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L UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

February 1, 1984

TO ALL OPERATING PHR LICENSEES, CONSTRUCTION PERMIT HOLDERS AND
APPLICANTS FOR CONSTRUCTION PERMITS

SUBJECT: SAFETY EVALUATION OF WESTINGHOUSE TOPICAL REPORTS DEALING WITH
S IMINATION OF POSTULATED PIPE BREAKS IN PHR PRIMARY MAIN LOOPS
(GENERIC LETTER-84-04)

References: 1. WCAP 9558, Revision 2 (May 1981) wMechanistic Fracture
Evaluation of Reactor Coolant Pipe Containing a
Postulated Circumferential Throughwall Crack"

2. WCAP 9787 (May 1981) "Tensile and‘Toughness Properties
of Primary Piping Weld Metal for Use in Mechanistic
Fracture Evaluation”

3. Letter Report NS-EPR-2519, E. P. Rahe to D. G. Eisenhut
(November 10, 1981) Westinghouse Response to Questions
and Comments Raised by Members of ACRS Subcommittee on
Metal Components puring the Westinghouse Presentation
on September 25, 1981.

The NRC staff has completed its review of the above-referenced Westinghouse
topical reports and letter report. These reports were submitted to address
asymmetric blowdown loads on the PWR primary systems that result from a
1imited number of discrete break locations as stipulated in NUREG-0609, the
staff's resolution of Unresolved Safety Issue A-2. . R

The staff evaluation concludes an acceptable technical basis has been provided
so that the asymmetric blowdown loads resulting from double ended pipe breaks
in main coolant loop piping need not be considered as a design basis for the
Westinghouse Owner's Group plants,* provided the following two conditions

are met:

1. Reactor primary coolant main loop piping at Haddam Neck
and Yankee Nuclear Power Station are acceptable provided
the results of seismic analyses confirm that the max imum
bending moments do not exceed 42,000 in-kips for the highest
stressed vessel nozzle/pipe Jjunction.

*1, D, C. Cook 1 9. R. E. Ginna

2. D. C Cook 2 10. San Onofre 1 , ES
3. H. B. Robinson 2 11. Surry 1 ﬁZ’
4. Zionl : 12. Surry 2 ,1:7}
5. Zion 2 13. Point Beach 1 s Lf}g
6. Haddam Neck 14. Point Beach 2 y y
7. Turkey Point 3 15. Yankee ) /‘\) y
8. Turkey Point & 16. Fort Calhoun (CE NSSS

y ‘ Al
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2. Leakage detection systems at the facility should be
sufficient to provide adequate margin to detect the
leakage from the postulated circumferential throughwall
flaw utilizing the guidance of Regulatory Guide 1.45,
"Reactor Coolant Pressure Boundary Leakage Detection
Systems," with the exception that the seismic qualification
of the airborne particulate radiation monitor is not
necessary. At least one leakage detection system with a
sensitivity capable of detecting 1 gpm in 4 hours must be
operable.

Authorization by NRC to remove or not to install protection against asymmetric
dynamic loads (e.g., certain pipe whip restraintsg in the primary main coolant
Toop will require an exemption from General Design Criteria 4 (GDc-4),
Licensees must Justify such exemptions on a plant-b -plant basis. In such
exemption requests, licensees should perform a safety balance in terms of
accident risk avoidance attributable to protection from asymmetric blowdown
loads versus the safety gains resulting from a decision not to use such
protection. In the latter category are (1) the avoidance of occupational
exposures associated with use of and subsequent removal and replacement of
Pipe whip restraints for inservice inspections, and (2) avoidance of risks
associated with improper reinstallation. Provided such a balance shows a

net safety gain for a particular facility, an exemption to GDC-4 may be

restraints which would have otherwise been required to accommodate double-
ended break asymmetric dynamic loading in the primary coolant loop.

The reports referenced in this letter evaluated the limiting or bounding
break locations for all the A-2 Westinghouse Owner's Group plants. The
fracture mechanics analyses contained in these reports demonstrated that
the potential for a significant failure of the stainless steel primary

required. The staff's technical evaluation, which is attached, supported
the conclusions of the Westinghouse reports. (For information also
attached is the staff's regulatory analysis of this issue.) The staff
intends to proceed with rulemaking changes to GDC-4 to permit the use of
fracture mechanics to Justify not postulating pipe ruptures. The staff
will make every effort to expedite rulemaking and will Jook forward to
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eric letter with enclosed topical report evaluation,
E. P. Rahe of Westinghouse is being

Caanlil”

.g%fsenhut, Director

Division of Licensing .
office of Nuclear Reactor Regulation

By copy of this gen
and the regulatory analysis, Mr.
informed of this action.

Do

Enclosures:
1. Topical Evaluatign Report

2. Regulatory Anal sis



TOPICAL REPORT EVALUATION

Report Title and Number: 1. Mechanistic Fracture Evatuation of Reactor
Coolant Pipe Containing 2 Postulated Circum-
ferential Throughwall Crack, WCAP 9558, _Rev. 2,
Westinghouse Class 2 Proprietary, May, 1981.

2. Tensile and Toughness Properties of Primary Piping
Weld Metal For Use In Mechanistic Fracture Evalua-
tion, WCAP 9787, Westinghouse Class 2 Proprietary,
May, 1981,

3. Westinghouse Response to Questions and Comments
Raised by Members of ACRS Subcommittee on Metal
Components During the Westinghouse Presentation
on September 25, 1981, lLetter Report NS-EPR-2518,
E. P. Rahe to Darrell G. Eisenhut, November 10,
1981.

1.0 Background

In 1975, the NRC staff was informed of some newly defined asymmetric loads that
result by postulating rapid-opening double-ended ruptures of PWR primary piping.
The asymmetric loads produced by the postulated breaks result from the theore-
tically calculated pressure imbalance, both internal and external to the primary
system. The internal asymmetric loads result from a rapid decompression that
causes large transient pressure differentials across the core barrel and fuel
assembly. The external asymmetric loads result from the rapid pressurization
of annulus regions, such as the annulus between the reactor vessel and the
shield wall, and cause large transient pressure differentials to act on the
vessel. These large postulated Joads are a consequence of the rapid-opening
break at the most adverse location in the piping system.

The staff requested, in June 1976, that the owners of operating PWRs evaluate
their primary systems for these asymmetric loads. Most owners formed owners
groups under their respective NSSS vendors to respond to the staff request.
The Babcock and Wilcox (B&W) and Combustion Engineering (CE) owners groups
each submitted a probability study, prepared by Science Apptications Inc., and
the Westinghouse owners submitted a proposal for augmented inservice inspection.
The staff reviewed these submittals and concluded at that time that neither
approach was acceptable for resolving this problem. ‘In general, the staff
concluded that the existing data base was not adequate to support the con-
clusions of the probability study and that the state-of-the-art for jnservice
inspection alone was not acceptable for this purpose.
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The staff formalized these conclusions in a letter to the owners of all operat-
ing PWRs in January 1978. This Tetter also reiterated our desire to have the
PWR owners evaluate their plants for asymmetric loads. Plant analysas for
asymmetric loads were submitted to the staff for review in March and July

1980. The results of these plant analyses indicated that some plants would
require extensive modifications if the rapid-opening double-ended break is
required as a design basis postulation,

Also, in the interim, the technology regarding the potential rupture- of rela-
tively tough piping such as is used in PWR primary coolant systems, has
advanced significantly. Thus, a much better understanding of the behavior
of flawed Piping under norma) and even excessive loads now exists. The

NRC staff utilized these technological developments in its review. Tests

analyses indicate that the probability of a full double-ended rupture of
tough piping in a typical PWR primary coolant system is vanishingly small.
j i ng is discussed in NUREG-0691 and other
references listed in Section & of this evaluation.

In parallel with the performance of plant analyses for asymmetric loads, some
owners, anticipating potentia) modifications resulting from the double-ended
rupture assumption, engaged Westinghouse to perform a mechanistic fracture
evaluation to demonstrate that an assumed double-ended rupture is not a
credible design basis event for PWR primary piping. Upon completion of

this evaluation, Westinghouse, on the owners group behalf, submitted to

the staff for review the topical report, "Mechanistic Fracture Evaluation

pe Containing a Postulated Circumferential Through-
wall Crack," WCAP 9558, Rev. 2. 1In response to questions raised by the
staff, a second report, “Tensile and Toughness Properties of Primary

Piping Weld Metal For Use In Mechanistic Fracture Evaluation," wCAP 9787,
was also submitted by Westinghouse for oup review. In addition, in the

2.0 Scope and Summary of Review

The analyses contained in WCAP 9558, Revision 2, were performed to demon-
strate, on a dete . ipjstic basis, that the Potential for a significant
failure of the stainless stee) primary piping for the faci1itie§ identi-

down Loads on Reactor Primary Coolant Systems," or for requiring installation
of pipe whip or jet impingement devices for any postulated break location on

these lines. Consequently, the staff's review focuses only on the structural
integrity of PWR main reactor coolant loop Piping and does not consider other
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issues such as containment design, release of radioactive materials, or ECCS
design at this time.

Our evaluation includes definition of general criteria that can be used to
evaluate the integrity of piping with large postulated loads and cracks.
However, because application of the safety criteria requires system specific
input that -would vary significantly in LWR piping systems and because there
can be significant differences in pipe loads and materjals at various other
nuclear facilities, our review and conclusions again apply only to the
plants named in WCAP 9553, Rev. 2.

Based on our review and evaluation, we have concluded that sufficient technical
information has been presented to demonstrate that large margins against
unstable crack extension exist for stainless steel PWR primary piping postu-
lated to have large flaws and subjected to postulated safe shutdown earthquake
(SSE) and other plant loadings. However, several plants in the owners group
previously have not performed seismic analyses to define the SSE loading.

These analyses are now being conducted for two domestic facilities as part of
the Systematic Evaluation Program. Until the analyses are completed, we will be
unable to make a final decision on the affected facilities. For the remaining
facilities included in the Westinghouse Owners Group, the safety margins
indicate that the potential for failure is low enough so that full double-
ended breaks need not be postulated as a design basis for defining structural
loads. Also, because the safety margins are large, we tentatively conclude
that the facilities not having seismic analyses are conditionally acceptable
provided that the seismic analyses confirm that SSE loadings are less than the
maximum acceptable levels jdentified later in this safety evaluation.

The remainder of this safety evaluation includes a summary of the topical
reports, our evaluation of the reports, and the bases for our conclusions and
recommendations.

3.0 Summary of Topical Reports

The information contained in topical reports WCAP 9558, Rev. 2, and WCAP 9787
included a definition of the plant-specific primary piping loadings; analyses
to define the potentipl for fracture from ductile rupture and unstable flaw
extension; materials tests to define the material tensile and toughness pro-
perties; and predictions of leak rate from flaws that are postulated to exist
in PWR primary system piping. The essential aspects of these areas are
summarized below.

3.1 Loads

Reactor coolant pressure boundary (RCPB) piping is required to function under
loads resulting from normal as well as abnormal plant conditions. Loads acting
on the RCPB piping during various plant conditions include the weight of the
piping and its contents, system pressure, restraint of thermal expansion,
operating transients jn addition to startup and shutdown, and postulated
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seismic events. 1In the design of this piping, the limiting Toading combina-
tion must be determined. The operating facilitfes that have been evaluated as
part of the Westinghouse Owners' Group are shown in Table 1.

Based on the loads reported by westinghouse. bounding loads were defined to -
envelope the Plant-specific loads; these bounding 10ads were used in the
fracture mechanijcs analyses that were performed to determine the potential
for flaw-induced fracture anywhere within the primary system main lToop piping.

