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1.1. FAE

The European Joint Undertaking for ITER and the Development of Fusion Energy
(‘Fusion for Energy' or FAE)

Established in 2007 in Barcelona, Spain
Staff: approx. 350

3 tasks:
e provide Europe’s contribution to ITER

e implement the Broader Approach agreement between Euratom and Japan
* prepare for the construction of DEMO
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1. Introduction (2/2)

1.2. The ITER project

History
*1985, proposed by Gorbachev to Reagan
*2005, Cadarache (France) chosen to host the ITER machine

*2006, ITER agreement signed by the 7 parties (China, EU,
India, Japan, Korea, Russia, USA)

*the world’s largest scientific partnership

Scientific objective

demonstrate steady state fusion power production
evalidate technologies required for fusion power plants
*study and optimise plasma behaviour

egenerate 500 MW of fusion power with a power
amplification Q > 10
(Q = Total fusion power / Input power to the plasma)
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2. The RMV process (1/7) S50 BN

RMV = Requirements Management & Verification

2.1. RMV, a key domain of Systems Engineering

(=) (=)

Product Lifecycle

Conceptual Design | Preliminary Design Final Design ﬁﬁ:ﬁﬁ:t‘;‘a "};?St UpEéi:;r;tand Project Close-Out
{ Feasibility) {Definition) {Detailed definition) (PrOGUCIIN) (UtIIZatoN & SUpEort) (retirement)

} ; Y 4
Conceptual ; : (Sates:
E‘E‘Sgﬂ Letaled dES!gﬂ Build-to Prnnt CDR CDFICEﬂTUﬂE Deslgn Review
PDR: Preliminary Design Review,
FDR: Final Design Review,
MRR: Manufacturing Readiness Review,

TRR: Test Headiness Review
ORR: Operation Readness Review
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2. The RMV process (2/7) S50 BN

RMV = Requirements Management & Verification

2.1. RMV, a key domain of Systems Engineering

Waterfall
model Project Project
Specification & Specification &
RPr5 RPrs
Project

Requirements Project
Requirement
syst. Reqts Docs

(SRDs) (SRDs)

Arrangements Arrangements
e (Pas) (Pas)
F4E F4E
ErDELIrEPﬂEr‘It Procurement
echnica Technica
Specifications specifications

Suppliers Suppliers

Technica suppliers Technica

Specifications _ i Specifications
echnica

Documentation
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2. The RMV process (3/7)

RMV = Requirements Management & Verification

2.2. RMV, what for?

How do you demonstrate that you flowed-down 100% of customer requirements?

How do you manage your margins, your flexibility behind requirements?

How do you assess impacts when a Deviation occurs, when a Non Conformity occurs?

How do you document that verification is planned? closed?

Are we ready for the next review?

How do you accept deliverables?

RMV is the basis for accepting a deliverable.
RMV captures how much a deliverable matches customer needs.
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2.3. Deliverables of the RMV process

Statement of Compliance (SoC)

Annex B - Tech Spec for LN2 Plant, FAE_D_23WR9Z v4.3

Requirement Requirement text Compliance  Verification Comment
identifier status Method
5 - M CANC |~ M -
Applicable Documents
ADO1 Electrical Design Handbook. Part 4 - Electromagnetic C E

Compatibility (EMC).
https://user.iter.org/?uid=4B523E&version=v2.1&actio
n=get_document

ADO2 Specification of piping fluid identification with C E See detailed SoC in Annex 2 to the Technical Proposal.
conventional colour,
https://user.iter.org/?uid=44ED6H&version=v1.2&acti
on=get_document
1. Introduction
2. Scope of the tender
3. General design requirements

REQ-0001 The system of units to be used in the Contract C E
deliverables shall be Sl-units.
4. Specific technical requirements

REQ-0002 The fully inflated total gasbags volume shall be 800 C ET
| m3 minimum.
REQ-0003 MNoise level generated by equipment inside building NC AT The equipment X generates 102 dB({A) at a competitive
51 and measured at a distance of 1 m for all price. It is proposed in baseline.
operational modes shall not exceed 100 dB(A). In an option, equipment X can be replaced by

equipment Y that complies with 100 dB{A) limit.
See details in Technical Proposal §2.4 and in
Commercial Proposal §3.2.
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2. The RMV process (5/7)

