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ABSTRACT

Generic Issue C-8 deals with staff concerns about public
risk because of the incidence of leak test failures reported
for main steam isolation valves (MSIVs) at boiling water
reactors and the limitations of the leakage control sys-
tems (LCSs) for mitigating the consequences of leakage
from these valves. Ifthe MSIV leakage is greatly in excess
of the allowable value in the technical specifications, the
LCS would be unavailable because of design limitations.

iii

The issue was initiated in 1983 to assess (1) the causes of
MSIV leakage failures, (2) the effectiveness of the LCS
and alternative mitigation paths, and (3) the need for ad-
ditional regulatory action to reduce public risk. This re-
port presents the regulatory analysis for Generic Issue
C-8 and concludes that no new regulatory requirements
are warranted.
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EXECUTIVE SUMMARY

Generic Issue C-8 deals with staff concerns about public
risk resulting from excessive leakage from main steam iso-
lation valves (MSIVs) at boiling water reactors and limita-
tions of the leakage control systems (LCSs) provided to
mitigate the consequences of this leakage. Because of ex-
cessive leakage problems encountered with these valves
and staff concerns that the leakage would compromise
the containment function, the staff formulated a position
to require installation of a safety-grade LCS on all BWRs
with construction permits issued after March 1, 1970. In
the late 1970s and early 1980s, staff concerns increased
because of the incidence of high MSIV leak rates. Be-
cause of LCS design limitations, the system would be un-
available if the leak rate were greatly in excess of the al-
lowable value in the technical specifications. Hence, Ge-
neric Issue C-8 was initiated in 1983 to assess (1) the
causes of MSIV leakage failures, (2) the effectiveness of
the LCS and alternative mitigation paths, and (3) the
need for regulatory action to limit public risk. Independ-
ently, the BWR Owners Group (BWROG) formed a
committee to assess the MSIV leakage problem and de-
velop recommendations for reducing the leakage.

The efforts of the staff and its contractor, Pacific North-
west Laboratories (PNL), through 1986 were covered in
NUREG-1169, a copy of which was sent to all licensees.
This report concluded that there was a high likelihood
that the BWROG had identified the key causes of high
MSIV leakage. The NUREG-1169 calculations showed
several non-Seismic Category I paths that gave lower oft-
site doses than the LCS. The risk analysis at that time,
based on estimates of improved MSIV leakage and non-
seismic events, indicated low public risk for all paths.
However, these results and the resolution of Generic Is-
sue C-8 were limited by the lack of confirmatory leakage
data to support the BWROG recommendations on cor-
rective actions. In August 1988, the BWROG supplied
results of a new survey, which showed a significant reduc-

vu

tion in MSIV leakage. The survey, which involved 329 test
points from 24 BWRs, confirms the earlier conclusions
that the key reasons for high leakage had been identified
and is considered to represent the current capabilities of
the whole BWR plant population. PNL updated the
analyses of NUREG-1169 to incorporate the new
BWROG leakage data and to include the effects of seis-
mic events in the assessment of public risk due to MSIV
leakage with and without an LCS. Although relatively
small risk values were obtained, additional calculations
were performed to assess the cost-effectiveness of various
alternative actions.

The following alternatives were considered:
Alternative 1—No Action.

Alternative 2—Require addition of standard capacity
LCS to plants without an LCS.

Alternative 3—Require increased capacity LCS on all
plants.

Alternative 4—Disable currently installed LCSs.

Alternative 5—Use other mitigation paths with larger
decontamination factors.

On the basis of a value-impact analysis, it was concluded
that no backfit requirements to reduce public risk associ-
ated with MSIV leakage or the LCS are warranted and
that Alternative 1 should be adopted. This alternative
maintains the current requirements, systems, and leakage
treatment practices. All licensees would be expected to
continue their efforts to maintain the LCS and satisfac-
tory MSIV performance. This alternative does not pre-
clude a licensee from proposing an alternative action
based on plant-specific considerations.

NUREG-1372



1. STATEMENT OF PROBLEM

1.1 Introduction

Generic Issue C-8 deals with staff concerns about public
risk from excessive leakage of main steam isolation valves
(MSIVs) at boiling water reactors (BWRs) and limitations
of the leakage control systems (LCSs) for these valves
that were installed at later plants. BWRs use two Y-pat-
tern globe valves in series to isolate each main steam line
from the non-nuclear balance of plant. These MSIVs
serve to protect against a steam line break outside con-
tainment and limit the release of fission products to the
environment in the event of a core damage incident.
Hence, rather stringent leakage limits were applied to
these valves for all BWRs.

During the early operating history of BWRs in the 1970s,
a large number of MSIV leak test failures were reported.
Because of staff concerns that this leakage could compro-
mise the containment function, the staffformulated a po-
sition to require installation of safety-grade LCSs to treat
this leakage on all BWRs with construction permits issued
after March 1,1970. In the late 1970s and early 1980s, the
staff concern increased because of more reports of very
high leak rates. Because of design limitations, the LCS
would be unavailable if the leakage rate is greatly in ex-
cess of the allowable value in the technical specifications.
Hence, Generic Issue C-8 was initiated in 1983 to assess
(1) the causes of the MSIV leakage failures, (2) the effec-
tiveness of the LCS and alternative mitigation paths, and
(3) the need for regulatory action to limit public risk.

1.2 Regulatory and Historical
Background

The requirements for control of MSIV leakage are based
on 10 CFR Part 50, Appendix A, “General Design Crite-
ria for Nuclear Power Plants.” In particular, Criterion 54
states that:

“Piping systems penetrating primary reactor
containment shall be provided with leak detec-
tion, isolation, and containment capabilities
having redundancy, reliability, and perform-
ance capabilities which reflect the importance
to safety ofisolating these piping systems. Such
piping systems shall be designed with a capabil-
ity to test periodically the operability of the iso-
lation valves and associated apparatus and to
determine if valve leakage is within acceptable
limits.”

Criterion 55 states that:

“Each line that is part of the reactor coolant
pressure boundary and that penetrates reactor
containment shall be provided with contain-
ment isolation valves.. .one automatic isolation
valve inside and one automatic isolation valve
outside containment. . . .”

The testing requirements for these valves are found in 10
CFR Part 50, Appendix J, “Primary Reactor Contain-
ment Leakage Testing for Water-Cooled Power Reac-
tors.” The type C test requirements in Appendix J typi-
cally result in the valves being tested every refueling out-
age by local pressurization with air or nitrogen at about 25
psig and a technical specification limit per valve of 11.5
standard cubic feet per hour (SCFH). The current dose
assessment methodology is given in Standard Review
Plan (SRP) Sections 15.6.4 and 15.6.5. The current ap-
proved licensing calculations use a fission product source
term in accordance with Regulatory Guide 1.3 (Ref. 1)
and do not allow credit for dose mitigation by non-safety-
grade equipment in accordance with 10 CFR Part 100,
Appendix A, Section III.C, which defines the safe shut-
down earthquake.

In the licensing of BWR plants that had construction per-
mits issued prior to March 1,1970, it was assumed that the
steam line and other components downstream of the
MSIVs (such as the high- and low-pressure turbines and
the main condenser) were undamaged when calculating
the consequences of MSIV leakage in the event of a
LOCA (Refs. 2 and 3). Leakage through the MSIVs was
then assumed to be held up in the large volume of the
condenser, with opportunity for fission product decay and
plateout. As noted in Reference 2, a plateout of about 90
percent of the radioiodine was needed to get the resulting
dose under Part 100 guidelines for most plants when the
leakage per valve was at the typical technical specification
limit of 11.5 SCFH. Since the main steam lines outside
containment are usually not Seismic Category I, and the
turbines and main condenser are also not Seismic Cate-
gory I components, or qualified to any other safety system
standards, this dependence on a non-safety-grade system
to keep calculated doses below Part 100 guidelines be-
came a staff concern after receiving reports of excessive
leakage and operating malfunctions of MSIVs (Ref. 2).
Hence, as discussed in Reference 2, the staffdeveloped a
position to require installation of a safety-grade MSIV
leakage control system that would reduce the leakage
consequences to such an extent that “dependence need
not be placed on non-safety-grade piping and equipment
outside the containment.” Regulatory Guide 1.96 (Ref.
4), originally issued in May 1975, describes a method ac-
ceptable to the staff for meeting this requirement for all
BWR plants with construction permits issued after March
1,1970. For BWR plants with construction permits issued
before March 1,1970, the guide recommends that consid-
eration be given to installation of an LCS if valve testing
indicates recurring problems with excessive MSIV
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leakage. SRP Section 6.7 (Ref. 5) provides guidance for
the staff review of the LCS.

As a result of this staff requirement, safety-grade MSIV
leakage control systems were installed on 17 BWRs. Two
types of LCS have been installed. Fourteen of these
plants (8 BWR/4s, 3 BWR/5s, and 3 BWR/6s) have a
negative pressure type LCS that uses blowers to produce
a subatmospheric pressure in the steam lines between the
MSIVs. Any leakage past the inboard MSIV is thereby
collected and routed by the LCS to the safety-grade
standby gas treatment system (SGTS) and discharged to
the environment. Another train ofthis system handles the
portion of the lines downstream of the outboard MSIVs.
Three plants (2 BWR/4s and | BWR/6) have a positive
pressure type LCS that provides a positive pressure in the
steam lines between the MSIVs to prevent outward leak-
age. Twenty-one plants (1IBWR/1,2 BWR/2s, 7BWR/3s,
10 BWR/4s, and | BWR/S) do not have an LCS.

