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Quantitative ranking of relative criticality of equipment in five key categories:

(i) Safety; (ii) Environmental; (iii) Production; (iv) Maintenance; and (v) Quality

7

NSk

HMHZPAA. M~mREID

Plant Subject Matter Experts (SME's) join a cross-functional team to perform the actual ranking using a spreadsheet
type tool as shown below to document the results. Final results are ranked in criticality order so that appropriate

machinery management strategies may be assigned.

Location / Equipment ]lD Number 36421 § MFR GE <
ATLEELEGCIRIGAL DSTRIBUTION lm.ﬂbﬁon T-HSS-HYDRAULIC START SYSTEM | g Record # 118579 (g
4 FMP.FIRE PUMP SYSTEM lLocatlon SYSTEM*HYDRAULIC g Date 10/23/09 g
4-FPS-FIRE PROTECTION SYSTEM  [Total Crltlcamy Score 235 0.A. Rank 51

4. GEN-GENERATOR Question Answer Question Answer

M HSS STARTER RESERVOIR |Safety 85|Process Impact 50
L HSS. HEAT EXCHANGER Risk for Personal Injury Little Risk Process DT (Time Hours

*.ussmmmuc START SYSTEM  ISeverity of Personal Injury First Aid Reduced Capacity while running None

j-HSS-STARTER Fire or Explosion Possible None Time To Impact Gemeration 1-2 days

MALS TANK Safety Regulatory Requirements No Availability - Derate None

B-ILSINTERCOOLER LOOP SYSTEM |Critical Safety Device No Hea! Rate None

MILS-SLENCER Health Hazard m Not Used

MALS. TANK CONDENSATE

e l'."} TURBINE SYSTEM-ACCES DRIYE nvironmental S50|Maintenance Impact 60
M LMS TURBINE SYSTEM-BOOSTER [Spil/Release Haz. Material Non reportable spill Repair Costs Less Than $5000

4 LMS TURBINE SYSTEM-INLET Polution Control Device No Spare Part Avadability No Spares on Site

M- LMS. TURBINE SYSTEM-SUB BASE AEny Impact Potential Low Reduntant Equipment No

H-LMS- TURBINE 5YSTEM-SUPERCORIEnv Regulatory Requirements Not Used

"IE%.&Q* IZ. 15%

EHS, A&l

MNEZHBARSEHIE
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2 Machinery Protection & Monitoring Requirements
MACHINE TYPE

2.1 Monitoring Requirements Matrix
TURBOMACHINERY AND RECIPROCATING MACHIMES

Integrated Monitoring Applications in Refining

o
=

ko

Lt
I

HC

HC

FCC Feed Pump

Wet Gas Compressors

Main Air Blower
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2.2.1. Keyphasor® Probe for Speed & Phase Measurement

A Keyphasor® transducer is necessary for accurote phose information and must, as a minimurm, be mounted an
the shaft of the driver machine. The target notch or protrusion should be suitable to generate the correct signal at
all machine states, however the machinery manufocturer shall be respensible to confirm this.

. One non-contoct proximity transducer shall be installed for once-
per-rey phase reference measuremnents. For machines with
internally mounted transducers, a spare transducer shall be
installed, with extension lead delivered to the transducer interface
housing, external to the machine,

. For Gearboxes, Fluid Couplings and Integrally Geared Compressors,
ane Keyphasor® sensor must be installed on each shaft for once-
per-rev phase reference measurements |unless already installed on
the driver or driven machine on the same shaft), v o

. For the Pinion shaft on an Integrally Geared Compressaor, axial — N -
ariented Keyphasor® transducers may be used to abserve a single
machined depression in the shaft end if no other location is available. Specialized “Marrow Side View”
transducers may be required in some installations, however this
should be considered in consultation with the machinery OEM.

. Critical service pumps will typically require reverse rotation
detection. In this case a Tachometer monitor is required in lieu of k} :ﬁ:phgsn‘:eﬁ ';:r:‘m
the Keyphosor module ond Two Keyphosor® probes must be /H\ T

\  zero-speed or
installed at a specific angular offset according to the system _| © | reverse-rotation

Vendor's recommendation. \\ // :;:I?:a’:fnfr
* Faor Turbines and Compressors which require zero speed

indication for control of turning gear [or to initiote other speed

related events), the Tachometer installation with two probes must ~ Probe B

be selected in liew of the simple Keyphasor® arrangement.