3.2 Fracture Mechanics Analysis

An elastic-plastic fracture mechanics analysis was performed to demonstrate
that large margins against double-ended pipe break would be maintained for PWR
stainless stee) primary piping that contains a large postulated crack and is
subjected to large postulated loadings. Key tasks in the analyses were to
determine (1) if the Postulated flaw would grow larger on the application of
the load, and (2) it any additional crack growth that might occur would be
stable and not result in a complete circumferential break. The analysis was
performed using axia) and bending loads that are upper bounds of the loads
associated with the facilities identified in Table 1. For analytical purposes,

TABLE 1
Operating Facilities**
Included in Westinghouse A-2 Owners Group

Haddam Neck*

D. C. Cook No. 1 &2
R. E. Ginna

Point Beach No. 1 & 2
H. R. Robinson -
San Onofre No. 1
Surry No. 1& 2
Turkey Point No. 3 &4
Yankee Rowe *

Zion No. 1 & 2

Fort Calhoun

*Seismic requirements did not exist for
these plants.

**The Owners Group list of operating facilij-
ties included a foreign facility, Ringhals
No. 2 over which the NRC has no regulatory
authority. Thus, we made no formal Jjudgments
regarding this facility., :
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_a throughwall crack, seven inches in length around the circumference, -was
postulated to exist in the pipe at the section where the bounding bending
moments and axial forces occur. This flaw is sufficiently large so that it
would be very unlikely to exist undetected during normal operation. (As
discussed in NUREG-0691 (Ref. 8), no PWR primary coolant system degradation
has been detected to date.)

The fracture mechanics analysis required determination of a numerical value
for a parameter that represents the potential for the growth, or extension, of
a crack in & pipe that is subjected to specific system loads. This parameter
is called the J integral (Ref. 1) and is denoted as J. The J integral is
typically employed in fracture evaluations where the section containing the
flaw undergoes some plastic deformation due to the loading. Extension or
growth of an existing flaw occurs when the value of J reaches a critical value
called J initiation, which normally is denoted as JIc'

when extension of the existing crack is predicted, it is necessary to evaluate
this extension and determine if it occurs in a stable manner or if the crack
will extend in an uncontrolled manner and result in a doubled-ended break.

The NRC staff requires inat predicted crack extension be evaluated to assess
stability. To comply with this requirement, the Owners Group evaluated the
predicted crack extension using the tearing stability concept and the tearing
modulus stability criterion (Ref. 2). The tearing stability concept is used
when the mechanism for flaw extension is ductile tearing. This mechanism can
be expected to prevail for the primary piping materials in the Owners Group's
facilities which are discussed further in the following sections. The tearing
modulus is the parameter used to measure the stability of crack extension and
is denoted as T. Tearing modulus is defined as '

_d E | (1)
Toa o

where %% indicates the increment of J needed to produce a specified increment

of crack extension at any given Joad and crack state,
E is the material elastic modulus, and

9, is the material flow stress defined as one half the sum
of the material yield and ultimate strengths

To determine the margin against fracture, the values.of J and T are first
calculated for the structure using the applied loads and specified crack
geometry. The values obtained from the structural analysis create the potential
for fracture and are denoted as J applied, or Japp’ and T applied or Tapp'

The resistance of the structure to fracture is determined experimentally from
materials test data that show the relationship between J and crack extension.
This relationship is called the J resistance, or J-R, curve. From this curve
the material tearing modulus, or the resistance to unstable crack extension,

is obtained and is denoted as Tmat' At any specified J level greater than-

JIc’ stable crack Extension will occur when



T}nat > Tapp

The amount by which Tﬁat exceeds Tapp 1s a measure of the margin agafnst

unstable crack extension or, in this case, the margin against a double-ended
break upon application of the loading to the flawed pipe.

Topical report WCAP 8558 contains the results of the analyses performed to
.determine Japp and Tapp' The value of Japp was determined from an elastic-

Plastic analysis using a finite element computer code. The analysis was based
on the bounding load conditions, the postuylated seven-inch circumferential
throughwall crack, and a lower bound material stress-strain curve obtained at
600°F. The value of Tapp was obtained using previously developed analytical

methods contained in Reference 3.

The material J-R curves used to determine if crack growth would occur under
the postulated loading and flaw conditions and to define values of Tmat are

defined in WCAP 9558 for base metal and in WCAP 9787 for weld metal. The
carbon steel safe-end is discussed in the Westinghouse response to ACRS

questions (Subject Document No. 3). A summary of the scope of the materfals
testing follows. _

3.3 Materials Testing Program’

Base metals representative of those in plants included in the Westinghousa
Owners Group were selected for testing. A1l plants in the Westinghouse Owners
Group have wrought stainless stee) primary coolant Piping except one, which
has centrifugally cast stainless steel piping.

Westinghouse selected three heats of cast and three heats of wrought stainjess
steel for testing. Westinghouse also conducted tests of weld metals to demon-
strate that the tensile and fracture toughness properties of the weld meta)
are comparable to those determined for the base metal in the primary piping

n each of the plants in the Owners Group and to define the details of
each weld, such as the welding process, electrode size and material, thermal
treatment, and other pertinent information. Based on the survey results, a
matrix of representative welding parameters was established and a set of six
representative welds was fabricated using typical 2:5~inch-thick base plata.

The welds were then radiographically examined and heat treated where applicable.
Compact tension and tensile specimens were machined from each weld and tested.
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J-resistance (J-R) curves to measure material fracture resistance were generated
by multiple specimen testing at 600°F using compact tension specimens at conven®
tional and dynamic loading rates for five of the six heats of base metal.
J-resistance curves for the sixth heat of base metal and the weld materials

were generated at 600°F using conventional- rates only. The conventional load
rate testing and J calculations were performed in accordance with the procedures
presented in Reference 4. To perform the dynamic toughness test, Westinghouse
used a procedure to stop the tests at predetermined displacements, thus allowing
development of a J-resistance curve from multiple-specimen dynamic testing.

A minimum of five specimens were tested at conventional and dynamic loading
rates for each of the base metal heats. The base metal specimens were machined
from pipe sections and oriented so that the crack would grow in the circumferen=
tial direction of the pipe. westinghouse estimated JIc and Tmat values for

each of the heats of materials tested.

The values of JIc and Tmat were estimated from the slopes of the best-fit
straight line through the data points for each base metal heat. Tmat was then

adjusted to account for the nonlinear effects of crack extension using a variation
of the incremental correction scheme suggested by Ernst, et al. (Ref. 5). For
the fast rate tests, the data points exhibited a large amount of scatter and,

in some cases, there were not enough data points to estimate JIc or Tmat'

minimum of three specimens were tested for each weld metal using the same test
procedure that was used for the base metal testing. A1l of the weld metal

data points fell within the scatter band cf the base metal data points except
those for the welds with Inconel fi1ler metal. The data points for the Inconel
weld indicated much higher toughness than any of the other base or weld metals.
Because of the small number of data points, Westinghouse made no attempt at
estimating JIc or dJ/da values for the weld metals; however, the weld metal

data points were fitted with straight lines to demonstrate trends comparable
to the base metal.

3.4 Leak Rate Calculations

To comply with the NRC criteria specified in Section 4.1 for defining
postulated flaw size, calculations were performed to define the relationship
between leak rate and crack opening area. The leak rate calculations were
performed to show that a postulated throughwall crack was large enough to
produce leaks that could be detected at normal operating conditions by leakage

detection devices normally used to detect primary system leakage.

The leak rate calculations were performed using the method developed by Fauske
(Ref. 6) for two-phase choked flow; this method was augmented to include
frictional effects of the crack surface. An iterative computational scheme
was used such that at a given crack opening area and flow rate the sum of the
momentum pressure drop (Ref. 6) and the frictiona) pressure drop was equal to
the pressure drop from the primary system pressure to atmospheric (i.e., .
2250 - 14.7 psia;.
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To calculate the frictional pressure drop, the relative surface roughness was
estimated from fatigue-cracked stainless steel specimens. The leak rate calcula-.
tions were performed for a 7-inch-long circumferantia] throughwall crack at

2250 psi pressure; for conservatism, the bending stress was assumed to be equal
to zero for this analysis. The leak rate calculated was approximately 10 gpm.

Although leak rate calculations, especially for small cracks, are subject to
uncertainties, the leak rata calculation scheme was correlated with previously

rate is sufficiently large so as to have a high probability of detection during
normal operation. Further discussion of the leak rate analyses is presented in
the Westinghouse response to ACRS questions, the third report 1isted on page one
of this evaluation. '

4.0 Evaluation

4.1 NRC Evaluation Criteria

The evaluation of the integrity of PWR primary system piping is based on the
margin against ductile rupture and resistance to fracture for a postulated
throughwall flaw and loading conditions. To determine the potential for flaw-
induged fracture, the staff required the use of analysis methods that

sion would  occur in a stable manner. These requirements, coupled with the

fact that crack extension in ductile piping material likely will result from
ductile tearing, led the staff to use the J integral based tearing stability
concept as the basis for oup evaluation. The tearing stability concept and-
the associated tearing modulus stability criterion (Ref. 2) have been evaluated
previously by the staff and found acceptable for use in the evaluation of LWR
piping.

4.1.1 Loading - The loading consists of the static loads (pressure, deadweight
and thermal) and the loads associated with safe shutdown earthquake (SSE) condi-
tions.

4.1.2 Postulated Flaw Size - A large circumferential throughwall flaw is
Postulated to exist in the pipe wall. The circumferential length of the
Postulated throughwall flaw is to be the larger of either (1) twice the wanl
thickness or (2) the flaw Tength that corresponds to a calculated leak rate
of 10 gallons per minute (gpm) at normal operating conditions.
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analyses. References 8 and 9 indicate that piping systems other than PWR
primary systems have some service history of observed cracking. For these
systems, consideration should be given to assuming flaw sizes and shapes
different from those specified for the PWR primary system depending on the
history of observed service cracking, the potential for cracking, and leak
detection capabilities. Specific details of LWR piping systems that are sub-
ject to cracking, the mechanism for cracking, the nature of the crack sizes
and shapes for these systems, and the effectiveness of flaw and leakage detec-
tion methods are presented in References 8 and 9.

The NRC staff concludes that the above evaluation criteria are sufficient to
demonstrate the integrity of PWR primary coolant system piping and that, if

met, a break need not be considered anywhere within the main loop piping,

thus precluding the need for installation of pipe whip restraints and thus
resolving generic safety issue A-2, "Asymmetric Blowdown Loads on PWR Primary
System." As noted in Footnote 1 to Appendix A of CFR Part 50, further details
relating to the type, size, and orientation of postulated breaks in specific
components of the reactor coolant pressure boundary are under development. We
do not anticipate that the final criteria will differ significantly from those
stated above. Studies and pipe rupture tests have shown that loads far in excess
of those specified above still would not result in a pipe rupture. (These loads
might result, for instance, if all the snubbers restraining the steam genera-
tors were postulated to fail simultaneously. The staff believes this assumption
to be unrealistic and, if utilized, would depend upon further characterization
of material and piping behavior for larger crack extensions.) Other abnormal.
conditions which might affect the evaluation criteria such as waterhammer,
stress corrosion cracking or unanticipated cyclic stresses need not be con-
sidered for PWR primary coolant main loop piping.

We have reviewed the information provided by Westinghouse relative to the
carbon steel safe-ends at the reactor vessel and conclude that our criteria
also can apply to this piping-to-vessel interface.

4.1.3 Materials Fracture Toughess

Material resistance to fracture should be based on a reasonable estimate of
lower bound properties as measured by the materials resistance (J-R) curve.

The lower bound material fracture resistance should be obtained from either
archival material of the specific heat of the piping material under evaluation
or from at least three heats of material having the same material specification,
and thermal and fabrication histories. Both base and weld metal should be
tested using a sufficient number of samples to accurately characterize the
material J-R curve. To ensure that adequate margins against unstable crack
extension exists, the NRC staff concludes that the condition T at > 3Ta

should be satisfied at the applied J level. m PP

4.1.4 Applicability of Analytical Method

The J-integral and tearing modulus computational methods have certain limits
of applicability that are associated with the assumptions and cenditions from
which they were derived. Generally the limitations are derived from certain
stress-strain requirements near the crack tip. These requirements translate
into restrictions on structural size and material strength and toughness
related parameters and are expressed as (see Refs. 10 and 11)



b > 254 : (2) :
o, :
and
-4 b >»1
W Td I ()
where b = characteristic structural dimension, in this
instance pipe wall thickness; - :
0, = material flow stress;
and dJ = slope of the J-R curve at any given value of J.
da

When satisfied, the conditions specified by equations (2) and (3) are suffi-
cient to ensure that the J-integral and tearing modulus computational methods
can be applied in a rigorous manner and that the results are acceptable for
engineering application. The requirement in equation (3) that w >> 1 is some-
what indefinite. Generally, a range of w between 5 and 10 satisfies this
requirement mathematically and is the range used to perform this evaluation.
While these requirements are used here, they are not necessary conditions.
‘Less restrictive values (lower values of b and w) also may be sufficient but
will have to be demonstrated to be so by additional data. These data are not
now avai]apIe for the piping materials considered in this investigation.

