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1. Scope

This specification proposes a set of reliability data which have been checked and validated by
reliability experts from EXP/SRI.

This data set has to be used preferably for all production availability studies (GS EP EXP 403),
SIL assessment or SIL achievement studies (GS EP SAF 260) and all other studies involving
the use of reliability data.

The use of other data sets must be validated by EXP/SRI.

2. Reference documents

The reference documents listed below form an integral part of this General Specification. Unless
otherwise stipulated, the applicable version of these documents, including relevant appendices
and supplements, is the latest revision published at the EFFECTIVE DATE of the CONTRACT.

Standards
Reference Title
ISO 14224 Petroleum, petrochemical and natural gas industries -- Collection
and exchange of reliability and maintenance data for equipment

Professional Documents

Reference Title

Not applicable

Regulations

Reference Title

Not applicable

Codes

Reference Title

Not applicable

Other documents

Reference Title

Not applicable
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Total General Specifications

Reference Title
GS EP EXP 403 Production availability studies of oil and gas Facilities
GS EP SAF 260 Design of High Integrity Protection Systems (HIPS)

3. Terms & Definitions
For the purpose of this document, the following terms and definitions apply.

Accumulated Active Repair Time: Accumulated duration of the individual maintenance times
used by all maintenance personnel for corrective maintenance action, excluding logistic delays.

Active Repair Time: Part of the maintenance time during which a maintenance action is
performed on an item, either automatically or manually, excluding logistic delays.

Availability: Ability of an item to be in a state to perform a required function under given
conditions at a given instant of time or over a given time interval, assuming that the required
external resources are provided.

Boundary: Interface between an item and its surroundings.

Calendar Time: Interval of time (surveillance time) between the start date and end date of
Reliability/Maintenance data collection.

Corrective Maintenance: Maintenance carried out after fault recognition and intended to put an
item into a state in which it can perform a required function.

Critical Failure: Failure of an equipment unit that causes an immediate cessation of the ability
to perform a required function.

Degraded Failure: Failure that does not cease the fundamental function(s), but compromises
one or several functions.

Demand: Activation of the function (includes functional, operational and test activation).
Equipment Class: Class of similar type of equipment units (e.g. all compressors).

Equipment Data: Technical, operational and environmental parameters characterizing the
design and use of an equipment unit.

Equipment Unit: Specific equipment unit within an equipment class as defined by its boundary
(e.g. one pump).

Failure Data: Data characterizing the occurrence of a failure event.
Failure mode: Effect by which a failure is observed on the failed item.
Fail while running: Failures occurring while running.

Fail to start: Failure discovered during an on-demand attempt to activate an equipment unit
(e.g. safety valve fail to close on ESD signal, fail to start a gas turbine on demand)

Incipient Failure: Imperfection in the state or condition of an item so that a degraded or critical
failure might (or might not) eventually be the expected result if corrective actions are not taken.

Installation: Number of areas in which the item is located.
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Lower/Upper: Confidence intervals are used to indicate the reliability of an estimate.
Concerning failure and repair rates, the x* distribution will be used to estimate the bounds
(Lower and Upper) of the 90% confidence interval.

Operating Time: Time interval during which an item is in operating state.

Population: The total number of items of one particular type in service during the period of the
event data surveillance.

Reliability: Ability of an item to perform a required function under given conditions for a given
time interval.

Severity Classification: Describes effect on operational status and the severity of loss of
output from the system. The severity classification is connected to the ability of the item in
question to perform its function.

Subunit: Assembly of items that provides a specific function that is required for the equipment
unit within the main boundary to achieve its intended performance.

Taxonomy: Systematic classification of items into generic groups based on factors possibly
common to several of the items.

Unknown Failure: Too little information to define a failure mode.

4. Abbreviation & Symbols

A Failure Rate
Y Probability of Failure due to Demands
¥ Active Repair Rate
BDV Blow Down Valve
BOP Blow Out Preventer
EIREDA European Industry REliability DAta
ESDV Emergency Shut Down Valve
EXIDA Safety equipment reliability data
HPU Hydraulic Power Unit
HSE Health and Safety Executive
LNG Liquefied Natural Gas
MTTF Mean Time To Failure
MTTR Mean active Time To Repair
NA Non Applicable
OREDA Offshore Reliability DAta
PSDV Process Shut Down Valve
PSD Process Safety Valve
RIAC Reliability Information Analysis Center
Documents
This document s the property of Total. It must not be stored, reproduced or disclosed to others without written auforis G611 rom e GamAAt Sharing Hub
Page 6/78

Full document details: TOTAL GS EP EXP 405 2012


http://www.avadocuments.com/doc/total-gs-ep-exp-405-2012
http://www.avadocuments.com/doc/total-gs-ep-exp-405-2012

Exploration & Production

General Specification Date: 01/2012
ToTaL |CGSEPEXP405 Rev: 01
SCM Subsea Control Module
SDhV Shut Down Valve
SEM Subsea Electronic Module
TR-SCSSV Tubing Retrievable Surface Controlled Sub Surface Valve
WellMaster Reliability of Well Completion Equipment

5. Structure of the reliability data set

5.1 Taxonomy

The structure of data follows the taxonomy used in the 1ISO 14224, illustrated in the figure 1, and
considers an approach by equipment.