T AENR , EX TEERE , FSOEMEESIEIER &

O ke
REVOLUTION

Probe A
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2.2.5 Vibration Transducers — Radial Journal Bearings
The thin fluid film that supports the shaft, in a fluid film bearing,
permits shaft movement relative to the bearing. Two
arthogonally mounted proximity transducers are required to
observe this shaft motion.

Protection parameters related directly to machinery internal
clearances can be enabled using simply the overall amplitude

gnd DC position measurement. & range of chronic problems and
gcute fault conditions (i.e. misalignment, unbalance, shaft rub)
ran be diagnosed effectively using the dynamic signal output

from the proximity probes.

Two non-contact proximity displacement transducers in XY configuration shall be installed at each journal
bearing in accordance with API 670 (Latest Edition).

The following items have been identified as required to meet this specification. The specific ordering details
of thread sizes and probe lengths shall be confirmed in collaboration with the machinery manufacturer. Mo
substitute components or systems will be permitted unless explicitly approved to be compatible with this
specification by THE COMPANY's Engineering Manager.

Component Description MFR Part Number

Typical

Bently Mevada 3300XL Bmm Proximity probe system 33010X-aa-bb-cc-dd-ee

Sensor . -
(probe, extension cable, proximitor) 330130-aaa-bb-cc [ext. cable)

330180-aa-bb (proximitor)

BENTLY NEVADA*
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2.3 Monitoring Systems
TRS Note: All components to be supplied with appropriate Technical Regulations and Standards (TRS) where
applicable.

RoHS — Fully ROHS Compliant (See ROHS Document: XXXXX)

Functional Safety (5IL) such as: - Complete Simplex SIL 1 and 51L 2 solution options from the Transducer to
the Relay for Turbo and Reciprocating Machinery (See SIL Document: 162242-01). Also EMC, Low Vaoltage

Directive, and CE compliance.

Cybersecurity such as: - ACC L1 and/or IEC 62443-2-4 Compliance (See Security Document: XOXX).

Hozardous Area (Country Specific) such as: - C5A Class 1 Div. 2 / Zone 2 and ATEX/IECEX Zone 2 Hazardous

Area Certifications (See Country Specific Approvals Document: 108M1756).

Country Specific Approval Example: (EWRGE T EY =00 ] v RGBT @ i T=s (e o1 |

product meets all regulations (non-hazardous area).

Required on a majority of Bently Mevada products to indicate that the
‘ € European Union (“CE Mark™) = g hr_ d

9
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2.3.1 Rack Based Online Continuous Monitoring & Protection System

In order to comply with THE COMPANY Machinery Management Specification for critical machines at this The fallowing items have been identified as required to meet this specification. The specific ordering details
site, the following specific requirements must be met by the monitoring and protection system: for components to shall be confirmed in collaboration with the machinery manufacturer. Mo substitute
compaonents or systems will be permitted unless explicitly approved to be compatible with this specification
. Dual Redundant Power Supplies in accordance with APl 670 (Latest Edition). The specific voltages by THE COMPANY's Engineering Manager.
and power sources (AC or DC) for each power module are site specific and shall be approved by the
THE COMPAMNY's Engineering Manager prior to delivery. For highest reliability each power supply Component Description MFR Part Number
should be connected to separate power feeds through UPS devices.
. Minirmum of one alarm relay and one trip relay for each critical protection or monitoring function Bantly Nevada 3500 13 inch system rack 3500,/05-01-02-02-00-01

(additional to any SIL-3 protection functionality). Relays may be grouped onto a multi-channel card, System Rack

Monitor Rack Configuration utility 3500/01-01
=0 one Relay card may support the entire monitor rack. Unless otherwise specified by the site
Engineering Manager, the following relay functions (and more) shall be supported by a common Bently Mevada 3500 Dual Power Modules — Universal ]
Power Supply 3500/15-05-05-01 (typical)
relay card: AC (110/ 220 VAC)

Mechanical Protection: shaft vibration, bearing temperature (2 Relays)

Transient Data Bently Mevada 3500/22M Rack Interface Module 3500/22-01-01.02 {typical)

