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Precision Train Builder — Operated by Union Pacific

FORENSIC  PLANNING  OPHMIZE

ERANALYZER "EVALIDATOR EMONIT®R

DIAGNOSTIC RECONSTRUCTION _
Event Recorder Based What-If Analysis - All Active Trains - Real Time
Incident Analysis In-Train Force Analytics Force Analytics




Precision Train Builder — Operated by Union Pacific
o PrecisisnTrain’ ERANALYZER

DIAGNOSTIC RECONSTRUCTION

- | _ | N * Features
EYALIDATOR ~ PEMJONIT®R  ERANALYZER

DIAGNOSTIC RECONSTRUCTION . . .
Validator is used to test real or Takes PTB to the next level offering real-ti . ] . Conver‘ts data |nt0 S|mp|e graph|cs
theoretical train consists, putting science me monitoring during multiple points in a A post-incident forensic tool for event
behind train management train’s journey with simulation runs after recreation resulting from
each work event. in-train forces.

* Benefits:

= Precisisnirain ® @ . Easily interpret and understand technical specifics

T ' ' [ | .
PTB Monitor <V FILTERS o Event Recorder Results < ¥ FILTERS 0 P B " \ I I I) \ I 0 I,
Symbol Date From/To Actions Symbol Date Time Window Actions -~ - -~ ‘

CSACDO  04/13/23  AZ015/WY367 ®200: MPDNP 04/07/23 04082023 17:00-0... ®@00: L4 F e at u re s

MASPR 04/14/23  CRO00/ZB145 ®200: MPDNP 04/07/23 04082023 17:15-0.. ®0

MECWC  04/14/23  SY131/SP636 Ceod: CNAOL9  04/08/23  04-11-202308:41-0.. @00 : - Rapldly bu'ld mUItIple ‘real’ tralns Wlth UMLER data
ZBRG2B  04/14/23  0Z626/NX284V eod: CNAOL9  04/08/23  04-11-202308:30-0.. @00 : and run the tl’aln on a ‘real’ FOUteS US| ng G | S InfO

ltemsperpage:4  1-40f 960 mo ltemsperpage:4  1-40f958 ..”
[ ]

My Results T & ear My Projects 5

Benefits:

Vet existing train-build rules

Name Creation Date Last Updated Name Scenarios Created By Actions

MASNP-08 08/11/21 08/11/21 13:17 osuz476 H Train Size 73 0SUz733 e H u Safely bu iId Ionger trains

MSSNP 7/10 . g ™
0711721 07/11/21 08:22 05uz733 H STOTTS 7 0sUZ265 H P I T

Derail 1stattempt */ ' i oS : CAAE B M N I ﬂ

Mason City 457 . : .

Y 07/07/21 07/07/21 08:33 0suz733 H Coast Sub Length ... IGEN474 @ (<) :

Waste Mgmt 10K

= 07/07/21 07/07/21 08:21 0suz733 H COAST SUB INTER... 3 0sUz733 @ S : ° F e at u r e S
Items per page: 4 1-40f17 Items per page: 4 1-40f273 m

» Real-time train analysis and monitoring

* Benefits:

» Dynamically recommend changes due to new
train cuts or evolving weather conditions %




Precision Train Builder — Operated by Union Pacific

E.H AN ALYZ E R Event Recorder Results

DIAGNOSTIC RECONSTRUCTION * Forensic Tool — Causal Analysis

Derailment
— Train Separation
Note: Utilized by 24/7 Operating Practices Desk

PTB Monitor <V FILTERS o Event Recorder Results

PTB Monitor Symbol Date From/To Actions Symbol Time Window

. All times are in Central Time
Create Scenario

) New Validator Scenario CSACD! 04/13/23  AZ015/WY367 e MPDNP 04/07/23  04-08-202317:00-0.. H
Definitions MASPR 04/14/23  CR000/ZB145 e MPDNP 04/07/23  04-08-202317:15-0.. B H

ER Analyzer MECWC 04/14/23  SY131/SP636 @ ®@0 H CNAO 04/08/23  04-11-2023 08:41-0.. & H

} My Projects ZBRG2B 04/14/23 07626 / NX284V @0 H CNAOL9  04/08/23  04-11-202308:30-0.. H CLEAR FIND TRAIN

Items per page: 4 — 4 0f 960 m Items per page: 4 1-40f958

My Results T o My Projects o

All i in Central Ti
Event Recorder Dashboard imes are in Central Time

Symbol Event Window Station Creation Date
Creation Date Last Updated Actions Name Scenarios Created By