I

(2)
Buslness category

(3)
Installation
/ i \
Plant/Unit
(5)
Section/System
/ (B) \
Equipment unit
(7)
Subunit
(8)
Component/Malntalnable Item
/ a \
¥ Part

Figure 1. Taxonomy

Use/location

e

Equipment subdivision

The equipment subdivision enables the following hierarchy to be defined:
e Topside data:
- Equipment Unit
- Subunit
- Maintainable Item.
e Subsea data:

- Equipment Unit

- Subunit
- Component.
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5.2 Quality issues

In statistics, good estimations require to use a large sample size. That's why the following
quality rule has been used for failure and repair data:

The data population should contain at least:

e 2 installations

¢ 30000 hours of calendar or operational time

¢ 10 inventories OR more than 30 failures.
A quotation of the quality of each sample has been achieved, according to the above-mentioned
quality rules and the data source used, in order to have information about the level of
confidence which can be placed on estimates.
5.3 Limits
This data set excludes the reliability data for:

e Electronic components like microprocessors

e Control systems

e Human error

¢ LNG equipment

¢ Mining, arctic and other particular environment.

5.4 Assumptions

It is assumed that all equipment is in its useful life phase and therefore that the failure rate
function is presumed to be constant.

In the same way, the repair rate function is presumed to be constant. This parameter has been
preferred to the MTTR in order to avoid that the repair time can be considered as a deterministic
event.
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6. Use of another reliability database

The use of other reliability databases shall be explained, justified and referenced for equipments
which are not dealt within the appendices. The correct conduct of data research shall follow the
hierarchy presented below.

GS EP EXP 405

b _4

OREDA CD & OREDA preferred data

b 4

OREDA Handbooks

W

il & Gas sources

h_4

Others Industries

b 4

Suppliers

Figure 2 - Data sources hierarchy

7. Reliability data tables
The preferred reliability data are presented in the following appendices:
e Appendix 1: Rotating equipment
e Appendix 2: Electrical equipment
e Appendix 3: Mechanical equipment
e Appendix 4: Safety & Control
e Appendix 5: Subsea Equipment
e Appendix 6: BOP & Well
e Appendix 7: Conversion Table.

This classification is based on the 1SO 14224. The Appendix 7 presents equivalence for any
equipment on which no data is available.
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OREDA handbook 2002 Offshore Reliability Data 4™ Edition
OREDA handbook 1997 Offshore Reliability Data 3" Edition
OREDA handbook 1992 Offshore Reliability Data 2™ Edition
OREDA handbook 1984 Offshore Reliability Data 1% Edition
OREDA RE-01-09-01 Topside Equipment Preferred Data Set, August 11? 2009
SINTEF STF75 F87007 Reliability of subsea BOP systems phase IV 1987
Fractal Systéeme report Sélection de données de fiabilité, revision 3, January 02, 2007
OREDA Software Release 10.1.7, September 2008
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Appendix 1 Rotating equipment

Appendix 1.1: Compressors

e
| Recycle
| valva Inlerstage
i condltlaning
Inlet-gas | (scrubber,
condltlaning | cooler, elc.)
{scrubber, I
cooler, elc.) Inlet valve | N I R E— -
| | Compressor unlt
Dirlwar Ponser
E;iﬂ:ng I~ (clesel. el J— transmisslon —— gt nd After coaler
mator, etc, } | (gearbox, eic.) stage stage Outlst valve
| st
! Lubrlcation Control and Shafl seal Miscellaneous |
| system manltodng SYSIEM (purge alr, etc.) |
i i
Caolant Power Remole Power Coolant ﬁndar
Instrumentatlon ¥
Figure 3 - Boundary Definition — Compressors
o Compressors/All.
[Data source Aggregated Time-in-zervice Failure due to Demands
Inv. Equipment Class = COMPRESSORS (10° hours) N ]
- - Probakbilty [y MTTR (in hours)
AMD  Iny. OREDA Phase = 3 Operational Time
4 3627743 6 S0E-04 2512
Installstion Populstion Failure Data Repair Data
44 164 Failure Rate Active repair rate
M of MTTF (per 10°% hours) MTTR (per 10° hours)
] ] Failures |(in years) (in hours)
Severity Class Failure Mode Lovwver A Upper Lovwver H Upper
Critical Fail swehile running GO or 14955 | 159,53 | 169,71 17,04 251 587 5,23
Degraded Al 1545 0.3 33931 | 35413 | 36919 19,54 485 EN N 5,36

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.
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e Compressors/Centrifugal/All.

