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~# Published 1st Technical Report in 2013
— Models and Terminology TECHNICAL REPORT
— Auvailable in the ISA store at ISA-TR106.00.01-2013
Www.isa.orq Procedure Automation for

Continuous Process Operations -
Models and Terminology

~# Working on the 2nd Technical Report Approved 1 August 2013

— Use industry feedback on the technical reports to create the
standard
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approach procedure automation

Contains zero or more
1

. Plant Area
".::. M Od e | S A hCDnmins ZE10 O more
— Concepts to give the industry oni
a common mental model )
Equipment

hConta ins zero or more
X 1

Device

— Definitions to give the industry
a common language

3.1.45 state-based control

A plant automation control design based upon the pnnciple that all process facilities operate in
recognized, definable process states that represent a variety of normal and abnormal conditions of the

process.
3.1.46 status notification

A notification generated by the BPCS that helps provide the operator situational awareness, is part of
normal operation and does not require operator action.
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ISA-106 Procedure Automation for Continuous Process Operations Technical Report 1 Summary 1 of 2

Technical Report Summary

Committee Purpose: Develop Standard for autormating
procedurss in continuous process operations.

Scope of Technical report is to provide a common basis
of understanding of the benefits, best practices application,
and language including tarms and definitions, that will allow
for the application of procedural autornation across the
continuous process industries.

In agreement with the scope of the ISA106 Committee, this
Technical Report focuses on automated Procedures that
primarily reside on systems within the supervizory control,
monitoring, and automatad Process Control saction of the
production process. Itis not the intent of the committes to
have this Technical Report focus on Procedurs execution at
the operations management functioral laval.

Additionally, the focus of thiz Technical Report will ba
on continuous processes. However the contents of the
technical report may be uzad in other types of Procoss
Control such as batch or discreta.

Tha Technical Report is intended to be applicable to
ProcessCaontrol activities within the Basic Process Control
Systern(BPCS) and Safety Instrumented Systams (SIS).
RequiredSafety Instrumented Functions (SIFs) should be
analyzed. and implemented in accordance with 1SA-84.

Key Definitions

Basic process control system (BPCS) System which
responds to input signals from the process, its associated
equipment, other programmable systems and/for an operator
and generates output signals causing the process and its
associated equipment to operate in the desired manner but
which does not perform any safety instrumented functions
with a claimed SIL 21

Implementation method: A tool used to creats a Task
Example: Programming languages, BPGS configuration tools
and a word processor

e P The i
performed by the contral systam, however the operator
neads to varify.

Procedural automatiore Implementation of a procadurs on
a programmable mechanical, electric, or slectronic system.

Process point of view: The view of a particular unit as
awhole, not as a collection of individual loops. A control
program written from the process point of view allows the
operator to interact with the process as opposed towith
control loops

Process state: Distinct mode of operation that a unit moves
throwgh as it progresses from shutdown to operating and
back to shutdown. Each Process State represents a unique
operating regime that supports the unit's objectives of
processing an input into a desired output.

State based control: A control program methodology that
utilizes a frameawork that defines the “process states" through
which equipment {general) passes during start-up, run, and
shut-down conditions. These states determing the status

of each controller, motor, block valve, and alarm for the unit
operation.

State-based alarm (mode-based alarms): An alarm that
is amomatica_lr_y' modified or supprezsad bazed on process
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ISA - 95
Fole Based Equipment
Hierarohy

ISA - 95: Lavel 4
activities typicalty deal
with these objects

Enterprise

ISA - 95: Lavel 3
activities typically deal
with thess objects

Contains

Work Center

ISA-106
Automated Procedures are
Production Level 2 Functions

Value Proposition Summary

1. Improved safety performance - Automating
procedures and utilizing state awarenass for alarm
management the workload on the operational staff

is raduced during abnormal conditions. This enables
more effective rezponses to abnormal conditions and
reduces the probability of human emor.

2 Improved reliability - Automated procedures

can aid in maintaining maximum production rates,
minimizing recovery time and avoiding shutdowns.

3. Reduced losses from operator errors -
Automating procedures enables operations staffs to
standardize their operating procedures. A standardized
approach both reduces the likelihood for hurnan error
contributing to abnomnal conditions and also lessans
the time required to recover from abnormal conditions.

Three Models Defined: Physical, Procedure and Implementation

" Prooedure Prooedure
ISA - 88 Physioal Mode! Physioal Model Requirements Model implementation Model
T Entarprise
1 Entorprise [ Entorpriso Proceduro
| [ Requiramants
T '\_c;;a.ﬁ
o ma ]
[ —_ 1 L %
] I L Site Site
| Site I Procedure Implementation
|l Requiraments Modules
"cn sans 200 ! Contaira zero
o \ oy
o NE— %
] i Plant Plant =
] Area i Procedure Implementation Physloal Model
Il [ Requirameants Modules -
T 77 T Gossans 1 K e r Contains e Rep the physical
o (o assets available for
Plant As Piant Ared -
H;googlgrll.argﬂ Implamentation
i 3 Modules
T - F " Prooedure
o mom Requirements Model

\, Costains Zem
', or mara

rious |
nodel

requirements may exist

Prooedure
Implementation Mode|

Represents how procedure

e
~ requirements are
Control Contral IR implemented at each level
Modulg Reguiremants Modules of the physical model
and 7.Ilmp O Eff = Reduces the 11. More efficient change control - A structured,

4. P ion by improving p
shutdowns - Operations may banefit by achisving
faster, safer and more consistent startup and shutdown
operations of processes by automating the procadural
stops.