. 4.1.5 Net Section Plasticity

The ASME Code specifies margins for pipe stress relative to material yield and
ultimate strengths at faulted loading conditions. Because very large flaws

may significantly reduce the net load carrying section of the piping, aralyses
should be performed to demonstrate that the code limits for faulted conditions
are not exceeded for the uncracked section of the flawed piping. Flawed piping
having net section stresses that satisfy the code Timits for faulted conditions
are acceptable. When net section stresses do not meet the code limits, addi-
tional analyses or action will be required on a case-by-case basis to ensure
that there are adequate margins against net section plastic failure.

4.2 Evaluation Results

4.2.1 Loads _ -

The loads used to perform the fracture mechanics analyses for the primary piping
include: :

axial tension: 1800 KIPS (includes 2250 psi pressure load), and
bending moment: 45,500 in-KIPS.
These loads were derived by "enyeIoping"'the loads obtained from the analyses

of record for the highest stressed vessel nozzle/pipe junction of each
plant in the Owners Group.
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@ith the exception of several plants jndicated in Table 1, the enveloping loads
include those from deddweight, thermal, pressure, and safe shutdown earthquake
(SSE) conditions. The static loads (pressure, deadweight, and thermal) were
combined algebraically and then summed absolutely with the SSE loads.

The excep@ions noted in Table 1 reported axial loads and bending moments that
are comprised of only normal operating loads (i.e., thermal, deadweight, and
1nterqa1 pressure) and did not {include loads associated with the SSE, the major
contributor to the bending moment. Our evaluation is predicated on inclusion

of the SSE loadings. However, Connecticut Yankee and Yankee Rowe are being
evaluated as gart of the Systematic Evaluation Program (SEP) and are committed
to perform seismic analyses of their RCPB, safe shutdown systems, and engineered
safety features using site-specific spectra that will be available in the near
future. The completion of such analyses is scheduled for 1983. Confirmation of
the margins against unstable crack extension under SSE loading will await the
semsmicvana1ysis.of the RCPB main 1oop piping for these two facilities.

The development of the enveloping loads, including the analytical models,
assumptions, and computer codes, were reviewed and approved by the staff
during the licensing process for each Owners Group plant and were not reviewed
again as part of this effort. we find that these loads, therefore, are upper
bound loads and are acceptable for application in the fracture mechanics
evaluation of the RCPB main loop piping. ;

4.2.2 Materials Properties

Tensile Tests - Tensile tests were conducted at conventional and fast loading
rates for the base metals and at conventional loading rates for the weld metals.
These tests are relatively straightforward and unambiguous. A comparison of
the results from the conventional and fast loading rate tests indicated
jncreased yield and ultimate strengths and decreased percentage in elongation
at faster loading rates. Except for the weld with the Inconel filler metal,
the yield and ultimate fensile strengths for the weld materials were comparable
to those for the base metal.: The Incone) weld demonstrated a comparable yield
but higher ultimate strength than the base metals. With the exception of the
Inconel weld, the percent elongations reported for the weld materials were
significantly less than those-for the base materials, indicating lower

relative ductility for the weldments.

The tensile properties for the actual base metals in the plants and the test
program materials were compatable, indicating that the test materials were
representative of the in-plant materials. $imilarly, the Westinghouse survey
of weld materials and techniques was comprehensive and the weld specimens
fabricated for testing should be representative of welds in the plants.
Fracture Toughness Testing - Currently, neither an NRC nor a national standard
exists for establishing J;. or J-resistance curves, therefore various methods

are employed by different laboratories. A1l fracture toughness testing in the
Westinghouse program was performed using the multiple compact tension specimen
procedure'outlined.in Reference 4. '
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This procedure is the basis for the proposed JIc test procedure current]yﬁbeing

considered by ASTM Committee E-24 and is generally considered acceptable for
determining JIc' The proposed test procedure recommends calculations for detar-

mining J-Integral values and several criteria for ensuring valid JIc determina-
tion. These criteria include considerations of specimen size and data evaluation.

J-Integral Formulation - The expression used by Westinghouse for calculating J
for the compact tension specimens has been shown to overestimate the value of

J because the experimental data are not corrected for the nonlinear effects of
crack growth and plasticity. The effact of this overestimate is to increase
calculated values of Tmat' In order to account for these effects, Westinghouse

applied a correction scheme based on work by Ernst, et al. (Ref. 5). The NRC
has reviewed this scheme and found it to be acceptable.

Specimen Size and Geometry - Equations 2 and 3 in Section 4.1.4 specify certain
limitations to the applicability of the J-Integral and tearing instability
analysis techniques. Because of the high toughness of the heats sampled, not
all of the tests satisfied both of these criteria. However, a lower bound J=R
curve, discussed later ip this section, was developed for the purpose of this

higher levels of y where the specimen dimensfons were not adequate as specified
by equatiog 2. However, the specimen thickness of 1.65 inches to 2 inches for
the base métals and 2.5 inches for the wald metals approximate the actual
thickness of the Primary coolant piping (2.5 inches). This similarity in thick-
ness simulates the restraint condition in the neighborhood of a crack so that
the piping toughness can be represented by the materials test data.

Side grooving of specimens is a related subject of interest. Side grooving
increases the degree of triaxiality in the crack tip stress field and has been
shown to result in straighter crack fronts during crack extension. Side grooves
are desirable when J-resistance curves are developed using the single specimen
unloading compliance test or when the data are applied in the evaluation of
heavy section structures such as pressure vessels. However, since the specimen
dimensions used in these tests approximate the full thickness of the pipes, we
conclude that the J-resistance curves developed from specimens without side

Dynamic Tests - The Proposed testing procedure used by Westinghouse {s intended
for quasi-static testing rates. Dynamic toughness tests that were conducted

in the Westinghouse program have not previously been performed. Although a
full understanding of dynamic fracture toughness in the elastic-plastic~regime
currently is not available, the significant result of the dynamic tests was
that the materials consistently demonstrated greater resistance to crack
initiation (higher JIc) at faster loading rates. However, it is noted that

two heats of wrought stainless steel exhibited Tower estimated Tmat values at
the faster loading rates.
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Based on our review of the materials test data, we conclude that the proposed
J-resistance curve test procedure referenced in the subject documents is accept-
able for determining JIc and Tmat' Although the tests conducted did not

strictly conform to the criteria recommended in Reference 4, the test specimens
and procedures are judged to realistically represent the performance of the
actual piping systems. In general, the reported ranges of ch and Tmat values

are acceptable as representative of the structures and materials under
consideration.

To perform a generic analysis and account for variations in material behavior,
the staff used the data supplied by the Owners Group to define Jower bound J-R
curves .for the piping materials. The data indicated that two lower bound curves
were warranted. One lower bound curve was constructed by a composite of the
wrought and weld data while the second lower bound curve was defined for the
cast material. These two lower bound curves were then used with the analyses
described in the next section to evaluate the margin against unstable crack
extension for wrought and cast stainless steel piping.

4.2.3 Fracture Mechanics Evaluation

We have reviewed the elastic-plastic fracture mechanics analyses that were
submitted by the Owners Group. Our review included independent calculations
that were performed to evaluate the acceptability of the Owners Group's
conclusions. ’

To demonstrate that the postulated throughwall flaw would not sustain unstable
crack extension during the postulated loading, finite element calculations first
were performed by the Owners Group to determine Ja as a function of applied.

bending moment with a constant axial force equal to the bounding value of 1800
kips. The relationship between Jap and bending moment provided a convenient

means to associate the potential for crack extension with the individual plants
1isted in Table 1.

we have performed independent calculations to verify the relationship between
Japp applied bending moment. Our calculations are approximate and are based

on elastic methods corrected for plasticity associated with the loading and

the presence of the postulated flaw. While our confirmatory calculations are
approximations, they do demonstrate that the Owners Group calculations are
accurate at lower loads where elastic or small-scale yielding conditions prevail
and are conservative at larger loads where plastic deformation occurs. Further,
the Owners Group elastic-plastic analysis is conservative because the analysis
was performed essentially for a section of pipe as & free body with applied

end loads equal to the bounding loads. This is the limiting (conservative)
condition relative to system compliance; a pipe in a real system would be in a
less compliant situation and would have lower potential for unstable crack
extension.
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Based on the Japp +3lues calculated for the Owners Group by Westinghouse and

the lower bound J-R'curves defined by the staff from the Owners Group materials
data, we find that 7 of the 11 United States facilities listed in Table 1, have
sufficient postulated loads to Cause extension of the postulated 7-inch-long
circumferential throughwall flaw. The loads at the remaining facilities are
not high enough to produce extension of the postulated flaw.

Of the seven facilities where crack extensfon was predicted, one has cast
stainless steel piping. Because of the differences in toughness and tensile
properties between the wrought, weld, and cast materials, it was necessary to
construct two distinct J-R curves. One curve was constructed from cast material
while the second was constructed from a composite of the weld and wrought data.

To determine if the crack extension predicted for the seven facilities would
be stable, the Owners Group was required to determine the applied tearing modulus,
Tapp' The value of Ta p was calculated using the methods described in Reference 3.

We have performed independent calculations_to verify the Owners Group Tapp calcula-
tions using the same methods employed in our Japp computations. Again, our results

indicate that the Owners Group calculations are conservative. Based on the
calculated values of Tapp and the values of Tmat obtained from the J-R curve,

detection capability be included, at least aualitatively, in the piping analyses.
Based on our review of the leak rate calculations, we conclude that the calcu-
lations presented by the Owners Group represent the state-of-the-art and can

be used to qualitatively establish the leak rate for compliance with current
staff criteria. The leak rate has been determined to be approximately 10 gpm

at normal operating conditions and represents, within reasonable limits of
accuracy, detectable leakage rates at operating facilities with their available
leakage detection systems or devices. For the purposes of this evaluation, there
s no need to backfit Regulatory Ruide 1.45 to require seismic qualification since
such leakage occurs during norma)l operating conditions. -

Based on our review, we have determined that all the facilities listed in Table 1.
with the exception of the two facilities without seismic analyses, satisfy

the acceptance criteria defined.in Section 4.1. Compliance with the acceptance
criteria in Section 4.1 ensures that a large margin .against unstable crack
extension exists and that the potential for pipe break in the main loops is suf-
ficiently low to preciude using it as a design basis for defining structura)

Toads at the facilities listed in Table 1. 1In addition, the facilities that

do not have seismic analyses are found to be conditionally acceptable until

the seismic analyses are completed and the loads are defined. Our conditiona)

acceptance is based on: (1) our estimate that,tbe'sgismic loads are not Tikely
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Based on our review of the analyses and materials data, we conclude that the
remaining facilities will satisfy all the criteria in Section 4.1 provided

that the bending moment in the welded/wrought piping at these facilities does
not exceed 42,000 in~kips. If the seismic analyses indicate bending moments

in excess of 42,000 in-kips at these two facilities, additional analyses,
materials tests, or remedial measures will be necessary to justify these larger
values. It is noted that the 42,000 in-kip limit applies only to welded/wrought
piping material; a somewhat lower limit would apply for cast material because

of the differences in the lower bound J-R curves. However, the facility having
the cast material is acceptable and this note is only intended to caution against
the generic use of the 42,000 in-kip limit.

