Cavitation Detection with Process and Asset Data

EMERSON.
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PUMP101A RUN TIME 1 HRS SINCE OOS 4459.5 HRS

URRENT AVERAGE ovi_PV ﬂ ova pv ﬂ PKV1_PV ﬂ PKVZ_PV )ﬂ DISCH_P_SD_PV ﬂ Scales

VIBRATION 1 0.170 RMS 0.1578 0.1570 0z —J
PEAKVUE 1C 328 os O E B 3.2492 1.8513 = w
VIBRATION 2 0214 RMS 0.2238 0.2248 s
PEAKVUE 2 1909 G's 1.8952 1.9000 &
1 DAY
FLOW 60.01  kg/hr 60.00 60.00 o
SPEED 1,500 RPM 1,500 1,500 = w
DISCHARGE P 3035 psig 29 87 2999 ‘31% w
SUCTION P 199  kglem? 2.00 2.01

STRAINER AP 010  kglem? 0.10 0.10 oz \/\/\/\/\/’\/V\/‘\/\/\\\,_/\/\ w
PUMP HEAD 282 peig 28 28 . w

BEAR TEMP 1 41.01 °C 41.00 ngh Peakvue @‘
BEAR TEMP 2 4201 “C 42.00 BEE B Et At a: _J

SEAL PRESSURE 0.49  kglem: 0.50 049 H 3 i
PRESSURE - HI NORMAL
SRR D HORMAL 11/11/2012 6:21: CAVITATION 5
SEAL LEVEL 51.00 % 51.00 51.00 1111172012 PRE CAVITATION
LEVEL - HI NORMAL 11/11i2012 6:21:02 AM VIBRATION 1 INCREASING TREND DETECTED
LEVEL -LO NORMAL 11/11/2012 6:20:51 AM 'HIGH PEAKVUE VIBRATION 1
HG LEAK
CAVITATION (5TD) §




Heat Exchanger Monitoring

Fouling calculation —
One flow and four temperatures

User entered data:
Cp, Area, HX Coeff

Duty calculation — _d $
Flow and In/Out temperatures :
of at least one side — EMERSON.

Process Management



Importance of Heat Exchanger Monitoring

Increased Processing

Increased Fouling

Difficulties

To take advantage of price
discounts, many refiners
are choosing difficult-to-

process “opportunity”
crudes.

0-70/0
LOST CAPACITY
DUE TO INCREASED
FOULING AND
PLUGGING

Fouling rate and severity
increase as a result.
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2%

FOULING

Wasted Enerqgy

Just 2% fouling causes a
10% energy loss.

AN

10%
WASTED ENERGY
DUE TO INCREASED
FOULING AND
PLUGEGING

Increased costs

Energy and financial loss
associated with fouling
totals more than $2
billion/yr in U.S refineries
alone.

$2 BILLION
INLOSSES

FROM FOULING

AND PLUGGING




Looking at a typical Heat Exchanger Root Cause &

Effect Diagram...

Fouling and plugging can impact several process areas:

Process Equipment Environmental Business

Fouling and
plugging

Asphaltene
precipitation

Low velocity,
poor cleaning

Inorganic
foulants
from poor
desalter
performance

Undetected

Conditions l

Increased carbon
and energy costs

Greenhouse
gas increase

‘and clean
A_bnor_mal Avoidable
Situations Consequences

50% of equipment failures are induced by the process and are avoidable
Source: Ron Moore, Reliability Based Manufacturing




Only with Emerson...
Address critical fault conditions...

- Cold Side Cold Side Hot Side Hot Side Cold Side Hot Side Cold Side Hot Side
Fault Condition

Inlet Temp Outlet Temp Inlet Temp Outlet Temp Flow Flow dP dP
HX Cleaning Required 7|
HX Fouling
Low Flow
Decreasing HX Duty M
&

EMERSON.