5. Increased Production and Quality via efficient
transitions - Most operational requirements staffs
raquire process transitions from ona condition

to ancther during normal operating conditions.
Automating procedures enables operations to
accomplish transitions with reduced varabiity and in
less time.

6.Reduced losses through improved responses

to disturbances. Automated procedures can be

prapared for p ial dizturbances, reducing the time
to retum operations to desired steady state conditions.

time an operator spands camying out repetitive tasks
and enables them to focus on process optimization
and avoidance of abnormal conditions.

8. Higher and Di: ion of
Knowledge - Automated proceduras can be used
retain the knowladge of the process. This is espacially
important for procaeduras that are not executad
fraquently.

0. Improved Training - As ige & bost p

rmodular approach to procadural autoration minimizas
production changs control costs.

12 Reduced costs of i ion -
Onca the overall and standard structure for sequance
control has been defined and implementad, it can

be modularized into libraries of code/procedure’
docurnentation to allow easy cloning/replication from
one area or site to another.

Is captured into automated proceduras, the resulting
documentation and code can be used as material for
training new operators on the process.

10. Improved insight into the = By recording
system and operator actions with procedural
autornation, users have the opportunity to review and
analyze data from every startup, shutdown, process
transition, and abnormal condition recovery.

13.C definitions and terminology -
Operational staff have a common set of tarms with
uniform definitions to describe the requirermnents for
improvemnents and changes in procedural automation.
This improves communications with EPC's, systermn
integrators, autornation suppliers, and intemal
company departments.
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Examples of Physical Model Level Names

Physical
Model Level Name Definition Examples
Laval
An Equipment grouping to -Reactor -Dry"Wet Qil Tanks
carry out one or more -Distillation  -Filters
processing activities such as Column —LAGCT Unit
reaction, crystallization, or WedEnd  -Compressor
Unit distiliation. It combines all -Gontactor  -Pipeline pumps
Mecossary physical pracessing -DryEnd Wl Head
and control process aquipme _ i
req_ui_r\_sd to psrf_orm thosa _gﬁr;r;ﬂor _ggdt:?gdons
activities as an independent N
process equipment grouping. -Floatation Cell
Acollection of physical devices -Pump set -Control loop
Equipment and process hardware that -Comprassor -Feed system
performs a finita number of N
specific processing activities Analyzar and sampling system
Tha lowest level of physical -Analyzer  -Control valve
hardwara in the Physical -Pump
Devica Modelin a Process. Examples -Temperature transmitter
include control valves,
instrumant, and motors
An Automation SWIE isa 1t approach to and implemnenting

Implamentation Modules. Automation Styles provide Operators with consistency in the uss
of automated Procedures and can lower engineering costs by providing a framework that
fosters re-use of procedural logic.

Thers are any numbsar of Automation Styles that cover a spactrum of oparating stylas
from no autornation resulting in full Manual Operation to complex automation with fully
automated operation.

An important aspect of an Automation Style iz how much procass knowledga is to reside
in tha Automated Procaduras. More complex Automation Styles contain more process
knowledge and can therefore Parform more nomnal and abnomal procass conditions
automatically thereby providing more consistent and efficient operation of the Process.
Simpler Automation Styles contain less process knowledge so the Operator must Perform
more Procedures and more closely monitor the Process. Three examples of Automation
Styles are:

Manual Automation Style — The Operator is responsible for the Command, Parform
And Verify work items. The Operator may usa the BPCS console or local indicators and
actuators in the fisld, but thers is no computerized Procedural Automation involved.

= Style - Implementation Modules are considerad

computar assistad when the Operator and computer share rasponsibility for the Command,

Parform And Verify work items. The amount of automation used may vary.

Fully Automated Automation Style = Implementation Modules are considered fully
automated when the computer is responsible for the bulk of the Command, Perform and
Werify work items.

Implementation Modules - consist of a set of ordered tasks. Tasks may
contain other tasks. Each task provides plant operations with step by step instructions
for accomplishing the actions that are to be parformad and their verification. From an
P parsp aprocedurs is one or more implemeantation modules. Figura
below shows the components and ir it= of an ir module.

Human
SIS

Task

Task
Peer to Pear

-+

Notifications

Task and
Notifications

T Netficaions

Commands

- Mot Read
Process States- states-uss of Rt

Process States is one method that gives
a framework for organizing autormated
Proceduras as mora complex Automation
Styles ars usad.

‘When using Process States, Procedural
Automation iz centered on a major

piace of process equipment, usually

a Unit. States are dafined based upon
the physical conditions the procass
aquipment passas through to ensure safe
and efficiant operation.

The process state concept can be
expanded to implement State Based
Control.

Example of State
Transition Diagram

Mapping Implementation Modules to BPCS Components - implementation
Modulas ara run in a BPCS controller or a BPCS application sarver. Figure below provides a
conceptual diagram of a BPCS and shows Implementation Modules in the controller and application
sarver.

asdllary control

‘When a Task's Implementation method results in a Task that cannot be run by a computer it

is considered a manual Procedure and are beyond the scope of the BPCS. Some of these
Implemeantation Modules may be performed by a field Operator using a printed or handheld
electronic checklist. The decision to run Implementation Modules in an advisory computer or a
controller is based upon safety, risk, cost and banefit.

