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Nuclear Power Plants in a nutshell
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(PWR)-type NPP principles are

B Reactor coolant system

SN ooy e well known since the 1950’s
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Gonerator contemporary PWR NPP
engineering include:
— Development and integration of new
Condenser technologies
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— Tight construction schedules
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1

Complexity

What are the challenges that nuclear
engineering faces today



Complexity vy

At first sight, complexity is a quantitative
phenomenon, the extreme amount of interaction and
iInterference between a very large number of units (...)
[But] it also includes uncertainties, indeterminations,
random phenomena’.

Edgar Morin (1921 - ), french philosopher and sociologist
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Product complexity teyns,s
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Deep and rich PBS & Multiple viewpoints > Need to master
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Project complexity

External actors

 Very influential actors, not
necessarily engaged and even
resistant to the project

 Strong influence of politics and
public opinions

Internal actors

* High number of contributors and
contributing organizations

« Large amount of disciplines

involved

 Loss of knowledge by turnover

Large amount of Need to use a common
stakeholders &  Heterogeneous background > 4
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Product & Project complexity

Deep and rich PBS & Multiple viewpoints

Large amount of
stakeholders

Heterogeneous
background
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Need to master
interactions &
interferences

Need to use a
common language
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2

Arcadia

Or how could Arcadia MBSE contribute
to address these challenges



Arcadia MBSE scope v n.rss,

Understand the real customer need

Define and share the solution among stakeholders

Secure systems engineering, prepare subcontracting

4 ™\
/- ) & -

Early evaluate and justify architectural design

p
\

Prepare and master V&V
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Component wiring:
all kinds of components

SOLUTIONS

How the system will
be developed & built

+ Validate and check it

Allocation
of op.activities to actors,

DEVEIOpment + Define a components l ] L - ' - Configuration items tree

IVVQ strategy [ } T rami [t ~ B - - Parts numbers, quantities .
Contracts —| = .= - Development contract (expected of functions to components,

of behav.components

to impl.components,

of dataflows to interfaces, of
elements to configuration items

What is expected + Define & enforce a el I behaviour, interfaces, scenarios,
from each designer/ PBS and component L coming 4 ! - ! — resource consumption, non-functional
integration contract 1 — | . properties...)

sub-contractor




Several workflows for functional analysis

Top down Bottom-up

e
=yl
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Several workflows for functional analysis

Scenario-based bottom-up
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Focus on consistency of interfaces

Function ports specify

Exchange Items are sets of
data/physical flows
exchanged simultaneously

Functional exchanges carry
Exchange ltems

Data/physical flows

expected/provided descriptions

exchange items

Al
\E]User controls § Jimage Iqucmtrolir-:r

Top panel  Shutter{Button D= Shutter ITF Triggers :
2 Bl '
. = ]
" N \\ ]
4 v D=l shooting request 2 8
Capture shutte = . Control
©@ aotimtinr shooting parameters © shooting
¥

©@ Capture

parameters D=l flash parameters |

D=8l Parameter DB

Functional Exchanges are

Function ports are
allocated to component
ports

allocated to Component
Exchanges
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Focus on consistency of interfaces

Interfaces aggregate
Exchange Items

Component Ports

‘ Q Parameter DB ] [ Q Flash ITF ] ( Q shutter I[TF ]
B Exposure Settingsiexposure:Exposure Triangle, compensation:EXPOSURE COMPENSATION) L@ Flash Command(IN intensity:FLASH WTENSIW)I (% Capture request:SHUTTER RELEASE)
B Flash Status(:FLASH STATUS)

B Shooting settings(mode:SHOCTING MODE, style:SHOOTING STYLE) :
¥
. i
' 1
N i
: Q Sensor ITF :
1 . |
! Sensor Command (IN exposure:Expasure Triangle, IN timestamp:Timestamp) '
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H 1
| |
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%) b

e provide/require Interfaces
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Tight coupling of method & tool

