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* Case

* Time to Failure
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" Incipient failure
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' Lagging

" backward-looking
" Leading

* forward-looking

> Workload

* Failure fraction

' Average unavailability
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Annex A
(Informative)

Main function (MF) description and boundaries
Descriptions of MFs should aim to describe an active function (i.e.
'Pumping‘instead of 'Pump’). Descriptions commonly used for MFs are
shown in Table A.1. Normally a further specification is required to
describe the MF sufficiently. If relevant, the availability, capacity and

performance should be specified.

Table A.1 — Examples of MF descriptions

MF description Sub title, examples
Accumulation Instrument/plant air, heating/cooling medium
Cementing
Circulating Heating/cooling medium
Compressing Gas export/injection
Cooling
Detecting Fire and gas
Distributing (Main/emergency) power, hydraulic, tele
Drying Air, gas
Expanding
Filling Lubrication oil
Filtering
Fire fighting Sprinkler, deluge, water spray, foam, aqueous film foaming foam, hydrants
Generating (Main/emergency) power
Heating
Injecting Chemicals, gas, water
Life Saving Mob, lifeboat, basket, raft, escape chute
Lifting Deck crane, personnel, goods
Logging Well, production, mud
Manoeuvring
Metering Fiscal (gas/oil), CO2
Pumping Oil/gas export, bilge, seawater
Regenerating Glycol
Scrubbing




Separating Production, test, cyclone- (water/sand/oil), centrifuge
Storing Chemicals, potable water, lubrication/seal oil
Transferring Oil/gas pipe (riser)

Examples displaying the MF HF2020 (along with others) with
boundaries marked on a flow diagram, and the same MF with
boundaries marked on the more detailed P&ID is shown on Figure A.1

and FigureA.2.
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Annex B

(Informative)
Simplifying consequence assessment of standard sub functions
The consequence assessment of the MF already performed may be
used as a basis for establishing the consequence assessment for the
standard sub functions. It is recommended that these evaluations are
verified by experienced process personnel and adjusted individually, if
needed.
An example of guidelines for the standardised sub functions for one project is
shown in Table B.1.

Note to entry: 'Other functions‘have to be assessed independently.

Table B.1 — Project guideline example of consequence assessment of standardized

sub functions, based on the MF consequence assessment

Standard sub Classification of loss of function
Comment
function RED HSE PROD Other
Main task MF MF MF MF
. Config- RED: No redundancy for the failuremode
Pressure, relief H L L
uration ‘Fail to operate on demand’
RED: No redundancy for the failuremode
Shut down, process A H L L
‘Fail to operate on demand’.
. Other: Inherits the highest
Shut down, equipment MF M L MF
consequence from the MF
Controlling MF MF MF MF
Monitoring MF M L L
Local indication MF L L L
Manual shutoff MF (MF) (MF) (MF)
Table Key:
HSE/PROD/Other See examples and definitions in Annex C H/M/L “Medium” or
HLOW”
MF Will inherit MFs
RED Redundancy, see definition in Table C.2
(MF) Reduce with one level from MF
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C.1

Annex C

(Informative)

Risk assessment criteria

Risk assessment using risk matrix

An example of a consequence classification matrix is shown in Table

C.1. The classification matrix used for maintenance purposes should be

harmonized with the corporate risk matrix. For maintenance purposes it

is usually sufficient to have 3-5 consequence classes, whereas a

corporate risk matrix can have many more consequence classes. The

different consequence categories should also be the same asused in

the corporate risk matrix. The consequence classes should be aligned

so the highest consequence is used for planning and prioritization.

ISO 14224 gives another example of failure consequence classification.

Table C. 1 - Example of consequence classification matrix

effect on safety systems.

medical treatment.

Limited effect on safety

systems.

Consequence C1 C2 Cc3
category
Safety No potential for injuries. No Potential for injuries requiring Single/multiple fatalityor

serious personnel
injuries.
Render safety critical

systems inoperable.

Environment

No/minor spill

Medium discharge

Major discharge

consequences

Cost < X (USD)

cost consequences

X < Cost < Y (USD)

Production No production loss Delayed effect on production Down time loss of
(no effect in x days) or production
duced producti
reduced production DT > X days
Other No operational or asset cost Moderate operational or asset Significant operational

or asset cost

consequences

Cost > Y (USD)

Containment

Non-flammable media
Non-toxic media Natural/normal

pressure

/temperature media

Flammable media below

flashpoint
Moderately toxic media

High pressure/ temperature
media (>100 bar/80 °C)

Flammable media above
flashpoint
Highly toxic media

Extremely high pressure
/temperature media




Table C. 2 — Example of redundancy definitions

RED Redundancy degree definition
A No redundancy i.e. the entire system is required to avoid any loss of function.
B One parallel unit can suffer a fault without influencing the function.
C Two or more parallel units can suffer a fault at the same time without influencing the function

C.2 Decisions based on consequence classification

As described in Clause 7, the consequence classification is used to plan activities

and prioritize resources.