The magnitude of the 42,000 in-kip limit on bending load was determined by find-
ing the largest moment that would satisfy the evaluation criteria specified in
Sections 4.1.3 and 4.1.4 for margin on tearing modulus and size requirements,
respectively.

At the 42,000 in-kip load, the margin on tearing modulus is satisfied and the
value of w for the test specimens and the primary piping is within the specified
range of 5 to 10; however, the value of b for the base metal test specimens is
about 30% less than that indicated in equation 2. The lower b value is not a
limiting factor in this analysis, however, because as Section 4.2.2 discusses,
the specimen thickness is representative of the pipe wall thickness. In addi-
tion, the influence of the restriction on size is less than indicated because

of the conservatism in the J-integral calculations due to use of a limiting
compliance condition.

The values of b and w chosen by the staff for our evaluation criteria are
sufficient conditions and are believed conservative; however, a quantitative -
estimate of the degree of conservatism cannot be defined without additional
experimental data. It is likely that experimental data will show that lower
values of w and b (and higher allowable moment) could be allowed. Experiments
now being conducted or planned by the Office of Research, NRC, and industry
organizations such as EPRI should help to clarify this matter in the future.
These additional data are not necessary to complete this review; however, these
additional data will be useful for other studies or for further evaluation of
this issue if the bending moments for the remaining facilities are found to
exceed 42,000 in-kips.

As indicated in Section 4.1, the staff's evaluation criteria are designed to
ensure that adequate margins exist against both unstable flaw extension and
net section plasticity of the uncracked pipe section. Both conditions are
evaluated because either may be associated with pipe failure depending on the
specific pipe load, material, flaw, and system constraint conditions.

Because there may be significant variations or uncertainties associated with
these variables, the staff criteria do not attempt to relate margin to actual
failure point but is based on maintaining an established margin relative to a
combination of conservative bounds for the variables. The margins against
actual failure from unstable crack extension are particularly difficult to
assess accurately by analysis because the tough materials used in LWR primary
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piping typically produce data that fail to satisfy the size restrictions of
equations (2) and (3) at the very high J levels where failure would be
expected to occur.

The 42,000 in-kip limit established by the staff for welded/wrought stainless
steel primary PWR piping in Table 1 faciiities provides a significant margin
against pipe failure. The staff also has reviewed the Owners Group's elastic-
plastic analysis and data to provide additional information relative to margin
against failure. Based on this review, we conclude that, for the.conditions
evaluated in this application, the limiting condition is associated with net
section plasticity rather than unstable crack sxtensjon and that the margin
against net section plastic failure is approximately 2.3 relative to the
42,000 in-kip 1imit and the postulated 7.5-inch circumferential throughwall
flaw. This margin also can be translated into an estimate of margin on flaw
size of about 5, i.e., the throughwall flaw size corresponding to net section

plastic failure at 42,000 in-kips would be about 38 inches long or 140 degrees
around the circumference.

5.0 Conclusions and Recommendations

1. Based on our review and evaluation of the analyses submitted for the
facilities 1isted in Table 1, we conclude that the Owners Group has shown
that large margins against unstable crack extension exist for stainless
steel PWR primary main loop piping postulated to have large flaws and
subjected to postulated SSE and other plant loadings. The analytical
conditions and margins against unstable crack extension satisfy the
criteria established by the staff to ensure that the potential for
failure is low so that breaks in the main reactor coolant piping up to
and including a break equivalent in size to the rupture of the largest
pipe need not be postulated as a design basis for defining structural -
loads on or within the reactor vessel and the rest of the reactor coolant
system main loops. Based on compliance with the staff acceptance cri-
teria, we conclude that these pipe breaks need not be considered as a
design basis to resolve generic safety issue A-2, "Asymmetric Blowdown
Loads on PWR.Primary System," for the operating facilities identified
in Table 1. This means that pipe whip restraints and other protective
measures against the dynamic effects of a break in the main coolant
piping are not required for these facilities.

2. Seismic apalyses are now being performed for the two domestic facilities
listed in Table 1; the reactor primary piping at these facilities are
conditionally acceptable and breaks need not. be postulated provided
that the seismic analyses confirm that the maximum bending moments do
not exceed 42,000* in-kips for the highest stressed vessel nozzle/pipe
junction.

*For all the facilities listed in Table 1, the actual moment is less than
42,000 in-kips and the Japp is less than Jmat for each facility.
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‘The criteria used to ensure that adequate margins against breaks includes

the potential to tolerate large throughwall flaws without unstable-crack
extension so that leakage detection systems can detect leaks in a timely
manner during normal operating conditions. To ensure that adequate leak
detection capability is in place, the following guidance should be
satisfied for the facilities listed ‘in Table 1:

Leakage detection systems should be sufficient to provide
adequate margin to detect the leakage from the postulated .
circunferential throughwall flaw utilizing the guidance of
Regulatory Guide 1.45, "Reactor Coolant Pressure Boundary
Leakage Detection Systems," with the exception that the
seismic qualification of the airborne particulate radiation
monitor is not necessary. At least one leakage detection
system with a sensitivity capable of detecting 1 gpm in

4 hours must be operabie.
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The additional information provided by Westinghouse in response to ACRS
questions does not alter our conclusions. : )
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céﬂle/wires. PGC- staféd that the following four Class 1E cables/wires are

'y

installed cutsice containment and have been environmentally qualified:

Cable/Wire Qualification Document
1. Raychem Flametrol Test Report EM-1030; September 24, 1974.
2. Okonite EPR/Hypalon Okonite Letter Report; October 14, 1974
3. Okonite XLPE Engineering Report 367-A; January 7, 1983
4. Rockbestos XLPE Test Report S.0. 24408-5; March 3, 183

No other types of Class 1E cables have been installed outside containment which
potentially can be subjected to high energy line breaks. These four types of
cables have been tasted to 540°F with 480 Vac between lines for more than 48 hours.
A1l four types passed the test. The staff reviewed the first two qualification
reports and concluced that tha Rzychem Flametrol cable had been qualified as
stated; however. the Ckonite €2]/Hypalon cable had been demonstratad to be
qualified for only 24 nours. Bzsed on subsequent discussicns with the licensee,
including an audit of documentation by the staff at the PGRE offices in San
Francisco on December 19 and 29, 1983 the staff determined:

1. The cables are enclosad in conduit and therefore, are not subject to
direct jet impingement;

2. The consequences of jet impingement on those conduits that are essential
targets are currently being reviewed by the staff under the same effort
discussed under open item 29 in Section 4.3.5;

3 The qualification temperature of 540°F is based on the maximum temperature
of the steam in the pipe prior to the postulated break; and

4.  The cables are qualified for 24 hours at a temperature of 540°F. The operator
will identify and isolate the break within less than 2 hours.

The licensae will submit the above information by letter prior to Mode 2 (criticality).
Based on this commitment and based on the staff review and evaluation of the infor-
mation during the audit, the staff concludes that this followup item is

resolved.

Followup Item 15: Protection for CRVPS

The staff stated in SSER 18 (page C.4-17) that PGRE will revise the FSAR to
incorporate results of mocerate energy line break analyses on the CRVPS. in
Roard Notification 83-172 the staff provided the following basis and schedule
for closeout of this item:

“The I1DVP review of moderate energy line breaks indicated that PGLE
had failed to meet its licensing commitment by noct including the

CaVP5 in <he criginal mecerate enengy line break anzlysis. PG&E
provided a subsequent analysis indicating that only one CRVPS eiecs
trical train is affected by the postulated break jcenzified by the
IDVP. Wher combined with 2 single failure in the reguncdant electrical

9iablo Canyon SSER 20 £.4-8
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Regulatory Analysis of Mechanistic
Fracture Evaluation of Reactor Coolant Piping
A-2 Westinghouse Owner Group Plants

Statement of the Problem

The prob1em of asymmetric blowdown loads on PWR primary systems results
from postulated rapid-opening, double-ended guillotine breaks (DEGB) at
specific locations of reactor coolant piping. These locations include

the reactor pressure vessel (RPV) nozzle-pipe interface in the annulus
(reactor cavity) between the RPV and the shield wall plus other selected
brezk locations external to the reactor cavity. These postulated ruptures
could cause pressure imbalance loads both internal and external to the
primary system which could damage primary system equipment supports, core
cooling equipment or core internals and thus contribute to core melt
frequency.

This generic PWR issue, initially identified to the staff in 1975, was
designated Unresolved Safety Issue (UST) A-2 and is described in detail
in NUREG-0609 which provides a pressure load analysis method acceptable

to the steff.

The plants to which this analysis applies are the A-2 Westinghouse Owner
Group plants identified in Enclosure 2.

Obiective

The objective of this proposed action is to demonstrate that deterministic
fracture mechanics analysis which meets the criteria evaluated in
Enclosure 2 is an acceptable alternative to (a) postulating a DEGB,

(b) enalyzing the structural lcads, and (c) installing plant modificaticns



to mitigate the cénsequences in order to resolve issue A-2, Demonstrating
by acceptable fracture. mechanics analysis that there is a large margin
against uistable extension of a crack in such piping, (leak before break)
contingent upon satisfying the staff's leak detection criteria, will
establish a technical justification for the identified plants to be
exempted from-General Design Criterion 4 in regard to the associated
definition of a LOCA. Section 4 below provides a Value-Impact

assessment of this alternate method for resolving issue A-2 for these
plants.

Alternative

The major alternative to the Proposed action would be to require each
operating PWR to add piping restraints to prevent postulated large pipe
ruptures from resulting in full double ended pipe break area, thus reducing
the blowdown asymmetric pressure loads and the need to modify equipment
supports to withstand those loads as determined in plant specific analysis
reported in WCAP-9628 and WCAP-9748, “Westinghouse Owners Group Asymmetric
LOCA Loads Evaluation" (Evaluation of DEGB outside and inside the

reactor cavity respectively).

Conseauencas

A. Costs and Benefits

I. Introduction

A detailed Value-Impact (V-1) assessment of the prbposed alternate
resolution of issue A-2 for the 16 Westinghouse A-2 Owners Group



II.

plants has been completed by PNL and is attached o this enclosure.
The V-1 assessment uses methods and data suggested in the February
1983 draft of.proposed Handbook for Value-Impact Assessment (PNL4646)
and in NUREG/CR-2800, "Guidelines. for Nuclear Power Plant Safety
Issue Prioritization Information Development." The nominal estimate
results,-major assumptions, uncertainties, and conclusions of the
assessment are discussed in Sections II, I11I, and IV below. The
results of the upper and lower estimates are incTuded in the table
in Section IV below.

Values-Public Risk and Occupational Exposure

A. Results
The estimated reduction in public risk for installing
additional -pipe restraints and modifying equipment supports
as necessary to mitigate or withstand asymmetric pressure
blowdown loads is‘very-smal1, only about 3% man-rem total for
the nominal case for all 16 plants considered. Similarly, the
reduction in occupational exposure associated with accident
avoidance due to modifying the plants js estimated to total
less than 1 man-rem. These small changes result from the
estimated small reduction in core-melt frequency of 1x10~?
events/reactor-year that would result from modifying the plants.
However, the occupational exposure estimated for installing
and maintaining the plant modifications would increase by
11,000 man-rem. Consequently, the savings in occupational
exposure by not requiring the plant modifications far exceed
the potentially small increase in public risk and avoided
accident exposure associzted with requiring the
modifications.

B. Major Assumptions

The zbove estimated changes in public risk and accident
avcided occupational exposure were obtaired by examining
WASH-1400 accident sequences leading to core melt from



reactor pressure vesse) (RPV) rupture and large LOCA's in
conjunction with the méjor assumptions identified below.

1.

If a DEGB occurs inside the reactur cévfty, it could
displace the RPV, possibly rupturing it or other piping,
or disrupt core geometry which could lead directly to core
melt in accident Sequences analagous to those for RPV
rupture in WASH-1400.

A DEGB in the Primary system outside the reactor cavity
could lead to core melt through the additional risk
contribution from subsequent safety system failures, such
as ECCS, induced by previously unanalyzed asymmetric
pressure loads on equipment or from core geometry
disruptions. It was assumed that failure of safety
systems independent of asymmetric pressure loading is
already accounted for in the plant design.

