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Improving asset and unit performance requires focus, technical know-how, and the ability to demonstrate
Return on Investment (ROI) for asset recommendations. Operational Sustainability® has developed an Asset
Analysis Module for Reliability and Systems Engineers to conduct important studies in a structured,
repeatable, and leveraged manner through the OESuite® software platform.

The Asset Analysis Module includes three primary analysis features: Asset Criticality, Corrosion Control
Documentation, and Lifecycle Cost. The recommendations and results of these analyses deliver strategic
interoperability that allows the insights to be utilized in other OESuite modules, with line of sight back to the
technical basis.

Module Features

The analyses offered through the Asset Analysis Module provide a consistent workflow of preparation,
study, recommendation, review, and closure. Practitioners and management can then work together, using the
same data and results to prepare objectives, and report progress toward those objectives through KPIs.
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Entity Study #
e

Unit 01 2019-CCD-0012 CCD/IOW Analysis

Corrosion Control Diagram - Reactor 1 Study In Progre:

Unit 01 Reactor 2019-CRIT-032 Criticality - Reactor 01 Study In Progre: Criticality

Unit 01 Reactor 2019-LCC-231 Reactor 01 Completed 10/4/2019  Life Cycle Cost

Figure 1 - Asset Analysis list

Asset Criticality Analysis Feature

Asset Criticality Analysis is an initial, fundamental step in a reliability journey. By performing an Asset Criticality
Analysis, companies can focus the right resources on the right assets.

Examples of how Asset Criticality can be used include: (Criticality Assessment)

e Reliability-Centered Maintenance (RCM), Failure
Modes and Effects (FMEA), strategy templates,
and Preventive Maintenance (PM) optimization for
rotating, electrical, and other mechanical equipment

To Perform
RCM Study

Criticality
Very High

To Perform

e Risk-Based Inspection (RBI) studies for fixed or
FMEA Study

static equipment

e Layers of Protection Analysis (LOPA) for
instrumentation, safety, and control loops

To Follow
Standard Care
Strategy

e Spares optimization to drive stocking levels

e \Work management and maintenance backlog
priorities
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Asset Criticality can be performed in two ways:
e Arisk matrix-based approach of likelihood and consequence with industry-specific perspectives (e.g., safety, environmental, operational, etc.)

e A configurable series of Q&A criteria with weights and scores leading to an overall criticality; the risk matrix can be configured to match your
corporate standard if desired

To accelerate the process, Criticality can be performed top down by Unit, then System, then Asset, with downward inheritance, and the ability to
adjust individual items as appropriate.
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Criticality Analysis
Title  #1 - Vacuum Unit _ 2/5 (40%)

Determine criticality of vacuum unit #1
Description

CRITICALITY
Add Criticality -
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v #1-VAC-PMP
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#1 - Motor Vac Btm 28-VPM-05 350 200 100 10000
#1 - Starter Contractor 28-VPM-06 E- 300 200 -
» #2-VAC-PMP -- 300 200 -

#1- Vac Twr Btm 28-VPM-03

#1 - Pmp Vac Btm 28-VPM-04

Lifecycle Cost Analysis (LCA) / Corrosion Gontrol Documentation (CCD) /
Integrity Operating Window (IOW) Analysis Feature

CCD / I0W Analysis Element

In process environments where corrosion, cracking, and erosion are only a few of the possible failure mechanisms, proper analysis and mitigation
are critical for business continuity. GGD / IOW Analysis (see Figure 3) is designed to guide teams through this type of study leading to inspection,
non-destructive examination, and process monitoring strategies to prevent the loss of containment.

CCD / 10W Analysis identifies the assets, asset components, damage mechanisms, documents, material specifications, and other necessary
components that tie to process streams with fluid operating conditions. Studies can be performed at a Unit level, with all loops identified. Potential
|IOWSs are suggested based on damage mechanisms, asset priorities are assigned, and then IOW tags can be selected for monitoring.

