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l What Happened to Nick?
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Goal: Operate Safely — while meeting
Production & Profit Targets ...

smarte',lgnal.g

S Increasing equipment
availability

< Preventing unsafe

| situations

l < Beating financial

expectations
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Data Rich, But Information Poor?
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verview of SmartSignal
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ow the Technology Works
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s Examples from BP Alaska
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Benefits
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< Avoid Surprises

< Reduce Production Losses

| . 395 days
% Reduce Risk of Recordable without a
Incidents recordable incident
% J
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I Any Equipment, Any OEM
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Client Success:

New Markets, Adapting to Their Needs, Results Achieved  artcignal ™

sul l‘... ok

e * Halved mid-air events

R A DELTA  °*5$1.5M annual maintenance reduction 8yrS
oy * Smillions in avoided/reduced engine failures

I |

* Central monitoring of entire fleet 6\

* Smillions annually, in routine catches
L/
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Leader in Predictive Analytics
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bp
BP Deployments i
smartsignal. ~

S Upstream:
— Prudhoe Bay, Alaska
— Gulf of Mexico
— North Sea

— Alternative Energy: SilverStar wind farm (24 wind
turbines)

< Refining
— Global license with rollout on critical equipment
e 2+ Year, comprehensive evaluation and pilots at multiple sites
* |nitial trials generated >55 MM in measurable benefits
* Deployed in 5 refineries
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BP Alaska

K

smartsignal.

< Deployed on 102 large rotators
< Includes:

— Gas Turbines
* GE Frames
GE Aero Derivatives
Solar
Rolls Royce
Ruston

— Centrifugal Compressors
— Pumps

— Generators

— Motors

— Gearboxes
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SmartSignal Covers a Range
of E&P Processes and Equipment  -isqa®

Rotating Equipment Processing Equipment

< Engines < Gas-Liquid Contact

— @Gas turbine — Glycol Dehydration

— Reciprocating — Amine Sweetening
S Compressors S Heat EXChangerS

— Reciprocating

— Centrifugal < Separators / Scrubbers

— Axial flow

— Screw

< Boilers

< Centrifugal Pumps
— Single or multi-stage < Waste heat recovery systems
— Various seal flush plans

< Turbines < Fired heaters
— Steam turbines
— Power recovery turbines

< @enerators

< Auxiliary systems
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Examples of Early Warnings

K
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Equipment Examples of Failure Modes

All Rotating Equipment Bearing and Lubrication Degradation

Gas Turbine Engine Fuel Nozzle Plugging; Compressor Fouling, Blade Failure, Combustion Liner
Deterioration

Internal Combustion Engine Detonation; Spark Plug Failure, Valve Problems, Performance
Centrifugal Compressor Rotor Fouling, Seal Degradation, Performance

Reciprocating Compressor Valve Problems, Rod Drop, Rider Band Wear, Performance
Centrifugal Pump Cavitation, Performance, Seal Degradation

Suction Scrubber Liquid Carryover; Demister Pad Plugging

Heat Exchanger Fouling; Tube Leaks

Gas Treating Solvent Carryover; Absorber / Stripper Flooding, Glycol Carryover
Power Generator Stator Temperature Excursion, Rotor Problems
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Utilizes Existing Instrumentation,
Controls, and Data Infrastructure  ...cqa®
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=—=— —>| Control System )
[T T SmartSignal
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— PLC
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Vibration ‘_’ «—
(Bently Nevada) g
— Hand-held
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How SmartSignal Works

smartsignal.
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Conventional Monitoring

smartsignal =

< Most conventional monitoring methods use threshold limits
on each sensor
< Levels chosen must cover all operational ranges and be
applicable for all ambient conditions
< Traditional monitoring techniques are limited in their ability
to identify failures proactively

Machine Trip

/—-A/ Upper Threshold
Sensor A.
Lower Threshold
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SmartSignal Approach
Enabled by Modeling Related Sensors

smartSIgnal.%

Stand-alone equipment protection Machine Trip

SmartSignal — Early Detection .,
Monitors all signals simultaneously Early Warning Time Difference .