Customer
Operational
MNeed Analysis

What the users of the
system need to
accomplish

System/
SW/HW
Need Analysis

What the system has
to accomplish for the
Users

Logical
Architecture
Design

How the system will
work 5o as to fulhl
expectations

Physical
Architecture
Design

How the systom will
be developed & bullt

Development
Contracts

What |s expected
from each designer/
sub-contractor

+ Define operational
capabilities

« Perform an

operational need
analysis

« Perform a capahility

trade-aff analysis =

M

+ Perform a functional *

and non-functional n

analysis 2
i

+ Formalise and [

consolidate v

requirements

+ Define architecture
drivers and viewpaoints

+ Bulld candidate
architectural
breakdowrs in
components

+ Select best compromise
architecture

+ Define architectural
patterns

« Consider reuse of existing
sssets design a physical

« Design a physical
reference architecture

« Validate and check it

I
+ Define a components

WV strategy =
+ Dafine & anforee 3

PBS and component
Integration contract

ARCADIA

Logical Architecture ~

System Logical Architecture

Analysis

Develop System Architectural Design

» Transition from System Functions

~ Refine Logical Functions, describe Functional Exchanges

P a
u} ﬁéﬁ_j [LFBD] Create a new Functional Breakdown diagram

?2 LDFB] Create a new Functional Dataflow Blank diagram

tm Lk |
|. ? f FS] Create a new Functional Scenario

» Define Logical Components and Actors

}» Allocate Logical Functions to Logical Components

== Capella
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3

MBSE & NPP

Or how Arcadia MBSE was tailored to address
complexity in NPP engineering — Nuclear Island case study



Overview
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Overview (1)
| |Task___ |Mainoutcomeofthevews ____ [Process

1 |dentification of states and Preliminary framework of life-cycle stages of It mav evolve during method execution
transitions the SOI to be considered in the design phase. y 9 '
P : . : : . Views are progressively refined and enriched with
5 Idenfuflcatlon of stakeholders Stakeholders m_tergctlng or interfering with functional and non-functional requirements during
and interfaces the SOI during its life-cycle stages. .
method execution.
— : . : . . Performed in a collaborative way, ensuring the
3 Def|n_|t|on of external SOl functions derived from interactions with consistency with the external functions of the systems
functions stakeholders. . :
the SOl interacts with.
Derivation of external Issued from the decomposition of external functions
4 funcI:}t/ior:s B Less complex internal functions following the life-cycle stages. Includes requirements’
derivation as well.
Allocation of internal Allocation of internal functions and The allocation and the function decomposition is
5 functions requirements into the PBS reference evaluated (trade-offs) with regards to SOI business
architecture. goals.
Consolidation of the Architecture is challenged with scenarios to check that
6 e Consolidated architecture. the functions and requirements properly specify the

architecture expected behavior of the SOI.
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Identification of states and transitions

| (51 Design

[S10peration

‘ 51 Procurement

=

F'-"?J Erection and Commissioning

{[']

[

51 Mormal Operation

(S start-up

W

Primary Pressure > TBD,
Temperature > TBD

[S1power Production

Primary Pressure < TBD,
Temperature < TED

51 Abnormal Cperation

=1 shut-down W

Transitions from
Mormal to Abnormal
Operation may occur

[region] [Steam generation for [region] fram each of the
NPP power production] normal Operation sub-
.- states. Triggers include
manual or automatic
Primary Pressure > TBD, Temperature > TBD reactor trip, loss of
main feedwater, ...
¥
|1'5 Maintenance and Upgrades| | 51 Deconstruction
| | Iz
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Ildentification of stakeholders and interfaces

$3 Environment

D gaseous|effluents Dl stepm

43 Heat Sink System
D= cold water

D hot water

D= Electrical power

D= Electrical power

ol i
€ INuclear Island System 12 Conventional Island System

Dl nuclear steam

B heating

Dl feedwater supply

[me!ectrical
power

measurement
D Actuation signals signals

]
$ 8 Electrical System

R fvl W
3 Control System
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Definition of external functions

