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Motivation

FMC Technologies (FMC) is currently developing and
implementing a Requirements Management System (RMS) on
projects in the Company.

There are currently no solutions to capture or manage
requirements. High risks of requirements being miss out or mis-
interpretated, cost overrun and schedule delayed in projects.

Goal and Research Question:

How effective is the RMS in managing Subsea Workover
Systems (WOS) requirements and what is the amount of effort
required to implement the RMS in FMC Technologies?
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Requirements Management
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Overview of requirements — Snorre B

GLO039 — ALARM Principles (25 pages — HSE)
GL0257 - Reliable sourcing

GL0447 - Cad standards

GL3137 - SIS i 5 pages - T

PD148 — Qualify technology for first use

PD248 - Qualify technology for first use

PD348 ~ Qualify technology for first use

PD602 - Qualify technolgoy for first use

TRO052 - Statoil Engineering number system

TR0052 addendum - Statoil Engineering Number system

TRO056 — LCI requirements (56 pages — Documents — General)

TRO080 — Preparation of technical hierachies (15 pages — General)

TR0926 — Working environment (37 pages — General)

TR1005 - SPIR registration (10 pages — General)

TR1033 - Quality requirements (16 pages — Quality)

TR1055 - Performance standards for safety barriers

TR1212 - SAS operator station HMI (55 pages ~ Controls)

TR1231 - Subsea Intervention Systems (34 pages — Systems/Products)

TR1232 - Subsea umbilicals and cables (28 pages — Controls)

TR1233 - Subsea production control system (50 pages — Controls)

TR1234 - Subsea valves (27 pages — Well Integrity products)

TR1494 - Alarm systems (28 pages — Controls)

TR1658 — Technical network and security (11 pages - Controls)

TR2041 - SIS

TR2258 - Infomation management system (38 pages — Controls)

TR2313 - Subsea electrical high voltage connector assembly (33 pages — Controls)
TR2342 - Mechanical completion requirements

TR2343 - Preservation requirements

TR2381 - LCl requirements (123 pages — General)

TR2382 - Materials requirements (32 pages — Materials / Risers / Well control products)
TR2390 - Electrical/Optical connectors (70 pages - Controls)

TR3010 - ical, technical and
TR3020 - Electrical standards (6 pages — Centrols)
TR3021 - Electrical system design (74 pages - Controls)
TR3023 - Electrical, i and i
TR3030 - Automation (6 pages — Controls)

TR3031 - Automation technology (22 pages — Controls)
TR3032 - Field instrumentation (102 pages ~ Controls)

TR3034 — Safety and automation system (38 pages — Controls/TS&R)

TR3035 - SAS application functions and structure (45 pages — Controls)

TR3037 - SAS integration of subsea control (25 pages — Controls)

TR3070 - Subsea Technology (6 pages — Systems)

TR3101 - Fasteners (13 pages — Well Control products)

TR3111 - LCl requirements (61 pages — General)

TR3120 - Electrical equipment (36 pages — Controls)

TR3131 — Automation technology (35 pages — Controls)

TR3138 - Testing and inspection of SIS (21 pages — Quality)

TR3505 - Subsea XT and CWO activities

TR3533 — Recertification of well control equipment

TR3541 - Subsea XT and CWO systems (137 pages — Systems/Materials/All products)
TR3544 — Well intervention equipment and services

WR2363 — Mechanical completion manual

(65 pages - Controls)

Order of
Precedence

Norwegian
Petroleum
Directorate(1)

Statoil
specifications
(53)

112 documents!

Requirements

PMO056 Ver 2_Design

Snorre B (28pg)
@)

-1

(2)

Project specific
requirements

Project
exception lists

RE-SNBWOS-001 - Safety Requirement Specification
PMO006 — Technical and operational guidelines
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Norsk
standards (22)

SO standards
(21)

Others (12)

D010 — Well integrity in drilling and well operations
U-001 - Subsea production system

M-001 — Material selection

M-501 - Surface preparation and coating

M-503 — Cathodic protection

M-601 — Welding and inspection of piping

M-650 — Qualification of manufacturers of special materials
M-710 — Non metallic sealing materials

E-001 - Electrical system

R-001 — Mechanical equipment

R-003 — Safe use of lifting equipment

$-001 - Technical safety

$-002 - Working environment

$-003 - Environmental care

$-005 — Machinery working environment

S-006 - HS

$-011 - Safety equipment data sheet

$-012 - HSE

2-008 — Criticality analysis for maintenance purposes
Z-013 - Risk and emergency prepardness

2-015 — Temporary equipment

NS5820 — Suppliers’ documentation of equipment

15010005 - Guidelines for quality plan

15010423 - Drilling and production equipment
1513628-4 - Subsea production system