An Implementation Module requiring fast time responses such as seguencing a set of pumps and
wvalves with critical timing may be implemented in a real-time controller. Other Implemeantation
Modules that do not require as high a speed regponsa or involve more Operator interaction may
be implamentad in a PClsarver based computar.

Critaria for deciding the appropriate location of an Implementation Module includa:
= Procedure implementation cost

= Procadure lifecycle cost

= Time responsas required by the Process

# Health, safety and erwvironmental risk

= Oparating philosophy for Operator interaction with Proceduras

= Availability of imstrur 1to perform aw tasks

= Dasire for incremental implemantation of autormated Procedures

Three work items are required for the Implementation Module to
Execute

Command - The trigger to initiate the Implementation Module. When received this causes the
Implementation Module to Perform its Tasks. A Command may be issued by an Operator or
another Implemantation Module.

Perform = The execution of a Implernentation Module's Tasks. A Task may use any type of
Implementation Method, but ulimataly the Task is Performed by an Operator or a computer.
Verify - Verification that the Implementation Module's Tasks were Performed successfully

or failed. The verification may use any type of Implemantation Method, but ultimately the
werification is Performed by an Operator or a computar.
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— Transition Management for
Crude Switchover

— Regeneration

% Petrochemical
— Startup / Shutdown

— Transition Management
for Grade Changes

— Line Switchover
— Cleaning

— Grade change
— Switchover

— Decoking
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-+ Benefits of Using Procedure Automation 2"14

« Consistent operation * Reduced losses through improved

« Improved safety performance responses to disturbances.

« Increased production by * Reduces risk and losses due to
improving startups and fewer operational errors
shutdowns » Ensures & documents compliance

« Increased production and with procedures

quality via efficient transitions
* Improved operator effectiveness

* Improved insight into the
process
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» Capture the Best
Procedure from all
operator inputs

» Combine into a Best
Practice Procedure




Review and sometimes updating the current procedure
Engineering design, implementation and testing

— Operator acceptance

~* Base the decision upon what your business justification is €
— Where is your value

vigilant

The clear path to operational excellence

~# Possible criteria

Risk reduction / Safety improvement
Consistent operation

Critical, low frequency procedures like startups and shutdowns
Complex procedures

Opportunities for improved profitability, as with transitions

Highly repetitive and low value tasks performed by the operator to
free up their time for higher value work
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~# Physical Model

Enterprise

'\ Contains
L\

Zero or more

Site

N Contains
A 1

Zero or more

Plant

'\Contains
A |

Zero or more
|

Plant Area

A Contains
A ¥

Zero or more
|

Unit

\ Contains zero or more
A \ 1

Equipment

N Contains zero or more
A { 1

Device
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2014

~# Qrganizes physical equipment into a hierarchy
# Foundation of the 1SA-106 work

— Each item in the model can have procedures

levels for companies & industries to map their

terms to

u
A

\\\\\\\\\
rrrrrrrrrrrr

* Provides a common set of terms and equipment

— Common terms enable products and people to work
more efficiently with different owner/operators.
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Physical Model - Today

Enterprise

'\ Contains
L\

Zero or more

Site

Zero or more

N Contains
A 1

Plant

'\Contains
A |

Zero or more
|

Plant Area

\ Contains zero or more
A ¥ 1

Unit

A Contains
A\

Zero or more
|

Equipment

A Contains
A {

Zero or more
1

Device
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Results of committee owner/operator terminology

Offshore Offshore
ISA-106 Chemical oil oil Oil Paper
Company | Refinery | Platform Platform Industry
Example 1 | Example 2
Enterprise | Enterprise Field
Site Site Site Platform Platform
Plant Plant Complex Package Mill
Plant Area Area Plant
Unit Unit Unit
Equipment | Equipment
Device Device Device

® 2014 Yokogawa Users Group Conference & Exhibition
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~# Physical Model - Examples

Enterprise

'\Contains zero or more
L\ |

Site

N Contains zero or more
A 1 1

Plant

'\Contains zero or more
A | 1

Plant Area

\ Contains zero or more
A ¥ 1

Unit

\ Contains zero or more
A \ 1

Equipment

N Contains zero or more
A { 1

Device
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Results of committee owner/operator terminology

. - Busi
Enterprise | Corporate Division usm.ess
Unit
Site Complex Train Facility Verbund Field
Plant Platform Train
Sub-sea Gas
Separation Train Compression Dehydration
Plant Area
Injection Utilities T\:Z::?r: Production Wells
& Manifold
) Dry/Wet Qil  Pipeline
unit Separator Tanks SUAES Hydrocyclone Compressor
. . Sampling
Equipment | Pump Set  Feed System  Reboiler Sea Compressor
i Control .
Device Transmitter Pump Analyzer
Valve
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-+ Ethylene Furnace Example

Plant Area

Unit

)

—p ———
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v,
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Furnace 1
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D

Furnace 2

m
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JUL JUL
Furnace 4 Furnace 5
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Plant Area

Unit

Device
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Enterprise
Procedure
Requirements

kContains z
\

Site Procedure
Requirements

ero or more

\ Contains zero or more

\

Plant
Procedure
Requirements

hContains Zero or more

A

Plant Area
Procedure
Requirements

kContains z
A\

Unit
Procedure
Requirements

€ro or more

'\ Contains z

\

Equipment
Procedure
Requirements

ero or more

'\ Contains z
AV

L

Control
Requirements

ero or more
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~# Procedures are associated with objects in the
physical model