2.3. Deliverables of the RMV process

Compliance Matrix (CMx)

P& Annesx B - Functiomal Spec U2 Plant... ITER_IOM_3IW00W w32 F1E
LTI Baaguwaimant text Category  Complisess  Desiation satislid biy— Commant
idantifiar satus Bnparecal
| numbar
) - - - [= 7 i=] - | =|
Aggpiicable Dotuments —l
AL Qupiety Plan, 30 Cusiety C A £ - Mg mt Spec for LNG Plant, FE_D_2AFSTR vIL1 [BD01] FAE equivalent document sppiser

https:ffuser ferorp T uid=22%F MW

Supppiier Cality Bequrements, FIE-04-115va0

AITHIR Elecinical Desipn Handbook. Part £ - Beciroma predic |Elecirical [+ drmems B - Tesch Spec For UNR Plant, FIE_D_FIWEST w4, 3 [A003]
Competibiliby (BMIC), ITER_D_25323E vIL1 Elecirical Design Handbogk. Part 4 - Electrormapredic Comga bialny [EMC]
https:ffuserterorg/fuld=385238 ITER_ID_4B523E w21, Fitpess! fumer, iher, orgald=t85 130
AN Logcs specification for the ITER Cryopland, [Online]  [Mechsmical c [escribed or samerariosd in Annex B
L1, It o, Hhar, org Pic=3THOWT, Trarma
2. General Desipn Requirerests |
REC-I01 T system ol wrats fo e used it DS Ou ity G A B - Tesch Spec for LN Plant, FIE_D_ZIWRST w4, 3 [REO-00LE]
deliveratdes shall be 51-wriis Thee sysiem of wnits 1o be used inHoe Contract deliverables sl be S-units
4. Performance Requirements
REQ-002 The volume of necessary Gas Bag shall be defined  |Mechanical C Annex B - Tech Spec for LN2 Plant, F4E_D_23WRS9Z v4.3 [REQ-0070] Sizing of the gasbags is defined by Justification of Helium
by the Contractor in accordance with the different The fully inflated total gasbags volume shall be 800 m3 minimum. Storage, Purification and Recovery System Sizing
ITER mades. (https://idm.f4e.europa.eu/?uid=23C6W6&version=v3.0
&action=get_document)
REQ-003 Equipment shall comply with the noise level criteria| Mechanical NC DR776 Annex B - Tech Spec for LN2 Plant, FAE_D_23WR9Z v4.3 [REQ-0314]
as specified by the PA Specifications to achieve the Moise level generated by equipment inside building 51 and measured at a distance
specified level for Cryoplant buildings, ITER site and of 1 m for all operational modes shall not exceed 100 dB(A).
ONF house (refer to section 3.4.1). Annex B - Tech Spec for LN2 Plant, F4E_D_23WRSZ v4.3 [REQ-0315]
Noise level generated by equipment outside building 51 and measured ata
distance of 1 m for all operational modes shall not exceed 75 dB(A).
REQ-004 The LN2 plant shall be compatible with the Mechanical C Annex B - Tech Spec for LN2 Plant, F4E_D_23WRS9Z v4.3 [REQ-0308]
meteorological conditions defined in ADO3 Load Thermal Equipment located outdoors shall be designed for a temperature in the range -20°C
Spec. to +40°C.
Annex B - Tech Spec for LN2 Plant, FAE_D_23WR9Z v4.3 [REQ-0309]
Eguipment located in building 51 shall be designed for a temperature in the range
+5°C to +40°C with possible peaks to +45°C for short periods of time.
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2. The RMV process (6/7) S50 BN

2.3. Deliverables of the RMV process

Verification Control Document (VCD)