1513628-6 - Production control system

1513628-7 - Completion and workover riser system
1513628-8 - ROV interface

15015156 — Material use in H2S environment

15018413 - Hydraulic fluid power

15021457 — Material selection

15023309 - Hydraulic fluid power system

1503834 — Quality requirements for welding

1504021 - Contamination

1509000 - Quality management system

1509001 — Quality management system requirements
15012207 - Systems and software engineering - Software lifecycle
15010949 — Hydraulic fluid power

15016431 - Hydraulic fluid power - Assembled systems
15014224 - Reliability and maintenance data
15020815 — Production assurance and reliablity management
15031000 - Risk management

15090003 - Software

DNV MO - Planning and execution of marine operations
DNV-RP-E101 - Recertification of well control equipment
DNV-RP-H101 - Risk management

DNV-RP-H103 - Modelling and analysis

DNV-RP-B401 — Cathodic protection design

DNV-RP-F112 - Duplex stainless steel

DNV-RP-A203 - Qualification procedure for new technology
IEC61508 - Safety electronics system

IEC61511 - Functional safety - SIS

ITU-T G.652 - Optical fibre cable

OLF070 - Application of IEC61508 and IEC61511

SAE AS4059 - Cleanliness of hydraulic fluid

v
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WOS requirements key challenges — Numerous

requirements

Requirement
The Snorre B WOS functional design
requirements shall be read in conjunction
with TR3541, ISO13628-7, Snorre B TORG
Document, Snorre B Contract Appendixes,
Statoil Governing documents (TR
documents), relevant international
standards and PSA regulations

www.incose.org/symp2016
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WOS requirements key challenges — Unknown operating conditions

* Requirement
Two rigs may be used for drilling and
completions, with unknown requirements for
future rigs.

» Lack of information regarding type of rigs to
be used

www.incose.org/symp2016
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WOS requirements key challenges - Dependencies

* Requirement

- The Well Control Package shall have a maximum weight of 40 metric tonnes to allow for
handling on the chosen rig.

- The production isolation valve on the Well Control Package shall be able to cut and seal
2.5in OD, 105ksi YS coil tubing in 10s

Requirement for disconnect time will affect the size of accumulation on the Well Control
Package. This will in turn affect the weight of the Well Control Package. This is usually only
verified with hydraulic analysis during detail design phase

How can RMS help to tackle these 3 main challenges for WOS
requirements?

Well
Control
Package

www.incose.org/symp2016 FIMIC recthnotoci




{

S 26 1 eos:
Wy

Edinburgh, UK
July 18 - 21, 2016

Implementing RMS

INTRODUCTION >

APPROACH >

IMPLEMENTING > &
RMS
DISCUSSIONS

CONCLUSION




4) Implementing RMS

4 N
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4) Implementing RMS Business Process Management System

Perform
Sales

Prequalify
Tender

Execute
Tender

Execute Manage
Project Life of Field
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Project
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Planning

Execute
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Close
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Deliver
System
System
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Test
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Design
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4) Implementing RMS

Snorre B System

Specification

) Snorre B Subsystem
Specification

3 Snorre B Riser Product
Specification

4 Subsystem Master

Template
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Effort required to use RMS

Snorre B System
Specification

RQS80010128 SPC60108714

Snorre B
2 Subsystem RQS80010137 SPC60108743 190 80
Specification

Snorre B Riser
3 Product RQS80010163 SPC60108994 82 50
Specification

Subsystem

Master Template RQS80010181 SPC60108882 249 50

tras = ttraining + (NREQ * tREQ)

tras - Time taken to generate requirements specification
eraining - Time taken to train personnel to use RMS

Ngeq - Number of requirements

teq - Time taken to generate each requirement

www.incose.org/symp2016
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Effort required to use RMS

Perforn
Sales

Executi . [ Estimated average number [ Total Hours No. of Remarks
stag! of requirements/document (hrs) documents
Feedback from RMS
Perform Sales >10 developers
Execute Tender 1 Extrapolate from
research
. Research and
e 80 25t0 35 \ 1 partial extrapolate
120 to
Define Subsystem 190 160 2 Extrar;en;l:atrec;rom
. Extrapolate from
Define Product 90 2000 50 research
Assembly & Test 50 Tobe determined
Subsystem test 2 Tobe determined
System Test 1 Tobe determined
Deliver system >3 Tobe determined
Operation of system
(Change >3 To be determined

Assumed hours
Research hours

Execute Manage
Project Life of Field

m Prequalify Execute
Tender Tender

Execute
Project
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Discussions - Peer Review

Advantages Concerns
+ Enable focus on requirements — Unknown amount of hours use
on the RMS throughout project
+ Good platform for storing and | Y lifecycle
reviewing requirements, creating M
a good environment for writing — Unclear roles and
SMART* requirements responsibilities
+ Aid in impact analysis during — Insufficient experienced
change management process personnel to review and approve
the RQSs

