rated at 4 amps. With no
trains in the area, these contacts remain closed. The Road Authority Traffic Department will be responsible for installing
the interconnection cable between the traffic signal controller and the crossing warning signal control housing. If exit
gates are utilized, the Road Authority Traffic Department will be responsible for installing and maintaining the “in
pavement” vehicle detection Icops from the street to the cable junction box.

To estimate and or design the crossing warning system, BNSF needs to know certain timing parameters.
Definitions:

"Advance Preemption” - The system will be designed to open the preemption contacts for a predetermined amount of
time (Advance Preemption Time) prior to activation of the warning devices (flashing lights).

“Simultaneous Preemption” — The system will be designed to open the preemption contact at the same time the warning
devices (flashing lights) are activated.

“Gate Down Logic" — Per BNSF standard, we will provide normally open “dry” gate down reiay contacts to interconnect the
crossing warning system to the Road Authority traffic signal controller assembly. These contacts are rated at 4 amps.
The system will be designed to close the gate down contacts upon the gates arrival in the down positien. This legic is
nermally utilized to hold track clearance green until the gates are down since the time from preemption to gate down will
vary depending upon the traffic signal cycle.

“Minimum Warning Time" — Per the MUTCD and FRA regulations, BNSF must provide at least 20 seconds of warning
time for through trains (typically main track applications). However, per BNSF standards for constant warning time train
detection equipment, the system will be designed to provide a “nominal” warning time of 30 seconds {o ensure
MUTCD/FRA minimums are met and to compensate for accelerating trains and ballast conditions.

“Minimum Track Clearance Distance” — For standard two-quadrant railroad warning devices, the minimum track clearance
distance is the length along a highway at one or more railroad tracks, measured either from the railroad stop line, warning
device or 12 ft. perpendicular to the far rail, along the centerline or edge line of the highway, as appropriate, to obtain the
longer distance. For locations with exit gate warning devices, the minimum track clearance distance is the length along a
highway at one or more railroad tracks, measured either from the railroad stop line or entrance warning device to the point
clear of the exit gate. Note that in cases where the exit gate arm is parallel to the track(s) and/or not perpendicular to the
roadway, clearance will be either along the centerline or edge line of the highway, as appropriate, to obtain the longer
distance.

When (entrance) gates are used they are typically designed to start their decent within 3 to 5 seconds of the warning
lights flashing, descend in an additional 10 to 15 seconds, and reach horizontal at least 5 seconds prior to train arrival per

FRA regulations,

The length of the railroad’s control circuit approach distance is directly related to the amount of requested “Advanced
Preemption Time" (APT). Typically, the longer the APT requirement is, the longer the approach distance, and thus the
more control equipment that will be required. :




With the above items in mind, please provide the following information to help us process your request:

Date: 01/256/2012 Request by (namettitle): Velvet Mathew, PE

Crossing Street Name: SR 303 DOT # 025650C

Parallel Street Name: Olive Avenue District: Phoenix

City: Glendale County: Maricopa State: AZ

Traffic Engineer: Marta Gerber, PE Phone: 6027987533 E-mail: mgerber@mbakercorp.com

1) Is this request for Simultaneous Preemption? [] YES NO

2) Is this request for Advanced Preemption? BIYES ~ [INO
If “Yes” what is your requested Advanced Preemption Time? 15 Seconds.

3) Will this location utilize exit gates? [] YES NO

The following guesticns should be completed if this location utilizes exit gates:
The exit gate arm(s) shall operate in one of the following modes of operation known as the EGOM (exit gate operating
mode):

a. Dynamic EGOM ~ A mode of operation where exit gate operation is based on presence of vehicles within minimum
track clearance distance (MTCD).

