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JOURNAL ARTICLE

Inherently Safe Reactors and a Second
Nuclear Era

Alvin M. Weinberg and Irving Spiewak

Science

SCIG @~ New Series, Vol. 224, No. 4656 (Jun. 29, 1984),
% pp 1398-1402 (5 pages)

§1 \b' Published by: American Association for the
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phviogen ‘ & Advancement of Science
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Second Nuclear Era

“Can reactors be designed for which the
probability of melt-down is zero?”

* As the two reactor accident, Three Mile Island (TMI)
and Chernobyl demonstrate, a malfunctioning reactor
can pose serious threat - even though TMI caused no

discernible biological harm.

* The public’s reaction to TMI and Chernobyl was

immediate and drastic.

* This reaction led designers to ask “Can reactors be
designed for which the probability of melt-down is

zero?”

* And if such reactors were the technical basis for a
Second Nuclear Era, would this not eliminate one of

the public’s concerns about reactors?

Alvin M. Weinberg

lJ rl - E 'r April. 1997. (Weinberg’s forward to the book “600 MWth MARS Nuclear Thermal-Hydraulics and
I nuclear power plant”) Reactor Safety Laboratory (NTHRS Lab.)



| Second Nuclear Era

* When these ideas where first discussed by David Lilienthal in 1980, the reactor community could not answer this
question. But once the question was raised, ideas for “super-safe” reactors emerged. Central to the discussion was
the notion of inherent safety - i.e., a reactor whose safety was ensured not by engineered, active systems, but by

inherent passive systems that depend on well-recognized natural laws.

* One result of these preliminary investigations was to sharpen the definition of “zero” probability. Ordinary pre-TMI Light
Water Reactors had core-melt probabilities, as determined by Probabilistic Safety Analysis, of 10-4/RY. In Sizewell-B, A
PWR built in England, the core-melt probability was reduced to ~ 10-6/RY.

* Yet the issue cannot be decided by PSA - the public does not distinguish between a core-melt every 10,000

years/reactor, and one ten times less frequent.

» It has seemed to me that publicly acceptable reactors must have features that, in the public’s mind, represent a

transparent, easily understood improvement over existing reactors.

» Several reactors that embody inherently safe features have been proposed. These include the Westinghouse APWR,
and the General Electric ABWR - these are in the class of incrementally improved LWR'’s. In the case of inherently safe
reactors there is the small gas-cooled HTGR of General Atomic and the PIUS reactor of ABB. Of these | would

consider only PIUS to be truly inherently safe.

lJ rl u E 'r April. 1997. (Weinberg’s forward to the book “600 MWth MARS Nuclear Thermal-Hydraulics and
I nuclear power plant”) Reactor Safety Laboratory (NTHRS Lab.)
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« PIUS (Process Inherent Ultimate Safety), PWR, 640 MWe, ABB-
ATOM (Sweden)

v The reactor core does not use control rods, neither for reactor
shutdown nor for power shaping.

v The reactor control is accomplished by means of reactor coolant
boron concentration and temperature.
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lJ rl - E 'r T. Pedersen, PIUS — status and perspective, Nuclear Engineering Nuclear Thermal-Hydraulics and
I and Design, Vol. 136 (1-2), pp. 167-177, 1992. Reactor Safety Laboratory (NTHRS Lab.)



T TTTT T T

oy
= E
ir o £ 2 T
o 2 5 g; 4
- 0 K o S 8 o
RO GFrmoh w8 5 -
r =. #Mw=< i — oo
._T/m_.mm__ﬂ.__.mowo____c £ % 5 § & s e w
ﬁ D WXz 700 m w & & & ~ « © o 8 n
o T or S U -
< ¥ g o M 5 -
_._._._ _A._M_Ouﬂoaﬂnl__l*_-ﬂ/_l .w.m g Of
— ey T == <
K dawls<™z 3= 3
= T e R X VWg T o o
o woemmPTirznsS s -
W) |_._A|D._._A|.E|W._._o Sz w 3 = -
— _ 0w e
> WAWESEHHE]E o=
o . . . wuwmmwww,nwuu.vo
—— .

Reactor Safety Laboratory (NTHRS Lab.)

Nuclear Thermal-Hydraulics and

T. Pedersen, PIUS — status and perspective, Nuclear Engineering

and Design, Vol. 136 (1-2), pp. 167-177, 1992.

T

@ uni



SPWR X2 MA EF

« SPWR (System Integrated PWR)= €H|d PWRE, L Ed S4t
B3 (R EE F354)E S HoES FSEX| = A

. SBO (AC M & AAN Sk AAL (MCP HX|), WZEX| AHAL (LOCA)
AN F eI WL R AXE X5 FX

NORMAL EMERGENCY
OPERATION OPERATION

|_—————— MAIN CIRCULATING
PUMP MOTCT®

MAIN CIRCULATING
PUMP HEAD

FEEDWATER —~ ———= STEAM

PUMP INLET
ZONE

oIl

UPPER INTERFACE
(HYDRAULIC
PRESSURE
VALVE)

| ——— STEAM GENERATOR

HIGHLY BORATED —|
WATER FLOWS
TO REACTOR

CORE

BORATED WATER T~y h‘j

(150°C) 3] |} —— CoRe

LOWER
INTERFACE
(HONEYCOMB)

@ UnisT

via strainer
/0

HP Warer from
LSC inlet plenum

T

{ Clesed : Operating condition )

fsy o

102

Cylinder
Piston
Piston rod

-

V7

o= 9
Yalve seat
S
Valve disk
Flow guide
N

Poison tank

upper plate

{ Opened : Shtdown concition )

Nuclear Thermal-Hydraulics and
Reactor Safety Laboratory (NTHRS Lab.)



i A "IEE. O OFX I“‘ 'L£l£2.‘°|15 =g EE.J;ljt
UNIST & |_|-u-o-T'—1T |_|'|_-|7§ OETl_I-SMREJﬂn =
RPV pressure
P _@PZR Steam
pzr (dP
Water A (T)PZR water
Level 0 D
- i
‘ -‘L\E SGinlet | v
“ { N '
Q\: O O O O
-
2:"' PlateType
—_— Heat Exchanger
-
i
-
@9 PRV — O O O O
. J \ J
Water - |
Level —
% -
—
-
Mass j’% —— SG outlet Feed Pump /_*ﬂ [ = \
Flow Z — Flow Meter W
" Z ———— COle—
4 ;Core Outlet FeedPump Storage St1c_>ra'g(;e
% 4 @ Flow Meter et an
7 A

O——

Air Compressor LI—/ L—/

WA,

% Corelnlet

: HessH
. Qixie oA

UNIST SMR cldI I %%ﬂ én._- IOI‘xI 7“ E_-ItE ‘."A Haeorum Alliance Nuclear Innovation Center

e lJ rl i E .r Nuclear Thermal-Hydraulics and

Reactor Safety Laboratory (NTHRS Lab.)



FIRST |
WNisT CHANG

/?fl..umunr nmu =9

:LHIII JHW' 3 " ‘