...using pre-engineered algorithms on a combination
of process and equipment data to report asset
health

Heat Exchanger Health Indicator

Cleaning Required .
Lost Energy Cost Early warning system that

Fouling factor and rates can be easily Unde_rStOOd;
Duty error don’t need machinery
Exchanger In/Out Service / expert to interpret

— p———1 Provide early warning of
Pre-Engineered impending failure and
Software Algorithm abnormal operation

r without spurious alarms

Equipment Data
rr ~ \\ Exchanger Constants
r : Exchanger Area

Flowing Condition

Process Data
Hot/Cold Side Flow

Hot/Cold Side DP Constants
Hot/Cold Side Inlet T Clean Ex_changer
Hot/Cold Side Outlet T Coefficient

Run/Stop Indicator
Initial Baseline




Heat exchanger high fouling rate detection

HTEXCH E1 RUN TIME 3,307.7 HRS_SINCE OOS 4,458.7 HRS

ACTIVE HIGH EXCHANGER FOULING [ETECQ

PROCESS CONFIGURATION

® Health Details | Process & Equipment Inputs Calculated values
Gethigh fouling == ====="==g == r""""""""""""" "~ b '
ALARM HEALTH rate indication | 32,499.99 melhr : : L 33633 kW ; :

1 1 [ conspeoury | |

11 306.21 kW 1

(| 1

Status Indicators : ) E4 51 [ _uosserveD |

153,9: °C-m?

NOT REQUIRED 1 HOTFLOW h il
: 7,000.01 m?fhr » :

9 % |
=
9.99 kPa FOULING FACTOR

[ AU-MONTHLY

0.00000 AU/MTH

AU-DAILY i

0.00000 AU/DAY
Set Out of Service

Element Names




High fouling rate detection with process and asset
data

EMERSON.

Process Management

HTEXCH E1 RUN TIME 3,307.8 HRS SINCE OOS 4,458.7 HRS

ACTIVE - HIGH EXCHANGER FOULING DETECTED
HOT SIDE NT AVERAGE | FLOW_H_PV ﬂ TEMP_H_I_PV ﬂ TEMP_H_O_PV ﬂ DP_H PV ’f) aHev >j e j
FLOW 7,000.01  mhr 7,000.00 7,000.00 e
] B
INLET TEMP 22599 °C 22600 226,00 ° @
-
OUTLET TEMP 22500 °C 225.00 215.00 = : THR
=
PRES SURE (AP) 10.01  kPa 10.00 10.01 = o
=
HEAT DUTY 33634 kW 336.37 394.68 -
= |Hot Outlet Temp >
COLD SIDE IRRENT AVERAGE BASELINE 0
: -| Increase, L
FLOW 32,500.00 mlhr 32,500.00 32,500.01 B =
s 1260 1251 Duty Decrease -
> 300 4
OQUTLET TEMP 21.00 -°c 21.00 23.00 o 180
5 1YR
PRESSURE (AP) 20.00 kPa 20 00 2000 -
30672 kW 307.00 e e e St === o
EXCHANGER AVERAGE BASELINE r

FOULING FACTOR 19 % [ H |
LOSSES 124  €DAY 124 0
e T 7 'HIGH EXCHANGER FOULING DETECTED
U_OBSERVED 154046.93  kWrCm® 154,122.18 190,867.22
< TUCORRECTED | 182822 W —> 182911
AU-DALY 0.00 AUDAY

0.00

AU - MONTHLY

AUMTH

RS e B AL L L



Clean exchanger indication

EMERSON.

Process Management

HTEXCH E1 RUN TIME 3.308.2 HRS SINCE OOS 4,459.2 HRS

ACTIVE !ﬂm EXCHANGER FOULING DETECTED [© eRoeess PV ConriouRaTion |

| /
feamneins l Process & Equipment Inputs Calculated values

LIMITING PARAMETER

ALARM HEALTH

32,500.00 m/hr

Status Indicators

#”  EXCH CLEANING ‘ : - ‘ ~ g 1,829.73 KWIPC-n*
HOT FLOW. L e =

7,000.01 m*hr -
DUTY ERROR

9 %

e
Get exchanger
cleaning required

AU - MONTHLY

indication 0.00000 AU/MTH

coup oumer rewr

225.00 °C 21.01 °C 0.00000 AU/DAY




Value Proposition for EAM for Heat
Exchanger

Enable Comparison of Efficiency Deterioration Patterns for Different
Crude Types & on Different Exchangers