Recommendations are made by the study team and the “manage as” type is assigned (see Figure 4). Once confirmed, the recommendations can
spawn action items and other management system records to ensure completion and implementation.
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| Corrosion Loop
CorresionLoop  Loop 2 - Desalted Crude

Information Corrosion Gircuit Damage Mechanism/NDE /IOW Recommel

V3152 15t Stage Desalter 234 degree Carbon Steel X Delete
P-3152.2 Piping from V-3152 to MP2 P-3152.24 1st Stage Desalted Crude 236 degree F Carbon Steel X Delete
MP-2 Pressure Vessel 2nd Stage Recycle Water with Crude 231 degree F Carbon Steel X Delete

-MP2-2 Piping from MP2 to V-3153 1st Stage Desalted Crude 231 degree F Carbon Steel X Delete

o [ | 3 ovee

Figure 3 — CCD / I0OW Analysis

Corrosion Loop ot -0

Corrosion Loop = Loop 2 - Desalted Crude

Information Property Corrosion Circui ge is g/10 Recommendation

Add nmenda
Rec # Circuit Recommendation -

Established maximum desalter operating temperature. This temperature should be based on the type of Teflon bushing the -

123133 cuo2 v-3152 i >alter operating temp P e & /' Edit
desalter has. Typical maximum temperature is 320 F.

_ When cleaning the Reduced Crude/Flashed Crude exchangers to reduce heater firing, use a more effective procedure than e

123134 CUO2 V-3152 Medium ) N i # Edit
hydroblasting. This will increase the run length between cleaning.
Expect to see significant corrosion in the water piping after the Excalibur injection when a pH of <3 is achieved - there is a

123135 cuo3 Mp-2 Medium corrosion inhibitor with the Excalibur 7510 injection/combinetion corrosion inhibitor acid. If pH decreases to <3, consider an # Edit
inspection of the CML's.

123136 CU-03 MP-2 Medium Inspect the injection point per the APl recommended practice.
Piping around tubeside of E-365A/B has a dead-leg by-pass around the tubeside. This desalted crude contains small amounts of

123137 Ccu-03 P-MP2-2 Low water. Depending on the shape of the dead-leg by-pass, if it is traced and insulated, the potential for corrosion is present if the

water is allowed to settle out. An inspection plan is recommended for each dead-leg by-pass.

) )

Figure 4 — CCD / I0W Recommendation Management
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Lifecycle Cost Analysis Element

Reliability and System Engineers must recommend actions to repair and replace assets and systems to maximize the life expectancy of the facility
and protect the profits and jobs it represents. To assist with getting the recommendations approved and implemented, LCA is a valuable tool.
Competition for value-maintaining capital will be intense against other initiatives in the company, so an LCA translates the engineer’s needs into
the financial language of the company.

For each LCA, basic financial parameters are defined (e.g., analysis period, number of periods, depreciation method, interest rate, tax rates,
escalation rates and discount rate). The heart of the analysis are the scenarios, where the engineer can compare and contrast a scenario’s Net
Present Value (NPV), Total Cost Of Ownership (TCO), and, if revenue is specified, the Internal Rate of Return (IRR). Each scenario contains the
expected cash flow by category and by period. The NPV, TCO, and IRR are calculated, so the engineer can choose and recommend the most
financially valuable strategy.

ANALYSIS Send Notifications AT & & @ X
Entity JULTA0 ka Type Status  In Progress
Title  #1 - Vacuum Unit 2/5 (40%)

Life Cycle Cost
Determine the life cycle cost

Description SCENARIO

Scenario | Brand new equipment

Preparation Study Recommendation Closure

Notes 55 years remaininglife

SCENARIO npy  (23,094) IR N/A Tco  (29,032)

| o [ ot | vewo | owt [vera [ | v Lo | Yours o [ oo | vor3 e 0] v 13 o 2 Yoo 3 er 1 v
One-Time Costs <+ Design, Procure, and Installation of the turbine
e
. . Expense Cost 3000 3000
Brand new equipment 55 years remainin Repair Cost o
Replace after 10 years 45 years remainin Contingency Cost iS00y 5000
Other Cost 0
Overhaul Add 10 years of 1 Annual Costs + Costto keep the turbine running
fele 10 years of remai Utiies Cost 4284 153 153 153 155 153 153 153 153 163 153 155 153 153 153 153 1
Inspection Cost 2100 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 7
Personnel Cost 0
Other Cost 0
First Failure Mode + Costto fix and bring the turbine back online after first failure
Repair Cost 3000 1500 1500
Lost Margin Cost 4000 2000 2000
Other Cost ]
< >
EEm

Figure 5 - Life Cycle Cost Analysis

Failure Elimination / Bad Actors

The OESuite® Failure Elimination Feature enables organizations to compare the effectiveness of their asset strategies to actual performance.
Production loss events, equipment failures, process interruptions, and safety incidents are collected, analyzed, and subjected to further root cause
examination.