— Most common for units, equipment and devices

~# Definition of the procedure
— Actions that must be done to accomplish an objective
— Functional requirement for the automated procedure
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~# Procedure Implementation Model

e The actual automated procedure
— Program, function block, sequential function chart,

2014

YOKOGAWA

USERS CONFERENCE
AND EXHIBITION
North America

e The design of implementation modules is an engineering

Commands l T Notifications

Tasks

Programming

' N\
( Site ) flowchart,...
Implementation
L Modijles .
Contains zero or more
. \Contains process
P
Plant
Implementation Procedure
N Modules y
N Contains zero or more Implementation Module
r( A\ N\
Plant Area
Implementation Task | [Task Task
L Modules .
N Contains zero or more
r( X N\ "
Unit Implementation Module
Implementation
\ Modules
N~ — Task lt1ask | |rask |[|rask
'\Contams Zero or more
' A N\
4 .
Equipment
Implementation
L Modules y
'\Contains zero or more
(( A \ N\
Control
Implementation
L Modules .
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Continuous
Control

Human Actions

Human
Interface

Peer to
Peer

>

Commands
and
Notifications

A
Commands l Notifications



~# Procedure Execution

Procedure

Implementation Module

Task | | Task

Task

Implementation Module

Task I 1ask | [Task

Task

YOKOGAWA

EEEEEEEEEEEEEEE

AAAAAA H1BITION
| North America

Each Procedure, Implementation
Module & Task has 3 execution
work items

— Command - Trigger

— Perform — Actions

— Verify — Success/Failure
Computer/Human Mix

— C-P-V work items can be done
by a computer or human

Command 222> Perform »»>> Verify

® 2014 Yokogawa Users Group Conference & Exhibition
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Physical Model

Enterprise

A Contains zero or more
A ¥ 1

Site

k Contains zero or more
A | 1

Plant

A Contains zero or more
A ¥ 1

Plant Area

N Contains zero or more
A 1

Unit

}\Contains Zero or more
A ¥ 1

Equipment

N Contains zero or more
A ¥ 1

Device

Procedure Requirements Model

Enterprise
Procedure
Requirements

\ Contains zero or more
\

Site Procedure
Requirements

hContains zero or more
\

Plant
Procedure

Requirements
Contains zero or more

A

Plant Area
Procedure
Requirements

kContains zero or more
A\

Unit
Procedure
Requirements

N contains zero or more
A \

Equipment
Procedure
Requirements

}\Contains zero or more
A

Control
Requirements
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Procedure Implementation Model

Site
Implementation
Modules )

N Contains zero or more
A | Y

Plant )

Implementation
Modules )

N Contains zero or more
A ¥ N\

Plant Area
Implementation
Modules )
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Unit
Implementation
Modules )
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~# Operator Notifications 2“1“. S

Operator Operator might need to

Notification Types Operator is expected

to take an action be aware but is not

required to take action

Arises from an
abnormal process or

: : ' Alarm Alert
equipment situation
(ISA-18.2)
Arises from a normal Prompt Status

Notification

situation (ISA-106)

ISA106 has worked with ISA18.2
which has published an alarm management standard
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-+ Automation Styles 2014 =

Organization of the structure of the implementation module such as
using procedure sections or process states

Use of computer or operator action for command, perform, verify
Amount of precision used for verification
Human machine interface philosophy

Degree of automation from minimal automation to complex
automation

Example Automation Example Description
Style

Manual The Operator is responsible for the command, perform

and verify work items, minimal automation is used

Computer Assisted Operator and computer share responsibility for the

command, perform and verify work items. The amount
of automation used may vary.

Fully Automated Computer is responsible for the bulk of the command,

perform and verify work items.

i ® 2014 Yokogawa Users Group Conference & Exhibition
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states and defined transition procedures
— Most effective at the unit level

— Provides a high degree of automation
o Startup, Shutdown, Transitions, Abnormal Situation Responses
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State-based Control 2014 YOKOGAWA
< Not Ready Not Ready | g T i
“l (Out of Service) Mode of Operation Example SRR
. P i
Preparing vode of operation > Prepare Procedure
Ready Ready
(Idle) Mode of Operation Froszolie
Implementation Module
Vv
Task] |Task] . . JTask
Filling
Startup —> Implementation Module
\ 4 Mode of Operation Startup Procedure
| Task|Task| [Task||Task
Heating
- lilg Production Rate of Change
1 Running 5 Procedure
— Mode of Operation Abnormal Condition Handling
(Off Spec) Procedure
| Shutting Down
vig Jiting Down Mode of Operation | > Controlled Shutdown Procedure
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Manual Procedures

v

Operator

A A

2014

Basic Process
Control System

A 4 h 4

Advisory Computer Human Machine
Interface

Procedure
Implementation €
—>

1 v T

Outputs

Inputs Controller
Procedure
Implementation
Modules —_—
| 1 |
\ 4
N Safety Instrumented
v System
Auxiliary control system
(PLC, compressor control,
skid, robot, vision,...)
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~# Implementation Modules Location 2["“ g Soentic:

~# Location is based upon safety, risk, cost and benefit.

