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4 j NUCLEAR REGULATORY COMMISSION ,*
2 WASHINGTON, D.C. 206eH001

.....

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

RELATED TO THE RELIEF FROM CERTAIN HYDROSTATIC TESTS AND BOLT EXAMINATIONS

GPU NUCLEAR CORPORATION

OYSTER CREEK NUCLEAR GENERATING STATION

DOCKET NO. 50-219

1.0 INTRODUCTION

In a letter of July 8,1994, GPU Nuclear Corporation (GPUN/ licensee) submitted
a request for relief from certain hydrostatic tests and bolt examinations at
Oyster Creek Nuclear Generating Station. In place of the hydrostatic tests
required by the American Society of Mechanical Engineers (ASME) Boiler and
Fressure Vessel Code, the licensee proposed alternatives consisting of non-
approved ASME Code cases. In addition, the licensee, proposed an alternative!
to the Code requirements for leaking bolted connections. The NRC staff has
evaluated the licensee's request to use the proposed alternatives to the
requirements.

;

2.0 BACKGROUND

By letter dated April 16, 1992, GPUN submitted the inservice inspection
program for the third 10-year interval at Oyster Creek. The program
implemented the requirements of the 1986 Edition with no addenda to Section XI ,

of the ASME Code. By letter dated July 8,1994, the licensee submitted a
request to use Code Case N-416-1 for repair by welding and the attachment of
replacements by welding (PT-R2), Code Case N-498-1 for the inspection interval
hydrostatic test (PT-R3), and Code Case N-522 for periodic system pressure
testing of Class 2 portions of piping at containment penetrations where the
balance of the adjoining system is classified as non-class (PT-R4). These
Code Cases have not been endorsed in US NRC Regulatory Guide 1.147. In place
of the Code-required bolt examination of pressure-retaining bolted connections
exhibiting evidence of leakage, the licensee proposed an in-place VT-1
examination with additional requirements for items showing corrosion. The
licensee also included a revision (R12 Revision 1) of the original submittal
dated April 16, 1992. In the revision, the licensee proposed an alternative
to the Coie requirements for leaking bolted connections found during a system
pressure test.
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3.0 DESCRIP. J :

3.1 PT-R2

3.1.1 Code Requirements !

i
In accordance with IWA-4000 and IWA-5000, a hydrostatic pressure test shall be |:.

| performed following repair or replacement of Class 1, 2, or 3 components by i

welding on the pressure retaining boundary.
|!

3.1.2 Request for Relief '

The licensee requested generic relief from performing the Code-required i

hydrostatic pressure test following repair or. replacement by welding.

3.1.3 Basis for Relief

The licensee states that there exists numerous publications and ASME
documentation regarding the lack of value of the hydrostatic pressure test at
elevated pressure. This has led to the issuance of Code Case N-498, which
eliminates the requirement to perform a hydrostatic test at elevated pressure

' ;
for Class I and 2 systems as part of the periodic test requirement.. This code '

case, which has been endorsed by Regulatory Guide 1.147, did not initially
address Class 3 systems becaut,e pressure tests served as the only form of
examination (except for integral attachments). Equally lacking in value is ;

,

the requirement to perform a hydrostatic test at elevated pressutes subsequent
,

to repairs by welding and the attachment of replacements by welding. The ASME |

Committee has recognized this and consequently developed Code Case N-416-1 to i

provide an alternative. This Code Case has been approved by the ASME I

Committee during the first quarter of 1994 and will be issued by ASME in I
Supplement 8 to Section XI. The licensee believes that the requirements of
the Code Case, as outlined below, provides a technically sound alternative to
the current requirements.

3.1.4 Proposed Alternative Examination

As an alternative to Code requirements, the licensee proposed using Code Case- <

N-416-1 for welded repairs and installation of replacement items by welding in )
Class 1, 2, and 3 piping.

3.1.5 Evaluation / Conclusions

Code Case N-416-1 requires a system leakage test at normal operating
temperature and pressure in accordance with IWA-5000 and the 1992 Edition of
Section XI in lieu of the hydrostatic test of the pressure-retaining boundary
following Code nondestructive examination (NDE) of a repair. This Code Case
also specifies that NDE of the welds be performed in accordance with the
applicable subsections of the 1992 Edition of Section III. Hardships are

<
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generally encountered with hydrostatic tests performed in accordance with the
Code. For example, since hydrostatic test pressure would be higher than
nominal operating pressure, hydrostatic pressure testing frequently requires
significant effort to set up and perform. The need to use special equipment,
such as temporary attachment of test pumps and gages, and the need for
individual valve lineups can cause the testing to be on a critical path.