Reports of initial operating experience with leakage con-
trol systems suggested that they were prone to bother-
some failures. In addition, as noted in Reference 6, staff
dose calculations in 1975 had shown that the safety-grade
LCS pathway gave higher offsite accident doses than a
pathway involving the non-Seismic Category I main con-
denser. Hence, a generic issue task to investigate the de-
sirability of the LCS was initiated in 1978 (Ref. 7). How-
ever, Generic Issue C-8, “Main Steam Line Leakage
Control Systems,” was characterized to be of little or no
significance to plant risk (i.e., Category C).

In the early 1980s, new concerns arose because many
BWR licensees had reported difficulties meeting the al-
lowable MSIV technical specification leak rate limit dur-
ing the local leak rate tests required under Appendix J. In
some cases, the leak rates were much higher than allow-
able. A survey for the years 1979 through 1981 found that
18 0of 25 operating BWRs had reported test failures. From
the data, it was estimated that 58 percent of the valve tests
passed the 11.5 SCFH limit, 17 percent had leakages be-
tween 11.5 and 100 SCFH, and 25 percent had leakages
greater than 100 SCFH, with a mean leak rate of 1500
SCFH (Ref. 6). Since many of the latter leak rates were
well above the capacity of the LCS, this mitigation path
would not be available should a core damage event occur.

As the result of this experience with operating plants, Ge-
neric Issue C-8 was modified to include evaluation of
problems of both excess MSIV leakage and LCS limita-
tions and was prioritized in 1983 to be high priority in
NUREG-0933 (Ref. 6). The staff calculations in
NUREG-0933 included preliminary estimates of the ef-
fects of (1) reducing MSIV leakage, (2) adopting proce-
dural changes to use an alternative non-seismic mitiga-
tion pathway instead of the LCS when available, (3) dis-
abling the LCS at all plants, and (4) backfitting an LCS to
the older plants. Of these alternatives, the reduction of
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MSIV leakage was clearly the major source of potential
risk reduction.

Independently, the BWR Owners Group (BWROG)
formed an MSIV leakage control committee to determine
the causes of the high MSIV leakage rates and to develop
recommendations for reducing the leakage. This
BWROG committee provided three separate reports to
the staff covering (1) assessment of MSIV leakage data,
(2) potential operator actions to control MSIV leakage,
and (3) an improved dose calculation method for assess-
ment of consequences (Refs. 8 to 10).

The efforts of the staff and its contractor. Pacific North-
west Laboratories, through 1986 were covered in
NUREG-1169 (Ref. 11). This report provided technical
information on Issue C-8, but not the proposed resolu-
tion of the issue. The main elements of the effort were:
(1) to evaluate the BWROG recommendations dealing
with the reduction of MSIV leakage and assess the effec-
tiveness of implementation of the recommendations by
the licensees; (2) to evaluate the effectiveness of mitiga-
tion of the LCS and any alternative mitigation paths; and
(3) to perform a probabilistic risk assessment of the LCS
and alternative paths. In 1986, Generic Letter 86-17
(Ref. 12) was issued to all licensees and applicants of
BWRs to notify them of the information available in
NUREG-1169. The use of that information and the
staff’s intentions regarding any licensee submittal were to
be formulated on a case-by-case basis.

1.3 Current Status

In NUREG-1169 it was concluded that there was a high
likelihood that the BWROG had identified the key causes
of high MSIV leakage and that the BWROG recommen-
dations for corrective actions would probably solve most
of'the leakage problems if the recommendations were im-
plemented. However, there were no followup leakage
data available at that time to confirm this judgment.
NUREG-1169 calculations indicated a number of alter-
native, non-safety-grade mitigation paths that gave lower
offsite doses than those for the LCS. The probabilistic
risk assessment (PRA) calculations, which were based on
optimistic estimates of improved MSIV leakage and did
not consider seismic events, showed low public risk forall
pathways considered. These results and the resolution of
Generic Issue C-8 were limited by the lack of confir-
matory leakage data to support the BWROG recommen-
dations on corrective actions.

In March 1988 the staff received preliminary data from a
new survey by members of the BWROG (Ref. 13). The
final report on these data was provided formally in August
1988 (Ref. 14) and was reviewed by PNL. The results
showed a large improvement in valve leakage perform-
ance relative to the previous survey results used in the
NUREG-0933 prioritization calculations. The BWROG



survey included 329 test results from 24 of the 30 plants
represented on the BWROG leakage control committee,
or nearly two-thirds of the 38 plants now in commercial
operation. It included an approximately proportional rep-
resentation of valves from the three major MSIV manu-
facturers. Because the leakage control committee in-
cludes members from most of the plants that historically
had the worst leak test problems, the data base wasjudged
to represent the current capabilities of the whole BWR
plant population. The data are interpreted to mean that
the industry has identified the major causes of MSIV leak-
age and can successfully treat them. Therefore, credit for
these new leakage tests was allowed in calculations to
study the need for additional alternative actions described
in this regulatory analysis.

PNL updated the analyses of NUREG-1169 to include
the new BWROG leakage data and to include estimates

of the effect of seismic events in the value-impact evalu-
ation (Ref. 15).

2. OBJECTIVES

Generic Issue C-8 was initiated because of staff concerns
about the high leakage rates found in routine tests of main
steam isolation valves (MSIVs) and concerns about the
capability of the leakage control system (LCS) that has
been required to provide a safety-grade means of mitigat-
ing the effects of MSIV leakage. If the leakage of MSIVs
is greatly in excess of the typical technical specification
limit, the current capacity LCS may not be effective be-
cause of design limitations. In addition, calculations for
other non-safety-grade mitigation paths give lower offsite
doses for a given leakage than those for the LCS. The ob-
jective of this regulatory analysis is to establish the regula-
tory basis for the selection and implementation of alter-
native actions that could be taken to further reduce public
risk resulting from MSIV leakage and LCS limitations.

3. ALTERNATIVES

As discussed in Section 1, the initial prioritization study of
NUREG-0933 considered (1) improvements in valve
leakage performance, (2) procedural changes to use an al-
ternative non-Seismic Category | mitigation path instead
of the LCS, when available, (3) disabling the LCS at all
plants, and (4) backfitting an LCS to older plants as possi-
ble alternatives for reducing public risk resulting from
MSIV leakage following core damage incidents. Of these
options, the alternative involving improved valve leakage
performance was the dominant source of potential risk
reduction. Since the new improved valve leakage per-
formance data supplied by the BWR Owners Group
(BWROG) are considered to be representative of the
current industry capabilities, the alternative involving re-
duction in MSIV leakage was not considered further and

the new data were used in the risk calculations for the
other alternatives.

The following alternatives were considered:

Alternative 1:  No Action

This alternative would keep the current requirements
and the leakage treatment practices. Plants with an LCS
would remain as they are and use the LCS as the safety-
grade means for treating leakage. All licensees would be
expected to continue their efforts to maintain the LCS
and satisfactory valve leakage performance. Consistent
with the standard review plan (SRP), this alternative does
not preclude a licensee from proposing some other alter-
native action based on plant-specific considerations.

Alternative 2:  Require Addition of a Safety-Grade

LCS to Plants Currently Without an
LCS

This alternative considers the effects of the addition ofa
safety-grade LCS with standard capacity to plants that
currently do not have an LCS.

Alternative 3:  Require Upgrading of the Capacity of
the Current LCS and the Addition of a
Higher Capacity LCS to Plants Cur-

rently Without an LCS

A higher capacity LCS would be of interest to offset poor
MSIV leakage performance, such as was considered in
the prioritization study of NUREG-0933. The capacity of
4000 SCFH was selected to eliminate loss of availability of
the LCS because of high MSIV leakage.

Alternative 4:  Require Plants With an LCS to Take

Them out of Service

This alternative action was considered in NUREG-0933
because of calculations indicating a higher offsite dose
from the LCS (fora given MSIV leakage) than from other
non-Seismic Category I paths. This alternative results in
disabling of the safety-grade LCS mitigation path and de-
pendence on one of the non-Seismic Category I mitiga-
tion paths such as considered in NUREG-1169. For this
alternative, the isolated steam line path was assumed to
represent the non-safety-grade path.

Alternative 5: Implement Alternative Leakage Miti-
gation Paths for Plants With and

Without an LCS.

This alternative is similar to that considered in
NUREG-0933, but involves other mitigation paths not
considered at that time. For plants without an LCS, it is
assumed that the isolated condenser path, one of the most
effective paths found in NUREG-1169, is the preferred
choice with the isolated steam line path used as a backup
path for both seismic and non-seismic events. For plants
with an LCS, the same non-Seismic Category I paths are
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used for non-seismic events. For seismic events, however,
it is assumed that the safety-grade LCS path is preferred,
with backup from the isolated condenser path.

4. VALUE-IMPACT METHOD-
OLOGY AND RESULTS

This section covers the value-impact aspects of the pro-
posed alternatives outlined in Section 3, based on the
guidance given in NUREG/CR-3568, “A Handbook for
Value-Impact Assessment” (Ref. 16) and in NUREG/
BR-0058, "Regulatory Analysis Guidelines of the U.S.
Nuclear Regulatory Commission” (Ref. 17).