=+ Criteria include:

— Risk

— Response time requirements

— Operating philosophy for operator interaction with procedures

— Availability of instrumentation to perform automated tasks

— Implementation cost

— Procedure lifecycle cost

— Desire for incremental implementation of automated procedures

Commands lT Notifications

Tasks
Programming Peer t
eer to
— Human Peer
ontinuous Interface >
Control
Command
actan Notificatio

ns

Commands lT Notifications

® 2014 Yokogawa Users Group Conference & Exhibition
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Procedure Automation for
Continuous Process Operations —
Work Processes
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approach procedure automation
=+ Models

— Concepts to give the industry a common mental model for
automated procedures

~# Terminology
— Definitions to give the industry a common language for automated
procedures
vigilant - Copyraht & Yakogawa Hecic Corporaton - 28 -

Sept. 9-11, 2014 Houston, TX
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Snapshot

New Project or |
Major Changes |

—_—> Work Plan

vigilant

The clear path to operational excellence

North America

Procedure Automation
Philosophy

Procedure Automation Strategy

Selection of Standards
and Guidelines

Toolkits and Examples

_, 9

r
Lifecycle Instance

Automated Procedure ¢’

[ Planning and \ /Requirements and\

Definition

Pre-FEED &
FEED

Instance
Specific
Philosophy

\

Toolkit

New

Updated Automated Procedure

Design

Procedure
Requirements

\

Design

Implementation

Modules

J

Test Plan

[ Implementation \

g

Create
Implementation
. Modules )

a N
Test Environment
Implementation
\ g

Documentation &
Training

FAT

Installation and

-

Operation

Operator
Feedback

Monitoring
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Operational
Audit

J

|

Retirement

Commissioning
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~# Snapshot for each Lifecycle Instance 201“. g Soentic:

North America

Procedure Automation Strategy

Procedure Automation Selection of Standards Toolkits and E |
Philosophy and Guidelines OOIKILS and Examples
Snapshots

R (e e e N (e e e e [ N (e Y s [ [ 1
| | | | 1 |
| (i | [ | | [ | L | (i | o | | [ | L | (i | | [ | | [ | L
| (o | N (| | (e | I | (o | N (| ff (| Y | ()
Y (] | [ I I (s | | (] T B (s | | =] |
| ) — | ) — | el
e e e e e e e - - - [ e e e e e e e - - - [ e e e e e e e - - - [

Specific Specific Specific

Project Lifecycle Instance 1 Project Lifecycle Instance 2 Project Lifecycle Instance n
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~# Refinery — Transition Automation 2"14 S

North America

— Operator workload reduced by 60%

— A 42% reduction in product yield loss

— Increased feed throughput during transition by 18%
— Reduced feed switch transition time by 36%

——Nanual -——Automated

70
§ 50 / \
8 40 ) N
T 30 * T N
(1]
o
oo

0 e ———
0 -/ . = =

Hours into Feed Switch (hr}

Console Operator Moves per Hour Comparison from paper “Improving Refinery Unit Transitions Using Process Automation Technology
in a base Oil Hydroprocessing Facility. AIChE Spring 2011 Robert M. Tsai, Chevron, Richmond, CA
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Start up procedure of a column @ evonik steady state was

reduced by 30%

- Less variability in
start-up time

3l I ~# Reactors able to

Average value automated Come On Stream
70% faster

~# Process safety
margins, of
explosive conditions
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 dunng Startup’
Start up process No. . . g
were significantly
Increased

manual

- automated

Start up duration [h]

NPRA 2011: AM-11-67 New Developments and Best Practices in Automating Procedural
Operations for Continuous Processes
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~# Define the opportunity

— Consistent Well Ramp Up procedure will minimize the amount of time
required to get to full production

— Remove the variance between crews and experience level of operators

~# Measure how Currently Executed

— Historical data indicated that Ramp Up time was not the same for
different operating crews.

— Ramp Up time took longer than estimated and times varied significantly.

— One Operator manages multiple wells.
— Written procedure not up to date with current practices.
— Well Choke movements based on fixed clock time.

— Varying levels of experience with more than one
method used for Ramp Up.

Modular Procedure Automation in Gulf of Mexico Deepwater

® 2014 Yokogawa Users Group Conference & Exhibition ; i
v|g|lan|- Copyright © Yokogawa Electric Corporation _34 - Operations, Wayne Hawkins, Chevron at the 2012 Yokogawa Users

Sept. 9-11, 2014 Houston, TX Group Conference
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~# Improve the Procedure
— Develop one updated operating procedure with Operator input.

— Develop Exapilot procedure as a tool to aid Operator
* Allow the Operator to easily manage multiple wells

« Determine when to make well choke changes based on pressure stability
criteria rather than a fixed time.

 Dynamic simulator used to validate procedure steps.
« Exapilot integrated into 3rd party process control system.

— Exapilot procedure will leverage the knowledge of the experienced
Operator so that new Operators are able to achieve improved results.

— Implement Exapilot Modular Automated Procedure in operating
environment

— Training of Operators on new procedure. Operators should understand
how the automated procedure makes decisions and executes steps.

— Monitor results and develop metric to monitor performance.