Enable Identification of Exchangers with Higher Fouling Tendency

Alarm on “High Cost of Energy Detected” — (Cost of Energy &
Efficiency/ Fouling)

Warnings on & ldentification of Operationally Passive Asset
Alarm on “High Exchanger Fouling Detected”
Calculate & Alarm on Deviation Between Hot & Cold Side Heat Duty
Trend & Monitor Deterioration of Efficiency
Hourly/ Weekly/ Monthly/ Yearly Trends
Automatic Snapshot Loading for Crude Change

Ability to Import Past Historized Data into EAM : Enable Analysis of
Fouling History for Period Before EAM Installation

Export of Data into MS Excel to Enable Offline if Required
EMERSON.

&
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EAM vs. Spreadsheet Trending :
Proactive vs. Post-mortem Approach

e Alarms & Early Warnings :
Dynamic Identification of Bad Data (e.g. Instrument Failures, Temperature Inversion)
Early Warnings & Alarms on High Energy Cost
Early Warnings on High Exchanger Fouling — Enable Decision on Maintt.
High Exchanger Fouling Rate
High Heat Duty Error — Enable Timely Baseline

e Calculation & Trending for Parameters such as:
“U Corrected” & “/A U Daily/ Weekly/ Monthly/ Yearly”
Fouling
Exchanger Health — Penalty Weightage Configurable by User
Energy Cost — Enable Timely Decision on Exchanger Maintt.

EAM Enables Informed & Timely Decision for
Averting Problems Before They Occur

&,
-~ W
L

Cost Effective Operation
EMERSON.



Our solution uses tested algorithms on a
combination of process and equipment data

Process Data
Discharge P
Suction P
Strainer DP
Suction T
Seal Discharge T
Flow
Gas Specific Gravity

Compressor Health Indicator
Bearing and Gear Wear
Compressor Instability
Control Vane Defect
Low flow
Plugged Suction Filter

Pre-Engineered

Equipment Data
Velocity
PeakVue

Compressor Bearing T

Control Vane Position
Lube OIl T

Lube Oil P
Compressor Speed
Run/Stop Indicator

Initial Baseline




Our Solution addresses every critical root
cause... (Compressor)

Gas Comp
Change

&
EMERSON.

Process Management



Compressor Monitoring Solution

EMERSON.

Process Management

RUN TIME 2.3 HRS SINCE OOS 3042.8 HRS

COMPRESSOR101A

rowne QD

Health Details l ACTVANE POS IMP VANE POS

70.01 % 20.01 % 2.2 psig
_u' e [ sucTioNPRESS | ' GAs SG ' COMP AT ‘
3.98 psig 118 8.0 °F
SUCTION TEMP FILTER AP
| i 1.85 psig

BG1 1B VIBRATION " MTRIB VIBRATION ( MTROBVIBRATION |

0.233 RMS/s 0.171 RMS/s

@ Sstatus Indicators [ BG10BVIBRATION | BG1IB PEAKVUE | MTRIBPEAKVUE | [ MTROBPEAKVUE |

i 0.229 RMS/s - 1.032 G's 1.034 G's J 1.040 G's

HC DETECT ] BG1 OB PEAKVUE
ORMAL 1.038 G's

NORMAL

1,550 RPM

: L] | : ‘I T
= S

43.40 A

BG2 0B VIBRATION ]

0.214 RMS/s B

e T Monitor for:

1.024 G's 0.228 RMS/s 5.01 psig

e Vibration

6.15 psig 1.028 G's 25.0 °F

Set Out of Service Spe ed

28.0 °F 70.0 %

—
lement Names 186.0 Kib/hr FIOW

- = BN =N PN - ) k]| AP AT
* Instability
* Vane Position




- Compressor Instability Monitoring

RUNNING  [(J90%ES COMPRESSOR INSTABILITY DETECTED ——> Gl m——

| e
gealn el ] ACTVANEPOS —wrVANEFOS

i i« 70.00 % 20.00 % | 2.8 psig
. TR — -' ' ' o
TGN PRESS cowp aT
e C . R 4

[ SUCTION TEMP FILTER AP
! | 1.85 psig )