1} The exit gate arm(s) shall be designed to start downward motion after the vehicle detection system
indicates no vehicles are located within the MTCD and any (optional) exit gate clearance time has completed
timing. Note that the entrance gate arm{s) and the exit gate arm(s} may start downward motion almost
simultaneously if no vehicles are located within the MTCD.

h. Timed EGOM — A mode of operation where exit gate operation is based on a predetermined time interval. This mode
may be used if the vehicle detection system (Dynamic EGOM}) is unhealthy.

1) The exit gate arm(s) shall be designed to start downward motion a predetermined number of seconds after
the entrance gate arm(s) start downward motion. Note that the entrance gate arms(s) may or may not be fully
horizontal at the time the exit gate arm(s) start downward motion. This timed value is known as the exit gate
clearance time (EGCT).

1) The BNSF standard is to use Dynamic EGOM and revert to Timed EGOM if the vehicle detection system is unhealthy.
s this operation acceptable? [] YES [INO

2) When operating in “Dynamic” exit gate operating mode, how much exit gate clearance time (optional) do you request?
seconds.

3) When operating in “Timed" exit gate operating mode how much exit gate clearance time do you requast?
seconds.

Comments: This is a temporary crossing request. It is expected that the temporary crossing will be in service for 2 years.
Additional 18s of APT is requested based on the attached calculations. !

Please contact the BNSF Signal Engineering oifice at (213) 551- 4642 with any guestions or possible changes to the
ahove requirements.

MARTAH.
GERBER
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Form 2304

S (03/09)
.. GUIDE FOR DETERMINING TIME REQUIREMENTS FOR Page 1of3
l’i}’f;;},’;{;‘,‘;’m TRAFFIC SIGNAL PREEMPTION AT HIGHWAY RAIL GRADE CROSSINGS
city City of Glendale Date 0172512
County Maricopa Completed by MHG
District ADOT - Phoenix District Approval
\ l l Crossing Strea Parallel Street Name
Olive Avenue
Show North Arrow Traffic Signa! CI}:' ) Parallel Street
Crossing Street Name
mTrack SR 303L
spmgianroad b LREREse
A RH R R R
Warnlng Device
Railroad BNSF Raiiroad Contact Melvin Thomas
Crossing DOT# 92506506 Phone _(909) 386-4472
SECTION 1: RIGHT-OF-WAY TRANSFER TIME CALCULATION
Preempt verification and response time Remarks
1. Preempt delay time (seconds) .........c.ovev..... e 1. 0.0
2. Controller response time to preempt (SECONTS) ....o.veiveerrviiieierieneinieee 2, 0.0 Controller type: TS2 ASC3

3. Preempt verification and response time (seconds): add linestand 2 ..., 3.

Worst-case conflicting vehicle time

4. Worst-case conflicting vehicle phase number ...............cc.cc... 4. m Remarks
5. Minimum green time during right-of-way transfer {5€conds) .........cc.ocvvrveeen. 5. 5.00
6. Other green time during right-of-way transfer (seconds) ..............cc.ecevene.. 6. 0.00
7. Yellow change time (seconds) ..................... et 7. 4.30 :
8. Red clearance time (SBCONUS) ....vuevirrervvienrrinirrersisesnesansissneensraensennss 8. 1.60
9. Worst-case conflicting vehicle fime (seconds): add lines 5 through 8 ............coeeeecene. 9. 10.9
Worst-case conflicting pedestrian time
10. Worsi-case conflicting pedestrian phase number.................... 10, I:I Remarks
11. Minimum walk time during right-of-way transfer (seconds) ............ccocecnnin. 11.
12. Pedestrian clearance time during right-of-way transfer (seconds) ............... 12.
13. Vehicle yellow change time, if not included on line 12 (seconds) ................ 13.
14. Vehicle red clearance time, if not included on line 12 (seconds) ................. 14.