Dynamic Bands
SmartSignal Alerts / Incidents

[ Axial position ]

[ Gas pressure A ]

[

Early stages of damage

Normal operation

SmartSignal alerts before

Few false alarms i
traditional alarms
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The Model

smart5|gnal.%

, R Proces After-
/ \ / \ ﬂntrc% o ~coﬂ

-
" | Air Filter

K]

\ Anti-Surge
Control
Suction I
\ Cooler
Inlet /
Separator y 4
Fuel System,
( “ =
- >
| Gas Turbine | Compressor
~y ( Auxiliary Systems Oil / water pumps
® O 0 (s )
Gas turbine Gas turbine Rotor dynamics & Waste heat recovery
. Load compressor: . e . .
compressor section: combustion/exhaust: auxiliaries: Mechanical | or emissions:
Performance model
Performance model Performance model model Performance model
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Examples from BP Alaska

© SmartSignal Corporation 2010 - Privileged and Confidential



GC2 P7704B Pump — July 2008
Notification — to BP Reliability Group. i<
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GC2 P-7704B Pump — Action Summary

smartsignal. >

iability Engineer started investigation with field
iability Tech

ieved there may be a problem with the pump

bundle

< Upcoming S/D, so Overhaul ordered a complete
pump bundle to have on standby

< On the scheduled S/D, 5 minute boroscope
inspection revealed significant wear / damage

< Based on the condition of the bundle, it was
changed out, minimized production impact
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FS2 — 1802 Inboard Seal Issue

smartsignal.

BP Exploration Alaska SmartSignal Monitoring Report 5/17/2010

Availability & Performance Center

FSo FS2:1613-T192L PV, STV COMP-OUTBRD OUTE R SEAL TEMP, (DEG F)

e e s —
FS2 16-1802 || I | || " “m' |
Possible seal issue L 1800 —pmwn—y

g v = O g S - ~

Status: 01) Notification to 1300
Customer 80.0 b
?23_‘090950”:&“““"‘ 5/17/2010 51472010 5672010 5182010 5102010  §122010 5142010 51622010
b i oros T Dion sl FS2:1613-T191L.PV. STV COMP-OUTBRD INNE R SEAL TEMP, (DEG F)
'[empe rature 2000 e N LT MY PRI SRR LR N TR N A LR N ORI
Category: 180.0 ——

DEG F

a step change

1600 +——— -
Description: 140.0
Seal temperature spiking following 120.0 -

1

00.
Diagnosis: 5/4/2010 5/6/2010 5/8/2010 5/10/2010 512/2010 51472010 5/16/2010
Possible seal issue

Customer Response:

© SmartSignal Confidential
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Gas Camera Results

smartsignal. >
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Questions?

smartsignal.~

Nick Perkins
nperkins@smartsignal.com
Phone 630.829.3230
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FS3 14-15188

smartsignal.~

BP Exploration Alaska SmartSignal Monitoring Report /1412010

Availability & Performance Center

FS3 F33:1441-X8106L PV, 15183 GAS GEN AXAL POSITION, [MLS)
FS314-15188

Report 579 -Update- Gen axial
position - positive residuals

MILS

Issue Tracking Number: 579

Status: 01) Notification to Customer

Date of Notification: 6/23/2010 12:00:00 AM
Equipment Tag: 1441-X8106L

Category:

[ R O A O R

Description:

Shifted back up to previous reading

Shift in position from 39 to 21 was moore card
changed is this the new condition

Diagnosis:
Possible moore card failure again
Bad or damaged instrument.

Customer Response:

. It is likely that this issue is due to problems
with the Moore card system work order to
repair

What | get out of the email from John (vibe
tech) is that this may be a Moore card issue
that is causing the 39 mil axial reading on FS3
15188. Sounds like it should be reading about
8 mils.