Appendix 1

Data source Aggregated Time-in-service Failure due to Demands
Inv. Equipment Class = COMPRESSORS £10% hours) - ]
Praobakility [y MTTR (in hours)
ARD Iy, Eguipment Type = Certrifugal Operational Time
AmD Inv. OREDA Phase = 3 3055114 5, 60E-03 27 04
Installation Population Failure Data Repair Data
a3 94 Failure Rate Active repair rate
Mk of MTTF (per 10%hours) MTTR (per 10° hours)
. ] Failurez |(in yearz) [in hours)
Severty Class Failure Mode Lorwer A Upper Lowwver H Upper
Critical Fail wehile running 248 14 71,92 20,3 29,04 2914 3,09 343 3,80
Cegraded All g75,5 0.4 26775 | 28351 | 29960 | 2419 340 413 437

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Compressors/Centrifugal/Electric motor driven.

Data zource Aooregated Time-in-service Failure due to Demands
Im. Equipmert Class = COMPRESSORS (10% haurs) N ]
Probakility [y MTTR (in hours)
AMD  Inv. Equipment Type = Centrifugal Operational Time
AL Imee. At Type of driver = Electric matar 1,751063 E,7OE-03 33498
Installstion Populstion Failure Datz Repair Data
13 47 Failure Rate Active repair rate
ME of MTTF (per 10°% hours) MTTR (per 10° hours)
. ] Failures |(in years) [in hours)
Severity Class Failure Mode Lowver A pper Lowver H pper
Critical Fail wehile running 113 17 a7, 67 96 75,52 40 55 213 2435 2,80
Degraded All 361 0E 18831 | 20616 | 224 60 2703 346 3,68 393

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Compressors/Centrifugal/Gas turbine driven.

Data source Aggregated Time-in-service Failure due to Demands
Inv. Equipment Clazs = COMPRESSORS (10° hours) N ]
Probability [y MTTR (in hours)
AND  Inv. Equipment Type = Centrifugsl Cperational Time
AMD Inw. Att. Type of driver = Turhine 0918227 G, 7OE-03 2850
Installstion Populstion Failure Data Repair Data
" aq Failure Rate Active repair rate
Mh of MTTF (per 10°% hours) MTTR (per 10° hours)
] ] Failures |(in years) [in hours)
Severity Class Failure Mode Lovwver A pper Lovwver H lpper
Critical Fail shile running 7 14 63,14 8336 | 10077 17 B3 4.4 =R-T 7,20
Degraded All 3615 03 39953 | 39369 | 42889 29,36 318 3.4 3,63

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.
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e Compressors/Reciprocating.

Data source Aggregated Time-in-service Failure due to Demands
Inv. Equipment Class = COMPRESSORS £10% hours) - ]
Praobakility [y MTTR (in hours)
ARD Iy, Egquipmernt Type = Reciprocating Operational Time
AmD Inv. OREDA Phase = 3 0554251 1, 90E-04 34,50
Installation Population Failure Data Fepair Data
49 %6 Failure Rate Active repair rate
Mk of MTTF (per 10%hours) MTTR (per 10° hours)
. ] Failurez |(in yearz) [in hours)
Severty Class Failure Mode Lowwer A Upper Lonweer H Upper
Critical Fail wehile running 3 02 509,87 | 556,79 | 605,23 9,30 9,86 10,76 11 68
Cegraded All 5155 0z G377 | 75335 | 0944 556 1578 | 17,08 16,37

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Compressors/Screw.

Data zource Agoregated Time-in-service Failure due to Demands
I, Equipmert Class = COMPRESSORS (10% hours) N ]
Praokakbilty [y MTTR (in hours)
ARD Inv. Equipment Type = Scresw Operational Time
ARND Iy, OREDA Phaze = 3 0589384 1,B0E-04 5,86
Installstion Populstion Failure Data Repair Datz
1B a3 Failure Rate Active repair rate
MEx of MTTF (per 10°% hours) MTTR (per 10° hours)
. ] Failures |(in years) (in hours)
Severity Class Failure Mode Lowver A pper Lovwer H pper
Critical Fail wehile running &7 1.0 053 | 11568 | 138,39 1613 5,01 G20 750
Degraded Al 1495 ns 2MA53 | 25365 | 289,50 955 G99 10,44 12,05

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.
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Appendix 1.2: Gas turbines

Fueligas Water/steam
R Fuel system

! |
! |
| |
| injection |
| |
| Alr Intake |
| |

Al | Drlve |

r| Combustion Powerturblne | / ™ |
| Compressor = system = HP Turblne = (LP turblne) | ) |
Ny
| |
! t |
! Accessory drive |
| |
| Starting Flre and gas Lubrlcation Control and E Miscel |
| system pratection system manltaring xhaust scelaneous | |
! ¥ |
| J
)
Power Coaolant Power

Remote
Instrumentation

Figure 4 - Boundary Definition - Gas turbines

e Gas turbines/All.

