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Overview : @
Advanced reactors proposed for electric power generation in the next century are "evolutionary“, meaning
that they are improvements on the present generation of light water reactors (LWRs) or "revolutionary”
indicating the use of principles for which there is little expericnce and regulatory precedence. Outstanding
in the revolutionary category is the PIUS (Process Inherent Ultimate Safety) conceived by K. Hannerz'.
PIUS-600 is a 600 MWe pressurized water reactor with no control rods, no active ECCS, a prestressed
concrete reactor vessel (PCRV) and de;igned to operate in a pressure suppression containment with the
primary circulation by "wet" variable-speed pumps. Brookhaven National Laboratory, assisting the USNRC
in identifying safety-significant aspects of the design, has assembled a multi-discipline team coasisting of
experts in thermal-hydraulics, PRA, seismic, structural, material and ALARA for this examination. The
systems anulysis is being done two-fold: failure modes effects and criticality analyses (FMECA)* and hazards
and operability study (HAZOP)'. It is believed that the former "bottom-up" and the latter "top-down"

methods complement each other to enhance completeness. This paper describes the FMECA methods that

have been applied.

PIUS Operating Principles

Tne essence of PIUS passive safety is the fact that coolant flow can be directed by the continuity equations
i.e. it is not necessary to use active valves to actuate an ECCS. PIUS implements this concept as a primary
consisting of a natural circulation path through a borated-water pool and a four-loop pumped flow path
through steam generators. When the convective flow of the coolant, resulting from core heating, equals the

flow through the four steam generator loops, no flow is possible to tae pool. However, any plant disturbance
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that upsets this flow balance results in convective pool flow which, because of the boration, scrams the reactor
as well as cools the core. Heat buildup in the pool Water is removed by passive convective coolers to the

atmosphere.

FMECA Methodology

To discover weaknesses in this robust design, FMECA techniques similar to those being used by BNL in
support of the Advanced Neutron Source reactor being designed at ORNL were adopted. This begins with
a plant taxonomy which, for reasons of communications and completeness, is the same numerical
identification as that used by the vendor (ABB-Atom and Combustion Engineering). These link with system
safety descriptions prepared from available documentation. The descriptions are linked with their FMECAs
prepared in a specially developed form presented as Table I. This form, prepared using a word processor,
identifies the systemy/subsystem/component being analyzed, for a failure mode/cause resulting in safety impacts
on the plant, having a "criticality" of high, medium, low for which a probability, using vendor categories is
assigned. The analyst also notes mitigating factors and provides comments and notes to clarify the conditions

of the assumed failure.

Completeness and Multiple Failures

Completeness is approached by applying FMECA to all of the systems of the taxonomy deemed to be safety
significant. Multiple failures of a deterministic nature are addressed directly in the FMECA by noting the
necessity of any support utilities. Multiple random failures are addressed to second order in the FMECA.
Higher order random failures are only selectively considered. If this is not sufficient, an interaction malri.x

will be used.

Results

The results of this work are to identify certain aspects of the plant having safety implication for discussion

and resolution. Examples of preliminary discussion items are:



* Redundancy in primary pump control circuitry for scram,

Control of gas in the gas cap (used to block pool flow during startup),
¢ Location of the emergency control room,
» Control of non-condensible gases.

Additicnal discussion item will be presented.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights, Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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