The value-impact attributes considered here include
changes in (1) public risk, (2) occupational exposure, (3)
industry implementation costs, (4) industry operating
costs, and (5) NRC costs. The alternatives would not af-
fect core damage frequency and are assumed to influence
only the fission product leakage to the surroundings and
the subsequent offsite conditions. Therefore, onsite costs
of a core damage accident are assumed to remain un-
changed. No separate estimates of offsite property dam-
age or health costs are included since the public dose is
used as the measure of all offsite radiological effects.

In this value-impact assessment, the “values” are defined
as the improvements in the protection of public health
and property obtained from implementation of the alter-
native. The “impacts” provide a measure of other conse-
quences, mainly economic.

4.1 Methodology for Risk Calculations

As indicated above, none of the proposed alternatives
should affect core damage frequency. However, the pro-
posed alternatives would affect the release of fission
products from the MSIVs to the surroundings for a given
core damage incident and would change public risk. A de-
tailed evaluation of the risk resulting from MSIV leakage
for the various alternatives would involve (1) evaluation
of the core damage frequency and fission product concen-
trations and fluid conditions in the steam lines upstream
of the MSIVs used to estimate the fission product source
term for the various sequences leading to core damage,
(2) estimates of the probability of successful operation
and decontamination factors for the various mitigation
paths, (3) estimated leakage rates from the four steam
lines, each with two MSIVs in series, and (4) calculations
of offsite dose. For this analysis, the public risk estimates
were obtained from a simplified approach based on total
core damage frequencies for non-seismic and for seismic
events and a single source term representing conditions
upstream of the MSIVs. The effects of direct release of
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fission products to the surroundings and of release via the
various mitigation paths were estimated and used with
bounding values of the availabilities. A brief description
of the public risk calculation approach is provided in this
section. Additional information is given in References 11
and 15.

4.1.1 MSIV Leakage Mitigation Paths

The typical main steam system downstream of the MSIVs
has four 18- to 28-inch diameter lines leading to a pres-
sure-equalizing header. Lines lead from the header to (1)
the high-pressure turbine stop and control valves, (2) the
moisture separator/reheater between the high- and low-
pressure turbines, and (3) the turbine bypass valves that
lead to the main condenser. The pressure-equalizing
header also provides steam for the feedwater pump drive
turbines, steam jet air ejectors for the main condenser,
offgas preheaters, clean steam reboilers, and the turbine
gland seal system. Main steam line drains lead to the main
condenser from several low points upstream of the tur-
bine stop, control, and bypass valves. The main condenser
air removal system consists of two trains, each with a
steam jet air ejector package discharging via the offgas
system to the plant stack and a mechanical vacuum pump
discharging via a holdup volume to the plant stack. Vac-
uum breaker valves in this system permit the operator to
quickly break condenser vacuum.

As discussed in Section 1, the staffrequired installation of
a safety-grade leakage control system (LCS) on all plants
with construction permits issued after March 1,1970, be-
cause of the large number of reports of MSIV test failures
and the dependence on mitigation of MSIV leakage ef-
fects by components such as the main condenser that are
not seismically qualified. Brief descriptions of a typical
safety-grade LCS and several alternative, non-safety-
grade mitigation paths using the non-nuclear balance of
plant components are provided in this section. Additional
information on these paths is available in References 11
and 15.

4.1.1.1 LCS Path

Two different types of leakage control systems have been
used by licensees to mitigate the effects of MSIV leakage.
The first type, used in only three of seventeen plants, pro-
vides a positive back pressure of nitrogen or air to prevent
leakage past the valves. Since the positive pressure type
of LCS is not representative of the plants with an LCS, it
was not included in the scope of this study.

The negative pressure type of LCS, which was installed on
eight BWR/4s and six BWR/5s and BWR/6s, provides
blowers to collect the MSIV leakage and discharge it to
the surroundings via the standby gas treatment system
(SGTS). Details of the LCS differ from plant to plant, but
the brief description presented here is considered to rep-
resent a typical system.



A schematic diagram of the LCS path is given in Figure
4.1. Two redundant trains are provided. One train draws
from the space between the inboard and outboard
MSIVs. The redundant train draws from the space be-
tween the outboard MSIV and a block valve in the steam
line (in BWR/6s) or the turbine stop valve. Each train ex-
hausts in the vicinity of the SGTS in the reactor building.
This discharge of the LCS would be a post-accident
source of fission products in the reactor building. Al-
though this is of concern, it was not a deciding factor for
Alternatives 2 and 4 involving the addition or removal of
the LCS because other significant sources of post-acci-
dent fission products exist in the reactor building, includ-
ing the effects of containment leakage or rupture and op-
eration of emergency core cooling system (ECCS) equip-
ment (e.g., leaking pump seals).

Each train of the LCS is powered by a different diesel
generator. The system is designed to be capable of per-
forming its function following any single failure, including
the failure of one MSIV to close, and to remain functional
with loss of offsite power. Flow and pressure measure-
ments and control logic are used to shut down local por-
tions of the inboard system when the MSIV leakage is
above the design capacity (typically 100 SCFH). The high-
efficiency particulate air and charcoal filters in the SGTS
will remove a large portion of any fission products in par-
ticulate form, elemental iodine, and organic iodines.

The LCS is designed to mitigate the consequences of
MSIV leakage consistent with the containment leakage
limits imposed for conditions resulting from a design basis
loss-of-coolant accident (LOCA). The LCS does not have
an automatic initiation feature but can be initiated manu-
ally by a key-lock switch in the control room. System in-
itiation is prevented by interlocks until the reactor pres-
sure is below about 20 to 35 psig. Prior to actuation of the
blowers, the steam that is trapped in the main steam lines
by closure of the MSIVs is bled off to the main condenser
via depressurization lines. Actuation of valves in the lines
to the blowers is prevented by interlocks until the steam
line pressure is below about 5 psig. On the inboard sys-
tem, opening of the depressurization valves for a given
steam line is prevented if the associated inboard MSIV
fails to close.

The operating LCS is monitored by signals indicating high
reactor vessel pressure, high steam line pressure, or high
MSIV leakage in order to prevent system operation under
conditions that could cause system damage or be undesir-
able. Hence, the LCS would remain in operation unless
manually terminated or system automatic isolation set-
points are exceeded. The inboard system isolates auto-
matically on high reactor or steam line pressure or high
MSIV leak rate. The outboard system isolates automati-
cally on high reactor or steam line pressure. Restart of the
system after shutdown by these signals requires additional
operator action.

4.1.1.2 Alternative Mitigation Paths

Several mitigation paths for MSIV leakage that involve a
number of the components in the main steam system
downstream of the MSIVs were evaluated in
NUREG-1169 (Ref. 11). They include (1) the steam jet
air ejector (SJAE) and offgas system path, (2) the isolated
steam line (ISL) path, and (3) two versions of the isolated
condenser (IC) path. These paths are illustrated in Fig-
ures 4.2 to 4.4.

The isolated steam line path (see Fig. 4.2) configuration is
reached when the turbine stop and control valves, the tur-
bine bypass valves, and all branch line valves leading to
the main condenser are closed. Although closed, the tur-
bine bypass, stop, and control valves are large, fast-acting
valves that are not designed to achieve tight seals. Hence,
even for this path, there is some communication with the
turbines and the main condenser. In NUREG-1169, it
was estimated that about 60 percent ofthe MSIV leakage
flow goes through the turbine bypass valves to the main
condenser, with the remaining leakage passing through
the stop and control valves to the high-pressure turbine.
Since there is less holdup and plateout in the turbine be-
fore the leakage is released to the turbine building from
the turbine seals, there is a higher dose than that resulting
from the isolated condenser path. Calculated offsite
doses for this path are roughly the same as those for the
LCS path. This path corresponds to one of the steam sys-
tem configurations reached on plant shutdown without
operator action.

The turbine stop and control valves would be closed for
typical accident scenarios. However, if either the turbine
bypass valves or the main steam line drain valves are
open, there is direct communication to the main con-
denser, and the configuration results in the isolated con-
denser path (see Fig. 4.3). The predicted dose conse-
quences with the open bypass valves are somewhat lower
than those with the open drain valves. This path gave one
of'the lowest predicted offsite doses and is one of the pos-
sible plant configurations reached on plant shutdown
without operator action.

The turbine bypass valves get a closure signal at low reac-
tor pressure. Hence, operator action would be required
for opening of the turbine bypass valves. In
NUREG-1169, it was estimated that, at plant shutdown
without operator action, the turbine bypass valve would
be open about 20 percent of the time. There was an addi-
tional small allowance for opening of the steam line drain
valves on loss of offsite power. It was estimated that, for
plant shutdown without operator action, the plant would
be in the isolated condenser path configuration about 22
percent of the time and in the isolated steam line path
configuration about 78 percent of the time. However, for
some plants, the main steam line drain valves are de-
signed for fail-safe opening, and the isolated condenser
configuration would be expected most of the time.
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Figure 4.1  Schematic diagram of LCS path.
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Figure 44 SJAE and offgas system path.
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The SJAE and offgas system path (see Fig. 4.4) is very ef-
fective in the mitigation of MSIV leakage effects since it
involves an elevated release point and processing by the
offgas system. This path involves opening of the turbine
bypass valves or steam line drain valves to the main con-
denser and use of the SJAEs to exhaust from the con-
denser to the offgas system. Since the steam supply for
the SJAEs is lost with closure of the MSIVs, this mode
would not be available unless an auxiliary steam supply,
designed to operate the SJAEs, is available. This non-
Seismic Category I path is also subject to loss of availabil-
ity because of required operator actions, loss of offsite
power, or loss of function of active components such as
valves.

