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Key 1ssues: Abundant orl resources

bp

There is an abundance of oil resources... ﬁ

Global proved oil reserves
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All this with less people! g:}

I Working-age population
% of total

FORECAST

70

65

60

38

50
I T T T T T T T I O T T T T 0 T T T 1 T I O O 1 T T T | 4/
1960 70 80 90 2000 10 20 30 40 50
Source: World Bank

Economist.com/graphicdetail

Upstream Engineering Centre This document is






Our Objective:
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- Managing Operational Risk
- Ensuring Compliance
+ Limiting Commercial

Exposure

. High Availability

“How do | know |
can trust this data?”

“Was the work
carried out
correctly?”

|

- Daily Reports

- Monthly Reports

- System Status

Upstream Engineering Centre

- WQO’s Comp.
- WO’s

Outstanding

- Pass/Fail Status
- Pending WO'’s

“How do | access
this information
easily?”

- Pass/Fail Criteria
- Test Results

- AF/AL Results

- Auditable Record

System

- Results Trending
- Doc Control Log

“This is great, but is
anyone monitoring
this?”

Technically Defensible
Measurement
Intelligence

“How do | interpret

all this information?”

|

- RAG Status
- Real time

Degradation /
Failure Alerts

+ Troubleshooting

tools

- System data

validation

- Process stability
- Stream

comparisons



SMART Measurement ldeal State: £

Managlng Operatlonal Risk
* Limiting Commercial

Exposure
- High Availability

Reliable Integratlon of
Data into Dedicated
Supervisory Tool

- Daily Reports - WOQO’s Comp.

- Monthly Reports - WO'’s

- System Status Outstanding
- Pass/Fail Status
- Pending WO'’s
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- RAG Status
- Real time

- Pass/Fail Criteria
- Test Results

- AF/AL Results

- Auditable Record

System

- Results Trending
- Doc Control Log

Degradation /
Failure Alerts

- Troubleshooting

tools

Technically Defensible
Measurement
Intelligence

- System data
validation

- Process stability

- Stream
comparisons



So how do we achieve this???
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A hidden problem...

Anscombe quartet
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Where to Start?
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SAFETY NOTE:

Although many of these techniques are intended to
improve engineer and technician efficiency,
it is essential to ensure that safety systems shall not
be compromised by changes made in the way these
systems are maintained.
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Where to Start?
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Process Control
Network

Data Historian
Data Lakes
Spreadsheets(!)
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Risk
Exsposure

- Uncertainty
c - Status

~ Process Data
Maintenance

Activities/Results
CBM

This document is

Data
Analytics




Field
Inputs

Flow Rate
Pressure
Temperature
Gas CV

v

Outputs to Business Big Data System

HCDP
Moisture
Water Cut
BS&W

H_/

Raw,
uncontrolled
data

High
Uncertainty
Risk

., | Station
. . Fluid
Region | Site System Total
Type
(MBOED)
Sales Gas | Gas 78
Export Gas | Gas 225
Site A | Oil Export1 | Qil 876
Region 1 Oil Export2 | Qil 120
Oil Export3 | Oil 98
Site B Oil Export 1 Ga!s 218
ExportGas 1| Oil 311
Site A |G o | ot
Region 2 O!I EXpor 1 GI 118
Site B il Export ?S
ExportGas 1| Oil 52

Technically Defensible
Measurement Data?

~
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Field
Inputs

Flow Rate
Pressure
Temperature
Gas CV

HCDP
Moisture
Water Cut
BS&W

H_J

Raw,
uncontrolled
data

High

Uncertainty

Risk

Data Processing
& Validation

Outputs to Business Big Data System

., | Station
. . Fluid
Region Site System Total
Type
(MBOED)
Sales Gas | Gas 78
Export Gas | Gas 225
Site A | Oil Export1 | Qil 876
Region 1 Oil Export2 | Qil 120
Oil Export3 | Oil 98
Site B Oil Export 1 Gafs 218
ExportGas 1| Oil 311
Site A |G o | ot
Region 2 O!I EXpor 1 GI 118
Site B il Export ?S
ExportGas 1| Oil 52