The consequence classification is used to decide the priority of a corrective work
order, together with the failure mode and state of degradation. There should be a
matrix in place to set the due date for each corrective work order based on the
mentioned criteria. The due date can be changed to a later date then the default
date due to lack of spare parts, access, personnel etc. but the priority of the work
order should remain the same. To get hold of the required spare parts and

resources should then also be of the same priority.

If the due date is not met, this should be flagged, and in case of work order for
high consequence items, be classified as a non-conformity and subject to proper

follow-up and risk assessment.

Table C.3 gives an example of due dates for corrective maintenance task based on

the consequence classification.



Table C. 3 — Example of priority/time to repair based on classification

Consequence Priority/ time to Comments
repair
High 5 days Barrier equipment < 2
days
Medium 30 days
Low 180 days
Un-Prioritized 360 days Unclassified

Redundancy should also be taken into consideration when setting due date and
prioritizing work.

C.3 Spare parts

An example of consequence classes which can be used to determine
the optimum location for spare parts is given in Table C.4. Input from
the consequence classification can be used or modified for this
purpose. The consequence classes combined with demand rate gives
location of spare parts as shown inTable C.5.

Table C.4 — Example of consequence classes for spare parts

Consequence Description

High Equipment of a system that shall operate in order to maintain
operational capability in terms of safety, environment and

production.

Medium Equipment of a system that have installed redundancy, of
which either the system or its installed spare must operate in
order to maintain operational capability in terms of safety,
environmentand production.

No consequence for safety, production or environment.
Low
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Table C.5 — Example of risk matrix for spare parts

Consequence

Low Medium High
Demand rate
First line spare parts,
frequently used.
Not frequently used.
. Holding optimized by
Capital spare parts. No stock No stock use of risk assessment

Seldom or never
used.

case by case

M T

|




C.4 Risk matrix

The consequence classification gives, as the term imply, the
consequence in the case of loss of function. As part of performing a
FMECA and RCM analysis the probability of each failure mode is
defined. The probability gives an indication about the uncertainty of

when the failure mode is expected to occur.

The consequence of failure and the expected failure frequency from the
FMECA-analysis can be combined to establish the risk for the failure

modes for each items failure mode, and the overall risk foreach item.

From the FMECA/RCM-analysis the probability of the failure mode and
failure mechanism is defined. If defined as part of a generic
maintenance concept, when assigned to an item the total risk for the

particular failure mode for the particular item is defined.

The risk is used as a basis for the maintenance interval for the defined

failure mode, see Annex D.3 foran example.

When one generic maintenance concept is applied to two different
items with different consequence classification or redundancy the
suggested maintenance activities and intervals can be different. |.e.
items with higher consequence classification will normally have more
maintenance and at shorter intervals. For failure modes that do not
affect the function of the item, like EX-protection, the maintenance
should be the same regardless of the functional consequence
classification. See Annex D.4for an example of a generic maintenance

concept.

The expected failure frequency for each equipment and each failure
mode can be calculated based oninstallation- or companywide
maintenance records or using generic failure data from OREDA® or

similar sources.



However, for practical purposes it is often better to use qualitative data
and expert judgements to set anexpected failure frequency, like 2-5 years,
5-10 years etc., especially for new installations or item where there is little

data available to establish a quantitative failure frequency.
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Annex D

(Informative)

Practical examples

D.1 Technical hierarchy

The level of detail with regards to tagging is in many ways a deciding

factor to ensure that the equipment will receive the adequate
maintenance. On the Norwegian Continental Shelf there is an industrial

heritage of tagging to a detailed level where even instrumentation and
equipment in supportof MFs and sub functions are tagged The tagging
is to be consistent from drawings, the actual equipment in the

installation and the CMMS and is an important part of documenting the
equipment through its life cycle.

Figure D.1 illustrates the workflow to establish a technical hierarchy.

Fechalcaldrawings/ ) _____ o/l | tif t
dentify systems

PEIDS

Eny skids or main~

Any instruments ar

Go to nextsystem  —-g—

- equipmenton = No—p=
KA valves on system ?
system ?
Yes Yes
v
Use skids and main Establish
equipment as administrative tag
superior tag and link as superior tag and
them to system ink it to system
Mo
i Establish
" Any pipe lines on - administrative tag
— e g
system ? as superiortag and
link it to system
v L
Link pipe lines to

superior tag




To establish a technical hierarchy it is necessary with a set of technical
drawings, e.g. flow and one-linediagrams, P&IDs etc. and a list of tags
and a tool for linking tags to each other.

The top of the technical hierarchy normally starts with the installation
code with the system numbers listed in Figure D.2. The usage of system
numbers may vary from plant to plant NORSOK Z-DP-002 uses system
numbers between 00 and 99. Other standards like SFI [Ship research
institute of Norway (Skipsteknisk Forskningsinstitutt)] would have a 3

digit numbers as system numbering, but the principles may be similar.

Technical drawings can be used to identify skids, packages and main
equipment that can work as a superior tag for the connected
instruments, valves and other kinds of equipment. There can be several
levels beneath a level, e.g. a skid that contains 2 pumps with electric
motors. The skid will then be the top level, the pumps will be the 2nd
level, and the electric motors will be the 3rd level to the corresponding
pump. Each level can hold corresponding instruments and valves. See
Figure D.2.