Data zource Aggregated Time-in-zervice Failure due to Demands
Imv. Equipmert Class = i (10% haurs)
AP Gas Turking Prakahility () MTTR (in hours)
AMD  Inv. OREDA Phase = 3 Operational Time
2499425 1 BOE-02 2565
Installation Population Failure Data Repair Data
25 94 Failure Rate Active repair rate
Mk of MTTF (per 10% hours) MTTR (per 10% hours)
. . Failures |(in vears) {in hours)
Severity Class Failure Mode Lot A Upper Lovvver H Upper
Critical Fail wehile running £94 04 26033 | 27766 | 295,41 25,33 372 385 413
Degraded All 1658,5 02 G36,75 | 663,55 | 69076 | 1422 g,7a 705 7a7

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.
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e Gas turbines/Aeroderivative/All.

Appendix 1

Data source Aggregated Time-in-service Failure due to Demands
I Equipment Class = i (10° hours)
s G e Prokahility () MTTR (in hours)
ARD Iy, Eguipment Type = peroderivative Operational Time
AmD Inv. OREDA Phase = 3 1, 595641 1,G0E-02 2235
Installation Population Failure Data Fepair Data
14 49 Failure Rate Active repair rate
Mk of MTTF (per 10% hours) MTTR (per 10° hours)
. ] Failurez |(in yearz) (in hours)
Severty Class Failure Mode Lorwer A Upper Lowneer H Upper
Critical Fail wehile running 475 04 27470 | 29713 | 32020 2058 4,45 479 514
Cegraded All 991 0z sa7 sl | B1990 | esza3 | 1234 753 g10 5,59

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Gas turbines/Aeroderivative/Driving a compressor.

Data zource

Iy Equipmert Class =

AMD Iy, Equipment Type

zas Turking

Aeroderivative

(10% hours)

Aggregated Time-in-zervice

Failure due to Demands

Operational Time

Probakility [y

MTTR (in hours)

ARD Imy. OREDAS Phasze = 3
AND Iree. At Driver application = COMPRESSOR 0729529 1 60E-02 11 87
Installation Population Failure Data Repair Data
7 55 Failure Rate Active repair rate
N_b ol ] Ul (per 10° hours) ] LU (per 107 hours)
- - Failures |(in years) [in hours)
Severity Class Failure Mode Lovwver A pper Lovwver H Upper
Critical Fail wwhile running 136 0E 160,06 | 186,35 | 214,09 14,44 5,94 6,93 Far
Degraded All 325 03 40453 | 4453 | 48737 | 1355 6,53 7.as 8,26

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Gas turbines/Aeroderivative/Driving a generator.

Data zource

Iy Eqquipmert Class =

AMD Iy, Equipment Type

Zas Turking

Aeroderivative

(10% haurs)

Agoregated Time-in-zervice

Failure due to Demands

Operational Time

Probakility [y

MTTR (in hours)

AMD Imw. OREDAS Phaze = 3
AMD Iree, Att.Driver application = GENERATOR 04941 1, BOE-02 24 B2
Installation Population Failure Data Repair Data
7 16 Failure Rate Active repair rate
N_b ol ] U (per 10° hours) ] LU (per 10° hours)
= - Failures |(in years) in hiours)
Severity Class Failure Mode Lovwver A pper Lovwver H pper
Critical Fail while running 315 02 aro44 | B63Fs2 | 6ag 72 | 22,53 407 4 44 432
Degraded All B23 (1N MErsT (1200135651 11,93 781 8,38 897

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.
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e Gas turbines/Aeroderivative/Driving a pump.