Modular Procedure Automation in Gulf of Mexico Deepwater

® 2014 Yokogawa Users Group Conference & Exhibition 0 ; i
v ) . ! erations, Wayne Hawkins, Chevron at the 2012 Yokogawa Users
Iglla nt Copyright © Yokogawa Electric Corporation P y 9

Sept. 9-11, 2014 Houston, TX Group Conference
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-+ Well Ramp Up Operator Screen for Drill Center
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Procedure Commands

PRODUCTION WELL 2 - Exapilot Ramp Up Procedure

11:06:50 AM
Advance v Time Message =
. o e -
= CIff|  10:33:49  |[W-2 Flowing Tuhing Pressure Stable
1 10:22:43 -2 Ready to start ramping open. Valve Label |
W.2 Procedure Status |@ iy 10:22:33 W-2 Open PCV to rmrmurm Qpen pus_mon. | North Hdr OVENIEW!
!El‘tb 10:22:24 W-2 Use Water Cut to deterrmine required LDHI dosage rate - -
BLRNRING [] o | South Hdr Ovewlewl
10:06:54 AM 8831 psi
10:30:23 AM 7950 psi -881 psi (0 days, 00:23:29)
840 -
g921
7395.1 Psl
184.1 DegF
122 % Calc
1.7 %spP k
USy2 USv1
7271
7384 2 psl 740 T T T T
63,4 DegF 10:05:53 A 10:10:53 AM 10:15:53 AM 10:20:53 AM 10:25:52 AM 10:80:52 AM
B8543.5 Psi
359.2 DegF
Zoom + || Default || Freeze | Pan L i[ﬂj
PSH
z 30328 P=l ?Eglén Zoom - || Set Scale | Current |:'|'p
i PFLO4
20 Hr|16 Hr| 8 Hr FIPChange  962.61
3545.2 PSI ancl 1nr [z i Topside FL 790.35
20330eaF |- : 7904 [een Stability Calc <1]  0.0261
14661.0 P2l = PSL Re-Scale l v 42
205.0 beg F PFLD3 Drawdown Calc Stability Tmr 3: 1]
Well Du 30 Min!ﬁl] Min| | curr Step Tmr 46 ;) 30
Production _ 709 dP| 185.2| 1435. 1(: 17|:] 10
1766.1 PSI | | Total Ramp Tmr
Well Interlocks TELDZ I |Test s t | |
In Service W 2% L_BS% Separator =
Vi |Ian|- ® 2014 Yokogawa Users Group Conference & Exhibition Modular Procedure Automation in Gulf of Mexico Deepwater
g Copyright © Yokogawa Electric Corporation - -
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Procedure Commands

~# Well Ramp Up Operator Screen for Drill Center 2n1a
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North America

Advance
Ste

W-2 Procedure Status
RURMING

Time

PRODUCTION WELL 2 - Exapilot Ramp Up Procedure

10:33:49

Message

102243 7

4 om

\_’_V_Z Flowing Tubing Pressure Stable
W 2 Read}r to start rampmg open

[ryr = -

[11:06:50 AM

Valve Label |
| North Hdr Overview |

; | Time of occurrence: 10:47:29 Time of acknowledament: el A’JJ | — d VENIEW]
| @ ]WE Downhole Pressure Stable
-881 psi {0 days, 00:23:29)
W.2 Downhole Stable at 18051.0 PSIG, 210.0 DegF Topsides at 780.95 PSIG =] =
Cur step 23 Min, 0 Sec Press Drop 2180.0 PSIG
Total 23 Min, 0 Sec Total Press Drop 2180.0 PSIG
7395.1 Pl 2elect one
184.1 Deg F
‘ ot Next Stability End Well
777 |  Nest Stabili ~ End We
N [ 1.7 Check Ramp.
usy2 usv1 h ‘ ‘ Cancel
7394.2 Pl 70l 4 . : . .
1534 Dear 10:05:53 AN 10:10:53 AM 10:15:53 AM 10:20:53 AM 10:25:52 AM 10:80:52 AM
8543.5 Pl
39.2 DeaF
Zoom + || Default _Fr_ee_z_ej |.Pan L J| Pan R '1
;hﬁ‘{ Zoom - || Set Scale | (:urrent] ETP| 7395.1
kel =R
10 20 Hr[16 be| 8 Hr FIP Change|  962.61 |
35452 P T TopsideFL|  790.35|
2035 DegF | - L] PsI L [7o04 [PEA] —— Stability Calc <1]  0.0261
14661.0 PsI u & 3529 0 ity A
206.0 Deg P ﬁ 4 - PRLO3 VL Drawdown Calc StabiltyTme| || 3 0]
Well Du 30 Mi"EE'U Mi"' curr Step Tmr 46 |: |
Production W A [7EOE dp| 185.2| 1435. "1 17 10]
1?551 L _ LELsd | | (TotalRamp Tmr| 1) 17): 10|
Well Interlocks - TFL-I]2 -- e [ [Tashit ; |
In Service W 20 ‘Prod Mnfld » | Test Separator ]
® 2014 Yokogawa Users Group Conference & Exhibition
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~# Unit Based Modular Design Concept 2"14 S

North America

“One Unit Procedure” for Multiple Wells
Well # 8105 Well # 8106

1 I Initialization
T
2 |- SSESD
-t
3 - ESD
—t—
4 BVSD
e
n f=— End
TAG NUMBER
GENERIC ACTUAL UNIT
NAME
QAY8105 | QAY8106
PMV PMV8105 PMV8106
PWV PWV8105 PWV8106
XOV XOV8105 | xovs106
Unit PCV PCV8105 | PCV8106 Unit
(for QAY8105)[« cIb1 CID18105 | * (for QAY8106)
CIT2 * CIT28106
Smart-Parts Smart-Parts

Instrumentation per tree can be configured

1/0 Layer (From TPU) differently using “*” in the table if not required. 1/0 Layer (FI'OITI TPU)