In this regulatory analysis, operator actions to use a non-
Seismic Category I path were not assumed, except for one
alternative involving the deliberate use of the isolated
condenser path. The isolated steam line path was as-
sumed representative of a non-Seismic Category I path
reached without operator action.

4.1.2 Dose and Risk Calculation
Methodology

4.1.2.1 Core Damage Frequencies

The core damage frequencies for internal and non-
seismic external events used in this analysis were the fol-
lowing values from NUREG-1169: (1)2.0E-4/RY for the
20 BWRs without an LCS and the 8 BWR/4s with an LCS
and (2) 3.75E-5/RY for the 6 BWR/5s and BWR/6s with
an LCS. On the basis of the number of plants involved
and the assumed core damage frequencies, the BWR/2s,
BWR/3s, and BWR/4s would be the major contributors to
the risk changes for non-seismic events for the various al-
ternatives. However, as discussed in subsequent sections,
non-seismic events were a minor contributor to the risk
changes for the alternatives considered in this analysis.

There are large uncertainties in the risk values associated
with seismically initiated core damage events because of
uncertainties in (1) core damage frequencies and (2) the
seismic response of components in the mitigation paths
for MSIV leakage. The mitigation paths include the Seis-
mic Category I LCS path and the isolated condenser and
steam line paths that have components that were not de-
signed to meet Seismic Category I criteria or any other
safety standards. Seismic fragility information for key
components in the LCS and other paths was not available.
In addition, there was very little information available for
selection of core damage frequencies for seismically initi-
ated core damage events at representative plants.

References 18 and 19 report point estimate core damage
frequencies for seismically initiated core damage events
of 8.26E-5/RY for Quad Cities, a BWR/3, and
8.14E-5/RY for Cooper, a BWR/4. Since these studies

were done as part of a generic evaluation of decay heat
removal, the scope included only the initiating events as-
sociated with small-break LOCAs and transients. Refer-
ence 20 reports a point estimate for seismically initiated
core damage events of 6.0E-7/RY for LaSalle 2, a
BWR/5, and a mean value of 4/0E-6/RY for Limerick, a
BWR/4.

In Reference 21, the following values of core damage fre-
quency from seismically initiated core damage events are
given: Mean, 0.77E-4/RY; 95th percentile, 2.7E-4/RY.
These values were based on hazard curves from Lawrence
Livermore National Laboratoiy (LLNL). Reference 21
also gives the following corresponding values based on
hazard curves developed by the Electric Power Research
Institute (EPRI): Mean, 3.1E-6/RY; 95th percentile,
1.3E-5/RY. The large differences in core damage fre-
quency were attributed to differences in methodology and
the assumptions used in the development of the hazard
curves.

For this analysis, the core damage frequency for seismic
events was assumed to be 0.8E-4/RY for all BWRs. A
high estimate of 2.7E-4/RY was assumed.

4.1.2.2 Source Term

In the evaluation of the source term for MSIV leakage,
the following interactions are of interest:

1. Existing containment isolation failures could com-
pete with the MSIV leakage for direct release to the
surroundings.

2. Alarge MSIV leakage might reduce the probability
of containment failure.

3. The source term will vary with the core melt scenario
and will be affected by plateout and entrainment of
fission products in the reactor vessel and coolant sys-
tem, drywell, and suppression pool.

4. A containment failure associated with a core damage
event could decrease the importance of the MSIV
leakage.

With respect to items | and 2, it was concluded in
NUREG-1169 that (1) existing containment failures
might be comparable in consequences to, but would not
reduce appreciably, the role of MSIV leakage and (2) the
MSIV leakage would not play any role in preventing con-
tainment failure by pressure relief. Items 3 and 4 are dis-
cussed below with respect to the source term used in the
calculations of NUREG-1169 for the various mitigation
paths and for direct release.

In NUREG-1169, the leakage rate of fission products
from the MSIVs was assumed to be constant for 30 days.
For the containment volume of WNP-2, a test leakage of
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46 SCFH was estimated to be equivalent to a containment
volumetric leakage of 0.27%/day. On this basis, an MSIV
test leakage of46 SCFH was assumed equivalent to a con-
stant leakage of 0.27%/day of the fission products initially
available for release. The initially available fission prod-
ucts were assumed to be 100 percent of the noble gases,
25 percent of the iodines, and | percent of the other fis-
sion products in the reactor core fission product inventory
(Ref. 22). There are a number of uncertainties in this sim-
plified approach involving use ofa single licensing type of
source term. For example, the long time interval for leak-
age tends to overestimate total leakage but may be offset
by the use of the containment volume and a | percent re-
lease for fission products other than the noble gases and
iodines for some scenarios. Cesium is of particular inter-
est because nearly all the core inventory of this element
could be released from the fuel during a severe accident
and the long-lived isotopes, Cs-134 and Cs-137, are ma-
jor contributors to population exposure and land con-
tamination.

In the evaluation of the importance of MSIV leakage, one
can divide the core damage scenarios into two broad
groups: (1) core damage events with associated contain-
ment failure and (2) core damage events with no contain-
ment failure. If containment fails, the MSIV leakage
would contribute a very small part of the total release of
fission products to the surroundings even if there were no
reduction in the calculated fission product leakage
through the MSIVs. Even the uncertainties in the calcu-
lated fission product release from containment failure
would dominate the effect of MSIV leakage. In addition,
the containment failure is a competing path for radioac-
tive material release and should result in a much shorter
time available for MSIV leakage because depressur-
ization of containment reduces the driving force for
MSIV leakage. Since current PRAs indicate a high prob-
ability of containment failure for the Mark I design (e.g.,
Ref. 21), this effect could have a significant impact on the
perceived importance of MSIV leakage.

The vessel pressure during postulated core melt scenarios
could range from containment pressure (e.g., atmos-
pheric pressure up to containment rupture pressure) dur-
ing portions of scenarios for which the vessel is de-
pressurized, to the setpoints of the safety-relief valves for
portions of scenarios for which the vessel is not de-
pressurized. The period of time from the start of the
event to the time when reactor vessel and containment
failure result in a negligible driving pressure drop for
MSIV leakage range from roughly | hour to | day in typi-
cal scenarios. However, the typical times from the start of
core degradation to the effective end of MSIV leakage are
probably less than half a day.

In view of this large overestimate in leakage time, the
NUREG-1169 calculation probably gives an overesti-
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mate of the MSIV fission product leakage consequence
for events involving containment failure.

There are two classes of severe accidents without contain-
ment failure that are potentially relevant to the MSIV
leakage issue. For both classes the MSIV leakage could
last for an extended time period (e.g., days). The first class
involves TMI-like scenarios in which the core is severely
damaged but is cooled in time to prevent vessel failure.
The second class involves vessel failure but core arrest
outside the vessel, probably as a cooled debris bed, with-
out containment failure. For both classes of accidents
without containment failure, there are two types of se-
quences that are of interest: (1) transients in which most
of the fission products are released to the suppression
pool and (2) LOCAs in which the release from the vessel
is to the drywell. The LOCA-type sequences provide a
larger source term in the drywell that is potentially avail-
able for release over an extended time period. Table 4.1
shows the results of a Source Term Code Package (STCP)
analysis fora LOCA-initiated core melt sequence without
containment failure (Ref. 23). The results indicate that,
although nearly 100 percent of the core inventory of
cesium is predicted to be released to the drywell, the
airborne fraction in the drywell is never higher than
approximately 2 percent. By five hours, the predicted
concentration is much smaller than | percent. Hence, the
assumption of | percent of the cesium available for re-
lease through the MSIVs for 30 days is an overestimate.

Detailed calculations with the STCP of fission product
conditions in the steam lines upstream of the MSIVs for
the dominant accident sequences would provide a better
treatment of the fission product source term for MSIV
leakage. Since these calculations were not available, the
NUREG-1169 results were used. For the low MSIV leak
rates in the BWROG survey, the use of this simple model
was considered adequate since an allowance for a signifi-
cantly larger source term at a given MSIV leak rate would
not have altered the conclusions. However, if much
higher leak rates are involved (e.g., from relaxation of the
technical specification leak rate limits), a reevaluation of
the source term and risk calculations may be warranted.

4.1.2.3 Transport Model

In the calculations of the dose reduction for various re-
lease paths in NUREG-1169, the fission products
available for leakage through the MSIVswere assumed to
be distributed uniformly throughout the steam phase in
the primary containment atmosphere (24,960 pounds of
steam) at 8§ minutes following reactor scram. All radionu-
clides other than the noble gases were assumed to be in a
particulate form. The particle size distribution was gener-
ated using the European nuclear society version of the



Table 4.1

Fraction of radionuclide group airborne in drywell for large

LOCA-initiated severe accident with no containment failure.

Time (hr) Iodine (fraction) Cesium (fraction)
1 1.9E-2 1.9E-2
1.1E-2 LIE-2
5 1.5E-5 1.5E-5

TRAP/MELT code and a large recirculation pipe break
scenario. The particle size distribution resulting from ag-
glomeration and settling of particles for 30 minutes in the
drywell was assumed to represent the particles in the cal-
culations for the mitigation paths.

The main steam lines will initially be at the normal oper-
ating temperature (550°F). Hence, for a significant
amount of time after MSIV closure, the pipe wall could
be hotter than the steam entering the pipes. This tem-
perature gradient would prevent settling of small parti-
cles onto the pipe surface. To account for this effect, no
credit was given for gravitational settling of particles in in-
itially hot parts of the main steam piping for the first 48
hours.

