Digital journey to operational excellence
continues for leading-edge container terminal
operator
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ABOUT TRAPAC - WHO ARE WE

« Container terminal operator and vessel
stevedore that provides port terminal services
to the West Coast of USA

* Leading edge in container-terminal automation

in North America

* |nnovative

» Value superior customer service
+ Safe e i ‘
- Sustainable R TR Y e



ABOUT TRAPAC - WHO ARE WE

« Among the first to implement and
combine:

* Automated straddle carriers with
automated stacking cranes and
automated on-dock rail system

* Terminal-wide Pl System

....
........
s



TraPac has been innovating the way cargo moves since 1985.

1987 1991 2007 2012 2014
Los
Angeles Oakland Jacksonville Offered AMP Fully
Terminal Terminal Terminal \I;OWGT for AUEF)mat'ed|LA
Opened Opened essels at ermina
Openei l l BTh Operitions
2006 2015 2017
Austin Received World’s 1st
Office 2015 PMA Automated
Opened Safety On-dock

Award Rail
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The cleanest terminal operations at the Port of Los Angeles.

99% 98% 96%

NOx GHG
Reduction Reduction Reduction
] | |

Metrics above compare the environmental performance of TraPac’s cargo handling equipment operations
to the Port of Los Angeles’ average, using the Port’'s 2016 Emissions Inventory.
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Automated
Straddle
Carrier
(“Auto-Strad”)
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Automated
Rail Mounted
Stacking
Cranes
(ASC)
|

TECHNOLOGY SHOWCASE

Automated Automated
Truck Rail Mounted
Handling Gantry
System Cranes
(On-Dock
| AR
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CORPORATE VIDEO
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BUSINESS CHALLENGES - MAKING THE CASE

« Complex automation solution that involves multiple
systems from different vendors resulting in dissimilar data

 Inadequate data-acquisition tools for in-depth analysis of
existing metrics

DESIRE TO TAKE CUSTOMER SERVICE TO THE NEXT LEVEL

& FURTHER IMPROVE OUR SUSTAINABILTY
g’ Sll",,w SAN FRANCISCO 2020 #PIWorld  ©2020 OSlsoft, LLC




CHALLENGES

Superior Customer Service —

Improve Sustainability —

Continuous Improvement —
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ARMG Cranes

MAKING SENSE OF OUR OPERATION

» Automated Rail Mounted Gantry
(ARMG)

» 3 axis of linear movement (gantry,
trolley, hoist) and rotation about
hoist (slew)

> Interacts with Auto-Strads in the
automated transfer area

» Scheduler system for routing and
automated transfer area

: W"hp .[mfmm' 1 L. | M

Automated Trans fer-Area ””” .w"’ﬁ
am‘m‘ i
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Operating

* Telemetry

« Alarms/Events Notifications

‘v « Process Data
ASCs Event
"‘: T _

IH TR (. RESTful API (UFL)
ARMG Cranes LTE to Cloud devices in
OBDII diagnostic ports

% Crane onboard computer
Ancillary (RDBMS)
Equipment + STS Telemetry
Crane onboard historian @ P SERVE_R
(RDBMS)
S + STS Events/Alarms

E&r’éﬁégm
\A/AriA
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S"ftwaf\ IMPLEMENTATION DETAIL - HOW IT LOOKS
Auto Stra.t@\ MS (UL) STORE & ENHANCE: DELIVER:

PIINTEGRATORS

» Reporting Tool (Tableau)

PI1 Vision
[9b] PI DataLink

| g Pl Manual Logger
@ Pl ProcessBook
=1 Pl WebParts

VISUALIZATION

PI SYSTEM ACCESS

> CMMS (eMaint)
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ARMG Cranes

MAKING SENSE OF OUR OPERATION - CYCLES

Equipment cycle captured into phases based on crane
movement, job status, remote operator status, transfer area
reservation status

Horizontal §
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Mov'e to PiICk MO\}e to Gro'und
Pick container Ground container
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ARMG Cranes

MAKING SENSE OF OUR OPERATION - CYCLES

Cycle Modeling

* Event frame used to
capture each cycle

» Compare to a known baseline
> ldentify optimization opportunities

| SAN FRANCISCO 2020
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= & 1522422040606
Moving to Source

Request ROC

Waiting for Cperat

=
= Car Operation

Disch Phase.Calc X
I Completin i Ordef

or

IMaving to Target

Request

Reservation

Buffer Operation
— Y

¥ Completing Work Order

+ B 1522418957 427

4+ A 1522316069.45801
—
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STS Cranes

MAKING SENSE OF OUR OPERATION - CYCLES

[ Moving to Next Cycle
- Grounding between Legs

Cycle Modeling

) Expanded to Other - Waiting for Reservation
eq u i p m e nt |-Movmg to Backreach

[ Deconing

» Automated and non-automated -Moving between Legs

+Moving to Shore

Grounding

|
[ Backreach Operation

Waiting for Operator

l Start I

0]
a8
-
:
:

== Moving to Shore H

== Moving Between Legs H

= Deconing H
== Moving to Backreach H
=={ Backreach Operation H
== Grounding H

= Moving to Next Cyde H
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WHAT’S IN A CYCLE?