MASNP-08 08/11/21 08/11/21 13:17 osuz476 @ Train Size 0Suz733

MSSNP 7/10 . .
Sl 072200822 0m8s : SICHS ESizzes Arjun Satish MKSNPB  06/27/23 06-27-2023 22:49 ... 07-05-2023 14:57

Mason City 457 7,771 07/07/21 08:33 0suz733 H Coast Sub Length ... IGEN474
TPA Approved Steven Terrell CBTIM 06/26/23 06-30-2023 00:30 ... 06-30-2023 03:21

WasteMgmt 10K 751 07/07/21 08:21 0suz733 H COAST SUB INTER... 0sUZz733
H/R Daniel McLean OGTT. 06/23/23 06-25-2023 18:30 ... 06-29-2023 15:47

Items per page: 4 1-40f17 m Items per page: 4 1-40f273 )
Daniel McLean OGTT. 06/23/23 06-25-2023 18:30 ... 06-29-2023 14:33

Arjun Satish MKSNPB 06/27/23 06-27-2023 22:49 ... 06-29-2023 09:40  Completed With Warnings

These results will be refreshed in ' seconds. Items per page: 5 1-50f989




Precision Train Builder — Operated by Union Pacific

- . My Projects
PTB ‘ i ‘ , - | y
A A I = Perform simulations for new business opportunities that may enter

the network.

= Precisisnirain Analyze transportation plans with blocking changes to ensure a safe
train.

PTB Monitor <V FILTERS o Event Recorder Results

Determine best locomotive configurations for train handling,
4 PaMentr < symbl  Dme  Fomm Symbol  Date  TimeWindow improved in-train forces and velocity.

8 e CSACDO  04/13/23  AZ015/WY367 Ceon: MPDNP  04/07/23  04-08:202317:00-0.. ®@00: Test for safest and most efficient route on trains where
£ Definitions MASPR 04/14/23  CRO00/ZB145 Ceo0: MPDNP  04/07/23  04-08-202317:15-0.. ®@00: Conﬁgu rations are new to the network.

£ ERAnalyzer < MECWC 04/14/23  SY131/SP636 Ceon: CNAOL9  04/08/23  04-11-202308:41-0.. @00 : Used to |mp|ement new train makeu p restri Ctlons to improve tra| n
My Eriects ZBRG2B  04/14/23  07626/NX284V eeon: CNAOL9  04/08/23  04-11-20230830-0.. @00 : build and p roducin ga safer train.

Items per page: 4 1-40f960 m Items per page: 4 1-40f958 m [ Drlve |ncreased traln SIZe

My Projects
My Results T o Search My Projects o

Name Creation Date Last Updated Actions Name Scenarios Created By Project 1 Description Scenarios Creation Date Shared Created By Actions

MASNP-08 08/11/21 08/11/2113:17 476 H Train Si; 0suz733 H
i/ s osuz : rain Size : TPA Test 06/30/2023 osuz7aa osuz733 (<)

LEIPPALY 0711721 07/11/21 08:22 0suz733 : STOTTS 0sUZ265 :
Derail 1t attempt 12K ft conventional Hope to NLR 06/02/2021 0SUZ733GEN474 OSUZ733 (<)

Mason City 457 7471 07/07/21 08:33 0suz733 H Coast Sub Length . IGENA74 H
TPA Approved ZTrain Performance 10/06/2022 0sUZ733,05UV8.. OSUZ733 (<)

:’/a:‘e Mamt 10K o7 /07/21 07/07/21 08:21 0suz733 H COAST SUB INTER... 3 0suz733 :
Train Size 03/18/2022 0SUZ733)GEN47... OSUZ733 (<)

Items per page: 4 1-40f17 Items per page: 4 1-40f273

Derailment Train 06/08/2023 osuz7as 0sUZ733 96 :

Items per page: 5 1-50f 289 m




Precision Train Builder — Operated by Union Pacific

PTB Monitor

PTB M O N I I@R Monitoring Live Trains
. * A 24/7 Operating Practices team dedicated to monitor live

= Precisisnirain trains for variability risk.

PTB Monitor < v s @ Event Recorder Results Monitor live trains for excessive buff or draft forces.

4; PTB Monitor Symbol Date From/To Actions Symbol Date Time Window

- - £ - - - - Performs simulations on trains out of origin to work event
[ New Validator Scenario CSACDO  04/13/23  AZ015/WY367 Ceon: MPDNP  04/07/23  04-08-202317:00-0... ®@00: |Ocat|0n(3) or destination when no work events are
%2 Definitions MASPR 04/14/23  CRO00/ZB145 Ceo0: MPDNP  04/07/23  04-08-202317:15-0.. @00 : scheduled.