Piping components are designed for a number of loadings postulated to occur
under the various modes of plant operation. Hydrostatic tests only subject
the piping components to a small increase in pressure over the design
pressure. Accordingly, hydrostatic pressure testing is primarily regarded as
a means to enhance leakage detection during the examination of components
under pressure, rather than solely as a measure to determine the structural
integrity of the components.

The industry indicates that experience has demonstrated that leaks are not
being discovered as a result of hydrostatic test pressures propagating a
preexisting flaw through wall. They indicate that leaks in most cases are
being found when the system is at normal operating pressure. This is largely
due to the fact that hydrostatic pressure testing is , required only upon
installation, while system leakage tests at nominal operating pressures are
conducted a minimum of once each refueling outage for Class I systems and each
40-month inspection period for Class 2 and 3 systems. In addition, leaks may
be identified during system walkdowns by plant operators, which may be
conducted as often as once a shift.

Following the performance of welding, the Code requires volumetric examination
for repairs or replacements in Class 1 and 2 piping components, but only
requires a surface examination of the final weld pass in Class 3 piping
components. There are no ongoing NDE requirements for Class 3 components
except for pressure testing and visual examination for leakage.

Considering the NDE performed on Class 1 and 2 systems and since the
hydrostatic test pressure is not substantially higher than the nominal
operating pressure during the system leakage test, the staff believes that
increased assurance of the integrity of welds in Class I and 2 systems is not
commensurate with the burden of performing hydrostatic tests.

For Class 3 components, hydrostatic tests are generally performed at pressures
substantially higher than normal operating pressure. In view of this
difference and the NDE requirements for Class 3 components, the staff does not
believe that a system pressure test is an acceptable alternative for the
hydrostatic test unlest, additional surface examinations are performed on the
root pass layer of butt and socket welds on the pressure-retaining boundary of
Class 3 components when the surface examination method is used in accordance
with ASME Section III.
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With this provision applied to Class 3 components, the staff concludes that
compliance with the Code hydrostatic test requirements for welded repairs or
- replacements would result in hardships without a compensating increase in the
level of quality and safety. Accordingly, the licensee's proposal to use Code
Case N-416-1 is authorized for Oyster Creek pursuant to 10 CFR
50.55a(a)(3)(ii) provided additional surface examinations are performed on the
root pass layer of butt and socket welds on the pressure-retaining boundary of
Class 3 components when the surface examination method is used in accordance
with ASME Section III. Use of Code Case N-416-1, with the provision noted
above, is authorized until such time as the Code Case is endorsed in a future
revision of Regulatory Guide 1.147. At that time, if the licensee intends to
continue to implement this Code Case, the licensee is to follow all the
provisions in Code Case N-416-1, with the limitations issued in Regulatory
Guide 1.147, if any.

3.2 PT-R3

3.2.1 Code Requirements

In accordance with Table IWD-2500-1, Categories D-A, D-B and D-C, a system
hydrostatic test is required to be performed once each inspection interval.

3.2.2 Request for Relief

The licensee requested generic relief from performing the Code-required system
hydrostatic test described in Table IWD-2500-1, Categories D-A, D-8, and D-C.
In accordance with IWD-5000, the hydrostatic test is required to be performed ,

at either 110 percent or 125 percent of the relief valve setting, or_ at design ;_

pressure. :

|

3.2.3 Basis for Relief i

The inspection interval hydrostatic test of Class 3 components at elevated '

pressures place a requirement on the utilities that provided little benefit. |
It has been shown that a hydrostatic test at elevated pressure only slightly i

increases the leakage rate from that of a leakage test run at normal operating I

pressure. Industry data and material and construction requirements pertaining i
to Class 3 systems support this position. Currently, the hydrostatic test at !
nominal or normal operating pressure, as applicable, is acceptable for Class 1 |and 2 systems instead of the hydrostatic test at elevated pressure, in

|accordance with Code Case N-498, which the staff has endorsed in Regulatory
,

Guide 1.147. Recognizing this concern, the ASME Committee has developed Code 1

Case N-498-1 to extend these alternative rules to Class 3 components. Code
Case N-498-1 was approved by the ASME Committee during the first quarter of
1994 and will be issued in Supplement 9 to ASME Section XI.

_ . _ , . _ _ _ _ _ . _ _ _ _ - - _
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3.2.4 _ Proposed Alternative Examination !

As an alternative to the Code requirements, the licensee proposed the
following from Code Case N-498-1: ;

f

3.2.4.1 A system pressure test shall be conducted at or near the end of. !

each inspection interval or during the same inspection period of each |

inspection interval of Inspection Program B. '

;

3.2.4.2 The boundary subject to test pressurization during the system i

pressure test shall extend to all Class 3 components included in those a
portions of systems required to operate or support the safety system
function up to and including the first normally closed valve (including a |
safety or relief valve) or valve capable of automatic closure when the
safety function is required.