Following MSIV closure, these lines will begin to cool by
conduction to pipe hangers and other penetrations
through the insulation, convective heat transfer to the
ambient air from the insulation, and cooling by lower tem-
perature steam leaking through the MSIVs and down the
lines (the initially cool sections downstream of the turbine
bypass valves could be heated by this steam). Using typical
dimensions and properties of the pipes, insulation, and
pipe hangers, it was determined by PNL in NUREG-1169
that non-uniform cooldown of the pipe, primarily by the
pipe hangers, would lead to local axial temperature gradi-
ents sufficient to produce convective cells between adja-
cent pipe hangers and provide convective mixing of the
gases in the steam lines. The calculated convective veloci-
ties were much larger than the bulk flow velocity at the
lower MSIV leakage rates. These results led to the devel-
opment of a model of the piping as a series of well-mixed
volumes, with provisions for particle settling and radioac-
tive decay. The PNL digital computer programs using this
model to provide input for offsite dose calculations are
described in NUREG-1169.

4.1.2.4 Path Availabilities

As discussed in Section 4.1.1.1, successful operation of
the LCS mitigation path involves successful operator ac-
tion, successful mechanical operation of the LCS and
SGTS components, availability of ac power, reactor and
steam line pressures below the LCS interlock and isola-
tion setpoints, and MSIV leakage within the design capac-

ity of the LCS. In NUREG-1169, the availability of the
LCS mitigation path was estimated to be 0.8. This esti-
mate was based on an assumed availability of 0.9 for the
SGTS, a probability of successful operator action of 0.9,
and an LCS availability of 0.99 from assumed availabili-
ties of 0.9 for each of the two redundant trains. The esti-
mate did not include consideration of the effects of
seismic events on the LCS path components or the effects
of partial or complete loss of ac power or reactor and
steam line pressure interlock and isolation setpoints for
various core damage sequences.

The partial or complete loss of the LCS during events
involving station blackout (complete loss of ac power),
loss of ac power for one train of the LCS, or high reactor
pressure can have a major effect on the LCS availability.
Since vessel pressure is at least as high as containment
pressure, the system would be unavailable during periods
when the containment pressure is above the reactor
pressure interlock or isolation setpoints. In addition, for
portions of events involving small-break LOCAs or
stuck-open relief valves and the periods up to the time of
meltthrough of the bottom head for an intact reactor
coolant system, the system would be unavailable even for
normal containment pressure. For example, the effective
time window for operation of the LCS foran ATWS event
with early containment failure should be limited since the
vessel pressure signals prevent LCS operation until
failure of the bottom head, which in turn results in loss of
the driving pressure for MSIV leakage a short time later.

Seismic fragilities of the components in the LCS path and
scenario pressure histories to evaluate the effect of the
interlock and isolation setpoints were not available.
However, the results of recent PRAs indicate a significant
effect of loss of power. In the PRA for the BWR/3 plant
of Reference 18, for example, 63 percent of the core
damage frequency for internal events was attributed to
transients where the emergency coolant injection initially
succeeded, but was lost after 4 hours of operation. It was
noted that these sequences primarily involved station
blackout. Hence, the LCS path would have been
unsuccessful for some of these sequences. For the
purpose of sensitivity calculations, the high estimate of
the availability of the LCS was assumed to be 1.0 for both
seismic and non-seismic core damage events. However, it
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is noted that the availability of the LCS path in scenarios
that dominate risk is probably low because of the effects
of'station blackout and the reactor vessel pressure signals.

As noted in Section 4.1.1.2, the plant configuration at
shutdown would be expected to correspond either to the
isolated steam line path or one of the two configurations
(open steam line drain valves or open turbine bypass
valves) for the isolated condenser path. Hence, the
probability of successful operation of one of these
non-Seismic Category | paths is unity for non-seismic
events that do not involve component damage. However,
the key components in these paths, such as the turbines,
moisture-separator/reheater, and condenser, are not
designed to meet Seismic Category I criteria or any other
safety standards. Hence, there is a large uncertainty in the
response of these components to seismic events of
sufficient magnitude to cause core damage.

Following a seismic event, the various components in a
passive non-Seismic Category I path might be intact or
have had a breach in a pressure boundary. Hence, a
seismic event could have caused partial or complete loss
of the mitigation capability of the path. In this analysis,
only the following two states were considered: (1) an
intact path with the same decontamination factor as used
for non-seismic events or (2) a disabled path with a breach
in the pressure boundary resulting in a direct ground-
level release to the surroundings just downstream of the
outboard MSIV.

Historical information on the response to earthquakes of
piping, valves, condensers, and other components for the
alternative mitigation paths indicate that they can survive
substantial accelerations, some much larger than safe
shutdown earthquake (SSE) accelerations, without loss of
structural integrity and may often retain their functional
capability (Ref. 24). However, an evaluation of the
seismic response of the non-Seismic Category I paths was
not made for this analysis. Hence, in view of the large
uncertainties in the availability of these paths during
seismic events, the calculations were made for the
availability at a lower limit of 0 as discussed in Section 4.2.

4.1.2.5 MSIV Leakage Data

In 1984 the MSIV Leakage Control Committee of the
BWROG provided the NRC with the results of its evalu-
ation of the causes of high MSIV leak rates. PNL re-
viewed these results and concluded that (1) there was a
high likelihood that the committee had identified the key
causes of the excessive MSIV leakage and (2) most of the
leakage problems would be resolved if the committee’s
recommendations for corrective action were imple-
mented (see Appendix A to NUREG-1169). When
NUREG-1169 was published in 1986, there were no data
available to confirm these conclusions. However, over
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the period from 1984 to 1987 the MSIV Leakage Control
Committee recommendations on maintenance practices,
valve modifications, and leak test methods were imple-
mented by a number of licensees. The recent BWROG
survey, which was formally transmitted to the NRC in
August 1988 (Ref. 14) and reviewed by PNL, is summa-
rized in Table 4.2. It shows a large improvement in per-
formance over the leakage estimates used in the prioriti-
zation ofthis issue in 1983 (Ref. 6). The earlier survey had
indicated that 25 percent of the tests exceeded 100 SCFH,
with a mean leak rate of 1500 SCFH. In contrast, the new
survey showed that (1) over 75 percent of the valves tested
met the 11.5 SCFH technical specification leak rate limit,
and (2) only five of the 329 tests with specified leak rates
were in excess of 100 SCFH, with none over 550 SCFH.
This survey included results from 24 of'the 30 plants rep-
resented by the committee, or about two-thirds of the 38
plants now in commercial operation. It included an ap-
proximately proportional representation of valves from
the three main valve manufacturers. In addition, the
Leakage Control Committee included representatives
from most of the plants that historically had the worst
leak-test failure problems.

In Reference 15 PNL noted the following concerns:

1. For valves passing the leak test, the same leakage
value was often assigned to both inboard and out-
board valves, indicating that the actual reading for
two valves was assigned equally to each valve. This
would give overestimates of leak rate.

2. Several older plants with leakage problems appear
to be represented and may distort the industry aver-
age upward.

3. There appear to be several newer plants with initial
higher leakages that may be due to manufacturing or
installation problems. This could distort the distri-
bution to a higher value than obtained in mature
plants.

4. A number of tests results are given as “greater than”
some leakage rate or as “high.” The latter tests can
have a significant effect on the leakage over 11.5
SCFH. Since discrete data were not provided, the
data could not be fit to traditional distributions.

From its review of this survey, PNL concluded in Refer-
ence 15 that the data base conservatively represented the
capabilities of the BWR plant population. The data were
interpreted to mean that the industry had identified the
major causes of MSIV leakage problems and could cor-
rect them.

In the processing of this BWROG data for the risk calcu-
lations in Reference 15, PNLdecided to combine the data
from the inboard and outboard valves into one data set
since there was no apparent basis for separate treatment.
In addition, it was assumed that the distribution ofthe 29



data points with the “greater than” or “higher” designa-
tion would follow the same distribution as the 21 points
with discrete values greater than 30 SCFH. A simple ran-
dom number model was used to associate probability and
leak rate for a single valve, as summarized in Table 4.3.
The average leak rate for this distribution is about 30
SCFH.

The MSIV configuration for BWRs involves two valves in
series in each of the four parallel main steam lines. It was

assumed that the valves behave independently and fol-
lowed the above distribution. Two random numbers were
chosen independently to represent the inboard and out-
board valve leakage for a given line. The smaller of the
two leakages was taken as the leakage for that line. This
process was repeated for the remaining three lines and
the individual line leakages were summed. This process
was repeated a large number of times (N= 100,000) to
generate the frequency distribution for leakage from the
four lines presented in Table 4.4.

Table 4.2 MSIV performance summary.

a. 300 Tests with Specified Leak Rates

Number of Valves Tested
Inboard

Leak Rate, SCFH

Oto 11.5
11.5 to 20
20 to 30
30 to 40
40 to 50
50 to 60
60 to 70
70 to 80
80 to 90
90 to 100
100 to 110
110 to 500
500 to 550
>550
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Total 148

b. 29 Tests with Unspecified Leak Rates

Number of Valves Tested

Leak Rate, SCFH Inboard
CG>3 0’, 2
CC>3 7” O
€“>42.3” 4
C6>437, 3
“High” 7
Total ~16

Total

Outboard Number
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Table 4.3 Assignment of leak rate for single value based on random number occurrence.