~

Technically Defensible Data Quality

Measurement Data

Metrics
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Process Data : =
- Process Data Validation Considerations:
Operating within the intended design envelope of the system
Cross checks between parallel measurement streams
Range of measurement acceptable (volatility)
ol /‘)J"/\ f\u,/\a 3 U O
] 20000 :LIA o \ —— \/ : \\
== 2 T
|
]
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aose 1 3 A .
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Maintenance Data

Confidence in Maintenance Activities:
- Confirming that Maintenance WAS conducted
- Do results make sense compared to last time...?
- Early detection of failing components

_ Work Summary
Gas Metering Dashboard comonr o
Check Status Status  Result  Status  Result
Flow Element comp comp NODBS.. COMP NOOBS...
Last Full Month Flow Transmitter ~ COMP COMP  HOOBS.. COMP  NOOBS..
Pressure comp COMP  HOOBS.. COMP  NOOBS

Sharepoint Data updatec
poi pd: Sample Change  COMP

TempElement  COMP
Temp Transmitter COMP

eLogbook Summary

1D Title Created Status | e ¥
80 CIPGC Failure 16/06/2016 14:1 in Progress e 8 a

79 CIP Stuck Plate "E” 02/06/2016 08:0. In Progress e

&) SRPS non compliance preventing routine plate inspections  02/06/2016 08:4...  Acknowledged ect ide

Work Orders Completed

8 ¥

16
12

]

7
L]

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 81  CIPGC Cal Gas Regulator 03N05/2016 15:2...  Created

2015 2016 8  CIPGC menitoring during Slug Catcher Bypass-Sthto 10t.. 1308/2016 16:0.. Created

87  CIPGC menitoring during Siug Catcher Bypass-6th to 7th... 13/06/2016 16:0.. Created
Work Order Results 30

Unresolved Defects
20
D Title Created Entry Type Prio..a  Mis-M
” 80 SRPS non ting routine plate 5 Faise
79 CIP Stuck Plate "E” 0206/2016 .. False
6 = 74 CIP 5020 Gas Chromatograph Calibration Gas Regulator 191052016 IR . False

Pt
P2
Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct S0 :CRGE Fakine HBRIG2016:: i T
2015 2018
Open Mis-Measurments
Data Entry —
- D Title Date of Issue «
7 Change of Calibration Equipment at CIP 2610272016
50% 13 Pressure Transmitter Failure 1410612016
o . . . . . EER . WET Gross CV (Btu/ft3) vs. Sample Collection Date (Day of Month) &
Jun | Jul  Aug | Sep  Oct  MNow Dec Jan  Feb  Mar | Apr | May
2015 2016 v ® Data table:
1061.01
1058 56 & GasSampleTr...
. »
GC Traffic Light Status 1045.27- Marking
e ;104308 [ ] ® W Marking
I NENRRERNNEN) : H e
= ;
@ L ® (Row Nu... v +
@ . S
0% I II I .I I S FrNAd 22 348 P UPEEEITFN A1 22 3 A48 el Color by:
o iz ) Feb Mar o BYemy Rk,
2 8 27 17 14 25 3 18 £ el s 2
May  Jun Jdul Aug sep ,om Nov H ecr
2016 Shape by:

Sample Collection Date (Day of Month) + +



Maintenance Data

Confidence in Maintenance Activities:
- Maintenance WAS conducted
- Results make sense compared to last time...
- Early detection of failing components

Flow Transmitter Data
As Found Results As Left Results
Tag Number:
100 | ; . 080
080 | + + e |
BOP #1024932 WO Number 725109 060 [ . /; - x
Result: NO OBSERVED FAILURE MODE 5 0'40 ; * T { 5 040
® % oo B % 020
_— Span: 200 - === t { 3 000 ‘ ="
[ Safety Check Uniits: InH20 2 000 e 2 i i |
< E { 1 <020 ¥ ¥ ¥
Tolerance % 0.25% 020 ¢ : 1 i ¥ }
TOOLS AND EQUIPMENT Absolute Tolerance 05 040 | : { 040 : A
-0.60 . 1 060 X X X
@ @ ﬂ Test Equipment 0% 20% 40% 60% 80% 100% 0% 20%  40% 60% 80%  100%
Name/Number: % Range % Range
Serial Number: saddsf
NOTICES Calibration Date: 42012
Procedure Rev # 0
A Make sure you check your PPE Procedure Rev Date 42085
STEPS Automated Checks and Outlier Wamings
[ JSA Checks EqualzationV alve Closed? PASS 100
Impulse Lines Free from Plugging? PASS 080
[ Lead Tech Signoff Test Loop Leak test: PASS 060
» ! . 040
AF HP Static Zero: 0.02 § 020
[2) Set Out , PASS € 000
AL HP Static Zero: 0.05 3
020
PASS 2
STEPS 040
060 :
[¥1 Exterior visual inspection AF Process Value: 645 i
AL Process Value: 745 080 ¥
. Test Result AF/AL or AL?: AL -100 :
[ customer signature R - o o © © o °
Self Verification § § § § g & ¢
Tolerance Limit 0.5 Y S Y Y b\e § ‘,;\y
Range variance O.EI v . i v N N v