Camtnmer Spectlication Thie, referenos, verslon Sappier
AU resrant | Deviatios arilicaion Rem Egapuboment
ldantifiar Tisl | Calmgory Compllascs Aoquest @  Method el Erpanition deoarid e Uiy ool VOO Beason for close-out status
| :hllh,u HCA .I.th
i - =y ] im
1. imircadactinn |
REQ-DF1  The satedine mall Fave o helgth of | mmchanacal C E CAD drawirg O || denerices of the spe| i T woeWn
e e I m ] L2TRYANET
REZ-GE = The Seiellite Thesmad Control Subsy=iem Thermal e 50E e [} Thermal Sinabiyy Seport, FIWETW IO 5
e || eremare thet all =abeS8e agupene T sperior Thermp! Btance Test on Sepeort for The rmal B lgmee Test on Sabedite
femperateres remain within the thermal Soredlite g!!!-:h;p finn Migcked, FEMIZT Qﬂlll cation Model, JWIESE ] 0
chmnign berets dedined {or mach seteiiine 4l
2. second Be=ading nne
REQ-E  The sabefde mha|| De pble to enber i Evunrice, L= T Specine nbegrabed Satetige Test 1on | Begort for egrated Saellibe Test § on duipnics Moded,
wybeSf e warvaus! mode by groee SR am, Eyacine . vl BT B
eoememand, M riEar T iper inrlnlm.:':ﬂﬂ i Tegt 1 on
BTy Sptiitts Quatdicrion rogel, ZoREZ
Y14
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2.3. Deliverables of the RMV process

Dashboards
(fictitious data)
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mEmpty verification
monly Method provided
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BExecution Documents
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mclosed
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3. Implementation strategy

3.1. Selection of Pilot Projects

* Motivated teams...
* ... already with Systems Engineering culture

3.2. Change Management (internal marketing)

e Support of Management
* Interfaces with legal, procurement, project teams

e 3 information sessions in 2012, audience > 50 persons each time
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4. DOORS & IRDRMFAO (1/10)

4.1. RMVDB Product Breakdown Structure

COORS DB
Development Sandbox Training
area area area

m DaWdot IS DXL scrifits T??‘E‘E‘E_.

=

=2 B
=
[~

DCORS

D w2 Sl xls =

shortcut

Prod: Production data
Config: Configuration data

IRDRMFAO = IBM Rational DOORS Requirements Management Framework Add-On

21-Feb-2013, I. Bénilan & G. Serra, RMV in F4E with DOORS & IRDRMFAO 15



::ﬁ:: FUSION

4. DOORS & IRDRMFAO (2/10) %z FOR

“atess ENERGY

4.2. Data Model Define Customer requirements

10
Requirement
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4. DOORS & IRDRMFAO (3/10)

4.2. Data Model Develop your own requirements

10
Requirement
FAE CMx
EE=
S FAE
Deviation Justification
is justified by
B e
Reguirement
F4 Specification
Pre-filled Bidder SoC
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4. DOORS & IRDRMFAO (4/10)

4.2. Data Model Maintain your compliance

10
Requirement

F4E CMIx

= FAE
Deviation Justification

is justified by

SK FAE

Requirement

F4 Specification
Pre-filled Bidder SoC

Supplier CMx

Supplier
Requirement
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4. DOORS & IRDRMFAO (5/10) s Ry

4.2. Data Model Verify requirements

=
- ¢ :veriﬂes ¢ F4E Verification
Reguirement A P e
F4E CMIx
(E«
= FAE S =
e o= o
Deviation [atisties ] lustification .
Conformity
OE F4E Supplier
Requirement @(— Verification
f Supplier VCD Supplier VPP Item
F4 Specification
Pre-filled Bidder SoC
Supplier CMx
Supplier

Requirement
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4. DOORS & IRDRMFAO (6/10) D

4.2. Data Model maintain your compliance

As implemented with IRDRMFAO Explorer

I0 Specification 4 Deviation Registry

ffects
Spec BT

affects

i FUSION
W FOR

F4E Specification

Spec

z Supplier Specificat>

tisfi
o

Justification File
JF

IRDRMFAO = IBM Rational DOORS Requirements Management Framework Add-On
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4. DOORS & IRDRMFAO (7/10) g R

