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A3STRACT

INTRINSIC REACTOR SAFETY THROUGH DESIGN

Prepared by'l
‘N. J. Palladino and A. H. Foderaro

of
The Pennsylvania State University

Every reactor has characteristics built into it which irfluence
its safety to the surrounding populace. These characteristics can
be markedly influenced by including certain desirable features as
part of the design of the reactor and its control system.

The safety characteristics of a reactor system which can be
strongly influenced by design may be classified under two headings,
those that are inherent to the core and those inherent to the con-
trol system. As examples of the first are the temperature and or
power coefficients, flow coefficients, or pressure coefficients
influencing nuclear characteristics; heat capacity and conductivity
of the fuel elements and cladding influencing meltdown-characteristics
during transients; incorporation of built-in fuses, or other devices
to implement shutdown. As examples of the second are ‘interlocks,
redundaacy and duplication of components in control systems, and
nultiple safety settings for scram points. Permeating the design
philosophy may be the concept of large margins of safety at crucial
points insofar as these mzrgins can be identified as contributing
to the safety without negating the purpose of the reactor.

This paper will discuss the type of steps which one can take
at present, the steps currently being taken and steps that aight
be taken with further rescarch and development work in prescribed
areas, to enhance safety by means of desigm.



PRINCIPLES AND PRACTICES IN "CONSEQUENCES LIMITING"®
SAFEGUARDS IN FACILITY DESIGN '
Dr. W. E. Johnson ..

4‘--’
. - P . - . . L d
- .

A review 1‘:f *Consequences Limiting" safeguards incorporated in the design -
of reactor facilities in the United States is presented which indicates that .
reliable safeguards can be provided to protect the public. Included inthis —~ - -
review are such design features as multiple barrier containment, ducted

:*&.:' S ,WI d_zo:t-__afddant filtration and u:mbbi.na of 1 -4 DLt

nctmosphan The evolution of such design features 1: traced to tha prucnt '
“time and includes discussion of practices being considered in reactor
facilities in the advanced planning stage. The comparative effectiveness ’
of these techniques and the role they must play in the advancementoof the

nuclear power mdust.ry is discussed.




TRACT FOR JAZA SYMPOSIUM

ON REACTOR SAFRTY AND HAZARDS EVALUATION TECHNIQUZS
REACTOR SAFETY AND CONSTRUCTION PRACTICE
—e=snasftl Al Wiho UL 1 ION PRACTICE

~ by

Dr. Peter A. Horris

Division of Complianca

U. S. Atomic Energy Commission

washington 25, D. C.
The relation of construction practice to reactor safety is
discussed in terms of past and current U. S. experience and
thinking. Examples and illustrations of this relation ipe
given vith respect to power, test and research reactors and
critical facilities. Topics discussed include selection of
materials, quality control, specification of construction
techniquss, workmanship, accsptance’ checking and functional
testing of systems and components, and inspection methods and

results.



PRINCIPLES OF SAYETY IN THE GPERATION OF MUCLEAR RRACTORS

Clifford K. Beck
and
Prederick J.5hen
Div, of lLicensing and Regulatien
U. 8. Atomic Energy Commission

: ) The paper points out that safe operstionm of a resctor facility,
- like safe design, 1s directed at minimixiung the probability of en
: - accident and limiting the consequences should one eccur. The chief

accident prevention functions of the eperating practices of a Teactor
facility sre to:

l. Give assurance of “on-design” operatiom.

2. Critically review plant parformance and develop revisions
and adjuetments in design where actual performance 13 mot
in accord with expectations of the designer.

3. Detect bazards not foresesn by the designer.

The staff functions to minimize the consequences of malfunctions,
failures end mishaps dy:

1, Being alert to incipient deviations from mommal, exploring
any deviations or sbnormalities and snticipating situations
in vhich trouble might devslop.

2. Maintaining carefully preparsd and upe-to-dste emergency
procedures and equipment, and plans for coping wlth any
emergencies 1ikely to artiss.