Thrust Protection: when SIL-3 protection is not required (2 Relays) Interface(TDI) * | with Transient Data Internal interface.
Zero Speed or reverse rotation detection (if applicable) (2 Relays) Manitoring Card | Bently Nevada 3500/XX {point type specific) 3500/XX-aa-bb...
. The protection system shall cellect, store and communicate dynamic vibration data and alarm and Bently Mewvada 3500/33 Sixteen Channel Relay
o . ) Relay Card ** 3500/33-01-01
system events to the data acguisition system. The signal processing method must support a Module
minimum 800 spectral lines and high resolution data at 3200 spectral lines, with Fmax configurable
from DC to 30 kHz. The systermn must be capable of automatically sampling more freguently for a set Communication | Bently Nevada 3500/92 Communication Gateway - 3500,/92-AA-BB-CC

time period surrounding (both before and after) alarm events, and automatically sampling at

configurable speed intervals during transient events (start-up and shut-down).

BENTLY NEVADA*
Machinery Condition Monitoring
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2.3.4 Basic Distributed Protection System

For Medium Critical machines with rolling element bearings, localized (distributed) basic protection system is
required, along with periodic machinery monitoring.

. The monitor need to be software configurable, and includes configuration software.

. The monitor needs to have an integrated LCD screen to show the channels’ real-time data showing
vibration amplitude, setpoints, and speed and multiple LEDs status locally for channel alarm and
danger status.

. The monitor should support two seismic and Keyphasor® transducers, and cutputs include relays, 3
local BMC buffered outputs, TCP/IP Ethernet and 4-20 maA output and/or TrendMaster® SPA line
interface.

. The monitor shall provide the capability of 3 contact inputs with terminals. One is used for

configuration lock, one is for remote alarm reset function, and the 3rd one is used for monitor
Alarm/Relay Inhibit.

1

0 )

Component Description MFR Part Number

NManitor Bently Nevada 2300 Series Vibration Monitor 2300/20_KIT-AAA-BB

Mate: All components to be suppiied with “multi-cpprovals” (where applicable] ta ensure compiete hozordous area documentation is
supplied with order.

It must be noted that for condition manitoring purposes there may be additional megsurement paints on g mochine that are not
conmected to o protection systenm.
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3 Condition Monitoring Software Platform 3.2 CMS Capability
The condition monitoring system (CM3) selected to meet THE COMPANY s requirements shall be vertically 3.2.1 Condition quitoring Machinew Health
integrated with the monitoring and protection hardware system (i.e., software & hardware to be supplied ] . ]
) ) . . i i . The CMS shall provide the capability to log machinery alarms based on alarms generated by
from same manufacturer), and seamlessly integrates with the plant data historian and other information integrated devices, such as machinery protection systems (Hardware Alarms)
management systems on site. [t fully meets the essential performance reguirements adopted as a corporate . The CMS shall p-n:uu'idethe capability to log machinery alarms based on alarms generated by the
standard by THE COMPANY. The CMS shall have a proven history or available references of 5 years of software (Condition Monitoring Alarms)
continual use by end user. . The CMS shall have the capability to drive machinery state based on user defined logic and set points
A derived from any mapped parameters an a particular asset
3.1 CMS ACCESSIbIlIt? . The CMS saftware alarms shall be capable of being triggered by any imparted or native data source
3.1.1 Distributed Deplc}yment [Displav Client to CMS SEWEI'} . The CMS shall be capable of retroactively applying user changed alarm levels to previously collected
. s . . - N data
. The CMS shall provide the capability to be installed in a distributed client/server deployment . The CMS shall be capable of modifying the software alarm st points (per machine and machine
environment e emmmeRe e s s
. The communication protocol between client and server shall be TCP/IP with @ maximum of 2 ports state) based upon machinery statistical averages and standard deviations from this average
required for communication between client and server
. A minimum of 10 clients shall be able to simultaneously access one or more condition monitoring 3.2.2 Single Vendor Hardware Device to CMS Integration
databases running on the CMS5 server . The CMS shall provide the capability to integrate seamlessly with the same vendor’s continuous
. The CMS shall be capable of remote connectivity without computer access for transferring data from online machinery protection devices(s), such that pertinent condition monitoring data can be
hand held data collection device securely captured, stored, and visualized
. The CMS shall provide Centralized Client licensing management with @ concurrent user license model . The CMS shall provide the capability to integrate seamlessly with the same vendor's scanning
* The CM5 shall be capable of supporting Windows Server 2016 and Windows 10 device(s), such that pertinent condition monitoring data can be securely captured, stored, and
visualized
3.1.2 Secure CMS Database Access . The CMS shall provide the capability to integrate seamlessly with the same vendar’s portable data
collection and analyser device(s), such that pertinent condition manitoring data can be securel
. The CMS5 shall provide the capability to control user access to CMS5 databases based on windows captured, stored, and 1.."i5-l..IE||I'ZE_|‘:dL P g 4
local and/or domain accounts (Group and User) ! i o ) . . i _
. The CMS5 shall provide the capability to classify users by different levels of database access ranging The CM5 shall provide the ability to configure candition monitaring hardware (non-protection) via

