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Hyman Rickover on reactor
design (Rickover, 1953)

Unlike a paper reactor, a “practical reactor, is
large, he(JV)/, complicated and takes a long
time to build because of engineering and
development problems”.

“The academic-reactor designer is a
dilettante. He has not had to assume any real
responsibility in connection with his projects.
He is free to luxuriate in elegant ideas, the
practical shortcomings of which can be
relegated to the category of “mere technical
details.” The practical-reactor designer must
live with these same technical details.
Although recalcitrant and awkward, they
must be solved and cannot be put off until
tomorrow. Their solutions require manpower,
time and money.”




Three views of design

This work compares and contrasts three views of design: those
reported in the literature on design studies, those reported in academic

nuclear engineering textbooks and finally, those reported by
practitioner reactor designers.



SECOND EDITION

ENoNEERNG Gary S. Was
| ——————] ENGINE
Nuéﬁﬂ%"ﬁﬁ?élcs Paul Reuss N U C LEAR m

s NEUTRON | SY>TEMS
PHYSICS [

LIC FUNDAMENTALS

lloqpo000600)

m

Anrrony Feosnano

Fundamentals
of Radiation
Materials Science

000000006
@0000000

O
O
(o]
O
i O
e 3

Xje2coecoag) Metals and Alloys
NEIL E. TODREAS ® MUJID S. KAZIMI

@ CRC Press
Taylor & Franchs Group

@ Springer

AN MIT PRESS CLASSIC




SECOND EDITION

—_— ENGINEERING Gary S. Was
Wl ke lgl\t(lsglEEMA\g bkl

Kenneth S. Krane

~ NEUTRON

VOLUME 1

ALBE MARAJM Fundamentals B

‘ 18' . .
s =2 of Radiation
——— = Materials Science
s llescomoss
° - RISS8GoS8E
D)y Lﬁgggggg Metals and Alloys

NEIL E. TODREAS e MUJID S. KAZIMI

@ CRC Press

@ Springer

LY. ¢ [ = = e |
T 241 | ' ;
NUCLEAR | {1 :
DESIGN ANALYSIS | i ENGINEERING

Hicunrifac Bopcuks | _ : [Introduction to Eng|nee"ng

REACTOR SYSTEMS ENGINEERING

.; FOURTH EDITION VOLUME TWO NUClear I;”éw andc':':lchm'ogy
. . . ommer
‘ Engineering Nuclear Power
] 'ﬁ\irll Edition — "“f""‘”"” o Second Edition
NuclearReactor '
Analysis Ronald Allen Knief
Allan Herry

John R. Lamarsh

, SAMUEL GLASSTONE & Anthony J. Baratta
ALEXANDER SESONSKE




Sesonske (1973) on design

* “The engineer's primary function is to create a structure, device, process,
etc that will meet a practical requirement. The creative process required,
known as design, can therefore be considered the very heart of
engineering practice.”

* “The design goal can be considered a “problem”, the solution of which
proceeds through a number of logical steps. The initial step is to define the
problem in a total way. This step includes sorting out of irrelevant
information and of presently available solution approaches from the true
nature of the problem to be solved. The next step is to analyze the
problem, wherein the effects of various parameters and restrictions are
evaluated.”



The argument

* The central goal of the paper is to show that design is far from the
strictly analytical exercise described in nuclear engineering textbooks

* Instead, designers, in practice, exhibit a diversity of approaches to
reactor design

* A need to broad the scope of nuclear engineering to include both
design as well as studies of design as part of the academic canon
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Design as an object of study

Models of the design
process: integrating
across the disciplines

N F M Roozenburg and N G Cross*

Department of Industrial Design Engineering, Delft University of Technology, Jaffalaan 9, 2628 BX
Delft, The Netherlands
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Methods
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Interview methodology

27 reactor designs
37 interviews (10 follow ups)
length of interview : 1-3 hours

400+ pages of interview transcripts

Coded and analyzed using Atlas.ti and a grounded theory approach

additional sources of data : technical reports, conference and journal
articles, regulatory documents, company websites, trade press, patents



Expertise and design choices

Expert designer — based in large Novice designer — based at a university,

company (small LWR) [H] then startup (large non LWR) [P]

* The design company “became interested e« “So we started it from the perspective
in revisiting the notion of a smaller of ...really what reactor would the

integral reactor because the history on : ,
the ?arge commercial units was a lc))/t of public support and how do you alleviate

cost, a lot of overruns.” the public’s fears about nuclear power,
especially the safety and waste issue.
We felt like those were the biggest

' - I r nuclear. This was even before
value in smaller modular units, that ssues for nuclear. This f

would be cheaper and could be built Fukushima which brought these issues
in a shop, the plant itself could be into starker relief.
modularized and things like that..”

* “the feeling was that even back then
that there would be considerable



Expert vs novice designers

Tab. 4: Differences in design approaches

Designers based in large companies Designers based in startups and universities
(typically experienced designers) (often young, first-time designers)
Accept dominant industry norms and Re-frame design problem and articulate the
kinds of problems a new reactor design needs

Problem framin,
= framing of the design problem

to solve
Typically start project with the reactor Typ?cally slanl!.he project by explicitly
evaluating what kind of reactor technology to
technology to be developed already selected develop

Decision about
reactor technology to
be developed

Typically use previous designs as starting ~ Often use previous designs as starting point

Stance towards " 2 ek
< : point for work and defer to the rationale for work but adopt a critical stance towards
previous designs . . : s Y . . .
behind previous design choices previous designs and design choices

5 New designs improve over previous ones;  New designs improve over previous designs
Exploration of i ) N i A "
desi limited exploration and extension of design and also introduce novel systems; wider
lesign space I : .
80 spa space exploration and extension of design space

. 2 z Potential for significant improvements in
Evolutionary improvements in safety over $ 2
safety over previous designs and the

Outcome for safety o
BEY 8 introduction of new forms of safety




Implications for practice

e Reactor design not the purely analytical exercise as described in
academic nuclear engineering textbooks

* The different approaches taken in the early stages of design by novice
vs experienced designers working across a range of design settings
suggest that there is significant value in adopting a more reflective
approach towards the early stages of design

* This work argues for broadening the scope of nuclear engineering to
include both design as well as studies of design as part of the
academic canon as such studies of design are likely to yield valuable
insights for pedagogical purposes, practice and technology policy



Appendix slides



Evolution of design studies

Experiential

Practitioners
reflect on and
self-report design
approaches

Intellectual

Design becomes an
object of study
Researchers begin to
propose
methodologies and
principles for use by
practitioners

Experimental

Study of design in
controlled settings, to
understand the
determinants of design
outcomes (role of
expertise, design
setting, problem
framing, forms of
representation)

Theoretical

Validation and
testing of
(sometimes
competing)
theories of design
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