15. Worst-case conflicting pedestrian time (seconds): add lines 11 through 14 ................ 15.

Worst-case conflicting vehicle or pedestrian time

16. Worst-case conflicting vehicle or pedestrian time (seconds). maximum of lines 9 and 15.............. 16. L 10.9

17. Rlight-of-way transfer time (seconds): add ines 3 and 16 ...........cooceveieereieriiioees e 17. 10.9




SECTION 2: QUEUE CLEARANCE TIME CALCULATION Form 2304
0309
DveD - Pagg 2 ofig
L
3 cSD MTCD DVL R
2l T < Y
Iz
6 Design vehicle
MARTA H. 7
GERBER 2 JEE( D)
% C8D = Clear slorage distance
8 MTCD = Minimum track dlearance distanca
"S ¥ DVL = Design vehice length
AR § E L = Queus start-up distance, also stop-line distance
& ) q wl 20 ‘?; DVCD = Design vehicle clearance dislance
Remarks
18. Clear storage distance (CSD, feet) ....ovoveeveriivriineeirrerieneenans 18. 57
18. Minimum track clearance distance (MTCD, feet) ..........ccccee... 19. 26
20. Design vehicle length (DVL, feat) ..o 20. 75 Design vehicle typs:
21. Queue start-up distance, L (feet): add fines 18 and 19 ...............ooccoiiei 21,
Remarks
22. Time required for design vehicle to start moving (seconds): caiculate as 2+(L+20) ...... 22, I 6.2 I
23. Design vehicle clearance distance, DVCD (feet): add lines 19 and 20 ........ 23, 101
24. Time for design vehicle to accelerate through the DVCD (5econds) ....veviivvviviereerean, 24, 13.7 | Read from Figure 2 in Instructions.
25. Queue clearance time (seconds): add lines 22 and 24 .......cccoomiiinnnce i, 25. -9
SECTION 3: MAXIMUM PREEMPTION TIME CALCULATICN Remarks
26. Right-of-way fransfer time (S€CONASY: lINe 17 ...oevovverivrieeiesiiee e, 26. 10.9
27. Queus clearance time {seconds):line 25 ................. . 27. 19.9
28. Desired minimum separation ime (SECONAS) .....cvevvervvivierreeiieeeeeeiennsn. 28. 4.0 ITE recomended value
29. Maximum preemption time (seconds): add lines 26 through 28 .....ccoeeievviviiciniicnnienican 29, 4-8
BECTION 4: SUFFICIENT WARNING TIME CHECK Remarks
30. Required minimum time, MT (seconds): per regulations ........... 30, 20.0
31. Clearance time, CT (seconds): get from railioad ............oee..n. 3. 0.0
32. Minimum warning time, MWT (seconds): add ines .....................coovevrevn. 32, 20.0 Excludes buffer time (BT)
33. Advance preemption time, APT, If provided (seconds): get from railroad ..... 33. 0.0
34. Warning time provided by the railroad (seconds): add lines 32 and 33 ........cccocvvvvvineeoeieeeein. 34, 200
35. Additional warning time required from railroad (seconds): subtract line 34 from line 29, = -
round up to nearest full second, enter Qiflessthan 0 ........cc.ociiiviin e o eeeseen T, 35 l 15 l

If the additional warning time required (line 35} is greater than zero, additional warning time has to be requested from the railroad.
Alternatively, the maximum preemption time (line 29) may be decreased after performing an engineering study to investigate the
possibility of reducing the values on lines 1, 5, 6, 7, 8, 11, 12, 13 and 14.

Remarks:
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~ Arizona Department of Transportation
Intermodal Transportation Division

January 31, 2012
! John 8. Halikowski
Director

| ADOT 206 South Seventeenth Avenue Phoenix, Arizona 85007-3213

| Janice K. Brewer Jennifer Toth
} Govemor State Engineer
|

Melvin Thomas

Manager Public Projects

Burlington Northern Santa Fe Railway
740 East Carnegie Dr.

