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Status of the small modular fuidized bed light waler nuclear
reactor concepl
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The state ol the are of o sl modilur resciel concept with b suspended oore i3 presented. The feactor design is
Taz=d on a flubdiosx| bed conceps wnad uiilizes preswunscd sater reuctor fcchoology. The fuel i aulpmateally remopved
from the reicter by pravily under any aceilest coaditions. The reactor demarstratzs the characierstics of wnlierent
ety Lnd passve conlitg. Here Iy options lor modiicition 1o the omanil design are propesed 10 increase Lthe
st ey aed chermal eficeney of the reactor. A modificd versson of e rasctor insolbves the chowe ol supercriticnl
sieam as the voolaet o pristues a plaoc thermul cfficency ol about 40%, Another optiom 15 (o modify the shape of
the reawter core to preduce 0 Aon-Suctuating Bed aed. copssguenthy, paarnntes the dynamic stibilite of the reactor.
Thz wrixing of antnlum m the fuel B alw propesed us on additional idihition te the power excucsion, The spent foel
pelicts may oot he considersd nuclear waste, snce they are of & shape and sia that cun epsiby bo Uded me a soupes
ot medmtun fop foodd arnabation cod snobestrin] appfastions, The reictos san sidily opesate a8 o plalonicm bomer o
G operale wit a thorive luwel cvcla,

1. Introdictinn

No cnerpy nesowrces plone 18 o panaced, The
solution Lo the ever-inerensing demand for encrgy
to satisly the necds of the zrovang world popula-
lion and improving, its standgid of living lies in
the combined utihzation of all [orms of energy.
Nuclear enerey produced safiely will have an im-
partant rode in solving the world énergy problim.
The pubke objections o ouclear ensrpy Most ul-
lem exprossed are reactor salely, onst and nuclear
waste disposal.

A small, inherently sufe nuclear reactor concep

has been proposcd (Sefidvosh, 1985), This reactor
5 truly modular in design. such that wny swee of
reaclor - cather thun the plant- can be con-
struceed from the busie moeduls. The reaclor uses
bght  water reactor {LWR) fechaslogy and
promises Lo folfil the objoctives of design simplic-
iy, inherenl and passve salely, cconomy, shil-
durdozation, shop tubrication, LY
iransportability and high availability.

The imherent safely charactenislic of the reactorn
dispenses with the need [or eontuinment. How-
ever. 4 simple underground conlamiment i3 2nvis-
aged for Lhe reactor (o reduce any adverse visuil
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mpact, |he purpose ol lhe presenc resesrch aceiv-
1ief i 40 muke a comprehensive feasibility study
of the propmecd renctor concept. Here, a sumimary
of such work is reported and pew wdeas for its
developmient yre presentad,

2. The dynamivs of teclmology and nuclear
reactors

Che history of welnelogy development s
stinwm (hat the substitutton of o component of a
system his drasfically changed the trend of the
success of bt particnlar technolopy. For exam-
ple, at the wrn oF thiy century, the iaileay indus-
fry. nogon lo peplace <tcam locomotives  hy
diggel-elecene trame. This compoenent substiu-
tion hid o miner influence on the rest of the
syatern, hul bad @ greut effect on the railway
mdustry. Anolher example & the commercial nir
transporn mdustry, which, in the muldle of this
centiury, reflaced piston-driven mulors by f2t en-
gines, causing a revalution in that indestry.

The potential growth for the nuclewr indusiry
and puclen’ power plants may depend on the
substilution vl the traditiogal reacior core wath a
new concept, This [s only o component of the
nuclear power plint, ‘The nuclenr mdostry 35 3
complax-of Inteprmted components. such = hard-
wilre ‘component supplies, fugl fabrcition, beat
exchingers, mnsmission networks, design enpi-
neers, reoulatory dgencies, reucinr operators, efc.
A new nuclear reactor concept can be a relabively
mipor changs Lthat muy resull in g turning pomi
lor the future suceess of the nuclear indusicy

The (issiom nuclonr reacters may be clhssified in
three catepnries: evolulionary systems, nnovative
desiang and emerping convepty. The sufety hsiony
of evolulionary syslems is baged on the gecomy-
lated ¢xperience of moere than #00 reactor-yoary
of operation. One Common meusure Ml assessing
the safety of an imdividual nuclear poveer plant s
o galunate the expected freqguency of a wevere
core damage. This purameter has decreassd rom
one pet 1000 vears belure the three mile island
CTMI pecidant 1o well helow one per 10 000 v
toduy. The prediction for the next penzralion of
e evolutionary nuclear rectors is another de-

crense by ot leust a Yuctor of en. Most degigns
atrrve for a figure of ong per million years. lune
valive designs have been undertaken by e net
clear mdustry 1o explore alternutive  desic
features as they relate 1o improved safety, such a
process inherent ploimate sale reactors {PILISY an
the high wmperstuie mas-coaled reactors, Thei
Itain abweclives Afe paksive coohng and ehimiml
ing the potentinl [or operator errors. The emore
ing nuslear enctor concepls, besides the attemy
W dchieve inherent salewy and passive cooling lo
tha redctor, these also try o olves the problem
of the back—end of the fuel cvele.