Production loss data is applied to prioritize events and focus on the bad actor equipment. Within OESuite®, users can perform Pareto analysis and
calculate Overall Equipment Effectiveness (OEE). Recommendations based on identified root causes are tracked to completion within the OESuite®
platform.
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Asset Registry Bt
Structure Production Loss

Analysis

e Hierarchy
¢ Asset Information

Cost of Production Loss Due to Asset Failure

Work History Pareto Analysis Incident Recommendations
o Asset e Study by Unit / Site
e Failure Code e Bad Actors
e Cost of Repair o KPI

* Root Cause Analysis « Changes Recommended
per Bad Actor per Bad Actor

Failure Elimination

Review

Effectiveness Changes Tracked as MOC
of Changes e MOC
* Asset Change Corrective Action
0 ¢ Maintenance Plan

Improvement Actions

Figure 6 — OESuite® process for Failure Elimination

Return on Asset Analysis

Asset Criticality provides a relative ranking of assets to help your organization focus its Asset Performance Management efforts (e.g, failure
elimination, preventive maintenance optimization) and prioritize your facility’s maintenance backlog when choices must be made.

A CCD / I0W analysis enables your organization to allocate inspection and NDE resources in the most effective manner. As process or equipment
conditions change, informed decisions are easily supported.

Finally, LCA will ensure the most valuable recommendations are approved and implemented, based on real-time, specific data from your facility’s
assets.

The OS Asset Analysis solution provides higher availability at lower cost and risk to your facility, leading to well-managed assets and informed
asset-related decisions. Claim a significant competitive advantage through the OESuite® Asset Analysis Module.
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The Asset Analysis Module is a key component of these OESuite® Frameworks and Solutions:

@ O,

EAM / APM Mechanical Integrity
Framework Solution

S

These are the core functions in all 0ESuite® Modules:

Ad Hoc
Reporting

Coordination Configurable Damage Mechanisms Data Document Links / Form Builder
Compliance Notifications Attachments
V] EN
—
Oes g==L]
V] s
Integration / Multi-Lingual / KPI Manager Mobility Module and Hierarchy

Connectors

Archiving

International Formatting

Asset Registry /

Navigation

Audit Trail

B

Bow Tie /
Swiss Cheese Analysis

Calculation Engine

i
4

Specific Security

My Obligations / My Subscriptions Obligation OE View Planning / Portal
Calendar Reassignment Scheduling
RACI Chart Redlining Report Builder Risk Ranking Risk Registry Robust Search
Single Sign On Standard Reporting Tags Verification Visual Operations Workflow
(SS0) (Initiate, Approval,

Execution, etc.)

For more information email us at info@DrivingOE.com or call (713) 355-2900.
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Operational Sustainability®
Driving Operational Excellence™

Workforce

Operational Sustainability® makes operational excellence simple.

Succeeding in today’s complex, highly-regulated industries depends on how well your company manages operational risk and enables
operational discipline. Our world-class advisory services and our industry-leading cloud-based, highly configurable software work together to
enable your company to achieve operational excellence, including OE 4.0 tenets, and sustained operational integrity. We identify and help
you solve any issues to move to a real-time, mobilized risk-aware culture. With an average of more than 30 years of industry experience each, our
advisors can design a solution tailored to your company’s culture and needs.

Learn how Operational Sustainability can advise your workforce through our consulting services and support your journey to operational
excellence through our OESuite® software platform. See our full slate of free webinars, white papers, detailed module information, and
scheduled workshops online at www.DrivingOE.com.

Schedule your free consultation and demo today.

DISCLAIMER

This document is protected under the copyright laws of the United States and other countries. This proposal contains information that is proprietary and confidential to Operational Sustainability, LLC, and shall not be
disclosed outside the recipient’s company or duplicated, used or disclosed in whole or in part by the recipient for any purpose other than to evaluate this proposal. Any other use or disclosure in whole or in part of this
information without the express written permission of Operational Sustainability, LLC is prohibited.

Operational Sustainability, LLC is a Delaware limited liability corporation.

11490 Westheimer | Suite 280 | Houston, TX 77077 | info@DrivingOE.com
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