San Bernardino, CA 92408

RE: Revised Preemption Request

303 MA 109 H7874 01C

Project 303-A(203)

Existing at-grade crossing DOT # 025 650 C
Temporary at-grade crossing DOT # 929 056 P
Rail mile 8.3 Ennis Spur

ADOT and its Designer, Baker Engineering, have reviewed the comments provided by Campbell Technology
Corporation dated December 30, 2011. Please see our final preemption request. Page 6 of the packet shows the
questions posed by Campbell Technology Corporation and our Response. I have also included a copy of CTC’s
redlines to our November 2011 resubmittal.

Please advise this office that this preemption request has been accepted and I will inform the Arizona Corporation
Commission accordingly. ADOT is still planning on construction of this temporary crossing this summer.

Thank you and all at BNSF and Campbell Technology Group for your assistance on this grade separation project.

SincerelZ) Qa\

| Robert H. Travis, PE

Railroad Liaison

| 602-712-6193
riravis(@azdot.gov

ce: Vicki Bever, ADOT
Velvet Mathews, ADOT
Al Zubi, ADOT
| Tony Pisano, Baker Engineering
| Janie Hollingsworth, Campbell Technology Corporation.
|




Michael Baker Jr., Inc.
A Unit of Michael Baker Corporation

2929 N, Central Avenue
Suite 800

Phoenix, AZ 85012
(602) 279-1234

FAX (602) 279-1411

Melvin Thomas January 25, 2012
Public Projects Manager

Burlington Northern Santa Fe Railway

740 East Carnegie Dr,

San Bernardino, CA 92408

RE:  Intersection Improvements at SR 3031 Detour & Olive Ave and BNSF RR

Dear Mr. Thomas:

The existing traffic signal at the intersection of SR 303L & Olive Ave is currently owned and operated by the
Arizona Department of Transportation (ADOT). This intersection currently operates with advance preemption.
ADOT is in the process of designing the widening of SR 303L. The intersection of SR 303L & Olive Ave will be
relocated approximately 200 feet to the east to accommodate the main line of the freeway construction. The
relocated intersection of SR 303L & Olive Ave will be utilized for the SR 303L detour for approximately 2 years.
Given the proximity of the BNSF Rail Road to this intersection, the signal will have to be synchronized with the
BNSF’s warning device at the RR crossing similarly to its current synchronization.

The calculations for the required traffic signal preemption were based on the FHWA document titled Railroad-
Highway Grade Crossing Handbook - Revised Second Edition August 2007 Appendix I Preemption Calculation
Procedures, Example From State Of Texas. This document has been recently adopted by ADOT. Warning time
calculations are attached to this document,

Currently, SR 303L and Olive Avenue experience heavy truck traffic. According to the Arizona Revised Statue
28-1095, the design vehicle permitted on these roadway facilities is 75 feet in length, therefore, 75 feet in length
was assumed to calculate a conservative track clearance time value, The posted speed limits on SR 303L detour

and Olive Avenue will be 45 mph.

The intersection is designed to utilize Advance Preemption Time (APT). Based on the current calculations, the
intersection will require 35 seconds of maximum preemption time to clear the tracks. The required Minimum
Warning Time (MWT) at a RR crossing is 20 seconds per MUTCD. Per BNSF standards 20 seconds warning
time is provided. Therefore, 15 seconds of advance warning time is needed to clear the tracks. The 35 seconds of
preemption time to clear the tracks was calculated based on the worst-case conflicting vehicle phase (phase 4) and
time, which are 5 seconds of minimum green time, 4.3 seconds of yellow and 1.6 seconds of red clearance time;
queue clearance time (19.9 seconds) and the minimum separation time (4 seconds) values. Subtracting the 20
seconds of BNSF provided warning time from the 35 seconds of maximum preemption time, 15 seconds of
additional warning time or advance preemption time is required from the railroad.

Thank you for your assistance in this matter. Please call me at (602) 798-7533 if you have any questions.