Random Leak Rate Interval Assumed, Leak Rate Assigned,
Number SCFH SCFH
0 to 0.7751 0to 11.5 Linear from 0 to 11.5
0.7751 to 0.8146 11.5 to 20 Linear from 11.5 to 20
0.8146 to 0.8450 20 to 30 Linear from 20 to 30
0.8450 to 0.8732 30 to 40 Linear from 30 to 40
13 NUREG-1372



Table 4.3 Assignment of leak rate for single valve based on random number occurrence.

(cont’d)
Random Leak Rate Interval Assumed, Leak Rate Assigned,
Number SCFH SCFH
0.8732 to 0.9225 40 to 50 Linear from 40 to 50
0.9225 to 0.9648 50 to 100 Linear from 50 to 100
0.9648 to 1.0 100 to 1000 Linear from 100 to 1000

Table 4.4 Distribution for MSIV leakage into four steam lines.

Leakage Range,SCFH Probability Cumulative Probability

Oto 11.5 0.11943 0.11943

11.5 to 20 0.39334 0.51277

20 to 30 0.30839 0.82116

30 to 40 0.06923 0.89039

40 to 50 0.03464 0.92503

50 to 100 0.06447 0.98950

100 to 200 0.00607 0.99557

200 to 300 0.00110 0.99667

300 to 400 0.00087 0.99754

>400 0.00246 1.0000
The values of Table 4.4 give an average leak rate from tions could result in a significant decrease in line leakage
four steam lines of about 30 SCFH. The results also indi- from the values in Table 4.4.
cate that 95 percent of the events would have a leak rate
from four steam lines less than about 60 SCFH. For some risk calculations, the results of Table 4.4 for

four steam lines were collapsed to three coarse leakage

The above calculations did not correct for (1) the reduc- intervals in which the average leak rate for the interval
tion in leakage for some valve leakage combinations re- was assumed to be the leak rate at the upper limit of the
sulting from the sharing of the available pressure drop or interval. The results, shown in Table 4.5, correspond to an
(2) the additional block valve provided in the lines down- average leak rate of about 86 SCFH, which exceeds the
stream of the outboard MSIV for BWR/6s. These correc- 95th percentile value of Table 4.4.

Table 4.5 Coarse group leakage into four steam lines.

Leakage Interval, Mean Leakage,

SCFH SCFH Probability

0 to 46 46 091117

46 to 400 400 0.08637

400 to 4000 4000 0.00246
4.1.2.6 Risk Calculations power levels, with no correction for reactor type. The
In NUREG-1169, the outputs from the transport calcula- CRA(.DZ m.et.hod for estimating Fbe d ownwind dlspers1qn

- - L . of radioactivity uses the probabilistic meteorological bin

tions for the various mitigation paths were used in the i hod and . data fil .
digital computer code CRAC2 (Ref. 25) to calculate the samping met. 0d and requires a ¢ ata file conta.lnlng a
offsite doses for a range of MSIV leakage rates. Most of l-year. collection of hourly sequential meteorological ob-
the site and reactor characteristics needed for the servations. The data for WNP-2 for the year 1975, the
CRAC?2 calculation were based on WNP-2 (Ref. 26). The year with the most complete available data, were used.
core inventory used with CRAC2 gives the radionuclide However, a population density of 340 persons per square
activity foran 1120 MWe PWR. This was modified to rep- mile out to 50 miles was selected. This value was used in
resent WNP-2 in the present calculations by ratioing the the prioritization study of Issue C-8 in Reference 6 and
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represents the average population density for reactor
sites in the U.S.

The results of these dose calculations for the various miti-
gation paths is presented in Table 4.6 for three values of
the total leakage rate for the four steam lines. The three
leakage values in Table 4.6 are the upper limits of the
three coarse leakage intervals for total leakage from the
four steam lines developed in Section 4.1.2.5. The upper
limit of 400 SCFH for the second interval was chosen
since the LCS is assumed useful as a mitigation path only

if the total leakage from all steam lines is less than this
value. The table includes the CRAC?2 results for a direct
ground-level release to the atmosphere. These direct re-
lease results were used in the calculation of offsite dose
consequences for any non-Seismic Category | path when
no credit was taken for the path operability during a seis-
mic event. The doses due to a direct release were ob-
tained from a CRAC2 calculation for a leakage of 46
SCFH and the assumption that the dose was proportional
to leak rate.

Table 4.6 Coarse group dose consequences.

Leakage

Coarse Interval for

Group Four Steam

Number Lines, SCFH Probability
1 0 to 46 091117
2 46 to 400 0.08637
3 400 to 4000 0.00246
1 0 to 46 091117
2 46 to 400 0.08637
3 400 to 4000 0.00246
1 0 to 46 091117
2 46 to 400 0.08637
3 400 to 4000 0.00246
1 0 to 46 091117
2 46 to 400 0.08637
3 400 to 4000 0.00246
1 0 to 46 091117
2 46 to 400 0.08637
3 400 to 4000 0.00246

Average
Group
Leakage, Person-rem
SCFH Path per Event
46 LCS** 1.1E2
400 9.7E2
4000 _
46 UGLCS** 1.1E2
400 9.7E2
4000 9.7E3*
46 ISL** 3.5El
400 1.3E3
4000 2.7E4
46 IC** 6.4E0
400 5.6E1
4000 4.8E2
46 DR** 1.2E4
400 1.04E5
4000 1.04E6

* From value for 400 SCFH assuming same dose per unit SCFH.

** UGLCS = High-capacity LCS
DR = Direct ground-level release
LCS = Standard capacity LCS
IC =Isolated condenser
ISL= Isolated steam line

4.2 Value-Impact of Alternatives

4.2.1 Alternative Resolution No. 1 —

No Action

This alternative keeps the current requirements, systems,
and leakage treatment practices. It is assumed that plants
currently with an LCS would remain as they are and use
the LCS as the safety-grade means for treating leakage.
All licensees would be expected to continue their efforts
to maintain the LCS and satisfactory valve leakage per-
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formance. This alternative does not preclude a licensee
from proposing an alternative action based on plant-
specific considerations.

The results of the recent BWROG survey of MSIV leak
tests give much lower average leakage rates than those
derived for use in the prioritization of this issue in 1983.
The data available at that time were used to generate the
following coarse frequency distribution for leakage from a
single MSIV:
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Mean Leak Rate, SCFH Probability
11.5 0.58
55 0.17
1500 0.25

This table gives an average leak rate of 390 SCFH, which
is dominated by the contribution of 375 SCFH from the
group with the mean leakage of 1500 SCFH. In
NUREG-0933 (Ref. 6), this information was used to ob-
tain an average leak rate of about 90 SCFH from a single
steam line with two ofthese valves in series. The staffcon-
cerns in 1983 were the result of the reported high fre-
quency of these high leak rates which (1) could bypass
containment, (2) correspond to containment leakages
well above the typical allowable value in the technical
specifications (e.g., about 1%/day), and (3) were above
the capacity of the LCS. MSIV leak rates of 1500 SCFH
and 360 SCFH (the average leak rate from the four steam
lines) correspond to containment leak rates of about 9
and 2%/day, respectively.

In contrast, the recent BWROG data were used to obtain
an average leak rate of about 30 SCFH for a single valve
and an average leakage of about 7 SCFH per steam line.
This represents a reduction in average leak rate by a fac-
tor of about 13. The conservative selection of the coarse
group mean leak rates for the dose calculations of Table
4.6 corresponds to an average leak rate per line of about
22 SCFH and a reduction by a factor of about 4. As dis-
cussed in Section 4.1.2.5, the new BWROG data are con-
sidered to be representative of the current capability of
the BWR plant population.

If the turbine stop and control valves, turbine bypass
valves, and the main steam line drain valves are closed,
the plant configuration corresponds to the isolated steam
line path. The decontamination factor for this path is the
lowest of the non-Seismic Category I paths considered in
NUREG-1169 and is roughly equal to that for the LCS
path. With open turbine bypass valves or with open steam
line drain valves, there is better communication between
the MSIVs and the main condenser and a large increase in
the mitigation. This path is called the isolated condenser
path. Hence, if there were no operator action to select
some other mitigation path such as the LCS or SJAE and
offgas system paths, a plant with or without the LCS
should end up in a configuration with a decontamination
factor represented approximately by either the isolated
steam line path or the isolated condenser path.

Provided there is no loss of structural integrity that could
result in an assumed direct release of the MSIV leakage
to the surroundings, the decontamination factors for any
of the above paths result in a low risk to the public for the
average MSIV leak rates representative of the current
capability of the BWR plant population. This can be illus-
trated by considering the BWR plants in a particular
group, using'the total core damage frequency, and calcu-
lating the public risk due to MSIV leakage for each miti-
gation path, with an assumed probability of successful op-
eration of 1.0 for the given path. For the 20 plants
currently without an LCS, the average remaining life was
assumed to be 25 years/plant and the total core damage
frequency was assumed to be 2.0E-4/RY for non-seismic
events and 0.8E-4/RY for seismic events. The values of
dose per event from Table 4.6 for the three coarse groups
representing MSIV leakage were used to obtain the risk
estimates of Table 4.7.

Table 4.7 Risk estimates for selected mitigation paths.