2 B ¢ MECWC 04/14/23  SY131/SP636 @1%'@ g CNAOL9 04/08/23  04-11-202308:41-0... ®@0

: PTB Workqueue identifies trains with a high buff/draft risk
- and provides the speed recommendation from the workqueue

remsperpege s 1-a000 (QEDENY emsperpoe s 1-400 (VYO on segments of track and provides speed reductions to the

train crew (typically 5 miles or less).

Ry Eiess ZBRG2B  04/14/23 07626/ NX284V eeon: CNAOL9  04/08/23  04-11-202308:30-0.. ®@0

My Results T o Searc My Projects o
Name Creation Date Last Updated Actions Name Scenarios Created By Actions

MASNP-08 08/11/21 08/11/21 13:17 osuz476 H Train Size 0Suz733 @ @

MSSNP 7/10 . .
Derail st atiempt /11721 07/11/21 08:22 0suz733 H STOTTS 0sUZ265 ()<}

Mason City 457

ToAnpproved 717721 07/07/21 08:33 0suz733 H Coast Sub Length .. IGEN474 ()<}

Waste Mgmt 10K ’ .
o 07/07/21 07/07/21 08:21 osuz733 H COAST SUB INTER... 3 0suz733 ()<}

Items per page: 4 1-40f17 Items per page: 4 1-40f273 m




Precision Train Builder — Operated by Union Pacific

ERANALYZER

DIAGNOSTIC RECONSTRUCTION

PrecisisnTrai ; - ® ® S

ILD

Fixed View

| CBTIM 06/26 ©| ® Last updated by 0SUZ733
RESULT:

Train Summary
CBTIM 06/26

Elevation (mi)

Max Speed 46.00mph
@ MaxBuff @ MaxDraft @ Average Speed 15.03mph

Max Tractive 139.93kibs

Effort Milepost

Fuel Bumed 200.21gal

Miles Traveled 13.21mi

Max Buff -139.85kips

Max Draft 264.23kips.

Max LV 020

Run Time 00:47:51HH:mm:ss

Length 70271t

Weight 185771

Power Config 2x0x1

Load/Empty 126/0

E0CC 0

Map '

ips)

N
iy

General Information

Buff/Draft Forces

60

Car Number Time 06/30/2023 00:31:50.0 Grade 077
] 10 MPH Fuel Bum 2366
Longitude -88.96411 Latitude 3759397

General Informatie
Locomotive Information

Locomotive Information

Number

L/V Forces

Throttle
Dynamic Brake

L
&
&

Brake Pipe Pressure




Precision Train Builder — Operated by Union Pacific

Understanding Buff and Draft Forces

N

! .\)\_IVU

Buff and Draft forces can occur simultaneously on any territory on Union Pacific Railroad.
Hills combined with curves compounds derailment and break-in-two potential.

Amount of slack in a train can vary on size and car types.

Between cars slack can occur with 674 to 30 inches of movement.

On an 8,500 ft train with 30 inches of slack on each car can equate to about 100 yards of
slack which is the length of a football field between end zones.
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Derailments vs Max Train Length

Mainline & Siding Derailments vs Max Train Length
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PRECISION TRAIN BUILDER - OPERATED
BY UNION PACIFIC

BACK-UP SLIDES



Operating Practices Command Center (OPCC)

Introduction into PTB

Precision Train Builder (PTB)

« PS Technology started with a physics engine in
a locomotive simulator for locomotive engineer
training and recertification.

This physics engine is used by both NYAB and
Wabtec for validation of their own products.

With this powerful physics engine, a business
case came to PS Technology for a predictive
tool, which introduced the creation of PTB.

Union Pacific’s Introduction to PTB’s Real-Time Use

We can’t disregard the fact the industry has experienced major
derailments recently. The Norfolk Southern in East Palestine and our
very own on the Cima Sub in Southern California.

Neither one of these derailments would have been prevented utilizing
PTB.

The NS incident was mechanical caused due to an overheated wheel
bearing.

There are various derailment causes, which can generically be
categorized as mechanical car or locomotive, track and human factor.

PTB is designed to identify risk with human factor events such as train
makeup and train handling.

Last fall we experienced a derailment on the Mason City Sub. After the
incident, we tested PTB to validate if we would have predicted this event
and provided a speed recommendation to reduce the risk.

After testing this event, PTB would have predicted this event within one-
hundredth of a mile.

Additionally, it would have provided a speed recommendation to lower
the speed and reduce in-train forces, preventing the derailment saving
$20 million.