Three sources of data were used to develop estimates of
DEGB frequencies for large primary system piping used in
the analysis. These frequency estimates range from an
upper estimate of 10-5 breaks Per reactor year down

to a lower estimate of 7x10~!2 breaks in a reactor
lifetime.

The upper estimate of 10-5/reactor-year is based on a
Paper on nuclear and non-nuclear pipe reliability data

in IAEA-SM-218/11, dated October 1877 by 5. K. Bush

which indicates a range of 10™¢ to 107® per reactor-year.
kdditioral data in the paper indicates that 10~S may be 100
times too high for the pipe size being considered in

issue A-2,

An intermediate or nominal estimate of 4x10°7 per reactor-
year tor primary system piping outside the reactor cavity-
&nc Exlo—slreactor-year for piping inside the reactor cavity



are based on Report SAI-001-PA dated June 1876 prepared

by Science Applications Inc. which modeled crack
propagation in piping subject to fatigue stresses. These
values represent an average over-§ 40-year plant life

for a two loop plant and conservatively ignore in-service
inspection as a method to discover and repair cracks prior
to unstable propagation.

The lower estimate is based on NUREG/CR-2189, Vol 1,

dated September 1981 prepared by LLL. The report uses
simulation technigues to model crack propagation in
primary system piping due to thermal, pressure, seismic
and other cyclic stresses. The report indicates that

the probability of a leak is several orders of magnitude
more likely than a direct* seismically induced DEGB which
is estimated to have a probability of 7x10712% over a plant
lifetime. For this anzlysis the lower estimate of

7x10-12 is considered essentially zero.

1t is acknowledged that both the upper and nominal

estimete DEGB frequencies used in this analysis are

less than the WASH-1400 large LOCA median frequency of

1x10”4/reactor-year. However, the upper estimate of

10-5/reactor-year is consistent with WASH-1400 median

assessment pipe section rupture data. A review of the

16 piants under consideration indicates there are an

»1 zter work (to be published) by LLL indicates that an indirect seismically

incduced DEGB (e.g., earthquake-induced failure of & polar crane or heavy
component support-steam generator or RC pump) is more probzble ranging from
15°5 to 10"%/reactor-year with a median of 10~ 7/reactor-year for plants east
¢ the Rockies. Since the nominal DEGE frequency obtained from the IAEA paper
zooroximates the median indirect DEGB frequency, the direct DEGB estimate of
72072 over & plant lifetime was used for the lowewr estimate.



Factor

average of 10.3 sections of primary system piping per
reactor. Multiplying this value by 8.8x10-? rupture/

section-year for large (>3")

pipe obtained from Table II

2-1 results in an estimate of 9x10-¢ rupture/reactor-
year. The following table identifies several factors
associated with issue A-2 compared to the data base
used for WASH 1400 that support use of a lower pipe

break frequancy:

W A-2 Plants

WASH-1400 Large LOCA

Pipe size

Pipe material

System and Class
of pipe

Tys2 of failure

Failure location

Leak detection
system {LDS)

>30" diameter

Austenitic stainless steel

Only Class 1 primary system
pipe with nuclear grade QA
and ISI

Double-ended guiilotine (DEG)
break only

Selected primary system break
locations

LDS capability to detect Jeak
in a timely manner to maintain
large margin against unstable
crack extension

> 6" diameter

Carbon steel and stainless
steel

Miscellaneous primary and
secondary system piping

of various classifications

Circumferential and long-
itudinal breaks, large cracks

Random system break locations

No requirement or provision
for leak detection

Public dose estimates for the release categories ware
derived using the CRAC-2 code and assuming the quantities



of radioactive isotopes as used in WASH-1400, the meteorology
at a typical midwestern site (Byron-Braidwood), a

uniform population density of 340 pecple per square-mile
(which is an average of all U.S.xhuclear power plant

sites) and no evacuation of popuTation. They are based

on a 50-mile release nadjus.modél.'

The change in occupational exposure associated with
accident avoidance assumes 20,000 man-rem/core melt to
clean up the plant and recover from the accident as
indicated in NUREG/CR-2800, Appendix D.

The estimated occupational exposure associated with
{nstalling and maintaining plant modifications considers
the plants into two groups. One group of three plants
requires extensive modifications according to
Westinghouse A-2 Owners Group asymmetric load analysis
(WCAP 9628). The modifications consisted of added RPV
nozzle-pipe restraints and substantial modification of
all steam generator and pump supports. The occupational
exposures for thé§e modifications were based on an
estimate of 2600 man-rem submitted by San Onofre 1 for
modifying three loops. The load analysis for the
remaining 13 plants indicates less required plant
modification consisting primarily of RPV nozzle-pipe
restraints with minor modification of steam generator
and/or pump supports for some of the plants. Recalibra-
tion of the leak detection systems to assure leak
detection capability is assumed to be required at 14

of the 16 plants and would incur about 200 man-rem total.



II1. Impacts - Industry/NRC Costs - Property Damage

A.

Results

The estimated industry costs to install plant modifications

to Wwithstand dsymmetric Pressure-loads is about $50 million.

It is, also estimated that power replacement costs would be

an additional $60 million since-the plant modifications would be
extensive and involve working in areas with 1imited equipment
access and significant radiation levels so that the work’

would probably extend plant outages beyond norma} planned

shutdowns. Also, it is estimated that maintenance and
inspection of the modifications for the remaining life of al}
the plants would cost $650K to $1 million in present dollars
based on discounting at 10% and 5% respectively. The cost

for recalibrating leak detection systems is estimated at

about $350K. The above costs do not include the industry costs
expended to date to perform asymmetric pressure load analysis
and fracture mechanics analysis. These analyses costs are
considered small compared to the plant medificzti~n 2nd power
replacement cost indicated above.

It is estimated that it would cost NRC about $800K in staff
review effort if plant modifications to withstand asymmetric
pressure loads were to be installed. 1If they are not

installed and this cost is saved, then it is estimated that

NRC cost would be $400K to review leak detection system
calibration work and plant technical specification revisions
Exempting the plants from installing modifications would resuit
in a net saving of $400K in NRC costs.

It is estimated that installing plant modifications o
withstand asymmetric pressure loads would avoid pubiic
proderty damage costs due to an accident by $24K to $3s)



total in present dollar for all the plants based on a
discounting at 10% and 5% respectively. Similarly the avoided
onsite property damage cost avoided is estimated at $15K to
$29K in present dollars.

Considering the impacts identified above, it is apparent
that the industry and NRC costs savings by not requiring
the plant modifications far exceed the small increases in
public and onsite property damage costs due to a potential
accident.

Major Assumptions

1. The costs for installing the plant modifications were
determined by separating the plants into two groups.
The cost for the first group of three plants which
require extensive modifications used an estimate
submitted by San Onofre Unit 1 which was prorated to the
other two plants based on the number of primary loops in
each plant. The costs for the remaining 13 plants which
would require less modification are derived from Report
UCRL-15340 "Costs and Safety Margin of the Effects of
Decign for Combination of Large LOCA and SSE Leads," and
from industry estimates including informal estimates from
DC Cook. The estimates were adjusted to 1982 dollars.

2. The cost estimates for public and onsite properiy damage
due to an accident were calculated by multiplying the
change in core melt frequency by a generic property
dzmage estimate. This damage estimate was obtzined by
using the methods and data in NUREG/CR2723, "Estimates
of the Financizl Consequences of Nuclear Power Reactor
Accidents.” Pubiic rick upper and lower bound
variations zre related to Indian Point 2 &nd Palo Verde
values calculated from NUREG/CR 2723.
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3. Power replacements costs were based on an assumed $300K
per plant outage day. '

“Conclusions
~onciusions

The results of the Value-Impact assessment are summarized in the
table below. 1In the table, values are those factors relating
directly to the NRC role in regulating plant safety, such as
reduced public risk or reduced occupational exposure, and are
indicated as positive when the results of the proposed action
improve plant safety. Impacts are defined as the costs incurred
as a result of the proposed action and indicated as positive when -
the resulting costs are increased.

From the table, the main conclusion to be made is that the dose

and cost net benefits indicate that not requiring installation of
plant modifications to mitigate consequences of asymmetric

pressure loads resulting from a possible primary system DEG
pipebreak would result in very little increase in public risk and
accident avoided occupational exposure (less than 5 man-rem) and
would avoid significant plant installation occupational exposure
(11,000 man-rem) and'industry and NRC costs ($110 million - including
$60 million power replacement cost). Three additiona} observations
are worth noting:

a) the uncertainty bounds show net positive benefits for
either dose or cost. The upperbound is very positive,

b) This assessment does not address costs of core or core support
modifications. Adding these costs would increase the avoided

cost. .

C) The cost results are not sensitive to discount rates used
in this assessment.

The detailed PNL Value-Impact assessment is attached to this enclosure.



LZAK BEFORZ BREAK VALUE-IMPACT SUMMARY - TOTAL FOR 16 PLANTS

Dose (man-rem) Cost (S)

Nominal Lower Upper Nominal Lower Upper
Factors . Estimate Estimate Estimate Estimate Estimete Estimate
Values (man-rem)
Public Health -3.4 0 -37 - - -
Gccupational Exposure -0.8 0 -30 - - -
(Accidental)
Occupationzl Exposure +1.1x10¢  +3500 +3,2x104 - - -
{Operational)
Values Subtotal +1,1x104  +3500 +3,2x104 - - -
Impacts (S)
Industry Implemen- - - - -50x10¢  -25x10®  -75x10€
tation Cost :
Industry Opereting Cost - - - -6.5x105  -3.3x10%  -9.8x10°
KRC Development (b)
end Implementztion Cost - - - -4.0x10% -2.0x10% -6.0x10°%
fower Replacement Cost - - - -60x106 -30x106  -90x10€
Public Property ' - - - +2.4x10% 0 +2.6x10€
Onsite Property - - - +1.5x10¢ 0 +4,6x1085
impact Subtotel - - - -110x10¢ -55x106  -165x10€
(z) Does not include industry costs expended to date to prepare plant

asymmetric pressure load analyses and pipe fracture mechanics analysis.

(b) Does not include NRC cost expended to date to develop issue (NUREG-060S) and

to evaluate Westinghouse pipe fracture mechanics analysis.
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B. Impact on Other Requirements

The impact of the proposed action on other requirements is
discussed in Section 3.3 of Enclosure -3.

C. Constraints
Constraints affecting the implementation of the proposed action
are discussed in Sections 3.5 thry 3.9 and 5.2.1, 5.2.2, and 5.2.3

of Enclosure 3.

Decision Rationale

The evaluation in Enclosure 2 demonstrates that for the A-2
Westinghouse Owner Group Plants there is a large margin against

unstable crack extension for stainless steel PWR large primary system
piping postulated to have large flaws and subjected to postulated SSE
and other plant loads. Having leak detection capability in each of

the plants comparable to the guidelines of Regulatory Guide 1.45 (except
for seismic I Category air particle radiation monitoring system) assures
detecting leaks from throughwall pipe cracks in a timely manner under
normal operating conditions; thus maintaining the large margin against
unstable crack extension.

Also, the Value-Impact assessment summarized above indicates that there

are definite dose and cost net benefits in not requiring installation
of plant modifications to mitigate consequences of a possible primary
system p?ping DEG break.

Implementation

The steps and schedule for implementation of the preposed action ar
ciscussed in Sections 3.5 thru 3.9 ang 5.2.1, 5,2.2, 5.2.3 of
Enclesure 3.



LEAK BEFORE BREAK VALUE- IMPACT ANALYSIS

1. INTRODUCTION

This report presents a value-impact assessment of the consequences of
exempting Westinghouse A-2 Owners Group plants from having to install modifi-
cations to mitigate asymmetric blowdown lodds in the primary system.. This .
assessment uses methods suggested in the Handbook for Value-Impact Assessment
{Heaberlin et 2)..1683) and data developed for safety issue prioritization
(Andrews et al. 19R3), The assessment relies heavily upon existing industry
and NRC reports generated for Generic Tesk Action Plan (GTAP) A-2, Asymmetric
Blowdown Loads on PWR Primary Systems (Hosford 1981).