Reactor Core Damage
Group Event Frequency
20 Older Non- 2E-4/RY
Plants Seismic
w/o LCS

Seismic  8E-5/RY

The following conclusions can be drawn from the results
of this table:
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Person-rem

Mitigation Person-rem/ for Reactor

Path RY Group
LCS 0.042 20.8
ISL 0.043 21.3
IC 0.002 1.2
LCS 0.017 8.3
ISL 0.017 8.5
IC 0.001 0.5
DR 1.8 900.0

1.  The decontamination factor for the isolated con-
denser path is much larger than that for the LCS or



isolated steam line paths. However, for the average
MSIV leakages considered, the dose consequences
for the latter paths are so low that the additional risk
reduction from use of the isolated condenser path
would be small.

2. The isolated steam line path or isolated condenser
path configurations cover the possible backup paths
to the LCS path. Hence, for non-seismic events a
large change in LCS availability results in a small
change in public risk, since credit can be taken for
these non-Seismic Category I paths. Also, for non-
seismic events, public risk resulting from MSIV
leakage should be small for plants with or without an
LCS, if current industry capability for controlling
MSIV leakage, as indicated by the BWROG data, is
maintained.

3. During a seismic event, loss of structural integrity re-
sulting in a breach in the pressure boundary of a key
component (e.g., main condenser) in a non-Seismic
Category I path might occur and result in a direct
ground-level release to" the surroundings. This
effect, which is illustrated in the table by the entries
for direct ground-level release, indicates that the
core damage frequencies for seismic events and the
assumptions about the seismic response of the paths
would have the major effect on consequences. How-
ever, the relatively small public risk values even for
the assumed direct ground-level release, suggest
only small potential benefits from additional actions
to reduce public risk due to MSIV leakage for the
small average leakages indicated by the BWROG
data.

4.2.2 Alternative Resolution No. 2 —Require
Addition of an LCS with Standard
Capacity to All Plants Currently
Without an LCS

This alternative affects only the 21 plants currently with-
out an LCS. The core damage frequencies for all plants in
this group were assumed to be those for the older
BWR/2s, BWR/3s, and BWR/4s. In the calculation ofthe
current public risk for this group, it is assumed that the
isolated steam line (ISL) path is the representative non-
Seismic Category I path.

For a plant with an LCS, it is assumed that the LCS path is
the preferred path for both seismic and non-seismic
events. If the LCS is not available, the backup path is as-
sumed to be the ISL path. To provide an overestimate of
the reduction in public risk resulting from this alternative,
the calculations are for a higher capacity LCS with no re-
duction in availability at the higher MSIV leak rates.
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For non-seismic events, the availability of the representa-
tive non-Seismic Category [ path would be 1.0, as dis-
cussed in Section 4.1. Hence, since either the LCS or the
representative non-Seismic Category I path would be
available, the risk for non-seismic events would be small,
as discussed in Section 4.2.1. The seismic events would
then dominate the change in public risk for this alterna-
tive unless the availability of the non-Seismic Category |
paths during a seismic event is also close to 1.0. For this
calculation, the direct release contributions for the seis-
mic events dominate and the reduction in public risk per
reactor year for this alternative is approximated by:

DELTARISK/RY =
CDFS*DOSEDR*(I-AVNSP)*AVLCS

Here CDFS is the frequency for seismically induced core
damage events in events per reactor year, DOSEDR is
the public dose in person-rems per event for a direct
ground-level release and is assumed to be proportional to
the average leak rate from the four steam lines. AVNSP is
the availability of the representative non-Seismic Cate-
gory I path, and AVLCS is the availability of the LCS
path. The total public risk reduction for the BWRs af-
fected by this alternative is given by:

PUBLIC RISK REDUCTION =
NPLANT*REMY*DELTARISK/RY

where NPLANT, the number of plants involved, is 21 and
REMY, the average remaining years per plant, is as-
sumed to be 25.

A high estimate of the public risk reduction for this plant
group would be obtained by using high estimates for
CDFS, AVLCS, and DOSEDR and a low estimate for
AVNSP. Using the 95th percentile value of 60 SCFH for
the MSIV leakage, 2.7E-4/RY for CDFS, an upper limit-
ing value of 1.0 for AVLCS, and a lower limiting value of0
for AVNSP, the public risk reduction per reactor year is
4.3 person-rems/RY, and the total public risk reduction is
about 2200 person-rems. Calculations, including the loss
of availability of the standard capacity LCS at MSIV leak
rates above 400 SCFH, would give about a 15 percent
lower total public risk reduction for this alternative.

This alternative involves a one-time increase in occupa-
tional exposure during installation of the LCS and the
continuing occupational exposure during routine
maintenance and surveillance of the LCS over the re-
maining reactor years. The staff cost estimate for installa-
tion of the LCS (Ref. 27) gave an estimated 6155 person-
hours of plant labor at 2 millirems/hr for installation of
the LCS at these older plants. The routine maintenance
and surveillance is assumed to require 100 person-hours/
RY at 2.5 millirems/hr over an average remaining life of
25 years for these older plants. Hence, the net change in
occupational exposure resulting from this alternative is:
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(21 plants) (6155 hrs/plant) (2 millirems/hr) +
(21 plants) (25 yrs/plant) (100 hrs/RY) (2.5 millirems/
hr) = 260+130 = 390 person-rems.

The industry implementation costs for this alternative are
based on a staff estimate (Ref. 27) of the installation cost
for an LCS with a standard capacity. The estimate in-
cluded hardware and equipment costs, installation labor,
engineering and quality assurance, and health physics, in-
cluding anticontamination clothing. The estimate was ob-
tained from the Phase VII Update (1986) BWR Supple-
ment of the Energy Economic Data Base Program and
modified by the staff FORECAST model. The estimated
cost is:

Equipment, Hardware, and Material $166,500
Installation Labor Costs $384,000
Engineering and Quality Assurance $128,000
Health Physics $ 36.000

Total $714,500

It was assumed that this installation could be accommo-
dated within a normally scheduled plant outage and that
there would be no outage costs. For 21 plants, the total
installation cost is $15.0 million. It was assumed that 4
person-weeks per plant would be required to modify the
technical specifications and prepare approved operating
procedures. At $50/person-hour, this industry cost would
be:

(21 plants) (4 person-wks/plant) (40 hrs/wk )($50/hr) =
$0.17 million.

Hence, the total industry implementation cost for instal-
lation of the LCS and documentation is $15.2 million.

The net change in industry operating costs for this alter-
native is based on an assumed increase of 100 person-
hours per reactor year for routine maintenance and sur-
veillance operations for the LCS. With an assumed labor
cost of $40 per hour and an average remaining plant life of
25 years, the industry operating costs, discounted to 1989
dollars with a 10 percent discount rate is:

(21 plants) (100 person-hours/RY) ($40/hr) (9.077) =
$0.8 million.

The NRC costs to follow the installation of the LCS is es-
timated to be 2 person-weeks per plant. Since changes to
the technical specifications are needed, an NRC cost of
$10,400 per plant is estimated based on an assumption of
4 person-weeks of technical time, 2 person-weeks of man-
agement and legal time, and $800 for Federal Register no-
tices. For the 21 plants, the estimated NRC costs are:

(21 plants) (2 person-wks) (40 hrs/wk) ($40/hr) +
(21 plants) ($ 10,400/plant) = $286,000.
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The above contributions give the best estimate value for
the net change in total industry and NRC costs for this al-
ternative as an increase of $16.3 million. This increase is
dominated by the installation cost for the LCS. The major
uncertainty for installation costs is considered to be the
possible additional costs if the installation could not be
completed within the normally scheduled plant outage.
Since this effect was not included, correction for this un-
certainty would lead to a higher cost. Assuming a 30 per-
cent allowance for uncertainty in cost, the low estimate
for total industry and NRC cost is $11.4 million.

From the above results, the low estimate of the value-
impact ratio (net change in total industry and NRC costs
divided by public risk reduction) is § 11.4 million/2200 per-
son-rems or $5200/person-rem. Hence, an additional fac-
tor of 5 increase in the dose for a given MSIV leak rate to
allow for uncertainties in the source term is available. If
the best estimate values for CDFS (0.8E-4) and MSIV
leak rate from four steam lines (30 SCFH) were used with
the same limiting values for AVLCS (1.0) and AVNSP
(0), the value-impact ratio would increase by about a fac-
tor of 7 to $35,000/person-rem.

Ifthe value term is changed from the net change in public
risk to the net change in the sum of public risk plus occu-
pational exposure, the low estimate of the value-impact
ratio would become $11.8 million/(2200-390) person-
rem, or about $6500/person-rem. For this case, use of the
best estimate value for CDFS and MSFV leak rate with
the limiting values for AVLCS and AVNSP would result
in a small increase in the sum ofthe public risk and occu-
pational exposures for this alternative.

4.2.3 Alternative Resolution No. 3 —Require
Upgrading of the Capacity of a Cur-
rently Installed LCS and Addition of a
Higher Capacity LCS to Plants Cur-
rently Without an LCS

A higher capacity LCS would be a possible alternative if
current MSIV leakage tests still indicated a high fre-
quency of high leakage rates such as used in
NUREG-0933. In the evaluation of this alternative, the
capacity of the higher capacity LCS was arbitrarily taken
as 4000 SCFH to correspond to the upper limit of 1000
SCFH per valve used in the treatment of the BWROG
test data. This permitted elimination ofloss of availability
of the system because of high MSIV leakage. The higher
capacity system was assumed to give the same offsite dose
per unit leakage from the steam lines as the standard ca-
pacity LCS. Hence, the differences in dose consequences
between this system and the standard LCS result from
leakages from the four steam lines in excess of 400 SCFH.
For the low MSIV leak rates of the BWROG survey,
there is a small change in LCS availability with increase in
LCS capacity. The reduction in public risk resulting from
installation of a more costly higher capacity LCS is



bounded by the results of Alternative 2. In addition, up-
grading of the standard capacity LCS would result in a de-
crease in public risk that is less than about 10 percent of
the risk reduction of Alternative 2 and, hence, should be
less cost effective than Alternative 2.