I

3.2.4.3 The systems shall be pressurized to normal operating pressure i
for at least 4 hours for insulated systems and 10 minutes for non- !
insulated systems. The system shall be maintained at normal operating
pressure during the performance of the VT-2 visual examination, j

3.2.4.4 The VT-2 visual examination shall include all components within
the boundary identified above.

3.2.4.5 Test instrumentation requirements (IWA-5260) are not applicable.

3.2.5 Evaluation

Information prepared in conjunction with ASME Code Case N-498-1 notes
that the system hydrostatic test is not a test of the structural
integrity of the system but rather an enhanced leakage test. That this
was the original intent is indicated in a paper by S.H. Bush and R.R.
Naccary, " Development of In-Service Inspection Safety Philosophy for
U.S.A. Nuclear Power Plants," ASME, 1971. Piping components are designed
for a number of loadings that would be postulated to occur under the
various modes of plant operation. Hydrostatic testing only subjects the
piping components to a small increase in pressure over the design
pressure and therefore does not present a significant challenge to
pressure boundary integrity since piping dead weight, thermal expansion,
and seismic loads, which may present far greater challenge to the
structural integrity of a system than fluid pressure, are not part of the
loading imposed during a hydrostatic test. Accordingly, hydrostatic
pressure testing is primarily regarded as a means to enhance leakage
detection during the examination of components under pressure, rather
than as a measure to determine the structural integrity of the
components.

The licensee has indicated that they are already using N-498, |
" Alternative Rules for 10-Year System Hydrostatic Testing for Class 1, !

and 2 Systems," which was previously approved by the NRC in Regulatory

|
|

- - __ . _ _ _ _ _ . . .
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Guide 1.147, Rev. 11. The rules for Code Class 1 and 2 in N-498-1-are
- unchanged from N-498. The staff found N-498 acceptable because the
alternative provided adequate assurance and.because compliance with the
specified requirements would result in hardship or unusual difficulty
without a compensating increase in the level of quality and safety.
Therefore, this evaluation applies to Class 3 systems.

Revision N-498-1 encompasses Class 3 components and specifies
1requirements for Class 3 that are identical to those for Class 2

components. In lieu of 10-year hydrostatic pressure testing at or near,

the end of the 10-year interval, Code Case N-498-1 requires a visual
examination (VT-2) be performed in conjunction with system leakage '

testing in accordance with paragraph IWA-5000. |,

|

Currently, licensees incur considerable time, and radiation dose carrying i
out hydrostatic test requirements. A significant amount of effort may be ;

necessary (depending on system, plant configuration, Code Class, etc.) to I

Itemporarily remove or disable Code safety and/or relief valves to meet
test pressure requirements. The safety assurance provided by the ;

enhanced leakage gained from a slight increase in system pressure during '

a hydrostatic test may by offset or negated by'the following factors: |
having to gag or remove Code safety and/or relief valves, placing the :
system (and thus the plant) in an off-normal state, erecting temporary ;

supports in steam lines, possible extension of refueling outages, and '

resource requirements to set up testing with special equipment and gages.
'

.

t

Class 3 systems do not normally receive the amount and/or type of Non-
Destructive Examinations that Class 1 and 2 systems receive. While Class ;.

I and 2 system failures are relatively uncommon, Class 3 leaks occur more e
'

frequently and the failure mode typically differs. Based on a review of
Class 3 system failures requiring repair for the last 5 years in Licensee
Event Reports and the Nuclear Plant Reliability Data System databases,

,

the most common causes of failures are erosion-corrosion (EC), '

microbiological 1y induced corrosion (MIC), and general corrosion. :
Licensees generally have programs in place for prevention, detection, and
evaluation of EC and MIC. Leakage from general corrosion is readily !

apparent to inspectors when performing a VT-2 examination during system :
pressure tests. The industry indicates that experience has demonstrated
that leaks are not being discovered as a result of hydrostatic test !

pressures propagating a preexisting flaw through wall. They indicate t

that leaks in most cases are being found when the system is at normal :
operating pressure,

s

Giving consideration to the minimal amount of increased assurance !

provided by the increased pressure associated with a hydrostatic test |
versus the pressure for the system leakage test and the hardship '

associated with performing the ASME Code required hydrostatic test, the :

staff finds that compliance with the Section XI hydrostatic testing
requirements results in hardship and/or unusual difficulty for the ;

licensees without a compensating increase in the level of quality and -

.

d
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safety. Pursuant to 10 CFR 50.55a(a)(3)(ii), the licensee's proposal !