The role of training i{n each of thess functions 1a discuased,
and the problems of wsing highly traioed persomnel f{m jobs that msy
be largely routine are recoguized. The organizationsl structure and
its fnfluence on the safety functions are investigated, and the
izportant problem ef reconciling centralized responsibility with the
necessity for broad review of operational decisions 1s educed. The

desivability of gre-planning snd the establishment of considered -
routine is moted,



POST STARTUP REACTOR SAFETY

-

Ideally, by the time a reactor has been designed, constructed, and
started up, practically all of the safety problems should have been
identified, considered, defined, and analyzed, and the results in-
corporated into the design, or into manuals, procedures and standards.
The operating staff should have been trained and pre-startup and
startup tests should have demonstrated the adequacy and reliability
of equipment and adequacy of procedures., In such an ideal case, b §
should be possible to achieve and maintain adequate operating safety
through the application of relatively straightforward management ‘
principles. Although substantial improvements have been made in
reactor safety in recent years, reactor operation has inherently
greater potential hazards than most operations, that additional stten-
tion to operating safety 1s desirable.

Generalized safety practices, developed through many years of pro-
duction reactor operation, are believed to be applicable to achieving

. optimum operating safety for more recently designed reactors that may .
incorporate advanced safety features and that are being built ona .

less hurried schedule,

The principles that are important in achieving safety in reactor
operation have been widely publicized. They are:

1. Adequate training of personnel.

2. Clear definition of responsibility, authority, and
accountability.

3. Use of written pfocedures for all operations.

N, Provisioh of Standards and limits within which the
reactor must be operated. .

" 5. Review of the operation at high levels of responsibilitj.'
6. Thorough analysis of all Unusual Incidents.

This paper describes in some detail how the above principles have

been made to work in practice in the operation of production resctors. .
The general theme 1s post-critical reactor safety optimization, in- -
cluding technical problems of safetly, examination and analysis of
safety systems, effects of programmatic and procedural changes, and

use of supporting organization and management review procedures of
changes affecting reactor safety. : :
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ABSTRACT » 1/19/62

ve B~le ard Prig-ase 5! Safety Femear-:n iv kelaticrnship tc Realtor

Safety

By. Joseph Dikunno
Stanley Szawlewics

Safety evaluation of reactors ir the Uzited States is besed heavily
upor information ;ccumulated as a result of developmentsl jrograms intended
prilaril; %0 prcvide » foundation on whick safe desigu and operatiq;_could
be based. Because of the diversity of frograms related tc numerous develop-
merts on & variety of reactors and the wide gpectrum of sciences involved,
the safety evaluator is preserted with the challenging prcblea of knopins
abreast of many reports on such developments ik terns cf th;ir significance
to nuclear aafoty; There have been ssversl ways established in the
United States for making more readily availatle to the hazard evaluators
the results of current reactor deveicpments pertaining to safety.

In addition to tLe safety ressarch werk conducted as a part of reactor
deaign and developmert programs, the AEC is surporting extensive work
srecifically oriented towards providing a more orjective basis for
evaluating the safety of reactors through better uaderstaznding of the
pertinent factors. Some important elemezls in tkhe AEC;O safety research
pregrar as they relate to questiona‘on reactor sufety will be diecussed.

A close relationship has been found desirable between those sho implement
suck programs and those who must apply the resulte derived. A system
for sccemplishing this type of coordinaticr has boen‘eetab;iehed within

the U« S. Atomic Epergy Commission.



ABSTRACT

DEVELOPMERT OF REACTOR BAFETY STANDARDS

Formal reactor safety standards are in essence written statements of what
constitutes good and safe practice in reactor work, issued with the assent of
experts in the field. They are voluntarily arrived at, and their observance
is not mandatory unless made so by govermmental authority. In the United
States of America the American Standards Association centralizes the develop-
ment of reactor safety standards. Reactor safety standards vary greatly in
specificity from one to another aspect of reactor safety, depending upon the
degree to which recognized good practice has evolved.

Standards ere being developed in almost all areas of reacfor safety.

The more specific standards are developing in the mechanicel engineering field,
where the practices of vessel end piping febrication end design are well recog-
nized and in the handling of fissile materials. less specific but still useful
standerds are evolving in the areas of control systﬁ design and operation,
reactor system stability investigation, etmospheric dispersion of fission .
products, operator qualification end organization. Some subjects, such as
reactor siting, appear difficult to standardize in even a general wey.

The voluntary creation of safety standards by the muclear industry, which
standards the industry itself can alter by due process, will probably obviat?
the need for some govermmental regulations on nuclear reactors, and is of
essistance to the government in establishing those regulations which are
necessary.