*SMART — Specific, Measurable, Attainable, Realistic, Timely

www.incose.org/symp2016
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Discussions — Industry Assessment (ISO/IEC 24766)

. i . Rating(Current
SINO Requirements Definition Rating(RMS) method)
1 Elicitation How effective is the RMS ip seekin.g, uncovering, acquiring and 11/24 0/24
elaborating requirements?
Does the RMS allow for decomposition of high level requirements into
2 Analysis details, evaluating feasibility, analyzing overlaps or conflicts between 3/20 0/20
requirements, and negotiating priorities?
" Does the RMS has the ability to provide features for the physical,
) g functional and performance modelling of the system? = e
4 Specification Does the RMS allow for docume_nting the requirements in a consistent 6/8 0/8
and reviewable way?
5 Verification and Validation Does Fhe RMS suppo'rts the Verification and Vglidation of requirerneqts 5/8 0/8
(ensuring the system is built to the correct requirements) and Validation
Does the RMS has the ability to support the monitoring of changes and
6 Management maintenance of requirements, ensuring that the requirements accurately 11/16 7116
reflect the product?
Does the RMS has the ability to document the life of a requirement,
7 Traceability providing linkage mechanism between associated requirements and 11/24 0/24
tracking changes made to each requirement?
8 User friendliness Is the RMS simple to comprehend and control? Even for non-users of 8/12 5112
the system?
Does the RMS allow for multiple users licenses to be used in different
9 Support and Maintenance |projects? The system shall not be overly costly to maintain and support 5/8 7/8
for the system shall be readily available during normal working hours.
Total 60/128 19/128

9 categories, 32 assessment criterias

Points scoring: 0 — Not Useful / 1 — Useful / 2 — Very Useful / 4 — Extremely Useful

www.incose.org/symp2016
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iIscussions - Industry Assessment

Industry assessment per ISO/IEC 24766 (Guide for

®© O

Traceability Elicitation

Specification Analysis

[ ]
. .
e RMS scores 60 out of 128 possible points
SINO Requirements Definition Rating{Current
method)
1 Elicitation How effective is the RMS in seeking, uncovering, acquiring and 1124 024
elaborating requirements?
Does the RMS allow for decomposition of high level requirements into
2 Analysis details, evaluating feasibility, analyzing overlaps or conflicts between 3/20 0/20
requirements, and negotiating priorities?
o Does the RMS has the ability to provide features for the physical,
: Modeling functional and performance modeling ofthe system? s o8
4 Specification Does the RMS allow for decume_nnng the requirements in a consistent 6/8 08
and reviewable way?
5 | Verfication and Validation | P°¢S e RMS supports the Verification and Validation of requitements o8 s
(ensuring the system is built to the correct and Validation
Does the RMS has the ability to support the monitoring of changes and
6 of req ensuring that the requirements accurately| 11116 76
reflect the product?
Does the RMS has the ability to document the life of a requirement,
7 Traceability providing linkage between q and 124 0124
tracking changes made to each requirement?
i 7 ¥
3 User friendliness Is the RMS simple to comprehend and control? Even for non-users of 812 512
the system?
Does the RMS allow for multiple users licenses to be used in different
9 Support and Maintenance |projects? The system shall not be overly costly to maintain and support 5/8 78
for the system shall be readily available during normal working hours
Total 60/128 19/128
— —_—

www.incose.org/symp2016
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Conclusion

How effective is the RMS in managing Subsea Workover Systems (WOS)
requirements and what is the amount of effort required to implement the
RMS in FMC?

 Effectiveness

» Qualitative measurement from peer review
(Positive reviews)

» Quantitative measurement from
assessment by industry standards (Score

of 60 out of 128)

o Effort

» Measurement of hours needed to use the
RMS through system, subsystem and
product lifecycle stages only

www.incose.org/symp2016
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Conclusion

» Provides a platform for requirements to be identified and
tracelinked to each other

» RMS promotes focus on reviewing and writing SMART
requirements, enhances communication with Clients and
project team and will help change the mindset of the
entire organization towards managing requirements

» Success of the RMS will depend on availability of skilled
resources to support this throughout project execution
and life of field stages

www.incose.org/symp2016
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Future work

Change mangement module to be tested o T
Verification and validation module to be et s o [mes| 1 [T
te Ste d Define Subsystem 190 160 2 Emar Z::a‘ri I:rom
Quantitative measure of effectiveness of S— R
RMS using Price of Non Conformances P R
(PONCS) Deliver system >3 To be determined

Training hours and time required to process

requirements to be determined t )
training REQ)

Effectiveness of templates o o

www.incose.org/symp2016
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Questions and Answers
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