(— BG1IB VIBRATION ( MTRIBVIBRATION ) (— MTR OB VIBRATION
0.229 RMS/s 0.168 RMS/s

Status Indicators 'BG1 OB VIBRATION v BG1 IB PEAKVUE
| 0.230 RMS/s T ) PR

| HC DETECT BG1 0B PEAKVUE I

NORMAL | | 1.028 G's

:

SPEED )

1,550 RPM

43.39 A

| BG20B VIBRATION

0.221 RMS/s

BG2 0B PEAKVUE BG2 B VIBRATION

1.040 G's 0.219 RMS/s 5.01 psig
DISCH PRESS BG2 IB PEAKVUE LUBE OIL TEMP
6.17 psig 1.029 G's

Set Out of Service
28.0 °F
FLOW OUT )
Element Names TR

Y H e Ve S W

Process Management



COMPRESSOR101A

RUN TIME 4.6 HRS SINCE OOS 3256.6 HRS

Compressor Instability Monitoring

ROTECTION

Std Dev of Suction Pressure High

=

EMERSON.

Process Management

~

RUNNING - COMPRESSOR INSTABILITY DETECTED
SPEED 1,550 RPM 1,550 1,550 .
ENERGY 4339 A 43.40 43 40 .
FLOW 185.94 kib/hr 109.11 186.01 A
SUCTION P 391 psig 372 4.06 s
DISCHARGE P 613 psig 6.19 6.26 -
SUCTION T 1999 °F 20.00 20.01 A
DISCHARGE T 2801 °F 2800 2801 =
LUBE OIL PRESS 501 psig 500 499 -
LUBE OIL TEMP 2500 °F 25.00 25.00 o
LUBE OIL LEVEL 7001 % 70.00 70.00 o
117 147 az
COMP GAS SG 147 AP
FILTER AP 186 psig 186 186 i 8- gz 8= 8- B #- 8-
=R
COMP AP 222 psig 246 225 |
VANE POS (%) ACT: 69.99 TGT: 20.00 70.00 69.99
1111/2012 9:58:02 AM
HC LEAK NOJ
11/11/2012 9:57:12 AM
COMP INSTABILITY ‘ SUSPECTED

17m
w5

1

m
1

w5
1

w5
1nm
w5
1
w5
171
m
1
o
1
mar
1
a7
0
w7
1
msr
1
w7
11
msr
1
we
nm
me
1M
me
1M
m@®
1M
w5

HIGH SUCTION PRESSURE
'COMPRESSOR INSTABILITY DETECTED

nm
05
1M
s
1M
mm
1M
mm

11

Scales

w
w
w
=Y
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Fin Fan Monitoring

s
EMERSON.
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Fin Fan Monitoring Solution

‘

EMERSON.

Process Management

rowine QD [ T oV conoumanon

g HealtnDetails | AmouTTewe )
- 35.00 °F i
LIMITING PARAMETER |

42.0 °F

i IMP LVR POS
@ Status Indicators 19.99 %

ACT PITCH )
2999 %

|___REsonancE |

NORMAL

16.01 %

12.00 °F

ATION 1

0.228 RMS 0.218 RMS

1.930 G's 1927 G's

BEAR1 TEMP VIBRATION 4

40.0 °F u

Set Out of Service

* Vibration
* Speed
e AP, AT
e Louver/Pitch Deviation

Element Names




Cooling Tower Monitoring

Wireless

Vibration Alr Out

Temp

Flow
== oH
| Conductivity |
Temp l b Air'In
i Temp

-

Wireless Vibration

Wireless Vibration vk o .ér:‘ip
And eup Haw Strainer dP i
Transmitters
Temp ~ Blowdown Flow Press
Transmitters ¥ .
Temp e
4

&

EMERSON
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EMERSON
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‘ Health Details l FIN FAN 101A '

= . [ suerLYmEwP ) T N FAN 1028 J
LNIHNGPARAMEE;R 250 °C
PUMP101A e i s
p— |
i 85.0 pSicm | - - 5 | 98.8 % |
_— | HECREOW FIN FAN 104D