Appendix 1

Data source

Aggregated Time-in-zervice

Inw. Equipment Class =

ARD I, Eqquipment Ty pe

Gas Turbine

Aeroderivative

(105 hours)

Failure due to Demands

Operational Time

Probability (v

MTTR {in hours)

AMD Inv. OREDA Phasze = 3
ARD I, At Driver application = PUMP 0374712 1 BOE-02 24 B2
Installation Population Failure Data Repair Data
5 1 Failure Rate Active repair rate
N_b i ] U (per 10% haurs) ] LU (per 10° hours)
5 = Failures |in vears) [in hours)
Severty Class Failure focde Laovwver A Upper Lovwer H Upper
Critical Fail while running 24 18 4254 | saps | se57 | 2253 4,07 4 44 452
Degraded All 44 10 4a,31 11742 | 149,54 | 11,93 7,81 8,35 97

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Gas turbines/Industrial/All.

[ata source Agoregated Time-in-service Failure due to Demands
I, Equipment Class = i (105 hours]
s CES e Prokahilty () MTTR (in hours)
ArD Imy. Equipment Type = qdustrial Operational Time
AMD I, OREDA Phase = 3 0200734 1,BOE-02 30,49
Inztallation Populstion Failure Data Repair Data
14 45 Failure Rate Active repair rate
Mk of MTTF (per 10% hours) MTTR (per 10% hours)
. ] Failures |(in years) (in hours)
Severity Class Failure Mode Lowver A pper Lowver H pper
Critical Fail wehile running 219 ns 2610 | 24312 | 271 32 34 56 251 289 3
Degraded All BEY 5 02 B93584 | 74102 | B934 ) 176 5,26 5,70 E1E

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Gas turbines/Industrial/Driving a compressor.

Data zource Sggregsted Time-in-service Failure due to Demands
Irve . Eqquipment Class = (as Turkine (10° hours)
AMD Iy, Equipment Type = |ndustrial . ) Probakility [y MTTR (in hours)
Operational Time
AMD Imw. OREDAS Phaze = 3
AMD Iree, Att.Driver application = COMPRESSOR 0414249 1, 80E-02 2275
Installation Population Failure Data Repair Data
B 18 Failure Rate Active repair rate
N_b ol ] U (per 10° hours) ] LU (per 10° hours)
- - Failures |(in years) [in hours)
Severity Class Failure Mode Lovwver A pper Lovwver H pper
Critical Fail while running Go oy 131,41 | 16415 | 189,55 3813 217 262 3,10
Degraded All 223 nz 47903 | 538,32 | 60017 19,69 435 508 5,81

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.
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e Gas turbines/Industrial/Driving a generator.

Appendix 1

Data source Aggregated Time-in-service Failure due to Demands
Irve . Equipment Class = (as Turking (10° hours)
ARD I, Eqquipment Ty pe = |ndustrial . ) Probability (v MTTR {in hours)
Operational Time
AMD Inv. OREDA Phasze = 3
ARD I, At Driver application = GEMERATOR 0415963 1,80E-02 aFTT
Installation Population Failure Data Repair Data
q 54 Failure Rate Active repair rate
N_b i ] U (per 10% haurs) ] LU (per 10° hours)
- - Failures |(in years) in hiours)
Severty Class Failure focde Laovwver A Upper Lovwer H Upper
Critical Fail swehile running 130 n4 26744 | 31253 | 360,19 3,73 272 315 360
Degraded All 735 01 2149 | 5897592 | 97654 | 135562 6,34 i) G185

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Gas turbines/Industrial/Driving a pump.

Data source Angregated Time-in-service Failure due to Demands
I, Equipment Class = as Turkine (10% hours)
ArD Iy, Equipment Type = |ndustrial . ) Praobakility [y MTTR
Operational Time
AND I, OREDA Phase = 3
ARD I, Atk Driver application = PUMWP 0070572 1,60E-02 ;T
Inztallation Population Failure Data Fepair Data
’ 5 Failure Rate Active repair rate
N_b ol ] U (per 10% haurs) ] LUV (per 10° hours)
- = Failures |(in vears) [in hours)
Severity Class Failure Mode Lonver A pper Lowver H Upper
Critical Fail wehile running 130 o1 157634 |184209]212303) 31,75 2,72 315 3,50
Degraded All 3735 o0 dg4202 |s2oz2 47 | 577 65 13,62 6,54 7,34 8,18

The sample does not respect the quality rules defined in point 5.4. The level of confidence
which can be placed on these results is relatively low; this data should be used carefully.
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Appendix 1.3 Pumps

Fuel or
electrlc power

Appendix 1

Inlet Cutlet
Starting , Power
L Pump unit
system Driver transmission P
Control and Lubrication Miscell
monltoring system scellaneous
| [} i [}
r 1 \
Power Remote Coolant boundary