The proposed action will efficiently allocate public resources in the
generation of electric power and avoid occupational dose with only small
increments to public risk. Modification of plant designs to accommodate
asymmetric loads in primary sysiems of selected Westinghouse plants would incur
large costs and significant occupational doses for insignificant gains to
public safety.

) Generic Safety Issue A-2 deals with safety concerns following 2 postulated
mzajor double-ended pipe break in the primary system, Previously unanalyzed
Joads on primary system components hazve the potential to alter primary system
configurations or damage core cooling equipment and contribute to core melt

. accidents. For postulated pipe breaks in the cold leg, asymmetric pressure
changes could take place in the annulus between the core barrel and the RPY.
Decompression could tzke place on the side of the reactor pressure vessel (RPV)
annulus nearest the pipe break before the pressure on the opposite side of the
RPV changed. This momentery differential pressure across the core barrel
snduces lateral loads both on the core barrel itself and on the reactor vessel,
Vertical loads are also applied to the core internals and to the vessel because
of the vertical flow resistance through the core and asymmetric axial decom-
pression of the vessel. For breaks in RPV nozzles, the annulus between the
reactor and biological shield wall could become asymmetrically pressurized,
resulting in additiona) horizontel and vertical external loads on the reactor
vessel. 1In addition, the reactor vessel is loaded simuTtaneously by the
effects of strain-energy release and hlowdown thrust at the pipe break. For
breaks at reactor vessel outlets, the same type of loadings could occur, but
the internal loads would be predominantly vertical because of the mecre-rapid
decompression of the upper plenum. Similer asymmetric forces could also be
generated by postulated pipe breaks located at the steam generator and reactor-
coolant pump. The blowdown asymmetric pressure loads have been analyzed and
reportec in WCAP-9628 (Campbell et 2l, 1980) and WCAP-974R (Campbell et al.
1670), "Westinghouse Owners Group Asymmetric LOCA Loads Evaluation.”

2.0 PROPASEN ACTION AND PNTEMTIAL ALTERNATIVES

t is proposed that Westinghouse A-7 Owner Group plants listad in
Snclosure 2 be exempted from plant modifizations to mitigate asyrmetric blow-
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gown loads ‘to pr er;"gystem components. This proposal is based on considars
ation of public risk, occupational dose and cost impacts. The alternative °
would ba to require each operating PWR to add piping restraints and primary
system component supports to withstand the blowdown asymmetric oressura loads.

Public risk reductions for installing/modifying equipment- to mitigate
asymmatric blowdown loads are small. Extensive analyses of pipe material )
proparties and crack propagation by industry (WCAP-9558 and WCAP-9787, Campbell
et al, 1682 and 19R1) and the NRC indicate that catastrophic failures without
through-the-wall cracks ara axtramely unlikely, It is proposed that these
plants upgrade 1edk datection systems, as necessary, to provide adequate leak
detection capabilities. This will allow cracks to be identified and repaired
before they propagate to major failures. Plant modifications would increase
occupational dose and inspection time for primary .system components. The
reduction in the frequency of core-meit accidents and avoidance of post-
accident doses 2s a result of the plant modifications is not significant,

Cost impacts for equipment to mitigate asymmetric blowdown loads are plant
dependent. In the worst case, they cost many millions of dollars, require
replacement power purchases and are of questionable feasibility. Some plants
considerad can handle asymmatric loads with few changes, Howaver, all plants
will realize cost savings for the proposed action.

3.0 AFFECTED DECISION FACTORS

Causes Causes (
_ Quantified Unquantified 2) No
Necison Factors Change - Change Chance

Public Health

Occupational Exposure (Accidental)
Occupational Exposure (Routine)
Public Property

Onsita Property

Regulatory Efficiency X
Inprovements in Knowledge X
Industry Implementation Cost
Industry Operation Cost

NRC Nevelopment Cost

NRC Implementation Cost

RPC NDperation Cost

€ 2 XX DX X>¢

2 D¢ ¥ >C D¢

2} Tn this ccontext, "unquantified® means not readily estimated in dollars,



4.0 VALUE-IMPACT :SSE_ENT SUMMARY - Totsl for 16 P' ts

. Nominal Lower - Upper
Decision Factors Estimate Estimate Estimate
Va1ues(a) (man-rem)

Public Health » -3.4 0 =37

Occupational Exposure -0.8 0 -30
(Accidental) _

Occypational Exposure 1.1E+4 3500 3,2E+8
(Operational) ‘

Regulatory Efficiency N/A

Improvements in Knowledge N/A
Total Quantified Value 1.1E+8 3500  3.2E+4

Impacts(b) (%)

Industiz)lmplementation

Cost} -1.1E+8 -5,3E+7 -1,.6E+8
Industry Operating C933 -6.5E+5 -3,3E+5 -9,.8E+5
NRC Development Cost?® o . 0 0
NRC Implementztion Cost -4, 0E+5 -2.0E+5 -6,.0E+5
NRC Operation Cost 0 0 ¢
Public Property 2.4E+4 0 2.6E+6
Onsite Property 1.5E+4 0 &,RE=S

Total Quantified Impact -1.1E+8 -5.3E+7 -1.6E+8

(a) A decision term is 2 value if it supports MRC goals. Principle
among these goals is the requlation of safety. ‘ .

(b) Impacts are cefined as the costs incurred as a2 result of the
proposed ac*tion. Negative impacts indicate cost savings.

(c) Does not incluce industry cost expended 10 date (fracture
mechanics and plant asymmetric pressure Yoad analyses).
Replacement power cOsts of $6MM are included.

(d) Does not include WRC costs to evaluate asymetric loads (Hosford
1981) or industry fracture mechanics (Campbell 1982}.

N/A = Not Affected

2.0 UNQUANTIFIED RESIDUAL ASSESSMENT

There are no unguantified decision factors in the assessment of this action.

.0 DEVELOPMENT CF OUALIFICATION

. Public Heal:h

£ risk analveis was nerformed tO 2SSess +he effects of exemstirg
vestingnouse GTA® £-2 Cwner 2roup slarts from modifications to mitizate



asyrmetric blowdcun;\JAds on primary system component./ This was acccmp11§hed .
by axamining WAS- -4AR accident sequences leading to core melt from vessel |
rupture and large LQCAs, > -

For this analysis, it was assumed that 3 douhble-ended guillotipe (DEG)
large LOCA can occur aither insida or outside tha reactor cavity. 1In addition
to the "standard" stresses c2used by a large LOCA (depressurization and loss of
coolant inventory), the DEG break can have additional effects:

1. If the DEG break occurs inside the reactor cavity, it can‘cause an

asymmetric blowdown which displaces the reactor vessel, possibly rupturing
other pipes or the vesse!l itself.

2. If the DEG break occurs anywhere in the primary loop, it can cause an
asymmetric blowdown which 1) displaces the core such that ijts geometry
becomes uncoolable and/or 2) fails needed emergency core cooling system
(ECCS) piping through dynamic blowdown forces,

Threa sources of data were used to develop estimates of DEG break proba-
bilities used in this analysis. These probability estimates rangs from an
upper estimate of 1E-5 breaks per reactor year down to a lower estimats of
7E-12 bdreaks in a reactor 1ifetime,

The upper estimate is based on a study of nuclear and non-nuclear pipe
reliability data (Rush 1977). This data indicates a range-of 1E-4 to 1E-6
failures per reactor year. Failures considered include leaks, cracks,
ruptures, disruptive and potentially disruptive. BSuysh indicates values of 1E-5
to 1E-6 are representative of disruptive failures, A value of 1E-5 was used in
this analysis as an upper estimate. Additional data presented by Bush indj-
cates that this value may be 100 times too high for the pipe sizes being
considered in the proposed action.

An intermediate or nominal estimate is based on a study by SAI (Harris and
Fullwood 1976) that modeled crack propagation in piping that is subiect to
fatigue stresses, While the study was done for Combustion Enginesring plants
the aporoach and data are not plant specific. Conservatively ignoring in-
service inspection as a metnod to discover and repair cracks prior to unstable
propagation, SAIl reports DE3 break frequency estimates of 4E-7/py for the
primary system and 9E-8/py in the reactor cavity averaged over a 40-year plant
life for a two Toop plant (Figure 23, Harris and Fullwood 1976).

Tha lower estimate of LOCA was developed by Lawrence Livermore Lebor-
atories (Lu et al. 1981) using simulation techniques to mode! direct effects on
Crack propacation in primary system piping due to thermal, pressure,seismic and
other cyclic stresses. Indirect effects such as external mechanical demage
were not included. Results indicate leaks are several orders of magnitude more
likely than breaks and that breaks have a probability of 7E-12 ovar 2 plant
lifetime, This value is essentially zero for risk calculation purposes, $o no
additional lower estimate calculations were performed.



“ 1t is acknowisdged\nﬁat both the upper and nominal ‘estimate DEG break
. frequencies used =~ this analysis are less than the WASH-1400 large LOCA mecian
" frequency of 1E-4/reactor-yr. However, the upper estimate of 1E-5/reactor-year
js consistent with WASH-1400 median a2ssessment pipe section rupture data. A
review of the 16 plants under consideration indicztes there 2re an averzge of
10.3 sections of primary system piping/reactor. Multiplying this value by
R.8E-7 rupture/section-year for large (>3") pipe obtained from Table IIIl 2-1
results in an estimate of SE-6 ruptures/reactor-year, There are several
additional factors associated with this issue compared to the data used for
WASH-1400 that support use of a lower pipe break frequency. These factors are
tabulated below: - ' _

Westinohouse A-2

Factor Owners Group Plants WASH-1400 Large LOCA
Pipe size - >30 inches diameter - >6 inches diameter
Pipe material - austenitic stainless steel - carbon steel and stainless
steel

Svstem and class - only class I primery system - miscellaneous primary and

of pipe pipe with nuclear grade QA secondary system piping of
and ISI varying classification

Type of failure - double ended guillotine - circumferential and longitu-
(DEG) break only dinal breaks, large cracks

Failure location selected primary system random system break

brezk locztions locations

Leak detection LDS capability to detect no requirement or provision
system {(LDS) lezk in a timely manner for leak detecticn

to maintain large margin

against unstzble crack

extensicn

7t was assumed that asymmetric blowdown from a DEG larce LOCA automatically
ceuses core melt only if the LOCA occurs within the reactor cavity. Accident
sequences analogous to those for rezctor vessel rupture in WASH-1400 are
assumed. These sequences are as follows (Table V.3-14, dominant only):

RC-a (PYR-1) with freguency = 2E-12/py
RC-Y-(PHR-2) with freguency = 3E-11/py
RC-6 (PWR-2) with frequency = 1E-11/py
RC-& (PWR-2) with frequency = 1E-12/py
P-a (PWR-2) with freaquency = 1t-8/py
P-€ (P¥R-7) with frequency = 1E-7/py

WASH-1200 assumes a vesse! rupture frecuency of 1£-7/py. Replacing this with
CE-f/py ‘the nominal estimate frequency of in-cavity asyrmetric blowdown autc-

(#1)



ticzilv causing re m2t in 3 way 2nzlogous to'\_éssel rupture) rasults in
R 3 NS . '

neg 2 X
the same orevions ejuence fregquencies, o

Jese estimates Tor the release cetegories were derived using the CRAC coce
anc 2ssyming the quantitias of radiozctive isotopes anc cuidelines usad in WASH-
1400, zhe meTeoroiogy &t 2 tvpical midwaszern site (Byron-Braidwood). 2 vniform
poputstisn density of 20 people per square-mile {which is an average of all
U.S. nuciear power plant. ites) and no evacuation of population. They are
as2 radius mode)l,

re neminal eswimate risk from the ir-cavity DEG large LOCA in 3 two loop
plant becomss:

Risk £-12/py){5.LE+6 man-rem) + {4E-11/py)(4.85+5 man-rem) +
o £-S/py{(5.2E+5 man-ram) + (1E-7/py)(2300 man-rem) :
]

908 man-ren/py

- It was assumed that asymmetric blowdown from a2 NEG large LOCA outside the
reactor cavity does not automatically lead to a core-melt, Subsequent safety
systzr fzilures would be ne2ded to result in core-melt, although the potential
for the NEG larce LOCA to czuse such failures directly (or displace the core
such that its gzometry becomas uncoolable} still exists.