® SmartSignal Confidential
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GC2 02-7000

smartsignal.~

BP Exploration Alaska SmartSignal Monitoring Report 9/14/2010

Availability & Performance Center

GC2 GC2:TI-01-0001.PV, AMBIENT TEMPERATURE. (DEGF)

GC2 02-7000 60.00

Report 640-Update- . g-x

Ambient temperature - bad 2 im l WMW WMlM W
S ¢ MM

sensor 000

Issue Tracking Number: 640 =L 9172010 /32010 /52010 972010 8/9:2010 9M11/2010 9132010

Status: 01) Notification to Customer
Date of Notification: 8/3/2010
12:00:00 AM

Equipment Tag: TI-01-0001.PV
Category:

Description:
The ambient temperature tag has
stopped retuning data

Diagnosis:
Sensor/data issue

Customer Response:

© SmartSignal Confidential
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FS3 14-1801

BP Exploration Alaska SmartSignal Monitoring Report

smartsignal.~

9/14/2010

Availability & Performance Center

FS3

FS3 14-1801

Report 653-Update-Comp seal
outboard flood temp - positive
residuals

Issue Tracking Number: 653

Status: 01) Notification to Customer

Date of Notification: 8/17/2010 12:00:00 AM
Equipment Tag: 1412-T209L.PV

Category:

Description:

Condition continues axial position indicating
surging causing temperatures to swing,
Working on a detailed report on this issue
Since starting back up the compressor seal
outboard flood temperature has increased from
190 degF to 235 degF. We have seen a drop in
the seal outboard sweet temperature. Shift in
compressor since the trip and restart on 8/4,
Data feed issue at FS3 at time of report being
worked

Diagnosis:

Possible flow control issue

possible seal issue , seal hanging up, surging
causing temperatures to swing Check outboard
flood Tl runing around 235

Customer Response:

FS3:1412-T209L.PV.1801IP COMP SEAL OUTBOARD FLOOD TEMP. (DEGF)
260.0

DEGF
g
o

8/29/2010 9/512010

24004

2200 f\f\fj\mw

IBO:O

160.0 B e S S SR |
1400 '.

82272010

91212010

ASSET MECHANICAL TAG 32
FS3:1412-T210L.PV.1801IP COMP SEAL OUTBOARD SWEET TEMP, (DEGF)

2500 - - x WD W SGEME 10N
= s MMW
= 2300

2200

81152010 8/22/2010 8/25/2010 9/5/2010 9/12/2010
FS3:1412-T209L.PV. 1801 IP COMP SEAL OUTBOARD FLOOD TEMP. (DEG F)

5114 moomssemsesmm 00 cESSSMmESSEEERsS S s \
o i M W /\nf NWM/\/\'\(\/‘/\‘-\/\/[
= \
o
=} 150.0 e e e e e e ——— e e et —A_~—~—-—._’

ikt 8172010 8/8/2010 8/15/2010 8/22/2010 8/25/2010 9/5/2010 8/12/2010 .

ASSET MECHANICAL TAG 32 R
FS3:1412-T210L.PVY. 1801 1P COMP SEAL OUTBOARD SWEET TEMP, (DEGF)

ELi DO o » x P Srg———

250.0 e ‘
§ 200.0
= 1500

100.0

500 =
. 8/1/2010 /812010 81572010 8/22/2010 8/25/2010 52010 S/12/2010
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CCP 18-1810

BP Exploration Alaska SmartSignal Monitoring Report

smartsignal.™

9/14/2010

Availability & Performance Center

CCP

CCP 18-1810
Report-676-Update-Low speed
gear inboard journal temp -
positive residuals

Issue Tracking Number: 676
Status: 01) Notification to Customer
Date of Notification: 8/17/2010 12:00:00

AM

Equipment Tag: CCP:1839-T75L.PV

Category:

Description:
Up to a 40 degree spread across
bearings when machine is down
additional chart next slide We are
seeing the inboard journal bearing
temperature approximately 20 degF
above model predictions. We have
not seen an increase in the low
speed outboard journal temperature.