Sincerely,

ICHAEL BAKERJR., INC.
C

Marta Gerber, P.E.
Traffic Engineer




S e o Version 2/28/2008
—-———-———- Has Form been revised for this request?
RAILVAY ] YES, Revision Date:
NO

HIGHWAY-RAIL GRADE CROSSING
TRAFFIC SIGNAL PREEMPTION REQUEST FORM

The Road Authority traffic controller circuitry requires railroad preemption contacts to initiate the preemption sequence.
Per BNSF standard, we will provide normally closed “dry” preemption relay contacts to interconnect the railroad active
warning system to the Road Authority traffic signal controller assembly. These contacts are rated at 4 amps. With no
trains in the area, these contacts remain ciosed. The Road Authority Traffic Department will be responsible for installing
the interconnection cable between the traffic signal controller and the crossing warning signal control housing. If exit
gates are utilized, the Road Authority Traffic Department will be responsible for installing and maintaining the "in
pavement’ vehicle detection loops from the street to the cable junction box.

To estimate and or design the crossing warning system, BNSF needs to know certain timing parameters.

Definitions:

“Advance Preemption” — The system will be designed to open the preemption contacts for a predetermined amount of
time (Advance Preemption Time) prior to activation of the warning devices (flashing lights).

*Simultaneous Preemption” — The system wili be designed to open the preemption contact at the same time the warning
devices (flashing lights) are activated.

“Gate Down Logic” — Per BNSF standard, we will provide normally open “dry” gate down relay contacts to interconnect the
crossing warning system to the Road Authority traffic signal controller assembly. These contacts are rated at 4 amps.
The system will be designed to close the gate down contacts upon the gates arrival in the down position. This logic is
normally utilized to hold track clearance green until the gates are down since the time from preempticn to gate down will
vary depending upon the traffic signal cycle.

"Minimum Warning Time" — Per the MUTCD and FRA regulations, BNSF must provide at least 20 seconds of warning
time for through trains (typically main track applications). However, per BNSF standards for constant warning time train
detection equipment, the system will be designed to provide a "nominal” warning time of 30 seconds to ensure
MUTCD/FRA minimums are met and to compensate for accelerating trains and ballast conditions.

*Minimum Track Clearance Distance” — For standard two-quadrant railroad warning devices, the minimum track clearance
distance is the length along a highway at one or more railroad tracks, measured either from the railroad stop line, warning
device or 12 ft. perpendicular to the far rail, along the centerline or edge line of the highway, as appropriate, to obtain the
longer distance. For locations with exit gate warning devices, the minimum frack clearance distance is the length along a
highway at one or more railroad tracks, measured either from the railroad stop line or entrance warning device to the point
clear of the exit gate. Note that in cases where the exit gate arm is parallel te the track(s) and/or not perpendicular to the
roadway, clearance will be either along the centerline or edge line of the highway, as appropriate, to obtain the ionger
distance.

When {entrance) gates are used they are typically designed to start their decent within 3 to 5 seconds of the warning
lights flashing, descend in an additional 10 to 15 seconds, and reach horizontal at least 5 seconds prior to train arrival per

FRA regulations,

The length of the railroad’s control circuit approach distance is directly related to the amount of requested “Advanced
Preemption Time” (APT). Typically, the longer the APT requirement is, the longer the approach distance, and thus the
more control equipment that wili be required. .




With the above items in mind, please provide the following information to help us process your request:

Date: 01/25/2012 Request by (nameftitle): Velvet Mathew, PE

Crossing Street Name: SR 303L DOT #: 025650C

Parallel Street Name:; Olive Avenue District: Phoenix

City: Glendale County: Maricopa State: AZ

Traffic Engineer: Marta Gerber, PE Phone: 8027987533 E-mail: mgerber@mbakercorp.com

1) Is this request for Simultaneous Preemption? O ves NO

2) Is this request for Advanced Preemption? I YES ~ [INO
If “Yes” what is your requested Advanced Preemption Time? 15 Seconds.