4.2.4 Alternative Resolution No. 4 —Disable
the LCS at All Plants

This alternative involves only the 14 plants currently with
a negative pressure LCS. With removal of the LCS, it is
assumed that the preferred paths change from the LCS to
the isolated steam line path used in Alternative 1. The
magnitude ofthe net change in publicrisk for this alterna-
tive differs from that of Alternative 2 because it involves a
smaller number of plants with an assumed average
remaining life of 34 years/plant. The high estimate of the
change in public risk for this alternative is an increase of
about 2000 person-rems. If the best estimate values for
CDEFS (0.8E-4/RY) and MSIV leak rate into four steam
lines (30 SCFH) were used with the same values for
AVLCS (1.0) and AVNSP (0), the above value would
decrease by about a factor of 7.

This alternative results in a one-time increase in occupa-
tional exposure to take the LCS out of service at 14 plants
and a decrease in occupational exposure because the rou-
tine maintenance and surveillance operations for this sys-
tem would no longer be needed. It is estimated that 100
person-hours at 2.5 millirems/hr would be needed to dis-
able the LCS. It is assumed that 200 person-hours per re-
actoryear at 2.5 millirems/hr are needed for maintenance
and surveillance operations for a typical current LCS.
The resulting net change in occupational exposure is a de-
crease of 235 person-rems.

The industry costs to take the LCS out of service at the 14
plants involves a one-time labor cost to disable the LCS
plus the cost to revise the technical specifications and op-
erating procedures. It is estimated that 100 person-hours
of plant labor at $40/hr would be needed to disable the
LCS and 160 person-hours at $50/hr would be needed for
the documentation changes. The resulting net change in
industry implementation costs for this alternative would
be an increase of $0.17 million. In addition, after the dis-
abling of the LCS, the routine maintenance and surveil-
lance costs for the 14 plants with an assumed average re-
maining life of 34 years would no longer be needed. As-
suming 300 person-hours per year for this operation, and
discounting to 1989 dollars with a 10 percent discount
rate, this would result in a net decrease in operating costs
of § 1.61 million. The total net change in industry costs is a
decrease of $1.44 million.
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The NRC costs to implement this alternative would be
staff time to formulate and approve the directive to licen-
sees; revise regulatory guides, standard technical specifi-
cations, and standard review plans; and obtain manage-
ment and legal review. This is estimated to require 40 per-
son-weeks. In addition, about 1 person-week and $10,400
per plant would be required for review of changes to plant
technical specifications. The total costs would be:

(1600 person-hrs)($40/hr) + (14 plants)($ 10,400/plant)
+ (14 plants)(40 person-hrs/plant)($40/hr)
= $0.23 million.

This one-time cost increase would be partially offset by a
small cost saving resulting from elimination of any NRC
followup costs related to the LCS, giving a net cost of
$0.21 million.

The net change in industry and NRC costs resulting from
implementation of this alternative is a decrease of $1.23
million for the 14 plants in this group.

4.2.5 Alternative Resolution No. 5S—Imple-
ment Alternative Mitigation Paths for
Plants With and Without an LCS

As shown in NUREG-1169, the two versions of the iso-
lated condenser path (open steam line drain valves or
open turbine bypass valves), the steam jet air ejector path,
and the mechanical vacuum pump (or turbine gland ex-
hauster) path had approximately the same calculated de-
contamination factors that were larger than those for the
LCS and isolated steam line paths. Of these, the two ver-
sions of the isolated condenser path and the isolated
steam line paths involve the configurations considered to
represent the endpoint configurations that would be
reached without operator action or the need for power.

In this alternative, it is assumed that, for a non-seismic
event, the operator selects one of these more effective
paths as the preferred path and that the isolated steam
line path represents the backup path. For seismic events,
it is assumed that the LCS would be selected as the pre-
ferred path, if available, and that the isolated condenser
path represents the backup path.

The results show that the differences in public risk for the
various mitigation paths are very small. The net change in
public risk for this alternative would be less than about 20
person-rems. This alternative would involve additional
industry and NRC costs associated with documentation
changes. These costs were not estimated because of the
small predicted risk reduction.
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5. DECISION RATIONALE

This generic issue deals with staff concerns about public
risk because of the excessive number of failures of the
MSIVs for BWRs to meet the allowable technical specifi-
cation leak rate limit and the limitations of the LCS re-
quired at later plants to mitigate the consequences of
MSIV leakage. The issue was initiated in 1983 to evaluate
(1) the causes of the MSIV leakage failures, (2) the effec-
tiveness of the LCS and alternative mitigation paths, and
(3) the need for additional regulatory action to reduce
public risk. Independently, the BWROG formed the
MSIV Leakage Control Committee to determine the
causes of the high MSIV leakage rates and develop rec-
ommendations for reducing the leakage. The BWROG
committee provided the staff with reports dealing with
this assessment of leakage, potential operator actions to
control MSIV leakage, and improved calculation meth-
ods to assess the dose consequences of MSIV leakage.

The efforts of the staff and its contractor, PNL, (through
1986) were covered in NUREG-1169. Calculations in this
report indicated that several non-Seismic Category I miti-
gation paths have larger decontamination factors than the
negative pressure LCSs currently installed at BWRs. It
was concluded that the BWROG recommendations for
improving the MSIV leakage performance could solve
most of the leakage problems, if implemented. However,
there were no data available at that time to confirm this
judgment. In August 1988 the results of a new BWROG
survey of MSIV leak tests from 1984 through 1987 were
formally transmitted to the staff. This survey, which shows
a significant improvement in MSIV leakage performance,
was reviewed by PNL and considered to represent the
current capabilities of the BWR plant population. PNL
updated the risk calculations of NUREG-1169 to include
the new BWROG data and estimates of the effects of
seismic events in the value-impact evaluation done in sup-
port of this regulatory analysis (Ref. 15).

On the basis of the results of this value-impact analysis
and the PNL evaluation of the new BWROG data, it is
concluded that no backfit requirement to limit public risk
associated with MSIV leakage or the LCS is warranted
and that Alternative | should be adopted. This alternative
maintains the current requirements, systems, and leakage
treatment practices. This conclusion is based on the fol-
lowing considerations:

1. The new BWROG survey involved 24 of 30 plants
represented on the BWROG Leakage Control
Committee, or about two-thirds of the 38 BWRs
now in commercial operation. Of the 329 tests in-
volving representation from the three major valve
manufacturers, 77 percent met the 11.5 SCFH
specification and only one test reported a leak rate in
excess of 500 SCFH. The average leak rate was esti-
mated to be about 30 SCFH for a single valve and 7
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SCFH for a single steam line with two valves in se-
ries. In contrast, the MSIV data available in 1983 in-
dicated that only 58 percent of the valves passed the
leak test, about 25 percent had leak rates with a
mean value of 1500 SCFH, and the average leak rate
for a single valve was about 390 SCFH. This new
data base for MSIV leakage was judged to represent
the current capability of the BWR population and
was interpreted to mean that the industry has identi-
fied the major causes of MSIV leakage and can cor-
rect them.

It is noted that an increase in MSIV leakages for the
BWR industry to levels that are significantly outside
the range of data assumed in this analysis would be
cause for reevaluation of these conclusions. MSIV
leak rates (although not a generic problem at this
time) should not be allowed to return to the high ob-
served leak rates noted prior to 1983. Hence, contin-
ued staff surveillance of industry experience with
MSIVs and continued efforts by industry to maintain
satisfactory MSIV performance are warranted. Al-
though increases in MSIV leak rate translate into in-
creased public risk, considerations of modest in-
creases in allowable leakage may be justifiable on a
case-by-case basis.

The cost-benefit analyses of Alternatives 2 and 3,
dealing with (1) the addition of standard capacity
LCSs to plants currently without an LCS and (2)
adding higher capacity LCSs and upgrading the ca-
pacity of the LCSs currently installed at BWRs show
that neither alternative is cost-effective.

Alternative 4 involved removal of the LCS from the
14 plants that currently have a negative pressure
LCS. This resulted in an estimated net savings of
$1.23 million for the 14 plants in this group and a
high estimate of an increase in public risk of 2000
person-rems. The net change in the sum of public
risk and occupational exposure resulting from this
alternative is estimated to range from an increase of
about 1800 person-rems to a decrease of less than
200 person-rems. In view of the uncertainties in the
estimates and the small net changes involved, it is
concluded that there is insufficient basis for a ge-
neric requirement to remove the LCS from opera-
tion, although plant-specific requests to remove the
LCS may be justifiable. Such requests for removal of
the LCS may require an exemption from 10 CFR
Part 100 concerning credit for non-safety-grade
paths after removal of the LCS.

Alternative 5, which involved the use of other non-
Seismic Category | paths with larger decontamina-
tion factors resulted in a very small reduction in pub-
lic risk. Hence, a generic requirement to implement
this alternative is not warranted. A generic letter
that referred to the possible benefit of these paths
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was sent to all licensees, and the paths have been
evaluated by the BWROG.

IMPLEMENTATION

No regulatory action is necessary for resolution of this is-
sue. This regulatory analysis and the PNL report in sup-
port of this regulatory analysis will be made publicly avail-
able as part of the normal distribution.
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