Instrumentation

Figure 5 - Boundary Definition - Pumps

o Pumps/All.
Data source Agoregated Time-in-service Failure due to Demands
; = (105 haurs)
0% EEME el S AR — Prokshility () MTTR (in hours)
AMD Iy, OREDMS Phase = 3 Cperational Time
12,851569 1,B0E-03 2613
Installstion Populstion Failure Data Fepair Data
73 a0 Failure Rate Active repair rate
Mk of MTTF (per 10% hours) MTTR (per 10% hours)
. ] Failurez |(in years) (in hours)
Severity Class Failure Mode Lovwver A pper Lovwver H pper
Critical Fail wwhile running 595 25 4330 4642 | 49E3 arar 245 283 282
Degraded All 1703 (] 12693 113220 | 13755 1782 5,34 551 5,89

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

Full document details: TOTAL GS EP EXP 405 2012

Documents

This document is the property of Total. It must not be stored, reproduced or disclosed to others without written autiiorisation rom[the,@qmnany t Sharing Hub

Page 18/78



http://www.avadocuments.com/doc/total-gs-ep-exp-405-2012
http://www.avadocuments.com/doc/total-gs-ep-exp-405-2012

TOoTAL

Exploration & Production

GS EP EXP 405

General Specification

Date: 01/2012

Rev: 01

e Pumps/Centrifugal/All.

Appendix 1

Data source Aggregated Time-in-service Failure due to Demands
: = (10% haurs)
0% B s Bl S AR — Prokahility () MTTR (in hours)
AMD Iny. Equipment Type = Centrifugsl Cperational Time
AMD Iny. OREDA Phase = 3 9, 784761 1,B0E-03 5597
Installation Population Failure Data Fepair Data
1 470 Failure Rate Active repair rate
Mk o MTTF (per 10% hours) MTTR (per 0% hours)
. ] Failurez |(in yearz) (in hours)
Severty Class Failure Mode Lorwer A Upper Lowneer H Upper
Critical Fail wehile running 543 21 a1 58 g549 | 59052 40,05 232 250 28
Cegraded All 1376 03 134,39 | 14063 | 14697 | 1357 5,03 5,30 557

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Pumps/Centrifugal/Condensate processing.

Data zource Anoregsted Time-in-service Failure due to Demands
: = (10% hours)
0% B S S AR — Prabakility [¥) MTTR (in hours)
AND . System = Condensate processing Operational Time
A1 i = i
Iy Eqquipment Type Centrifugal 0,527 256 1 B0E-03 5507
ARD Iy, OREDA Phase = 3
Installation Population Failure Data Repair Data
5 79 Failure Rate Active repair rate
N_b ol ] e (per 10°% hours) ] U (per 0% hours)
- - Failures | (in years) (in hours)
Severity Class Failure Mode Lowver A Upper Lovwer H pper
Critical Fail wwhile running 21 28 25 B9 83 | &735 9.E9 514 10,32 18,63
Degraded All 94 05 14914 117827 | 211 B 917 8,02 10,91 14 52

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Pumps/Centrifugal/Crude oil handling.

Data zource Sggregsted Time-in-zervice Failure due to Demands
: = (10% haurs)
I55- (Bt Giass = [PUilRs : : Prabability () MTTR (in hour=)
AND v, System = Crude oil handling Operational Time
AMD Inv. Equipment Type = Centrifugal 044014 1 B0E-03 5597
AMD v, OREDA Phase = 3
Installstion Populstion Failure Data Repair Data
= 14 Failure Rate Active repair rate
N_b ol ] i (per 10° hours) ] LU (per 10° hours)
Severity Class Failure hode eS| | [ SEErs) Lowwer A pper Iningis=) Lanwner H Upper
Critical Fail while running 25 20 39,49 s580 | 79,33 25,05 2,30 399 G 46
Degraded All 144 03 28232 | 3277 | 374 44 26 57 313 376 450

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.
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Appendix 1

Data source Angregated Time-in-service Failure due to Demands
i - (10" hours)
inv. Eguipmert Class = PUMPS — Probabilty (v) | MTTR (in hours)
AMD I, System = (a= processing Operational Time
AR i = i
Iny. Equipment Type Centrifugal 101442 1 B0E-03 5697
AND Iy, OREDA Phase = 3
Installstion Populstion Failure Data Repair Data
4 34 Mb of MTTF FallurE Rate MTTR Active ripalr rate
Fail ) [prer 107 hours] inh [per 107 hours]
Severity Class Failure Mode GILTES | (i gEans) Lowwer A Upper Ininziss) Lowver u] Upper
Critical Fail wehile running 28 41 19,62 2760 | 3754 11,42 6,37 8,76 11 61
Degraded All 705 1.6 5585 B9S0 | 8419 G 55 12,00 14,33 18,49

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Pumps/Centrifugal/QOil export.

