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close interaction with the Soviet personnel and the
on-site observations afforded by these visits, the
differences were clearly defined. We now believe

that positive consideration of anne ~ in the U S,
can proceed on a much more infr rasis and
with greater assurance of ¢ From a
somewhat different viewpoint, provided
the Soviets with an opportunit MNstrate their
capability for annealing to 2 ) U.S. utility
personnel. The Soviets desirous of

marketing this technology in tne v.o. as an excellent
way 10 earn "hard" currency, so the visits were as
important 1o the Soviets for economic reasons as
they were to the NRC for technical reasons.

PRA Code Developed for Use on
Personal Computers

Dale M. Rasmuson, DSR/PRAB

in 18985 the NRC started 10 develop an easy-to-use
computer code to perform accident frequency
analysis. At about that time, the increased power
and capabilities of the personal computer (PC) made
it possible for the PC to perform some of the data
preparation tasks for the primarily main-frame
program. However, the rapid increase in PC power
and the new capabilities introduced made it possible
to do most PRA tasks and calculations on the PC.
As a resuit, the integrated Reliability and Risk
Analysis System (IRRAS), an integrated PRA analysis
tool, gives the user the ability to create and analyze
fault trees and event trees using a personal
computer. This program provides functions for fault
tree and event trae construction and analysis.

The fault tree functions range from graphical fault
tree construction to fault iree cut set generation and
guantification. The event tree functions include
graphical event tree construction, linking of fault
trees, defining accident sequences, generating
accident sequence cut sets, and quantifying them.
IRRAS also contains capabilities for performing
uncertainty analyses, importance analyses, and
sensitivity analyses.

IRRAS is being used in many NRC projects. Some of
these are the seismic margins research program,
resolution of generic safety issues, and the
development of risk-based inspaction strategies. It
18 currently being used in the low-power/shutdown
PRA's being done for RES by Sandia MNational
L.aboratories and Brookhaven National Laboratory and
is being evaluated for use in event assessment by
the Offices of Nuclear Reactor Regulation and

Analysis and Evaluation of Operational Data. It is
also used by such Government Agencies as the
National Asiongutics and Space Administration and
the Depatments of Energy and Defense for their
reliability and risk assessment work, e.g., Galileo
mission and the space shuttle

IRRAS version 1.0 was compla*ad in February 1987

Over 400 copies have been  ributed to national
laboratories, utilities, Government Agencies, and
other organizations. Version 2.0, which includes the
capabilities for accident sequence analysis, was
distributed in the spring of 1990 and is documented
in NUREG/CR-5111. IRRAS 2.5 has just been
completed and is being placed in the National Energy
Software Center. A graphical event tree editor and
an improved accident seguence cut set algorithm
waere added in this version, which is documented in
NUREG/CR-5300.

New 10 CFR Part 20 Published
Alan K. Roecklein, DRA/RPHEB

On December 13, 1990, the Commission approved
the issuance of the revised 10 CFR Part 20,
*Standards for Protection Against Radiation,” and
the rule was published in the Federa/ Register in
December. This comprehensive revision of the basic
radiation protection standards applies to all activities
licensed by the USNRC. Agreement States will be
adopting similar regulations

The revised 10 CFR Part 20 is based upon the 1977
recommandations of the International Commission on
Radiological Protection and is generally consistent
with the 1987 recommendations of the National
Council on Rad.ation Protection and Measurements
The revised Part 20 contains significant changes
from past practice and procedures for estimating,
measuring, combining, reccrding, and reporting
doses. These changes are associated with the
introduction of new cuncepts and methods of
assessing doses.

The revised Part 20 diffars from the previous Part 20
in many ways, the most important of which are:

1. The use of the "effective dose squivalent” [risk
weighting of organ doses) concept instead of
the “critical organ approach” represents a major
departure from past practice.

2. The concept of controlling the sum of internal
and external doses will require new procedures
and records.






ESW pumps and their electric power supply are other
important contributors 1o the partial or total loss of
the ESW system.