.%Trans!er thermal power from Nuclear Island to the Conventional Island by steam release

S £ INuclear Island System

Collect, process and release to
& the atmosphere its gaseous
effluents

Provide steam to turbine from Zp -

@  water received from the
Conventional Island

® Provide electrical power to NPP
systems

EI:’_‘l:lrllzml the nuclear chain
reaction

Remove thermal power from
@ radioactive materials and
nuclear reaction

D feedwater supply
Dol water

team

D= huclear steam

ﬁheatmg
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{3 Conventional Island System

@ Provide water to the
steam generators

e Convert steam thermal
energy into electricty
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Overview (2)
| |Task___ |Mainoutcomeofthevews ____ [Process

1 |dentification of states and Preliminary framework of life-cycle stages of It mav evolve during method execution
transitions the SOI to be considered in the design phase. y 9 '
L . . . . . Views are progressively refined and enriched with
5 Iden_tlflcatlon of stakeholders Stakeholders mtergctmg or interfering with functional and non-functional requirements during
and interfaces the SOI during its life-cycle stages. :
method execution.
- . . . . . Performed in a collaborative way, ensuring the
3 Defln_ltlon of external SOl functions derived from interactions with consistency with the external functions of the systems
functions stakeholders. : :
the SOl interacts with.
Derivation of external Issued from the decomposition of external functions
4 : Less complex internal functions following the life-cycle stages. Includes requirements’
functions S
derivation as well.
Allocation of internal Allocation of internal functions and The allocation and the function decomposition is
5 functions requirements into the PBS reference evaluated (trade-offs) with regards to SOI business
architecture. goals.
Consolidation of the Architecture is challenged with scenarios to check that
6 Consolidated architecture. the functions and requirements properly specify the

architecture expected behavior of the SOI.
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Derivation of external functions

5
@ Provide steam to turbine from water received from the Conventional Island

Transport feedwater &) Provide water to the steam gererator
from Conventional Island D=l water

Produce heat per Generate steam from T

nuclear reaction Dl hea water using heat

I '
Transport hot steam to ® Convert steam thermal energy into
el steam the Conventional Island Bl steam electricty
B=E] neutrdn flux

&

) " I% Transfer thermal power from MNuclear Island to the Conventional Island by steam release
Control thermal power
level
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Allocation of internal functions

.qo Transfer thermal power from Nuclear Island to the Conventional Island by steam release

£ conventional Island System
D= feedwater supply

g

.
.

%
DAl yyater . @ Provide water to the
~ steam generators

nuclear reaction

D& steam

[ @ Convert steam thermal
£ energy into electricty
#

&

D= huclear steam

D=l heating
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Consolidation of the architecture

Control
+ System

Power Pmductlun
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4

Findings & Perspectives

Or how Arcadia MBSE was tailored to address
complexity in NPP engineering



MBSE contributions to manage complexity

EFEnhanced * Reduced set of shared concepts

- . * Functional Chains as basis for cross-cutting analysis
communication * An unique source of information

» Collaborative, productive and comprehensive definition of
Improved Interfaces technical interfaces

management » Clearer definition of responsibilities and boundaries

» Feasibility of tailoring at different PBS levels and SOI nature

Method tai'oring  Fast learning curve
» Tooled multi-disciplinary trade-offs
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Perspectives

* Design and develop trade-offs capabilities following major architectural
concerns (e.g. safety, HFE, IVVQ, ...)

Trade-offs
J
)
» Leverage architectural models
* In other technical processes
Leverage * In technical management processes
models )
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More information on Arcadia & Capella

= Capella Booth #15

— Demonstrations, general information, contacts

= Capella Webinars at YouTube « Capella Polarsys »
channel, e.q.

— « Equivalences and differences between Arcadia/Capella
and SysML »

— « How is Capella different »

= « Commented Arcadia/Capella model » Webinars

— Describing a system model that covers all layers of
Arcadia

www.incose.org/symp2018
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== Capella

=z Capella
webinar

and Architecture Engineesing
with the Arcedis Method
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