3) Will this location utilize exit gates? [] YES NO

The following questions should be completed if this location utilizes exit gates:

The exit gate arm(s) shall operate in one of the following modes of operation known as the EGOM (exit gate operating
mode}:

a. Dynamic EGOM — A mode of operation where exit gate operation is based on presence of vehicles within minimum
track clearance distance (MTCD),

1) The exit gate arm(s) shall be designed to start downward motion after the vehicle detection system
indicates no vehicles are located within the MTCD and any (optional} exit gate clearance time has completed
timing. Note that the entrance gate arm(s) and the exit gate arm(s) may start downward motion aimost
simultaneously if no vehicles are located within the MTCD.

b. Timed EGOM — A mode of operation where exit gate operation is based on a predetermined time interval. This mode
may be used if the vehicle detection system (Dynamic EGOM) is unhealthy.

1) The exit gate arm(s) shall be designed to start downward motion a predetermined number of seconds after
the entrance gate arm(s) start downward motion. Note that the entrance gate arms(s) may or may not be fully
horizontal at the time the exit gate arm(s) start downward motion. This timed value is known as the exit gate
clearance time (EGCT).

1) The BNSF standard is to use Dynamic EGOM and revert to Timed EGOM if the vehicle detection system is unhealthy.
s this operation acceptable? []YES nNo

2) When operating in “Dynamic” exit gate operating mode, how much exit gate clearance time (optional) do you request?
seconds.

3) When operating in “Timed" exit gate operating mode how much exit gate clearance time do you request?
seconds.

Comments: This is a temporary crossing request. It is expected that the temporary crossing will be in service for 2 years.
Additional 15s of APT is requested based on the attached calculations.

Please contact the BNSF Signal Engineering office at (913) 551~ 4642 with any questions or possible changes to the
above requirements.

41369
MARTA H.
GERBER
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GUIDE FOR DETERMINING TIME REQUIREMENTS FOR
TRAFFIC SIGNAL PREEMPTION AT HIGHWAY RAIL GRADE CROSSINGS

Crossing Stree

Form 2304
(03/09)
Page 1of 3

Date 01/25/12

Conpleted by MHG

District Approval

Parallel Street Name

Show North Arrow Traffic Slg

nal C{}.‘)

Olive Avenue

Parallel Street
Crossing Street Name

.....

e

[

Track SR 303L

i
1

THHTITY

Railroad BNSF
Crossing DOT# 0250650C

SECTION 1: RIGHT-OF-WAY TRANSFER TIME CALCULAT!ON

Preempt verification and response time

1. Preempt delay time (seconds) .........ecoocvnnnne et e 1.

2. Controller response time to preempt (seconds)

TR

IYTETITY
HaHtHHT
o

T
Warnlng Device

Railroad Cantact _Melvin Thomas

Phone (909) 386-4472

Remarks

0.0
0.0

Contrcller type: 152 ASC3

3. Preempt verification and response time (seconds): add lines 1and 2 ..........ovvvveiiicnnnninin s 3.

Worst-case conflicting vehicle time

4. Worst-case conflicting vehicle phase number ...l 4, | 4 I Remarks
5. Minimum green time during right-of-way transfer (SECONds) .........eorervreeeas 5. 5.00
6. Other green time during right-of-way transfer {SECONGS) .......vevveieeererann.ann 6. 0.00
7. Yellow change BMe (SECONGASY ... ..coeeeeeeereeeeeeeeeetreeeeersares s eereesesesrreens 7. 4.30
8. Red clearance time (SEBCONAS) .. vuvvvieiiriirie i irriiicreestie et eeeerses s s e 8. 1.60
9. Worst-case conflicting vehicle time (seconds): add fines 5 through 8 ......veecvveveiueen..n 9. 10.9
Worst-case conflicting pedestrian time
10. Worst-case conflicting pedestrian phase number.................... 10. I l Remarks
11. Minimum walk time during right-of-way transfer (seconds) ............c..ccooee.. 11.
12. Pedestrian clearance time during right-of-way transfer (seconds) ............... 12,
13. Vehicle yellow change time, if not included on line 12 {seconds) ................ 13.
14. Vehicle red clearance time, if not included on line 12 (seconds) ...........ooe0e 14.
15. Waorst-case conflicting pedestrian time (seconds): add lines 11 through 14 ................ 15.
Worst-case conflicting vehicle or pedestrian time
16. Worst-case conflicting vehicle or pedestrian time (seconds): maximum of lines 9 and 15............... 16. | 10.9
17. Right-of-way transfer time {seconds): add lines 3and 16 ..o 17. 10.9