Renctor corss may gencrally be classifed o
rigid or movable cores, The ripwd corss are thos
of the existing resciors i.2. either evolutionary o
innevative designs, The movable cores are thos
i which the fuel can easily be removed from th
core by pravity, such as in the (uidized ba
nuclear eactor or the mollen sal wactor design
The appeal of the movable core lies in the posss
bility ol having an addivonal degive of freadun
to improve reaclor suf=tv. With the rizid cone
aftcr o possible loss-of-coalnnt accldenl, (LOCA
the cnre conling must be done within the baund
of 1he reaclor vesse] but, with the movable core
the fuel may be removed by gravily to o passivel
eouled storige place oulside the core. This 3 ar
unportant Factor because the main safely aspect
of Lhe LWRs for example, ure not related 10 the
activily soodents but to the abaity to remove (h
resichunl heat rom the cors (IAEA, 1903),

3. Inhercol and passive safety

The ouclenr industry does not aecept the con:
cepl and wordmg of mherent safely hecause 1
considers 11 Lo he upattamable. However, in the
aeademe world, the consideration of ideal conds-
tioms i3 n common pructice, sich as analygdne
power plants with ieal (hermodynamc eycles
Therefors il should idexlly b= very desirable tn
devalop concepis of mherenily sale nuclear reue
tors whose safely features are easily demonsiranle
without depending on the interference of aclive
silety devices which bhave soms probubility of
failing or on operalor skills and good judgment.
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which cowld  vary  considerably, True inherent
sufety =xists when no mechanical nr luman inter-
vention is required 1o shut down the reactor
saf=ly, Tlowever. il is also clear tha safaly len-
wres do not alwave Jead 10 the avoidance of
failure. A gond exampls is the ease of 3 Jeak io a
lube which occurs withaut sny mechamical wotion
Lnder these conditions, it muast he clear that the
inberent safety is an inteliscrual voncepl which is
wonsidered 1o help e nucleur technologies 1o
advuncs

All current reactors need to inchide safely svs-
temis 1o remove decay or residunl hear produced
Alter the chain reaction in w reactor hi coased, [
1 this dacay heat that threatens 1o produce the
most senous of nuclear accidents, namely thal the
vore melt, The inherenily safe resclurs are trass.
parently incapiable of producing i core melt. They
are folgving resctors, nble to tolerate human and
mechunical  mallunclions  without endangering
nublic heulth. Also, they ure clled walk Ay
reactors hecawse Lhe key feature of these reactory
i their reliance on pussive or non-mechanical
sllely systamy.

Awcording to the Intematienal Eneray Apgcicy's
delinitions (IAEA, 1988) “Inkeren) safeiv 12 @
charteristic thal refers to the eliminalion of a
specilied hazard by means of the choice of mate-
riul and design, through the laws of nuture only™
ind “Passive safely sysiem [y 8 svstom COIM osed
Of passive compnients dnd structures. A pussive
vomponcnt s ohe which does not need anv sxier-
nal dnput 1o operate, It may experience a4 chance
m pressure, temperuturs, radiation, Awid level,
und Dow in performing its Tunction. The function
15 nchicved by means of static or dormant unpow-
ermd or self-acting means™.

U is commentzd that 4 nuckear reactor cun
never be completely inherently safa. becayse it
contains lirge quuntities of radinaclive muterials
& the result of its inherent mechandem Tor Bener-
aling usable hear wnd energy, However, puclear
raacloss can be made inherenlly safe nzainst iy
1ypes of accident that can change the integrity of
barniers that retnin radivactive materals, Inherent
safety may also mit the mximum possible con-
sequence of u reactor seeident. I energy Teloase

during an uccident is slow und the number and

rype of volatiles or azrosols fhal earry released

rdionuclides are limited then the maximum pos-

uble release of radioactivity ulter an accdent,
meluding core melidown, will Be limiled.

There are only [owr sionificant sources of en-
eFgk m 4 reactor accident: nuclear power excur.
sion,  thermal  reactions  (steam  explosion).
chemical reactions {zirconium-waler and cnpe—
conerete} und radicactive decay hemt, The first
three can be limited or controlled by proper selee-
tion of materials- o fonn of inherent sufety. The
fourth encrgy sounce, i ¢ decay heat, 18 & slow anl
mhorently restricied form of snerey release,

Passive sufety, by itself, doss nol ensure o high
level of sufety. A passive safety svelem that i
poorly designed. built snd maintsined may nol
offer as much protection as o well designed built
und maintuined uctive sifety syitem. Passive
adlfely systems have the potential 1o achieve higher
leveds of safety if' properly designed and buill, The
preservalion of foel integrity is o sufficient cond]-
thon ra ensute the safery of the public, The proser-
vitlon of [ozl integrly vnder all conceivable
conditinns is the poal,

The incentives for inherently safe reuctoss wre
as [ullows.

(1} They should b less expensive 1han existing
Teaclors, since thers iy no peed Lo huild the
balance of plant to ‘sufery prade’ standasds:
conbiimment can be reduced or climinated;
md the units can be cenrully fabricited
rather than field Tabriciied.

(2) Sating, is more Hexible: —wrban siting may even
be possihle—making electiicity und steam
gelieration sconomically fensible,

(31 The reactor may be subotage proul.

(4) The grenter the inherent safety is, the smaller
i the nuclear regolatory body's role.

Oppunents to the ideq argue over the following
points.

(1) Resctor safely is only one facet of apposition
e Auclear power. The public are concerned
aboul nuclear waste disposal, profiferation. or
the centralization of production and pelitical
wer.

12) Tndustry 15 afrad that, it inherently safe reae-
lors are considered necessary, than the public
will view existing reactors us unacceptably
msky.






