1.2 kg/hr

e )

[ WETBULB TEMP
34.7 °C

FIN FAN 105 |

Status Indicators ow 2 B
100, kgihe _

0.0 kg/hr » | PUMP101A ‘
(_mecwerow | ‘
| { PumP102A

T —
NORMAL D 0.0 kgihr

L PUMP103A

BTM TEMP

28.0 °C

Monitor for:

5.0 cm

) RTN TEMP

35.0 °C

FAN RUN STATUS

0.5 uBicm

2.0 pS/icm

Set Out of Service TOTAL DISS SOLIDS
10.0 mg/L
) 'REL HUMIDITY ;
Element Names

» Efficiency

{ « Saturation Index

» Fan Power Optimization
* Basin Level

 HC Leak Detection

» Conductivity, pH




EAM Summary

e Wireless technology has made real-time
monitoring of Essential Assets economical

e Catching an equipment issue before it fails can
be many times the cost of the monitoring
equipment

e Emerson’s new EAM Suite combines process
with asset data to make intelligent equipment
alerts — In real-time before it fails

e Customer benefits can be substantial

-
-

EMERSON



EAM Solution with Plant Control system

Pumps

Smart Wireless
Gateway

Exchangers Blowers Fin Fans

or: ,.b g R .
= I EAM Solution
e

Plant Control

~ oPC

Plant

Historian

Network

DCS/PLC
OPC Server &
&-

EMERSON

Process Management




Reduce Energy Costs With
Automated Steam Trap Monitoring

The Rosemount 708 Wireless Acoustic Transmitter
e Gives you real-time visibility to all your critical steam traps

e Provides information that enables you to make good decisions
e |sfastand easy to install and maintain

e Is proven technology that’'s easy to use

&
EMERSON

Process Management



SteamLogic Software

o Steam trap state calculated using
algorithms within software

e Determined based on
acoustic counts, temperature,
line pressure, and trap type

e Trap states include; good, cold,
and blowthru

o Works with all trap vendors

250
200
150
100

o Good Trap

250
200
150
100

Blowthru Trap

250
200
150
100

50

OJ

I

Cold Trap

~l




8 Steamlogic E=Ri=
7 state of

Steamlog’w each ROSEMOUNT

SetUp | Mnni‘tn‘l"ingl | mbout | Help Q-I-pa m

Al Devices ‘Gmun #1 | Group ;Q|

ap Status | Al -

[7] Criical Devicss Oriy

o Good Trap/Good Monitor Status

Cold Trap

0 Blow Thru Trap/Bad Monitor Status

2
69 ’{ i No Data Available

2 v Device Not Corfigured
16 E Out Of Service

3 B E=tery Good
0 [ Battery Low
0 B Battery Citical

Tip Tea? o Topaue StemTewp TrpTys (Ctcal Sistsgffane Tmestsmp Mgnitor Tag Burs Fate (rinutes)  Monior Staus_ Battery Status Gteway E
[ 30E T SR ERE-TUIE: E £ 1 [+) - Tealbe
© Fr  memosme O [Pz ssca 1 [+ - [Tealb
O [Fr = O fiaarram | meses 1 [+ - [Tealbsn
© Fr o o [1rmanasiaan [sse 1 [+) - [Tealsbsl
O ([Fr  emosen [ f 1oz mes2rr 1 [+ S
© [Fr  |fox B |1mevanaroa | 70es29 1 [+ - [Tealbsl
o 2 °F Diec I [F | 1472013 11:25:11 AM 708-62-10 1 0 -— Testlzb-60
O [ |/ | O |mmunsam exn 1 [+) - [Tealabs)
0 [gr VIR0 NN 469 1 © - [Tealb
Q (- emosatc| 1] |1/7/2013 11252240 | 70836 1 [+) - [Tealsbsl L
Q |§r [rer fl |1ramanzsooan |45 1 [+ - [Tealba
© [ |rews | O [wamumeam e 1 ] - |Tealbl
© # iveted B.. | ] | 172013 111746A | 468D 1 [+) - [Tealbs
© F o vetedB. | [ [17203 1175240 | 70048 1 [+ - el |
O |Fr  rer Tl [1/77201311:1829AM | 465C 1 [+) - Tealbe 1
© |[Fr  reT 0 |iramanazsan (553 1 [+ - [Tealb
O [Fr v | B |1mooinaa wess 1 [+ - [Tealbsn
© |[Fr  Temoma| [ 172031008130 1 [+] - Teslb
© |Fr  memossnc [ |1720131m1813AM |48 SO rt to 1 [+ S U
O |[Fr  Temowex| O [1720310075 |7 . 1 [+ - [Tealbsl
o 2 °F Inverted B [F | 147/2013 11:18:04 AM fl n d D Iffe re ntlate1 0 3 TestLab-60
© |[Fr e | O 17203117088 || [+) - [Tealabs)
© [frr [pves | 0 [remnugh | fa I Ipd B b t t d © - [Tealb
© [Fr v | O [imemyfum [ ] e Wee n rap an [+) - [Tealsbsl
© |[Fr v | O 1828 AN | 4635 1A . . [+ - [Tealba
© Js7 o ez acousterss LT AN O deVICe fal I u r‘e ] [ -
o T emosa 92172012 3:0212PM | STEAMTDEYPF 5 Q CREt—
1 [+] - |Teslabs0 -