The comprehensive evaluation of the operating
experience showed that, excluding system fouling
(sediment, biofouling, corrosion, erasion), there were
a total of 12 events involving a possible complete
loss of the ESW function in 667 reactor-years.
System fouling data were noted but were excluded
from the current analysis because of the earlier
resolution of Generic issue 51, "Improving the
Reliability of Open Cycle Service Water Systems.”

A detailed examination of ihe loss-of-ESW events
indicates that a number of them occurred during
shutdown. Some of these events may not have
been a complete loss of ESW in terms of total
stoppage of ESW fiow, even though the ESW system
may have been declared inoperable. The differences
in the ESW system between power operation and
shutdown are primarily the actual heat load and the
equipment affected by the loss of ESW. In addition,
the different administrative requirements imposed by
the technical specifications make these 1two
operational modes more distinct.

The svaluation of ESW system failures at multi-unit
sites included a determination of the initiating
frequency of loss of ESW, the core damage
frequency (COF) due to ESW failure, and the dose
consequence.

In order to estimate the core damage vulnerability
caused by the failure of the ESW system, a fuli-scale
PRA model that included initiating event frequency
catagories, avent tree and fault tree analysis, and
support system dependencies was developed. The
PRA model was then appropriately modified to reflect
various plant operating configurations 1o anayze the
consequences of the loss of ESW function in each
operating state. In addition, the probability of a loss-
of-coolant accident (LOCA) caused by failure of a
reactor coolant pump seal was established based on
a recent pump seal falure model.

The initiating event frequency represanting the loss
of ESW for multi-unit site operations was derived
from operational experience for single-unit PWRs.
This initiating event frequency, as modified, is
assumed to be valid for multi-unit PWR sites and is
not specifically limitad to single PWR units. As the
system configuration for various operating states
may be different, the initiating event frequency for
each state was determined separately. An

approximation method involving the combination of
the experience data with an analytical technique was
used. A multi-unit ESW system fault tree similar to
the existing model for Byron Unit 1 was developed
This modified model represents the unavailability of
the second unit to supply ESW to the first unit in the
evant of compiete loss of ESW in the first unit.

To calculate the initiating event frequency for loss of
ESW, the total of 667 reactor-years was divided into
487 reactor-years at power and 180 reactor-years at
shutdown. The initiating event frequencies were
calculated to be 1.1E-03 per reactor-year at power,
3.2E-02 per reactoryear at shutdown (with one
pump rurining and one at standby), and 2.9€-01 per
reactor-year at shutdown (with one pump running
and the other in maintenance).

The evaluation showed that the small LOCA due to
failure of the reactor coolant pump seal is the
dominant accident sequence.

Operating experience data consisting mostly of LER
submittals showed that the duration of the ESW
system failure has ranged from 1 heour to a few days
betore recovery. Approximately 70% of the ESW
failures were recoverad within one hour. About 0
to 26% of all events involved more problematica
hardware or other failures and were recovered within
5 hours. The remaining events involved the most
serious hardware problems, and recovery took a
relatively long time. It is estimated that, hy the end
of 24 hours, only about 1% of the events were not
recovered.

For each of the operating states, a conditional core
damage probability was calculated by renormalizing
the original base case with the respective
configuration-dependent initiating frequency and
weighting the state dependent initiating event
requency. The dominant sequence is the reactor
coolant pump seal LOCA with a CDF of 8 8E-05 per
reactor-year, which is about 80% of the total COF
due to loss of ESW of 1.5E-04 per reactor-year.

The total COF (1.5E-04 per reaccor-year) is judged to
be substantial compared to the Commission’s
subsidiary safety goal of 1 OE-4 per reactor-year,

Potential alternatives for improvements that could
lower this core damage frequency were selected by
considering the dominant failure modes of the ESW
systein and the dominant accident sequences
contributing to the relatively high CD¥F,

The folliowing potential improvements were analyzed:
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Feasibility of Using Cellular and
Molecular Research to Reduce
Uncertainties in Health Effects from
Low-Level Radiation Studied

DRA/RPHEB
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