Diagnosis:

Data issue moore cards Possible bearing

issue

Possibly increase lube oil pressure

Customer Response:

© SmartSignal Confidential

MODLC_RULLC_TAG-CCI':1822-S74L.PV. TURDIIPC SIIAIT SPCED IN RPM, (IRCM)
6,000

RFM

| ]
2,000 |
i ||| 4— Machine down

o—

2.000
: 711172010 71252010 /872010 8122/2010

252010

DRIVER MECHANICAL 1AG 14

CCP:1830-T48L PV. T48E LUBE TEMP TURRB HDR. (DEGF)

160.0 ——= - mE R W% R == ot ‘
140.0 M |
“ 1200 ‘P‘" b :
= 1000 ’ ‘
800 13%.degrees ——— 133 degrees |
600 FHT72010 72572070 R@2070 B2275010 /572010

ASSET MECHANICAL TAG 2

CCP:1839-T82L.PV.COMP INBOARD JOURNAL TEMP_(DEG P)

16007 gomm T omoaw mWR W T e % e 1
140.0 !
lé,_ 1200 e ;f‘b ! M |
s 1000 112 d ‘
800 EOIEES 137 degrees ;
aa g 711172010 772512010 8/8/2010 8122/2010 /52010
ASSET METHANICAL TAG 4 A
CCP:I839-T33L.PV;790"PTHRUST BRGTEMP.(DEG F)
1900_---— R eeapupm OO . L L NN M e |
" .l AV oo i
& 1400 y ‘
(=)
R 114 degrees 172 degrees |
oc === o x
£0. 71172010 772502010 8812010 8/22/2010 952010
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CCP 18-1810 (cont)

SmartglgnalgQ

CCP:1839-T74L PV. HIGH SPEED GEAR THRUST BRG TEMP. (DEGF)

——— R g R S — 1‘
:
=
o
134 degrees 184 degrees |
00 ST 8222010 353010 ‘
ASSET MECHANICAL TAG 13 =
CCP:1839-T75L PV, LOW SPEED GEAR INBEOARD JOURNAL TEMP, (DEG F)
2500 S
w SO0 e A W
g o ‘
100.0 160 degrees™ 211 degrees |
00 Tt 0 22070 8225070 355010 |
ASSET MEGHANICAL TAG 14 2

CCP:1839-T761L PY.LOWSPEED GEAR OU TBOARD JOURNL TEMP_ (DEG F)

2100 oo * " = ™ - ‘
R A T T\\MN
& 160.0 \
g e 130 degrees 183 degrees ‘
ol 112610 252010 5&2016 BZ22i2000 952010
ASSE T MECHANICAL TAG 15 ®
CCP:1839 T77L PV, LOW SPEED GEAR THRUST BRG TEMF. (DEG F)
300
m'n_- ID MDD OOTDEED - - e 0 00 @O EWOT ST
& a0 o g = PO
S 1500 li ‘
wo ¥ 150 degrees i, il 240 degrees |
ot T2 252010 382010 8225010 FS2010
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CCP 18-1804

smartsignal.~

BP Exploration Alaska SmartSignal Monitoring Report 9/14/2010

Availability & Performance Center

CCP CCP:1864-T73L_PV.HISPEED GEAR OUTBOARD JOURNL TEMP. (DEG F)
CCP 18-1804 2800
Report -684-Update-High e
speed gear outboard = gﬁ:
journal temperature - =m0
positive residuals 1800 LS :
8152010 82272010 8/29/2010 952010 91272010

Issue Tracking Number: 684
Status: 01) Notification to Customer
Date of Notification: 8/27/2010
12:00:00 AM

Equipment Tag: 1864-T73L.PV
Category: 01) Instrumentation

Description:

Beginning 8/26 the high speed gear
outboard journal bearing temperature
ahd increased from 186 degF to 215
degF. We did not see any changed on
the high speed gear inboard journal
bearing temperature or other
temperatures.

Diagnosis:

Without other corroborating sensors it
appears to be more of a sensor issue
than bearing issue/damage.

Customer Response:

© SmartSignal Confidential
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FS1 15-1802

smartsignal. >

BP Exploration Alaska SmartSignal Monitoring Report 9/14/2010

Availability & Performance Center

FS1 FS1:1513T210L.PV, IP COMP-OUTBRD OUTER SEAL TEMF. (DEGF)
FS115-1802 gg . |
Report-685-Update- " mn:
Outboard outer seal E —
tem_perature - positive 1600
residuals T e e
2152010 BI222010 B25%/2010 HR2010 SMZ010

Issue Tracking Number: 685
Status: 01) Notification to Customer
Date of Notification: 8/31/2010
12:00:00 AM