Start with a system by identifying skids and main equipment. Then link
all the skids and main equipment that will be used as a superior tag to
the system number in the tree structure. Next step is toidentify the
instruments, valves and other kinds of equipment on the system and
connect them to the corresponding skid or main equipment. If there are
no skids or main equipment, but only e.g. instruments or valves, then
administrative tags should be established to form the level above. The
instruments, valves and other kinds of equipment are then linked to the
administrative tags. In instrument loops one of the components can
represent the whole loop e.g. a transmitter or valve, while the rest of the

loop lie beneath.



= ) System 1
2 ) skid 1
= ) Pump 1A
= IC3) Pressure transmitter 1
= () Motor 1A
I Hand switch 2
[C3) Pressure switch 1
= ) Pump 1B
= I3) Pressure transmitter 3
= (3 Motor 18
|2 Hand switch 4
() Pressure switch 3
) Tank 1
= ) skid 2
= ) Pump 2
I3 Motor 2
= ) Pressure indicator 6
= () Flow transmitter 7
|) Flow element 7
& I Flow limit switch 7
() Flow controller 7
I3 Flow valve 7
B ) Tank 2
I) Temperature indicator 5|
Figure D.2 — Technical hierarchy




D.2 Functional hierarchy

The functional hierarchy is a logical diagram linking all the plant
functions noted as MF and sub functions, see Annex A. The level of
detailing of the functional hierarchy may vary, but usually 2 to 3levels

are sufficient.

The plant system 27 (gas export) is shown in Figure D.3 in a schematic
diagram of a plant (platform)which has been broken down into
equipment identified by its tag number. The defined MFs covering part of
this system and the standardised sub functions for one of these MFs

are illustrated as an example.

Each tag within one sub function is given the same classification
because a fault on any of these units (identified by the tag numbers) will

cause the same consequence on the MF.

D.3 Documentation of consequence analysis

A typical example of a consequence analysis of a MF (2701 Scrubbing),
with standard sub functions listed, is shown in Figure D.4. This MF
consists of two parallel units, each able to perform 100 % of the
scrubbing function in relevant operating mode. Although this example
identifies 100 % redundancy forthis MF, redundancy is ignored at this
time. For the purpose of determining the consequence class all MFs
should be considered as single, irrespective of their design redundancy.
The consequence classification is 3 (high), 2 (medium) and 1 (low). The
degree of redundancy is set by characters A, B or C for the relevant
operating mode. The degree of redundancy for sub-functions is set
based on number of parallel units and capacity (Cap: 50 %, 100 %).
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Z-008

CONSEQUENCE OF MAIN FUNCTIONS AND ITS FUNCTIONS

System 27: GAS EXPORT AND METERING

Main Parallel Capacity per
Function: SCRUBBING Units: 2 unit: 100%
2701 Redundant grade: B
Documents PID: P&ID 01-01  PFD: PFD 01-01 Rev: B Last updated:
dd.mm.yy
Failure mode | System effect: Installation effect: S P 0]
Does Not able to remove liquids Gas production is shut down.
fromgas. Gas export system Oil production to be maintained
notwork 1 3 1
shuts down/is not available. according to tariff quotas. CO2
and environmental
consequence.
Classification
Function Description PU*Cap - Red
(S,P,0-> Max)

2701 MAIN Scrubbing 2*100- B 1,31->3

2701 ALARM Monitoring 2*100- B 21,1->2

2701 CONTROL | Controlling 2*100 - B 1,31->3

2701 IND Local indication 2*100 - B 1,1,1->1

2701 PSD Shutdown, Process 1100 - A 31,1->3

2701 EQSD Shutdown, Equipment | 2*100 - B 21,3->3

2701 PSV Pressure relief 1*100- A 31,1->3

2701 VALVE Manual shut-off 2*100- B 1,21 ->2

2701 PV Containment, 2%100 - B 131->3

ProcessVapour
Table Key

Classification (S: Safety; P: Production; O: Other):

3: High

2: Medium

1: Low




D.4 Documentation of generic maintenance concept (GMC)

A GMC is a set of maintenance actions, strategies and maintenance
details, which can be seen as a collection of best practices for a
company. The GMC should be defined by a structured RCM analysis

where failure modes and failure mechanisms are identified.

All tags should be linked to a relevant GMC and should be available for
reference directly in the CMMS. Use of dummy concepts should be
restricted to a minimum and only linked to tags where a detailed
generic maintenance analysis has revealed no need for any
maintenance activity. Equipment which is part of an instrument loop,
but no concept is applicable, should be linked to same concept as the

superior tag, i.e. instrumented valve.

Each concept should specify which type of equipment the concept is
covering and which type of equipment that is excluded. Each concept
should be detailed at such level that it provides sufficient information,
as keywords or by a short description, about relevant maintenance
activities and intervals of such activities in order to maintain the
equipment’s intended function. It should be avoided to specify
maintenance activity at the concept which is not relevant for the actual

functional location which the concept is linked to.

The following table shows the final result and not the documentation of the

entire process.
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