. . the user interface
from read only access to comprehensive read/write access
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6. Execution

6.1. INTERFACING REQUIREMENTS

6.1.1. Field cabling

Field Cabling between monitor racks and field devices to be stranded 3-wire shielded cable, 18AWG to 22AWG, with
insulating sheath. The shielding shall be earthed in only one location, preferably at the monitor rack.

6.1.2. Barriers & Galvanic Isolators

Barriers or Galvanic Isolators will be required for sensors located in classified plant areas. These shall be supplied in
accordance with THE COMPANY"s general instrumentation standard for this site and shall be selected with advice
from the Monitoring & Protection System vendor to ensure compatibility. The MPS hardware recommended in this
Plan is compatible with either barriers or galvanic isolators, however the MTL range of Barriers is typically utilized.

6.1.3. Networking

Networking between MPS components shall use conventional Ethernet architecture with twisted pair cabling
between monitor racks, display units and local rack-mounted MPS Ethernet hubs, and between the MPS Data
Acquisition Servers and local Ethernet hubs, Networking between the MPS Ethernet hubs shall use fiber optic
transport. Selection and installation of the networking components shall be done with advice from the MPS vendor.

6.1.4. OPC Communication

The Monitoring & Protection System (MPS) shall be configured for two-way OPC communication with the plant's
Distributed Control System. The OPC Interface Package must be installed on the DCS and network access provided
to interconnect the MPS server computer(s) with the Plant Data Network

6.1.5. MPS Modbus Data Export

For Critical and Essential Machines, the monitoring hardware system shall export machinery management
parameters (including vibration, temperature, pressure and position amplitudes, alarm status) using conventional
Modbus over Ethernet protocol. Machinery data export shall be independent of the monitoring software and

6.2.4. INTEGRATED FACTORY ACCEPTANCE TEST

An Integrated Factory Acceptance Test (IFAT) shall be performed by Vendor in order to provide THE COMPANY
opportunity to test the complete signal path from the source, through the Condition Monitoring System (CMS) to the
Distributed Control System (DCS) Operator Workstations prior to deploying these systems to the installation site.

The IFAT shall include test system communications between the CMS and the DCS. Key communication protocols
that will be tested include Modbus (serial or Ethernet) and OPC. Depending on project standards, the
communications infrastructure may be in either simplex or redundant configurations. This network infrastructure
configuration shall be replicated during the IFAT. If redundant communications are employed, then failure modes
shall be tested to ensure proper operation of the redundant communications links. Any hardwired trip signals to an
Emergency Shutdown (ESD) system shall be tested with the ESD systems to ensure compliance to the project
standards.

All DCS materials and equipment required for IFAT or other system testing shall be supplied by DCS Vendor as
required.
IFAT testing shall include the following:

# Shipping the project hardware, including system cabinets and monitoring systems, marshalling cabinets if
applicable, server cabinets and networking hardware to the DCS Vendor's premises.

« Insome instances it may not be practical or desired to ship all of the project hardware to the DCS Vendor's
premises. In these cases just an appropriate portion of the equipment will be shipped or in some instances
representative test systems rather than the actual project equipment will be shipped.

+ Scheduling CMS Vendor's service personnel to assist with system set up and testing.
+ Replicating the site network (or part thereof).
e Providing simulated inputs to the monitoring systems.
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