SECTION 2: QUEUE CLEARANGE TIME CALCULATION Form 2304

) . DVCD R F’z-]gego?.3 “oofg:?l
3 CcsD “[wren) oL
8 i .
7]
<] Design vehicle
Rl
©
g DEC )
\ B C8D = Clear slorage distance
) \ 8 MTCD = Minimum track clearance distance
oy AL 5 x DVL = Design veticie length
e @
DN 2w ORA u F",/ é’ § L = Queue starl-up distance, also stop-line distance
EXPiRe < C\ ’ w’ zo(2 DVCD = Daslgn vehicle clearance distance
Remarks
18. Clear storage distance (CSD, fEel) ..o i v e 18 57
19. Minimum track clearance distance (MTCD, feet) .....................19. 26
20. Design vehicle lsngth (DVL, fe8t) ....overvierereciee et s 20. 75 Design vehicle type:
21. Queue start-up distance, L (feet): add lines 18 and 19 ..........ccc.ooecniiinnins 21.
Remarks
22. Time required for design vehicle to start moving (seconds): calculate as 2+{L+20) ......22. I 8.2 l
23. Design vehicle clearance distance, DVCD (feet): add lines 19 and 20 ........ 23. 101
24, Time for design vehicle to accelerate through the DVCD (SECONAS) .ervvvrvevevnrriinnenn. 24. l 13.7 i Read from Figure 2 In Instructions.
25. Queue clearance time (seconds): add lines 22 and 24 .........cooriimein e, 25. 199
SECTION 3; MAXIMUM PREEMPTION TIME CALCULATION Remarks
26. Right-of-way transfer time (Seconds): e 17 ...occorirrieiecensiererennsereneenes 26. 10.9
27. Queue clearance ime (SECONdS): lINE 25 .........ccceveveviceireierererieienenns 27. 19.9
28. Desired minimum separation time (S8CONAS) .....vvvveerrerivverirecieronneencn. 28, 4.0 ITE recomended value
29. Maximum preemption time (seconds): add lines 26 through 28 ...........ecieirniiciiciiiiin 29.| 3-8
SECTION 4: SUFFICIENT WARNING TIME CHECK Remarks
30, Required minimum time, MT (seconds): per regulations ........... 30. 20.0
31. Clearance time, CT (seconds): get from railroad ...........coveivee 31. 0.0
32. Minimum warning time, MWT (seconds): add lines ...................ccoo 32. 20.0 Excludes buffer time (BT)
33. Advance preemption fime, APT, if provided (seconds): get from railroad ..... 33. 0.0
34. Warning time provided by the railroad (seconds): add lines 32 and 33 ... 34. 200

35,

Remarks:

Additional warning time required from railroad {seconds): subtract line 34 from line 29,
round up to nearest full second, enter 0 iflessthan D ... o,

If the additional warning time required (line 35} is greater than zero, additional warning time has to be requested from the railroad.
Alternatively, the maximum preemption time (line 29) may be decreased after performing an ergineering study to investigate the
possibility of reducing the values on lines 1, 5, 6,7, 8, 11, 12, 13 and 14.
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