Calculations made within cycles can provide
insight into conditions during each phase of a
cycle.

IF (oIsGoodCycle = 1) THEN
oDurDeconing TimeEq('DischargePhase.Calc’, vTimeStampStart, vCurTime, "Deconing")
ELSE
2]
Tisdniiove IF (vContainerNamePos2 <> "NA")THEN 1
ELSE ©

) OSlsoft
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STS Cranes

ANALYTICS USING SUMMARIZED DATA

Median Discharge Cycle Phases

W oC Impact per Valid Cycls (s)

B 1Vedian DP- Time Start (s)

. Median DP - Time Moving to Shore (s)

. Median DP - Total Time Moving Between Legs (s)
Median DP- Time Deconing ()

. Median DP- Time Waiting for Reservation (5)

Twin Move Is Deccning STSMame  Madian Cycle.. Mumber ..
Single Move Deconing 575110 10 85 # N
STE108 668 E 2 =m
STE106 830 4 ==
STE108 825 A = =
STE105 1051 | A D
sTE103 354 T
No Deconing _STS110 63 H =N
STS108 827 " @ =
STS106 1,658 " @ ==
STS105 838 " s
STE105 532 I
sTE103 152 " = @
Twin Move  Deconing 5T5108 112 [£50 b B
STS106 139 T .
STS108 148 - 4 .
STS108 21 I B
Mo Deconing STS108 5 30 I e
STE106 53 [ I .
STS105 47 A
STS105 & 1 4 =---m AW
STS102 14 i I

o
]
|
)

Median DP - Time Waiting for Operator (s)
. Median DP - Time Backreach Operation (s)
. Median DP - Time Grounding between Legs (s}
B 'Vedian DP - Time Grounding (s)

. Median DP - Time Moving to Next Cycle (s)

OSlsoft.
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« Data can be rolled up
using Bl tools to create
charts for meaningful
analysis

»Removes expensive

summary calculations
from Pl AF
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Auto Strads

LOCALITY-TRIGGERED CALCULATIONS

vInMaintenance

IF yPos >= 960 AND xPos <= 100 THEN True

ELSE IF xPos >= 1272.219 AND yPos >= 945.000 THEN True
ELSE IF yPos < 5600 THEN True
ELSE False

7 OSlsoft
E&F PlWorlc
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 Using spatial (x,y,z)
coordinates to trigger
calculations

* Including coordinate
attributes for analysis in
event frames

»Heat Maps

#PIWorld ©2020 OSilsoft, LLC
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Auto Strads

LOCALITY-TRIGGERED CALCULATIONS

P
== 6)

0

|||||||

VOO saAN FRANCISCO 2020

How long does it take an
auto-strad to pick from
one location and drop off
in another?

»Distance
»Routing options
»Permitted speed
» Traffic

#PIWorld ©2020 OSilsoft, LLC



Auto Strads

INSIGHT INTO AUTOMATED ROUTING

Cycle Time by Pick and Ground Location
Location Grounded
Location Picked GAOOL GAOO2 QC001 QCO02 QCO03 QCOO4 QCD0S QCO0S QCOO7 RAODI WSOO1 WSO02 WSOO3 WS004 WSDO7 WS008 WSO05 WSO10 WSD11 WS012 wWSO13 WS014 WS01S wS015 (\‘:I)L CY002 CY003 CY004 CY00S SI001 Unino. GAOO3 RailBu. 51002
GAOOL
G002
QCo01
Qco02
Qco03
Qco04
Qcoos
Qcoos
Qcoo7
RA0O1
WSs001
ws002
Ws003
WSs004
w5007
Ws008
WsS009
WSs010
Ws011
ws012
ws013
w5014
wiso1s
w018
w5017
Y001
Y002
ovoo3
©V0os
Y005
51001
Unknown -
Null
GAOO3
Rail Buffer
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CONDITIONED BASED MAINTENANCE FROM DATA

« Pareto Charts used to analyze
» Top occurring warnings
» Top occurring faults

 Fleet and individual equipment metrics
»ldentify unit level issues
»|dentify fleet level issues