#Failed AF Calibrations
in past 12 months 3.00




CBM Data

CBM/Diagnostic Data Validation Considerations:
Operating within the intended design envelope of the system
Cross checks between parallel measurement streams
Agagreqgate of system diagnostics confirms that signal is good?

Stream Today Prev 24hrs Units % Change Uptime Process Maint. Cal Drift
Total Oil 112% PROCESS .
Total Water 12,669 13,106 bbls 103% oK PROCESS ? ?
w Total Liquid 0 0 0 HDIV/0! ] pndc ESS ?
==
Model 0
- 14000 Serial Number 0
Stored Zero Value 0
- 12000 Zero Cal. Temp. 80
Key Pl Tag Name Description Min |Avg |Max
10000 0 v Mixed Stream Flow Rate | 10047.3| 121729) 148399, bbls/d
e Lpv Mixed Stream Density 61.66] 62.01| 62.21 Ib/ft3
60 8000
—_— Lpv Drive Gain (%) 23.81 2195 | 9759
L 6000 Line Pressure o 0 0 0%
40 — Lpv Line Temperature 77.81) 78.34) 78.55 0
WWMWM_ 4000 = v Sensor Failure 0K OK/Fail
20 pr— Lpv Mixed Stream Water Cut 96.46 '_'48.42_ 99.57
- 2000 i Red Eye Water Cut ‘nn
0 0 Dry Oil 0 ?
00:00:00 06:00:00 12:00:00 18:00:00 00:00:00 Bate Water 0 2
20000 Process Min Max Amber Red
I 'Y 1500 30000 20 30
10000 -I = % 2 8
o A 20 65 70 85
U D st 01/03/2014 11/03/2014 21/03/2014 31/03/2014 a 1000 5% 10%
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Pulling it Together

E : B Mainten §
: ; . : ance

Design

Operation g

Process

Accountability — Historian :

\
>
Formsthe basis of the . Normaiisea . . .
Measurement Master List Production Values from Pl etc Data Quality Metric Reporting

/ N N a \

Region s System/ Fluid Total Total
| ° Station | Type Vol Std Vol

 Region | _ : | Total | Total | Total | Total o _ Uncert.
7 | Sited Sysi1 . Oil Vol | StdVol = Mass = BOE Risk [ Exposure % Status

Upstream Engineering Centre This document is



Translating Quality Metrics {:&

Quality - Status:
e N -

Apps

(X X7
Il
O
~J

Uncertainty

Input

Measured Value x Uncertainty
Risk

Negligible Minor Moderate | Significant | Severe

Very Likely Medium | Med Hi
D Likely 0 Medium | Med Hi
Possible 0 Medium | MedHi | MedHi
Unlikely 0 Medium | Med Hi-
AW Very Unlikely 0 0 Medium Medium

Upstream Engineering Centre This document is



Measurement Management Hierarchy

Split by Region :
MBOE Total
O&G Split
Quality Metrics
Status
Exposure
Risk

Upstream Engineering Centre

Split by Site :
MBOE Total
O&G Split
Quality Metrics
Status
Exposure
Risk

This document is

Split by System :
MBOE Total
O&G Split

Quiality Metrics

Status

Uncertainty

Exposure

Risk

Split by Stream :
MBOE Total
O&G Split

Quiality Metrics
Status

Uncertainty
Exposure
Risk



Where to Start? {:&

Intelligence |

Automatic

Unprocessed

Centrally
Available Data

Field Based n ‘ Centrally Available
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Considerations & Sequencing Options

Timescale

Activity Attainment

Results

== === NGir = = o Raasour=Naitrics

re———
Operational
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