4.3. DOORS projects and folders

=-| ) DOORS Database 4 )
-3 1. EUTER RMVDE IRDRMFAO folders
EIE 2 DE'H'E:Iﬂpm o= : [ Change Requests Folder IRDRMFAD RCM Change Reguests location
Ea :> | Corfig IRDRMFAQ Project Model and Configuration
=-{3 F4E RMVDE DM 73 ELL0T.23.02.51 - Divertor Remote Handing System Folder  Level 4-PA 2.3.P2 ELL01
#-{3 F4E RMVDB DM Dev Env |/ {3 EU.01.32.02.51 - Water Detritiation System - Tanks Folder  Level 4-PA32P5EU.01
+-{& F4E RMVDE DM w00 [ ELL01.24.01.51 - Liquid Mitrogen Plant and Awodliary Syste... Folder  Level 4 - PA 3.4.P1.EU.01
E FAE RMVDE DM w1 [ EU.01.52.01.01 - Design Activities for Electron Cyclotron ... Folder Level 4 - ITA-CEZTDISFE
Eﬂ"E 1 Sandbox area I::I EU.01.53.07.51 - Neutral Beam Test Facilty Components Faolder Level 4 -PARIPIELDT
EI__E 4. Training area I_:I ELL.01.55.01.51 - Diagnostics - Magnetics Faolder Level 4 -PARAPT ELDT
[J EU.01.PM.05 - RMYDE Folder RMVDE project by FAE Project Office RMY team
( 3 Metrics Folder  IRDRMFAQ Project metrics ]
@ FAE Deviation Registry Formal Wite access to Configuration Contral Cfficer only
( N ( )
3 Migration Rules Folder ==| CR Formal [RCM] Change Request Module Template
Eiﬁ DASHBOARD  Formal New Dashboard Module Template (Metrics)
Project Index Farmal ol Formal [O0C] Document Index Module Template
Project Profile Formal DNC-R Formal Deviation & Mon Corformity Registry Module Template
Upgrade 6.1 Farmal E JF Formal Justification File Module Template
L J Specification Module Template (IO PA Annex B and AD, FA4E Spec...
L E WPP Formal Verfication Plan Module Template )

IRDRMFAO = IBM Rational DOORS Requirements Management Framework Add-On
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4. DOORS & IRDRMFAO (8/10)

4.3. DOORS projects and folders

Production data

15TKH-Rv1.0 Formal  Stakeholders Requirements
2RMV-BRv1.0 Formal ~ RMV Business Requirements
2 RMVER-RJF Formal ~ RMVDE Requirements Justification File

3 RMVDB-F5v2.0 Formal ~ RMVYDB Functional Specification

Data Model, as instanciated and recognized by IRDRMFAO

143 (32) ﬁ 720 (122)

3 RMVDB-FS v2.0

[, FUSHON
= R

9 (6) .
1STKHRVLO | {EsEhesl—| 2RMV-BRvL.D

0(0)

3(3)

2 RMVBR-RIF FE Deviation Reg>

21-Feb-2013, I. Bénilan & G. Serra, RMV in F4E with DOORS & IRDRMFAO 22



FUSION

4. DOORS & IRDRMFAO (9/10) D

4.4. View of the DOORS Compliance Matrix

— 'rich hover': hover the mouse over the view name to display view description clickable url

[01.PM.05 - RMVDE (Formal medule) - DOORS I —— —

File Edit View Insert Link Analysis Table Tools Discussions User Publish F4E addins Change Management RMF Help

daE | === [ Use|:=EFE [ FFIRES [ Id [ =Xejelg
view [F4E30 Gl Jaed o) | 45 | ====2 | av <BEPAL
S
2| | FUID o | BMY] FaE 30, Civie U] Compliance | Deviation lsatisﬁed by... Comment
[REQ-D023] \aq Compliance Matrix g be possible™; 3 RMVDB-FS v2.0 [REQ-D29]
o egrated in the F4E in-situ external suppliers shall access to F4E RMVDB from a dedicated F4E computer
\F4E FT Teams set up by F4E in F4E premises.
[REQ-D024] ‘The RMVDB must allow remote.'.-: [DR-003]

Remote access
not available

22M9EF w1.0}

‘access by F4E staff and by the
suppliers  in order to introduce
‘Supplier's RMV data.