Pressure Relief Valve Applications

e An alert can be set to indicate a vent state
— Install and Learn
 Listens to background noise and sets the threshold accordingly

— Manual
« Typically three times ambient count level

Venting PRV

180

160

140

120

2
2 100

g 80
o

60, T — T — T — — — — — — — —

40

20

[ 2 ko 2
Prars Mananement
Frocess ividnagement




EAM Summary

e Wireless technology has made real-time
monitoring of Essential Assets economical

e Catching an equipment issue before it fails can
be many times the cost of the monitoring
equipment

e Emerson’s new EAM Suite combines process
with asset data to make intelligent equipment
alerts — In real-time before it fails

e Customer benefits can be substantial
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Thank you!

Questions?

\

&

EMERSON



\ Setting the Standard for Automation™

™

SERVOMEX "

unable Filter Optical System
for On-Line and Real-Time
Hydrocarbon Gas Analysis

Virlesh N Desai, Servomex Group Ltd



Hydrocarbon Processing

FIVE MAJOR GAS ANALYSER TECHNOLOGIES ,ﬁ} '
_ |

EEE- =

(N.D.) I.R Photometry =
Paramagnetic (Process) O2 and PGC
T.D.L

Zirconia O2

..the rest is Niche...U.V, Mass Spec, water....

Analysis Solutions in Paradise...... See us in Galveston 2013 Slide 2
The 58th Annual Symposium of the Analysis Division
Galveston, Texas, USA; 14-18 April 2013



Whither the PGC?

Process GCs derived from Industrial need
and push....
(Philips >>Applied Automation>>Siemens)

In terms of value sold PGCs have
traditionally been the mainstay of the
Process Gas analysis market

Good at hydrocarbon mixtures, trace
elements in hydrocarbons (ppm C,H, in
CoHy)

&

Analysis Solutions in Paradise...... See us in Galveston 2013
The 58th Annual Symposium of the Analysis Division

Galveston, Texas, USA; 14-18 April 2013

Slide 3 _



Whither the PGC?

BUT....

Speed of analysis and
maintenance

Analysis Solutions in Paradise...... See us in Galveston 2013 Slide 4
The 58th Annual Symposium of the Analysis Division
Galveston, Texas, USA; 14-18 April 2013



First Level Processing
Refining

Gas Processing
Coal to gas and
liquid

Ethane, Propane,
etc

Cumene
Cyclohexane,
Caprolactam,
Terephthalic Acid*

—

Methanol,
Syngas —>
Adiponitrile

Ethanol,

Ethylene Oxide * —>
Ethylene Dichloride*,
Acetic acid*

Acrylonitrile
Adiponitrile*
Acrylic Acid

Analysis Solutions in Paradise...... See us in Galveston 2013 Slide 5
The 58th Annual Symposium of the Analysis Division

Galveston, Texas, USA; 14-18 April 2013