. .I nt I n 1'@ 2014 Yokogawa Users Group Conference & Exhibition Unit Block Development, Modular Design Approach to Subsea
V'g' a P a ® Copyright © Yokogawa Electric Corporation - 38 - MCS, Zara Kerkan, Shell and Nicholas Yim, Yokogawa at the 2012
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~# Decoking Procedure
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A ND

i ! Confirmation Messages - [DECOKE_SEMI_AUTO]

Tme of occurrence:  15:31:02 230472011

Time of acknowledgment:

‘{]:9 I Confirm when Alr Flow is Close to Target

[Confirm when Air Flow is Close to Target of 1584.0

[ g write step Desc 1o DS '
“COLLECTDATA"-= ‘siep!

e
=2

I;v vy, v,
& Fi i 2 .
- - [ Locate Unt Procedure |

R 999 8% v
v Time Message | Proceduwe | OperatingD | Subprocedure e
0% 1531:02  Confinm when Air Flowis Clo DECOKE_SEMI Au_Flow_Phase

25| 152929 | Close Quench Valve & Confia DECOKE_SEMI_ INIT Phase

2™ 152854 |Open Decoke Drum Iniet Valve DECOKE_SEMI_| INIT_Phase
125 152846  Adjst Damper \DECOKE_SEMI_ INIT Phase

2% 152839 How many Fumaces are m CR DECOKE_SEMI_ INIT Phase

L oan ® 2014 Yokogawa Users Group Conference & Exhibition
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~# State-based Control 2"1“ Joens, Conrentuet

ooooo

how state-based control provides them a financial benefit

Benefit from
shorter
Automating cleaning procedures can Maintenance

decrease the length of the shutdown as
well. A recent example of this resulted in a
16% increase in profit for a plant.

Benefit from faster
Shutdown

Benefit from

/ faster Start-up

Shutdown

Running Running

Start-up

Maintenance

Yahya Nazer, Ph.D. and Eric Cosman, The Dow Chemical Company, ARC Forum 2011
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— Command — operator decides when to take action
— Perform — board operator performs control actions
— Verify — computer or operator can verify actions successfully done

-+ Can help new operators become more confident and have constant
backup

-+ Analysis of procedure execution can identify areas of variability

— Good candidates for full automation

Standard Operating Procedures

® 2014 Yokogawa Users Group Conference & Exhibition
V|g||a nt I Copyright © Yokogawa Electric Corporation -4]1 -
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----- # Capturing Operator Knowledge 2"1“. g Soentic:

North America

Original SOP (Standard Operating Procedure)

(1) Check base tank level LI100.PV >= 50% o rrammrrassrrasssrassranns,
(2) Start pump P-101 Capture Operator
(3) Check answer back flag Knowledge!

(4) Confirm field operator to open hand valve HV100

<Condition icon> <Block mode setting icon> <Condition icon> <Confirmation icon> <Guidance message icon>
Check LI100.PV>=50 P101.MODE to AUTO Check P101.PV =2 HV100 Open P101 start finished
<Output to DCS icon> <Pause icon>
P101.CSV to 2 (Start) Pause this sequence
Orlglnal SOP J
YES = = YES -
. BASETANE ) F10L I 101 I | =gl PLOLSTART B
E" @mum 500 . AUT START g - F - mm ﬂ
: He NO |
:IIIIIIIIIIIIIIIIIIIIIIIIIIIII .......;H.:E'E‘K..............m;.r::l......n:];]r:l:l....... EIII:
n - & L ]
. Know-how S ﬁnmﬂm.t:-mu STOX H@ﬂmmm J i.
: N " NG toh :
. YES .
. II Repelition II E
O .'.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I‘I EEEER \ EEEEEEEEEEEEEER EEER \ EEEEEEEEEEEEEEEEEEER
. YAEF4RATION ERROR T s . e . Al :
. 1005V~ . ition | <Alarm message icon>
: . e erenm = Check P101.ALRM =NR | P101 start error
- _| Repatition = (NR means Normal)

<Output to DCS icon>

KnOW-hOW <Alarm message icon> <Output to DCS icon>  <Timer icon> P101.CSV to 0 (Stop)

Preparation error FIC100.SV to 20t/h Wait 10 minutes

T oan ® 2014 Yokogawa Users Group Conference & Exhibition
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----- * Alarm Response Procedures

* Provide if-then-else scenarios to respond to alarms based on the process
conditions or changes made by the operator

& Enapibal Dperation roial - E
2 » |1
irhe

Wa/Ta/2007 S:4% ™M m‘-

=13z

S e E N ZEE
= =] Tmwe | Mezgage
m&;;&hﬂ. L1 1720050 |51 1 Chech the FICOD2A satpni-rr_
] 1 Sk B8 =t
= Wik Alasm woeures, cheek & veduee the relued Bos g 7 :
FICTHIZA and FICDIZR st paimi, :
L =
4 1
&4 16714 14 |Checkthe FICODZA 5=
M| 125249 Starting TMPODE
E]}ju-uuutmmmmh -
CHED
| -
nm-q.m.m
w-mm_q_w BE
*
5> FICMIZASY
41 |
4] I o
5 =]
— i Li:I
o s T st v dcmramianr,. | (B st Punction - ek cave | 5 meerasntt Povsrrant - [, [ 8 Emapslot Operation - e R
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~# Rider Interactive Stations 2“1“ e S

A ND EXHIBITION
North America

E

@
N ()
-

= LG

§1 [l
Lo
| ‘
= =N 15 or 21 inch touch screen
3,'- with RFID reader to log-in

Rider Interactive Station (RIS) recognize and check the competence status of the specific person
and presents a task list for the planned job.