Presumzbly, Tailure of safety systems independent of asymmetric loading are
accounted ¥or in the plant design. Since the DEG break is only part of the
ASH-120

: 7 large LOCA sequence, it was assumed that no risk is addad by the
bresx itself. Only safety system failures induced by unanticipatad asymmatric
loads on equipmert or core geometry disruptions contribute to this issve.

70 czlculate the contribution to corea melt from breaks outsida the raactor
cavity, 2 twe-step enalysis was followed. First, the contribution to core melt
from DS breaks cutside the reactor cavity was calculated. Second, an
additionzl fraction of this contribution, basad on previous systems interaction
analrses, wes caiculeted to represent the risk contribution due to asymmairic
dlowzown, Only =his fraction would b2 incurred for the progosed action sincs
RZC oreeks were previousiy considered in the plant design,

- To estimate the risk contribution from DEG breaks outside the reactor
~cavity, accicent sequences anzleoous to those for a large LOCA in WASH-1400 are
essumec zppiicedbie. These sequences are 2s follows (Teble V.3-14, dominant

eyl

r2-2 - (241 with frequency = 1E-11/py
-2 TTHRLIY ¢ " = 1£-10/py
“2Ch-2a fPWR-1Y ¢ “ = 5E-11/py
Ah-a (PERpaaY " = 97-11/py
~E-Y PRy ! = 1£-10/0y
~3-2 foply o " = 4E-11/cy
L - " = 28-11/ny
tn_ A IDl“b ?\ " " = Zs_g‘/pi,
ARe 2 TRGRS3Y " = 1t-8/ny

(24}



" AF-¢ (PWR-3Y " " = 1E-8/py
., AG-g& (PWR-3 " " = %E-9/py

A(N-E (PWR-4) " " = 1E-11/py
'AD- & (PWR-5) " " = 4E-%/py
AH- & (PWR-5) " " = 3E-9/py
"AB-€ (PWR-6) " " = 1E-9/py

"RHF- € [PHR-G) " " = 1£-10/py

ADF-€ [PWR-6) " " = 28-10/py
AD- € (PWR-7) " " = 2E-6/py
AH- € (PWR-7) " " = 1E-6/py
TOTAL 3E-6/py

WASH-1400 assumes a median large LOCA frequency of 1E-Z4/py. Replacing this
with 4.0E-7/py (the nominal estimate frequency of outside-of-cavity DEG large
LOCAs) results in lowering the previous sequence frequencies by a factor of
250. The risk from the outside-of-cavity DEG large LOCA becomes (ignoring
dependent failures): '

Risk = (1E-12/py)(5.4E+6 man-rem) + (6E-13/py)(4.8E+6 men-rem) +
(2E-10/py)(5.4E+6 man-rem) + (4E-14/py)(2.7E+6 man-rem) +
(26-11/py)(1.0E+6 man-rem) + (5E-12/py)(1.5E+5 man-rem) +
{1.2E-8/py (2300 man-rem) .

= 1g-3 man-rem/py

~ As assessed in the report for safety issve II1.C.3 (Systems Interaction) in
Supp. 1 to NUREG/CR-2800 (Andrews et al. 1983), systems interactions typically
contribute 10% to tota) core-melt frequency (and risk), with a range of 1%-
20%. The types of safety system feilures which could be induced directly by
adverse forces from a DEG large LOCA causing asymmetric blowdown are typical:
systems interactions :

The Westinghouse GTAP -7 ownzcs group hes proviced anzlyses for ex-cavity
breaks that indicate disruszic~ af core ceometry is unlikely to occur {Campbell
1980) for 13 out of 16 plerts. However, to account for this nossibility and
that of asymmetric-blowdown-induced damage to safety equipment, the uppar end
of the range for systems intaraction contribution (20%) is assumed eppliczble
to estimate the risk from dependent failures resulting from outside-of-cavity
asymmetric blowdown. Thus, the increment2l best estimate risk from the outside-
of-cavity DEG large LOCA with asymmetric loadings becomes:

Risk = (0.2)(1E-3 men-rem/py)
= 2£-4 man-rem/py

Combining the two scenarios for DEG large LOCAs within and cutside of the
reactor cavity yields the following tetel risk for two loop plants:

Risk = 0.006 + 2E-24 = 0.006 man-rem/py

Nominal estimate results for plants that use 2 two-lcop configuration were
2diusted to account for the added number:-of loops in some plants. A review cf



the GTAP A-2 owna-s v_oup 1ist indicates that thess P~-Ats have an average.of
3.1 loops. The r =inal estimate becomes 0.009 man-rem/py. ‘ L,

Upper estimate risk calculations ware made using procedures similar to
those of the nominal estimates, The pipe rupture frequency of 1E-5 was allo-
cated 80% to the primary loop and 20% to tha reactor cavity by assuming the
ratio of results from the SA] Study. No corrections for the number of plant
loops are nacessary beacause this frequency'is per .plant year, The in-cavity
failure rate of 2E-6 is 20 times higher than WASH-1400 for vessel rupture. The
upper estimate cavity risk becomes:

Risk = (4E-11/py)(5.4E+6 man-rem) +
(8.26-10/py)(4.8E+6 man-rem) +
(2.0 E-8/py)(5.4E+6 man-rem) +
(2.0E-6/py)(2300 man-rem)
= 0.12 man-rem/py

‘ The upper estimate of primary loop breaks of 8E-§ is 12 times lower than
WASH-1400 for large LOCAs. Tha upper estimate loop risk becomas:

Risk = 0.2 [(2E-11/py)(5.4E+5 man-rem) + (1.3E-11/py)(4.8E+6 man-rem) +
(3.9E-9/py)(5.4E+6 man-rem) + {8E-13/py)(2.7E+h man-rem) +
{5.6E-10/py }(1E+6 man-rem) + (1.0E-10/py)(1.5E+5 man-rem) +
{2.2E-7/py) (2300 man-rem)
= 0.004 man-rem/py

Cembining the two scenarios for upper estimate break frequencies yields the
following total risk:

Risk = 0,12 + 4E-3 = 0.1 man-rem/py

Multiplying each of the risk calculations in these cases by the number of
remaining plant years (16 plants x 23.6 yr = 377 py) results in tha industry
total public risk increase due to leak before break.

Total Added

Risk
(man-rem)
Nominal Estimate 3.8
Upper Estimate 37
Lower Esiimate 0

A nominz) estimate for the total increase in core melt frequency for the
sroposed action was determined by surming the contributions for breaks inside
“he reacter cavity and out-nf-cavity loop break systems interactions and then
2djustinc for the average number of loo0Ds.
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‘Core nelt incraase = 3.1/2[9E-8 + 0.2(3E-6/250)7 = 1t-7/py

" An upper estimate of the core-melt frequency increase was calculated by
summing the contributions from reactor cavity pipe breaks (ZE-6/py) and 20% of

+he out-c¥-cavity pipe break initiated core melt accidents.
Core melt increase = 2E-6 + N,2(2E-7) = 2E-6/py
Tota1 core-melt frequency increzse estimates are 2s follows:

Increase in Core-Melt Freauency (Events/py)

Nominal Estimate 1E.7
Upper Estimate 2E-6
Lower Estimate 0

B. Occupational Exposure - Accidental

The increased occupational exposure from accidents can be estimated as the
product of the change in total core-melt frequency and the occupational
éxposure likely to occur in the event of 2 major accident. The change in core
melt frzquency was estimated as 1E-7 events/yr. The occupational exposure in
the event of a mzjor accident has two components. The first is the “immediate"
exposure to the personnel onsite during the span of the avent and its short
term control., The second s the longer term exposure associated with the
cleanup and recovery from the accident.

The totz] avoided occupational exposure is calculated as follows:

Drs = NTpas Poa= P(P1o*PLo!
where

Usap = Total evoided cccupational dose
M = Number of affected facilities
T = Average remaining lifetime

DC# = Avoicded occupztional dcse per re&cter-year
> = fhange in core-melt freguency

Dep = “Immediate” nccupational dose

DLT. = Long-term occupational dose.

9esulte of =he celculations &re shown helow. Urcertzinties a-s conservétively
argpegates by use of extremes {e.c., upper bound Dq + upper sound DITG)'
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In-.=ase in Immediate(®) Long Term!?) Total .
Cc 2 Melt ONccupational . Occupational Avoided
Frequency Dose . Dose Cccupational
(events/ (man-pem/ - (man-rem/ Exposurs)
reactor-yr) avent) event ) (man-rem)
Nominal 1£-7 1E3 2E4 0.8
Estimate
Upper Estimate 2£-& - 4E3 3E4 30
Lower Estimate 0 o g 0

(a) Based on cleanup and decormissioning estimates, NUREG/CR-2601 (Murphy
1982).

C. Public Property

The effect of the proposed action upon the risk to offsite property is
calculeted by multiplying the change in accident frequancy by a genaric offsita
property damage estimate. This estimata was derived from the mean value of
results of CRAC2 calculations, assuming an SST) release /major accidant), for
134 reactors (Strip 1982). CRAC2 includes costs for evacuation, relocation of
displaced, persons, property decontamination, loss of usz of contaminatad
property through interdiction and crop and milk losses, Litigation costs,
impacts to areas rec2iving evacuees and institutional costs are not includad.
The damage estimate is converted to present value discounting at 10%, & 5%
ciscount rate was also considered as a sensitivity case,

The following discounting formula is employed:

D=y n’lti - e '°f

where DN
\l

ti-

T
For this praposed action, only operating reactors are affected, anc the 2verage
rumder of years of remaining life is 23.5. Therefore, the 10% discount factor
R/V = 8, The 5% giscount factor equals 12.8. These values must be muliiplied
oy the number of a¥fected facilities (161 to yield the tota) effect of the

ion., "Upper and lawer bounds are values for Indian Pgint 2 anc F:ilo Verca 3
cuizted from S=rip (1982}, Results are as follows:

discountad value

damage estimate

years before reactor begins operation; 0 for operating plants
years remaining until end of life.

discount rate

3
-
b
21

2

10



Discounted Offsite ~ Discounted
. Property Namage Value of Additionzl
0f¢site Property [Lifetime Risk] Nffsite Property

Nemage ($/event) ' ($/event) Pamage (§)
10% 5% 10% 5%
Nominal 1.78+9 1.5+410 -2.3E+10 2.4E+4  3,BE+4
Estimate '
Upper Estimate 0.2E49 - 8.3E+10 1,3Evll 2.6E+6 4.1t+€
Lower Estimate - R.3E+8 7.5E+10 1.2E+10 0 0

D. Onsite Property

The effect of the proposed action on the risk to onsite property is ,
estimated by multiplying the change in accident frequency by 2 generic onsite
property cost. This generic onsite property cost was taken from Andrews
et al. (1083). Costs included are for interdicting or decontaminating onsite
property, replacement power and capital cost of .damaged plant equipment.
Onsite property damage COSis were discounted using the following formula.

m

- e

where D = discounted value
V = damage estimate
m = years over which cleanup is spread = 10 years
t; = years before rezctor begins operation; 0 for operating plants
t, = years remaining until end of life; 0 = 23.5 years
f = discount rate = 10% or 5%.