Equipment Tag: 1513T210L
Category:

Description:

Condition continues

On 8/27 the outer seal temperature
increased from 148 degF to 194 degF
wit spike to 205. We did not see any
changes in the outboard innder seal
temperature, or other seal
temperatures

Diagnosis:
Possible seal flush restriction or
sensor issue

Customer Response:

© SmartSignal Confidential
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FS1 15-1804

smartsignal.™

BP Exploration Alaska SmartSignal Monitoring Report 9/14/2010

Availability & Performance Center

FSH FS1:97539A1.PV. 1804 Turbine LP Shaft Speed. (RPM)
FS1 15-1804
Report-Update-689-shaft 2
bearing vibrations

RPM

Issue Tracking Number: 689

. e 4000
g:’éuz : %L)ﬁ’;‘iﬂt'ic::?g /t3°1 g‘sﬁtgmer 8/1512010 8222010 812972010 9/572010 91212010

12:00:00 AM
Equipment Tag: fs1:97X1781.PV T ECHANICAL TAG 15 T—

Category:
e FS1:97X1781.PV, 1804 LP Shaft#2 beanng radial Veri, (MILS)

Description:
Condition has improved with
decreased speed

There is increased bearing vibrations g
with constant turbine shaft speed
starting on 8/29.
0.600
Diagnosis: 8/1512010 82212010 812972010 /572010 911212010
Possible bearing issue
DRIVER MECHANICAL TAG 16 &
Customer Response:
FS1:97X1761.PV, 1804 LP Shaft#2 beanng radial Horz, (MILS)
1.100
1.000
w0500
= (300N
0.700 VAL
0.600
811512010 8222010 82572010 9/5/2010 811272010

© SmartSignal Confidential
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CCP 18-1812
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BP Exploration Alaska SmartSignal Monitoring Report 9/14/2010

Availability & Performance Center

CCP CCP:1859-T76L PV, LOWSPEED GEAR OUTBOARD JOURNL TEMP, (DEG )

CCP 18-1812 g'g_n - K R A D W 4k e R
Report-700-Outboard L 24004

jou._Jrnal bearing temp 2 %g:

spiking ey

Issue Tracking Number: 700 {0 31/2010 932010 9/5/2010 /772010 /32010 9/11/2010 91372010

Status: 01) Notification to Customer
Date of Notification: 9/13/2010
12:00:00 AM

Equipment Tag: Low speed gear
outboard journal temp

Category:

Description:

Tenperature was spiking at this time it
has steading out possibly a conection
issue will add to sensor list

Diagnosis:
Sensor issue

Customer Response:

© SmartSignal Confidential

© SmartSignal Corporation 2010 - Priviieged and Confidential




CCP 18-1812
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BP Exploration Alaska SmartSignal Monitoring Report 9/14/2010

Availability & Performance Center

CCP CCP:1816-S74L.PV. TURBINE HP SHAFT SPEED IN RPM. (RPM)
CCP 18-1803 Ui
Report-705-TURBINE -~ 5080

o
INBOARD HORIZONTAL & o
VIB - Low residuals

4,930 ‘

Issue Tracking Number: 705 8/15/2010 22,2010 829/2010 9/5/2010 91272010
Status: 01) Notification to Customer CCP:1854-X168L.PV. X168E TURB INBOARD HORIZONTAL VIB. (MILS)
Date of Notification: 9/14/2010 - B ST+ 4 RSN
12:00:00 AM 2500
Equipment Tag: CCP:1854-
X168L.PV S
Category: 0.500
Description: -0.500 - . -
Since 8/29 inboard horizontal vibration 8152010 8/22/2010 8/28/2010 /512010 9112/2010
reading has been shifted lower from
tracking accurately around 2.3 Mils CCP:1854-X169L_PV. X169E TURBINE INBOARD VERTICAL VIB. (MILS)
down to 1.4 Mils (on 9/14). It also 1.400
appear that on 9/9 reading dropped
down to 0.02 Mils. “

=

Diagnosis:
Possible moore card issue

8/15/2010 8222010 8/29/2010 8/5/2010 M2/2010

Customer Response:

© SmartSignal Confidential
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