&
~

VY

[REQ-0025] ‘The RMV team shall define” RMVDB interfaces with
interfaces files for requirement Suppliers are defined in
\import/export to/from suppliers. https://idm.f4e.europa.
eu/?uid=24WV7Q.
[REQ-0026]  The RMV team shall define”. 3 RMVDB-FS v2.0 [REQ-031] N 7
‘interfaces  files for requirement The RMVDB shall allow the capture of IO specifications in a format agreed with I0.
(import/export to/from ITER IO, — —
[REQ-0027] The RMVDB must Export to word,"pdi.’g RMVDB-FS v2.0 [REQ-054] \
standard  requirement  document The F4E RMVDB end user shall be able to generate a Word document from RMVD
from system. in less than 3 clicks.

- Starting point: end user is logged in RMVDB on the data he wants to export.
- Ending point: generated document is open on the screen in a word processing
application like Word.

= e e e e e e e T e <
3 RMVDB-FS v2.0 [REQ-055]
=1 The F4E RMVDB end user shall be able to generate a pdf document from RMVDE in
. less than 9 clicks.
- Starting point: end user is logged in RMVDB on the data he wants to export.
L — - Ending point: generated document is open on the screen in a pdf reader like Adobe
s == Acrobat Reader.
EEE Ea-
OLE objects in traceability column several child requirements
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4. DOORS & IRDRMFAO (10/10) S

4.5. IRDRMFAO Dashboard

Configure (scope, metrics, alarms) alarm
Update (fired as long as coverage rate < 80%)

Export to Excel

ViEW[ZD_Displaycompljance v” [NI levels vl g 4 : = E 'ﬂﬁ g ?EI 'J Al \
example dashboard module FObjects {Barglaph}gl RMFObjects (Fercentage) \I W Compliance (Bargraph) | RegCompliance {F‘ercem% Iﬂatlsf‘ed (Bargraph) I ReqSatisfied (Fercentage) \aﬂow-dc

5% (8) Applicable Docum 78% (30) C 76%  (29) sum
- RMVDB 100% (160} TOTAL 2% (1) PC 100%  (38) TOTAL

7% (1) NC
100%  (38) TOTAL

J [ R p— B oc | DIEGEEN B oe @ |
2 RMV-BR v1.0 Requirement . 100%  {3Z) Requirement E 18% (&) {notset) I:m i 28% (9) (notset) *

1 EU.01.PM.05 I 95% (152) Requirement E“I E 15%  (6) {nntsetjvm E 23%  (3) (hotset) Y X

75% (249 C 71%  (23) sum
3 (D PC 100%  (32) TOTAL
3 (1) NC

100%  (32) TOTAL

3 RMVDE-FS v2.0 I 938  (114) Requirement
6% (8) Applicable Docum,
100%  (122) TOTAL

AN N A

# of requirements [— per compliance status [— per coverage rate [~
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5. Conclusion

How do you demonstrate that you flowed-down 100% of customer requirements?
> with the Compliance Matrix (DOORS view)

How do you manage your margins, your flexibility behind requirements?
> with the Requirements Justification File (IRDRMFAO Data Model)

How do you assess impacts when a Deviation occurs, when a Non Conformity occurs?
> thanks to the traceability (between your IRDRMFAO objects in the database)

How do you document that verification is planned? closed?
> with the Verification Control Document (IRDRMFAO Data Model)

Are we ready for the next review?
> monitor progress with Dashboard, set alarms (IRDRMFAO feature)

DOORS and IRDRMFAO help you maintaining CMx, RJF, impact
analysis, VCD and Dashboards.
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Thank you for your attention

Follow us on:

www.fde.europa.eu
www.twitter.com/fusionforenergy

www.youtube.com/fusionforenergy

Disclaimer
The views expressed in this publication are the sole responsibility of the author and do not necessarily reflect

the views of Fusion for Energy.
Neither Fusion for Energy nor any person acting on behalf of Fusion for Energy is responsible for the use

which might be made of the information in this publication.