Nilas €, Lavavetl |
Consulting Eoginess
Conexa) lecryiz s,

Richland, Washingtea
U.R.A,



ADEIRACT
Principles and Practices in
Revieuing Hazerds Ssaary Reports

Zdeon C. Case
Assistant Dirzector
Tacilities Licensing
Division of Licenzing & Rsgulation
U. 8. Atomic Energy Cosmissien

The infommation containsd {n Hagards Swmmary Reports submitted
for safety review and evsalustion can be gensrally divided into two
categories, Information iv the first category relates to the design
of the factility and the procedures to be followed in its constructiom
and opsration; while the second basic imgredient of a Hazards Report
consists of saalyses of potential sccidents, fncluding an snslysis of
the so-called "Maximwm Credible Accldent™,

The technical staff of a reactor licensing group in its vaview
of these reports coasiders fnformation in these two categories both
separatsly and collectively. Information on gensral design charactsre
fatics and type is utilised to evaluste ths generzl suftability of the
site and conteimment features proposed. Design details ave scrutinised
to ideutify novel and umnsual festurss, and te evaluate the adequacy
of the design of thoss features which have been shows to be susceptible
to malfunction as the result of exparisnce from other resctors. Proce~
duves are veviewed to determine conplisnce with established exposurs
limits for eperating perscunsl and for the genezal pwblic,

After fantlisrization with end evalustion of facility design amd

. operating proceduras, the Teviewer procesds with the evaluation of the

analyses of credible accidents, The ceurse and couseguences of “gtandard
sccidents”, such as & start-up accident, may be used to meassurs the
degree of inherent end engineering ssfeguards features provided by
comparing these amclyses with those of aimilsr accidents on similer
zeactors, Consideratict of ths sseorted sccidents shich could possibly
arise from fatlures, malfunctions or misopsrations leads gncn:.m te

an identification or postulation of the "Maximum Credible Accident™,

sn event which would have hazardous conssguences sot expected to be
excesdad by any accident whoss occurrence during the life of the plant
would be considersd ocrsdible. The results of this accident 18 thea
sealyzed, within the contaxt of the location, safeguards end protective
features involved. Such accident snslyses 1ead to an sppraisal of the
adaquacy of the resctor characteristics and veactor safeguards to

prevent accidents or winimize hazardous consequences if one should occur,
and is sn fmportsat factor in detemzining whather or sot a Teactor
facility can be opsrated without wndue public haszard.
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apsTRACT a
A Review of Deiling Reacter Safety

b

Jossph A. Thise
Mclain Rodger Associstes
Dowunars Crove, Ill.

Aftsr a decade of sxperience in boiling rsactor design, experie
mentation, and operation, much has besu learned sbout the safety
aspects of this reactor type. 7The kinds snd sources of safety fuforsa-
tion obtained in the experiments]! programs of a dozen reactors operated
in the USA are summarised,

Baserds associated directly with the core may be divided isto
spontaneous end induced categories, Of principal interest im the
former are stability problems. From s variety of experiments it hes
been shoun that unstabis tendencies may be dus to: direct positive
fesdback of delayed steam void veactivities; basically hydraulie
phenpomena; {nteractions of the resctor end external equipment. Certain
significant paramsters - asplitudes, frequencies, snd time constants «
have been experimentally determined as concisely characterixing '
wstable tendencies, and this data from macy reactors is summarized. A
theoretical understanéing of these experiments has also been achieved.
Design criteria snd methods of avoiding unstable tendencies are
pressnted,

Hazards aleo exist shich may be inducad by coolant end resctivity
transients. These sre emmerated together with design consideratious
they necessitate. Speclal problems are met wvhen a boiling cors 1s used
tn conjunction with & superheater, whether integral or exterval. Other
design problems arise out of cenflicts between safety requirements and
econonic optimum performance. Ia particular it is shown how postulated
hazards 8ffect the design of fuel elements and the comtrol system.

Many methods of ebtaining gquantitative measures of bdoiling reactor
safoty are ovsluated. Reactivity coefficieuts, void volunes, and other
paraseters influencing dynamic behavier hsve been measured on the ons
hand, while futegral dynsuics experiments on ths other hand give their
combined effect., Of special intersst has been the development of generel
techniques of ebtsining information sbout reactors without necessitating
conplex experimentsal equipment and interfering with resctor operation:
spectral density in the frequency domainm of the resctor power and other
fimctions; cross-correlation ef resctor functions; fundamental time
constants and frequency constants by elsmentary anslyses of fluctuatiouns
{n the tipe domain. Related to thess experiments, the theory of the
effect on safety, of stochastic processes present in boiling reactors
i{s discussed,