Vigild n.l.pla n.l.® 2014 Yokogawa Users Group Conference & Exhibition
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~# Rider Personal on Board system 2“14 S

North America

Rig: LR-08

7 MUHSIN

NOTIFICATIONS
/ =
IWCF CERTIFICATE EXFIRES ON bac
05-05-2013 A =

NEW SAFETY ALERT: SLIP & CUT

REVIEW SLIP & CUT WAYBOOK
18 nasseR |

e

ROUSTABOUT FOREMAN ROUSTABOUT
{20 kHaLPr |

ROUSTABOUT ROUSTABOUT ROUSTABOUT

GATE GUARD

WELDER

Personnel on Board screen

] RIDER VP, " Every_ person recc_aives a RFID card to log in on
| the Rider Interactive Station (RIS)

G ounseizaineren 123, 45678
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-+ Rider navigation 2"1 dr e ey

North America

£33 Tuition

4

M Competent (2)
Tuition - oriling operations Change filter settings for rig LR-02 ‘  Condtionaly competent (8)

I Not yet competent (23)
Choose textbook Choose waybook

» Task

Next page

FE‘E](L‘H a subprocedure ‘

search a textbook search a waybook

I WANT TO VIEW ALL WAYBOOKS I WANT TO VIEW ALL SUBPROCEDURES & 1.Prepare casing offloading, inspection and running

& Drilling operations & Tripping out and laying down casing B 3 Inspect casing [}
& 4 Prepare for running casing 1]
& 5. Rig up casing running equipment
& ©.Run casing and accessoiries =
& 7. Land casing
& 8_Break circulation

L oan ® 2014 Yokogawa Users Group Conference & Exhibition
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~# Rider

tasks

Sub-procedure executive View other subprocedures

Roustabout Foreman Related = Breakouts | In this waybook

877

vigilantplant

Prepare sufficient lay down area
v
Ensure laydown area is level and free of obstacles

v

Have sufficient 4 by 4in. timbers and chockblocks for tubulars

v

Have appropriate pallets / crates for smaller equipment

YOKOGAWA

USERS CONFERENGCE

AND EXHIBITION
North America

View SP tasks for:

& Roles
RO, RFO

B Guidance Text
Ensure lay down area is level and free of

obstacles. Have sufficient 4 by 4in timbers and

chock biocks for tubulars. Have appropriate
n | pallets / crates for smaller equipment

& Documents

ww._rigriderdemo com/docstore/doku.phy
technical_manuals

v rigriderdemo com/gwimages/iestimag
n ‘ A Hazards

-
Hold TBT (offloading) u i-ﬂg = 1% =
v
Unbundle nl EXE B A
v
Lower bundle onto pipe rack, hold tension on the slings i l EXE
Extra information
; Pop up
Tasks and sub tasks Role (Executor, contributor, none) :
Window
Extra description Extra
Hazards information
Attachments (pictures, movies, sheets etc.) =

® 2014 Yokogawa Users Group Conference & Exhibition
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~¥ Integrated hazards

Hazards for "Prepare sufficient lay down area”

1. Personal injury
EFFECTS

Tripping over tools and
objects left lying on rig
floor

2. Personal injury

EFFECTS

Body parts caught
petween nubbin and
other objects

3. Personal injury

EFFECTS

Wicker from wire rope
piercing hand

4. Personal injury

EFFECTS

Nubbin dropping while it
is being hoisted to the
rig floor

CONTROL

CONTROL

CONTROL

Impact gloves must be worn for this task

CONTROL

Worker on the ground must stand clear of the area
while the nubbin is being lifted up to the rig Noor

vigilantplant

® 2014 Yokogawa Users Group Conference & Exhibition
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~# Modular Procedural Automation (MPA) 2"14 S

— Asses the current state of standard operating procedures
— ldentify opportunities for automation

— Capture best practices from most experienced operators
— Automation team member

2 mnh e ANTE S 1= =00~ Bd
% = FRi_sTaRTUR B % 3 %l |Eﬂ l;_/ '[:gl Eg

[ 16:03:11 Step-8 ADJUST boller firing as needed.
@ 1602 50 | START nefl

(2] 9502 39 | Opan control vake o Tow 25Edmn

L] 0224 | OPEM Shesm oo, btk vk

1=

B 0 13 | Srep 5 MAINTAMN foed ard boBem: iown’

@ 160138 | Eep 6 3 SIART Fapd Pumg

W 990122 | Sep s VERFY loed lank kel 4106 abis B0%

|| 860116 | STEP 4 VERFY acoumuiater al 50% eor koss

T[] 90905 | Srep X 1 SET Steam Prestunes Tange

A 180015 | Steps 26.29

& 160008 | Smps2 126

B 155987 | Empd Tirren Condeninr, Raboder anm) Wedon Bols

Tiwe of ppoaeoe. 169001 31 Iz Tt o s b Bt st e |

[
‘?'1_'] Siwp $ALIFLT bodng dring = sneded,

ST bofar in Wfarusd or Lo se rerded

—————— .

Liscae Und Proondac 0K Cmed
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— Have input to the standard
— Receive copies of the draft standard
— Contact Dave Emerson or Bill Wray, or any committee member
~* How can the ISA-106 procedure automation concepts be used in
your plant?
— Yokogawa Advanced Solutions group is available to talk about this
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