Data source Aggregated Time-in-service Failure due to Demands
I, Equipment Class = PUMPS (107 hours) Prabakility [y MTTR (in hours)
AMD Inv. Syatem = il export Operational Time
AMD Iy, Ecuipment Type = Certrifugal 0741558 1 AOE-03 55 97
AMD  Imy. OREDA Phaze = 3
Inztallation Populstion Failure Data Repair Data
Failure Rate Active repair rate
5 26 Moof | MTTF 5 MTTR 40
) ) [per 107 hours) ) [per 107 hours)
- - Failures | (in years) [in hours)
Severity Class Failure Mode Lovwver A pper Lovwver H pper
Critical Fail while running gz 1.0 29 | 1058 | 13257 49,749 1,66 2,01 238
Degraded All 177 05 20018 | 238369 | 26963 30,02 2492 333 3,749

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

o Pumps/Centrifugal/Sea water lift.

Data source Aggregated Time-in-service Failure due to Demands
; = (10% haurs)
I Bquipment Class = PUMPS — Prakability () MTTR (i hour=)
AMD Iny. System = Seqwater lift Operational Time
AMD Iy, Ecuipment Type = Certrifugal 0,903571 4 A0E-03 19080
AMD Iy, OREDA Phaze = 3
Installstion Populstion Failure Data Repair Data
g 24 Failure Rate Active repair rate
FN'tIJ ol ] i (per 10° hours) ] MhTTR (per 107 hours)
Severity Class Failure hode allures | (in years) Lowwer A pper (in hours) Lanwner H Upper
Critical Fail while running 1 33 24 54 3431 46 30 14373 0,45 0,69 095
Degraded All 725 1.4 B4 74 a024 | 9595 16,158 4,38 618 8,50

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.
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e Pumps/Centrifugal/Water fire fighting.

Appendix 1

Data source Aggregated Time-in-service Failure due to Demands
: = (105 howrs)
0% B s Bl S AR — Probakility () MTTR (in hour=)
AMD Iny. System = \Water fire fighting Operational Time
AMD Iy, Ecuipment Type = Certrifugal 0,726402 5, 40E-04 3,38
AMD Iy, OREDA Phaze = 3
Inztallation Populstion Failure Data Repair Data
45 141 Mo of MTTF FallurE Rate MTTR Active ripalr rate
) ) [prer 107 hours] ) [per 107 hours)
= - Failures | (in years) in hiours)
Severity Class Failure Mode Lovwver A pper Lovwver H pper
Critical Fail while running 25 33 23493 3442 | 4507 435,53 1,49 220 314
Degraded All 145 g 17235 | 19961 | 22835 14 66 5,86 B a2 7.

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Pumps/Centrifugal/Water injection.

Data source Aggregated Time-in-service Failure due to Demands
i = (105 haurs)
Iy Eqquipmert Class PUMP= . : Probakilty () MTTR (in hours)
AMD Iny. System = \Water injection Operational Time
AMD Iy, Ecuipment Type = Certrifugal 25089 3,00E-03 a7 41
AMD Iy OREDA Phase = 3
Installstion Populstion Failure Data Repair Data
12 79 Mb of MTTF FallurE Rate MTTR Active ripalr rate
Fail ) [prer 107 hours] inh [per 107 hours]
Severity Class Failure Mode GILTES | (i gEans) Lowwer A Upper Ininziss) Lowver u] Upper
Critical Fail wehile running 187 15 5,50 7453 | 8414 45,79 0,73 218 1,72
Degraded Al 437 5 oy 16000 | 17438 | 188,51 M9 418 4 55 497

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Pumps/Reciprocating/All.
Data source Aggregated Time-in-service Failure due to Demands
; = (10% haurs)
I Bquipment Class = PUMPS — Prakability () MTTR (i hour=)
AMD I, Equipment Type = Reciprocating Operational Time
AND Iy, OREDA Phase = 3 3064072 7 02E-03 16,50
Installstion Populstion Failure Data Repair Data
10 109 Failure Rate Active repair rate
M of MTTF (per 10°% hours) MTTR (per 0% hours)
] ] Failures | (in years) (im hiours)
Severity Class Failure Mode Loweer A Upper Lowwer H Upper
Critical Fail swehile running 42 3,3 10,23 13,71 17 55 784 8,25 1275 17,91
Degraded Al 30s 1,1 9110 | 10052 | 110,25 4.3 18 67 2315 25,04

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.
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o Pumps/Reciprocating/Chemical injection.