For this proposed action, the 1M% discount factor equals S.7 and the 5%
discount factor equals 11. To obtain the total effect of the action, the per-
reactor results are multiplied by the number of affected facilities {(16). The
uncertainty bounds given in the table reflect a 50% spread which was estimated
to be indicative of the uncertainty level. The results are summarized below:
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. Discounted
Or:- =2 Property Niscount Value of Avoided
Damace Estimate Onsite Property Onsita Property
{S/avent) Damage ($/avent) Damage ($)
10% 5% 10% 5%
Nominal 1.65E+9 9.8E+9  1.BE+10  1.5E+4  2.0F+4
Estimate
Upper Estimate 2.5E+9 1.4E+10 2.8E+10 4,6E+5 8.8E+5
Lower Estimate 8.2E+8 4,7E+9 9.0E+9 0 0

€. Occupational Exposura-Operational

Operational occupational 2xposure due to 1nsté11ation and maintenance of
plant modifications is avoided by the proposed exemption to asymmetric blowdown
loads during implementation and operation,

For this analysis, plants were broken into two groups; those requiring
extensive modifications and the rest. A listing of each group and assumad
modifications is given in the section on Industry Implementation Cost. Avoided
implementation doses for the three plants requiring sxtensive modifications
were based on a San Onofre estimate of 2600 man-rem/plant to install primary
systam pipe restraints at ths RPV nozzles and modifying pump and steam
generator supports for three loops. Some occupational doses will be incurred
for the proposed action to upgrade leak detection systems. For these plants,
it is estimated that 450 man-hours per plant inside containment at 45 mR/hr and
80 hours outside containmen:t at 2.5 mR/hr would be required to install such
modificaticns. No modifications to the core or core barrel were assumed, For
this group, net avoided implementation doses were calculated as follows:

Avoided installation dose = 3[2600 - (0.0025 (80) + 0.045 (450))2
= 7700 man rem

Implementation doses for the remaining thirteen plants were estimated as
follows: 80% of total direct costs were assumed to be attributed to labor in
radiation zones, These costs were converted to man-hours by dividing by the
cost per man year (assumed to be S100K) and multiplying by Jgno man-hours /man-
year. Man-rem estimates were calculated by assuming dose rates of 25 mR/hr
inside containment and 2.5 mR/hr outside of containment. The Tower value for
containment work was assumed due to less extensive modifications and presumed
better 2quipment access. Required activities are described further in Industry
‘mplamentation Costs.



Total avoide occu,_.ional doses due to implementatiun, operztion and
maintenance are snown below. 'Upper and lower estimates were developed using
~ the following mocdel (Andraws et al. 1983):

Dose pper = 3 0S€ gypected

Dose g ep = 1/3 dOSE gynected

Activity Nose Avoided (man-rem)
Implementation 700
Operation, Mzintenance 840

Total 1.1E+4
Upper Estimate 3.2E+4
Lower Estimate 35bﬂ

F. Industry Implementation Cost

- Several levels of value to industry are seen as resulting from the proposed
action. Potential desion modifications that are avoided range from major
component support upgrades to the addition of major new equipment, i.e. pipe
restraints. Leak detection systems at some plants are already adequate.
Modifications at other plants include an assessment and calibration of
existing leak detection systems. The plants were divided into two groups based
on essuwed avoided plant modifications:

Plants Requiring Extensive Modifications:
Haddam Neck
Yankee Rowe
San Onofre 1

Plants Requiring Some Modification:
HR Rebinson 2
2ion 1,2
Turkey Point 3,4
RE Ginna
Surry 1,2
Point Beach 1,2
DC Cook 1,2
Ft. Calhoun.

For plants requiring extensive modifications, datz developed for modifi-
cazion to primary system component supports 2nd vessel nozzle restraints by San
Gnofre were used (Baskin 1880}, Total reported costs were divided by three to

obrain a per-loop cost. (osts for contingencies were ignored. Results are as
£ .
follows:
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‘. Results of th*: ani_ysis are.as follows: N

Number
Dire t\ of Avoided
Cost'?’  Plants (b) Dose Ratz. Implementation
Activity I$/100p)  (Loops) Man-Hours (R/hr) Dose fman-Rem)

Install primary
shield wal)
restraints and
inspection port (d,e)
modifications a8000 13(40)" #1 55000 0.025 1200
Modify reactor
coolant pump (d
supports 20000  7(21)%9) 000 0.025 150
Steam generator d
Supports 120000  4(12){9) 21000 0.025 520
Calibrate 1eak(c) £
detection system  N/&  11(f) 5000 0.025 (120)
Total 2000

(2) Stevenson 1980, except for shield wall and inspection port modificatjons.
Costs for these activities are based on industry estimates for 0.C. Cook.

(b) (Direct Cost)(Mumber of Loops ) {1800 man-hr/man-yr)(D.S)/(Sl.nEfS/man-yr}.

(c) Avoidad doses are negative for these activities because they are required
for the proposed action.

(d) Campbel) 1979 and 198n.

(e) Ft. Calhoun was credited with 3 loops due to redundant cold legs.,

(f) Two plants have verified adequate leak detaction capability,

Occupational dose to maintain the modifications is also avoided, To
estimate the amount, it was assumed that two additional man-weeks per plant-
year would be spent inside containment if the modifications are mads, This is
due to inspection of the medifications and additional zime recuired to cain
access 10 primary system components. The total cdose fcr the owners aroLp is
estimated below. Plants recuiring extensive modifications have remaining lives
totaling 56 plant-years. All other plant lives total 320 plant.years,

Coerational dose averted = (80 wen-hr/py){(56 plant-vears)(o,nas R/man-hr) +

(220 plent-years)(n.025 R/man-hr)}

gap man-rem



material and labe-.. 11 other costs listed are basey on work by Stevensons

The original work ¢id not appear to include engineering, MNSSS supplier and .
ytili<y support costs. An additional 122% was assumed for these costs based on
the Sen Onotre data. A1l costs were 2lso increased by an addition2l 19% for
ascalations between 1980 and 1982.

A1l modifications would not be required at a1l plants, Based on QOwners
Group analyses {Campbell 1879), it was assumed that the following number of
modifications would be performed.

Owners Group Avoided
Modification Number of Plants ({Loops) Cost

Primary Shield Hall 13 (40) $G200K
Restraint and Inspection
Port Modification

Reactor Coolant Pump 7 (21) €1100K
Supports
Steam Generator Supports ¢ (12) $3700K
Reactor Vessel Supports 0 0
Reactor Coolant Compartment 0 0
Walls

Jotal £14000K

Shield wall restrzints and inspection port modifications were assumed to be
required 2t all plants. Pump and stezm generator support work was assumed to
be needed a2t plants identified by the owners group. Reactor vessel supports
were assumed not to be needed by any plants. Stevenson discusses them as
meinly 2 seismic restraint. Reactor coolant compartment wall anchors are only
recuired for the safe shutdown earthquzke (SSE) and LOCA load combinations.
Thus they were not used in this anzlysis.

Needs for replacement power to mocify remaining plants were not identified
in the available data. It was assumed for plants requiring pump and steam
generator support modifications that some replacement power would be needed
(four plants). For this analysis, it was assumed that one half of the
incremental outége time of San Onotre would be needed or 20 days. Totel outaoe
dzvs would be 80. Costs for replacement power at S$300K/cay total S2&M.

Costs for modifying ieak detection sysiems 2re 2ssumed the same for plants
requiring some modification 2s for plants with extensive modifications. It was
cssumed that only 11 of the 13 plants need upgrading. Costs for this work
tc2al S2.RE+5.

e+ avoided cests for plants with seme moditications were calculetec &s
foilows:
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ot / : Per-Loop,_osts
R ~ TS

Direct Costs (materials, field costs) 9Q]
A/E Support 333
NSSS Supplier Support 716
Utility Support 166
Escalation (1979-1982) - 1%

Total 2855

In addition, Baskin reports that 40 days of rep1acementApower would be

purchased. At $300K/day (Andrews et al. 1983), the total replacement power
costs are S$12M per plant.

It is conservatively assumed that a1 three plants will require upgrading
to their leak detection systems. This ma3y include calibration of current flow
measurement systems and revisions to technical specifications, Costs for thesa
upgrades are based on labor estimates of 0.25 man-yr. At $100K per man-
yr,total costs are $25K/plant. :

Total implementation costs for the three plants were calculated as'foilows:
Implementation costs = (Total Number of Loops ) (Avoided Cost per Loop) +
(Number of Affected Plants)[(Replacement Power
Avoided Cost) - (L2ak Detection Costs)]
= (11)(S2.85E+6) + 3[S1.2E+7 - $2.58+4]
= S6.7E+7
Implementation costs for the reméining plants are derived from UCRL-15340

(Stevenson 1980) and industry estimates including San Onofre. Results ars
indicated below:

Modification Lost
Primary Shield Wall Réstraint and Inspection $230K/100p
Port Modification (Hot and Cold Leg)

Reactor Coolent Pump Supports § 52K/1o0p
Steam Generator Supports $210K/1o0p
Reactor Vessel Supports S 19K/1oop
Reactor Coolant Component Walls . $230K/plant

The shield wall restraints &nd inspection port modifications are to . control
Tuptures in the reactor cavity., These costs wera escalated in 1987 dollars
b2sec on estimates for DC Cook units znd are assumec 1o include &) gverheads,

i
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Avoided NRC Inoleﬁ‘\;ation Support Costs: - '

. 16 plants (0.25 man-yr/plent € £100,000/man yr) = S4,0E+5
Upper Estimate = $6.0E+3
Lower Estimate = $2.0E+5

No additional MRC costs during operztions are expected.
7.0 CCNCLUSIONS

The summary results for the value-impact assessment are shown below, The
nominal estimates for cost and dose indicate that the proposed action should be
recommended. The uncertainty bounds do not show negative .benefits for either
dose or cost. The upper estimate is very positive. The following observations
can also be made:

o This action did not address costs of core and core support modifications.
Adding these costs would increase the negative impact of the exemption.

o The schedule for avoided plant modifications assumed backfitting to add
only an increment of downtime to norme) outages. If not, the additional
avoided costs for replacement power would increase the negative impact
obtained.

o The dose avoided for this action is primarily occupational dose during
equipment installation. This dose is being weighed against statistical
estimates of public and occupational dose for rare events.

o Cost results are not sensitive to discount rates used in this analysis.

Syrme~v of Velue-Impact Assessment

Value ‘man-rem) Impact (S)
Nominal Upper  Lower
Est. Est. gst. Nominal Est. Upper Est. Lower Est.
10% 5% 10% . g% 10% %
1.1C=8  2,28+& 3500 -1,15+8 -1,1E+R -1.6E+B -1.6E+B -5,3E+7 -5.3t+7



.+ 1 Net Avoided Impie\\Hta:ion Costs ‘= Primary System. ,ificatiors «
’ Replacement Powér - Leakage Datection
Systems. _ Lo F

‘= $1.4E+7 + $2,4E+7 - $2.85+45
= S3,8E+7
To generate. upper and lower estimates for costs, it was assumed that esti-

mates are within 50 of the nominal estimate. Results for industry implemen-
tation cocts are surmarized below:

Plants with Extensive Modifications $6.7E+7
Plants with Some Modifications $3.8E+7
Total S1.1E+8
Upper Estimate $1.6E+8
Lower Estimate $5.3E+7

G. Industry Operation and Maintenanca Costs

Incdustry avoided operation and maintenance costs were developed based on
the assumption that additional restraints will result in additional inspections
and restrict access to steam generators, reactor coolant pumps and reactor
nozzles. Basad on the values used for occupational dose estimatas, this labor
is assumzd to total RO man-hours/plant-year, At SiOCK/man-year and 22 man.
wk/man-yr, the annual cost is $4540/plant. The present value of this quantity
for 16 plants over 23.5 years with uppar ard lower estimates are as follows:

NDiscount Rate

10 5%
Present Value of Operation
and Maintenanca Costs = $6.5E+5 1.0£-6
Uoper Estimate = $9,8E+5 1.5E+6
Lower Estimate = £3,3E45 5.0E+5

H. MNRC Jmplementation Supoort Costs

NRC Avoided Implementation costs are estimated to be 0.5 man-year of labor
%0 review plant modifications. This is partially offset by an estimste of 0.25
men-vesr to review leak detection system upgrades and revisicns to plant
tecknical specifications. Net MBC cost savings are as follows:
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