»Map warnings and faults to a locality, identify locality
ISsues

» Trending
» Side by Side Comparison

RIBHY ciiimiiiceamanss #PIWorld ~ ©2020 OSlsoft, LLC



PARETO FAULT ANALYSIS
I——

Date Start Date. End Date:
Select 5y Range PastWeek 12/30/2018 80000 AM 6/27/2019 8:00:00 AM
1/23/20208:00:00 AM 1/30/20207:59:59 AM
Combined Pareto - Inferred Stop
Alarm Code / Alarm Class. / Alarm Description
w w w0

Number of Records

- ..

s
I scoo1
W 5c003

5C004
W scoos
M scoos
M scoo7

sc008
I scoos
M scoi0
W scoin
M sco1z
W scoxz
M scors
M scols

o6
M scois
W sco1s
M scoz0
W scozL
M scozz
W scozz

scoza
W scozs
M scozs
W sco27

scoze
W scozs
W scoa
W scos2
I scosz

SC037
M scoss
M sco3s
W scos0

Where are the
problems located?

OSlsoft.

PlWorld san rrancisco 2020

I |
Every Every
unit? unit?
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LOCALITY BASED PROBLEMS

Date Selection Mode

Select by Range

ASC- Fault Map

Map Y

Select Date Range Select Start Date Alarm Class

Select End Date ASC Template

Map X

Alarm Code

&1 opsisou

SAN FRANCISCO 2020

Finding the needle in the field of haystacks
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EFFECT OF CHANGE
|

Strad Type Week of Time Stamp.

Was that a good idea?

* Fleet level reliability can be

> 2 o
S 476 351 303 152 304 252 277 351
e C T gy =4 ey b 1 1 i t I

by:
2362
40 L] L ] L]
- F BEE = = ] > O nfl u ratl O n Settl n S
19.17 1877 a1 1882 C
379 395 356 502 488 434 216 345 402 397 167 241 208 310 I l
8 8 8 8 8 3 8§ 8 § 8

- »Software updates
»Locality issues

v
\
-
é
>
2
I
k
3
|
~
=
Count of Navigati
Atarms (32

=

Navigation Only MTBF | Availability - Hourly (h)  Navigation Only MTBF ~ Availability - Hourly (K)

Measure Names
W Availability - Hourly ()

B Countof Navigation Alarms (111 311
M SUM([SC - Maintenance Metrics].[Availab
OSlsoft.
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ELECTRICAL TELEMETRY

* Pl Vision dashboards from various smart power quality meters
» Start to understand demand

» Observe demand and regen phases of ASC operational
cycle

* Visibility to harmonics and power factor
* Visibility to line side disturbances

"
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ELECTRICAL TELEMETRY

»Can | reduce demand?

»Why do identical
cranes with similar
utilization consume
vastly different
amounts of electricity?

7 0Slsoft
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IMPACT OF CHANGE

v’ Sustained improvement » Happier Customers
In customer service metrics

v Optimizing our operation » More Efficient
» More Sustainable

v Shift towards a data- > We get there faster
centric pragmatic approach

v Defect identification » We continue to get better
and elimination

£ osisoft
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IMPACT OF CHANGE

STS GMPH, trending upward improvement

GMPH Improvement

oz-uefy
61-930-
6T-AON-¥
610
61-das-p
6T-8ny-
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IMPACT OF CHANGE
|

Rail moves per shift, trending upward improvement

Rail Moves_Shift

Q N\ Q Q Q \} Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
SR SN SN S U S NS S SN SR S R SR S RN SR SN
INCIRNCJNC BN BN RN BN AN TN BN BN RN BN BN NN NP RN AN TN
\\\\ W N WW N W W W - S SRS S ST Q Q < & ; RO
0OSlsoft. 30
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IMPACT OF CHANGE

terminal truck turn time, trending downward improvement

In-

31

©2020 OSlsoft, LLC

Trapac Turntimes Total

61-280
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CHALLENGES

= Dissimilar data
sources

= Time sensitive
transactional type
data

=  Multitude of
stakeholders

P SOLUTION

= Intelligent use of
OSlsoft Pl and
associated tools

= Developed custom
application along
with Pl Connector

JMS messages

for UFL to historicize

?

5

BENEFITS

Improvement in key
customer service
metrics

Increasing clarity
towards an optimal
operation

TraPac

Safety « Service « Sustainability

Data has got our people talking about our problems and empowering them to make

decisions. Decisions with a positive impact to our business performance including the

service level provided to our customers.
Mark Jensen, Vice President, Asset Management

g 7 osisoit
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Contact Information

 Mark Jensen

* Vice President, Asset Management
 TraPac, LLC

* mark.jensen@trapac.com

« Jack Lei

» Operational Excellence Analyst
 TraPac, LLC

* jack.lei@trapac.com

[
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Questions?

Please wait for
the microphone

State your
name & company

OSlsoft.

Pl'World san rrancisco 2020

Save the Date...

AMSTERDAM
October 26-29, 2020

OSlsoft.

Pl\World
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