Data source Aggregated Time-in-service Failure due to Demands
: = (105 howrs)
0% B s Bl S AR — Probkility () MTTR (in hours)
AMD Iny. System = Chemical injection Operational Time
AR i = i i
Iny. Equipment Type Reciprocating 111524 7 02E-03 16,50
AMD  Invy. OREDA Phaze = 3
Installation Population Failure Data Repair Data
4 57 Failure Rate Active repair rate
N_b ol ] i (per 10% hours) ] U (per 107 hours)
- - Failures | (in years) (in hiours)
Severity Class Failure Mode Lonwer A Lpper Lovwwver H pper
Critical Fail swehile running 18 71 10,43 1614 | 2393 594 8,35 16,54 3034
Degraded Al 1535 IS 11959 | 153764 | 157,36 375 11,61 25 67 52,63

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Pumps/Reciprocating/Gas processing.

Data zource Angregated Time-in-service Failure due to Demands
; = (105 hours)
0% EEME S S AR — Probakility (v MTTR (in hours)
AMD Imw. System = (3as processing Operational Time
A i = i ;
Iny. Equipment Type Reciprocating 1 BI2228 7 02E-03 16,50
ARD Iy, OREDA Phase = 3
Installation Population Failure Data Repair Data
5 =1 Mo of MTTE Fallur: Rate MTTR Active repair rate
Fail ) [per 107 hours] i h [per 10° hours]
Severty Class Failure Mode allures | (in years) Laovwver A Upper (in hours) Latwer H Upper
Critical Fail swehile running 14 133 5,00 8,27 12,93 5,00 8,29 16 67 29,03
Degraded Al 1215 1,6 61,05 g0 | 8315 322 2413 3,09 39,50

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.

e Pumps/Reciprocating/Gas treatment.

Data source Angregated Time-in-service Failure due to Demands
; = (105 howrs)
0% EEME el S AR — Probability (v) MTTR (in hour=)
AMD In. System = as treatmert Operational Time
AR i = i i
Iny. Equipment Type Reciprocating 0,108 7 02E-03 16,50
AMD Iy, OREDA Phase = 3
Installstion Populstion Failure Data Repair Data
5 ] Failure Rate Active repair rate
N_b ol ] i (per 10° hours) ] LU (per 10° hours)
- - Failures | (in years) [in hours)
Severity Class Failure Mode Lonver A pper Lowver H Upper
Critical Fail wehile running 9 1.4 4312 a2E5 | 14423 13,33 2,04 750 18,22
Degraded All 22 05 13119 | 202,04 | 28367 ] 500 8,7 20,00 | 3947

The sample does not respect the set of the quality rules defined in point 5.4. The level of
confidence which can be placed on these results is sufficient to be considered satisfactory.
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e Pumps/Rotary.

Data source Aggregated Time-in-service Failure due to Demands
: = (105 howrs)
0% B s Bl S AR — Probkility () MTTR (in hours)
AMD Imy. Equipment Type = Rotary Operational Time
AND Iy, OREDA Phase = 3 0032736 1,80E-03 26,13
Installation Population Failure Data Repair Data
; ; Failure Rate Active repair rate
Mk o MTTF (per 10°% hours) MTTR (per 0% hours)
. ] Failures | (in yearz) (in hours)
Severty Class Failure Mode Lowver A Upper Loweer H Upper
Critical Fail wehile running 13 03 23400 | 39712 | B3 37 FavA 784 1296 2027
Cegraded All 14 03 25855 | 42766 | 66858 | 322 1856 | 31,03 4592

The sample does not respect the quality rules defined in point 5.4. The level of confidence
which can be placed on these results is relatively low; this data should be used carefully.
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Appendix 1.4: Combustion engines

Power Fuel supply
|______ ______________________ _________l
| . |
I Starting system Engine g \‘._ I
| (e.g. start batterles) (dlesel/gas) / |
| o |
I I
| I
I I
| |
| |
I Lubrlcatlon Coollng Contro| and Miscell I
| system system menitoring scellaneaus |
| |
| |
I I
| |
Coaolant Coolant Power  Remote boundary
instrumentation

Figure 6 - Boundary Definition - Combustion Engine

e Combustion engines/All.

Data zource Aggregated Time-in-zervice Failure due to Demands
: = (10% hours)
Iy Eqquipmert Class COMBUSTION EMGIMNES : : Prabability (v MTTR (in hours)
AMD Iny. OREDS Phase = 3 Cperational Time
085100 1,50E-03 16 64
Installation Population Failure Data Repair Data
77 156 Failure Rate Active repair rate
Mk of MTTF (per 10% hours) MTTR (per 10% hours)
. . Failures |(in vears) {in hours)
Severity Class Failure Mode Lot A Upper Lovvver H Upper
Critical Fail swehile running ] 14 45 35 912 | 7302 42 69 192 234 283
Degraded All 525 0z 496,75 | 53517 | 57464 | 1530 2,73 529 652

The sample respects the set of quality rules defined in point 5.4. The level of confidence which
can be placed on these results is relatively high.
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