(PT-R3) to use Code Case N-498-1 is authorized until such time as the
code case is published in a future revision of Regulatory Guide 1.147.
At that time, if the licensee intends to continue to implement this Code *

Case, the licensee is to follow all provisions in Code Case N-498-1, with i

limitations issued in Regulatory Guide 1.147, if any. ;

3.3 PT-R4 i

,

3.3.1 Code Requirements
:
'

In accordance with Table IWC-2500-1, Category C-H, periodic system
pressure testing is required to be performed on all Class 2 piping. <

3.3.2 Request for Relief

The licensee requested generic relief from performing the Code-required !
periodic system pressure testing on Class 2 portions of piping at
containment penetrations where the balance of the adjoining system is
classified as non-class. ,

3.3.3 Basis for Relief
,

i

The safety function of the lines penetrating containment is to become L

part of the containment isolation system during periods when containment !isolation is required. Therefore, the pressure testing requirements >

should be based on the containment system design, not the associated
|

process system design requirements. These lines are tested in accordance
with 10 CFR 50, Appendix J, " Reactor Containment Leakage Testing for
Water Cooled Power Reactors," commensurate with the safety function the
line performs and in accordance with technical specification surveillance :
requirements. Recognizing this situation, the ASME Committee has !

approved Code Case N-522, which allows use of the leakage testing
requirements of 10 CFR 50, Appendix J, to satisfy the periodic pressure j

testing requirements of ASME Code, Section XI, Subsection IWC, for these j
-

isolated portions of Class 2 piping which are classified only for the
ipurpose of containment integrity.
|
!

3.3.4 Proposed Alternative Examination |

As an alternative to Code requirements, the licensee proposed using 10
CFR 50, Appendix J testing to satisfy the periodic pressure testing
requirements for those Class 2 portions of piping at containment
penetrations where the balance of the adjoining system is classified as
non-class as described in Code Case N-522.

I

, - .. - _. .. . - - .
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3.3.5 Evaluation / Conclusion

The hydrostatic pressure test required in Table IWC-2500-1, Category C-H
provides periodic verification of the leak-tight integrity of Class 2
piping systems or segments at least once during every 10-year ISI
interval. The Appendix J pressure testing provides periodic verification
(at least three times in every 10-year ISI interval) of the leak-tight
integrity of the primary reactor containment, and systems and components
that penetrate containment. The Appendix J test frequency provides
assurances that the containment pressure boundary is being maintained at
an acceptable level while monitoring for deterioration of seals, valves,
and piping.

In situations where the Appendix J test pressure is equal to or greater
than the hydrostatic test pressure, the hydrostatic test would be
redundant. If an event occurred in containment with pressures higher
than the pressures in a pipe with a through-wall flaw, the isolation
valves located on both sides of the containment wall would prevent any
release outside containment. Multiple through-wall flaws appearing
simultaneously inside and outside of containment between the isolation

.

valves in a low pressure pipe segment is unlikely. However, the Appendix
J test frequency would provide additional surveillance for leakage
through pipe segments.

In situations where the Appendix J test pressure is less than the
hydrostatic test pressure, the hydrostatic test would be overly
conservative. If a through-wall opening occurred, leakage from the pipe
in containment with pressures greater than containment pressures would
protect containment pressure boundary integrity. The material in the
pipe system is not safety-related as evident by the non-Code
classification assigned to the pipe on the non-penetration side of the
isolation valves. Therefore, the only concern is containment material
entering the pipe and bypassing the containment boundary, which does not
occur as long as the pressure in the pipe exceeds the pressure in
containment or the isolation valves are closed.

Based on the above analysis and information submitted, the staff
concludes that compliance with the Code-required hydrostatic test of
Class 2 piping that penetrates containment, where the balance of the
piping system is non-Code class, would result in hardships or unusual
difficulty without a compensating increase in the level of quality and
safety. Pursuant to 10 CFR 50.55a(a)(3)(ii), the licensee's proposal
(PT-R4) to use Code Case N-522 is authorized until such time as the Code
Case N-522 is published in a future revision of Regulatory Guide 1.147.
After publication, if the licensee intends to continue to implement Code
Case N-522, the licensee is to follow all its provisions, with the
limitations issued in Regulatory Guide 1.147, if any.
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3.4 R12 Revision 1

3.4.1 Code Requirements

In accordance with ASME Code, Section XI, 1986 Edition, Paragraph IWA-
5250(a)(2), "if leakage occurs at a bolted connection, the bolting shall i
be removed, VT-3 examined for corrosion, and evaluated in accordance with '

IWA-3100."

3.4.2 Request for Relief

The licensee requested generic relief from performing Code-required
removal of bolting on Class 1 (except control rod drive housing !connections), 2, and 3 components at pressure-retaining bolted 1
connections, when evidence of leakage is found during system pressure ltesting.

]
3.4.3 Basis for Relief |

Regulatory authorities have already determined that a more relaxed
.

approach regarding removal of bolts at leaking connections provide an i

acceptable alternative to the current requirements. This is evident by
the rules provided in later editions of the Code (i.e.., 1992 Edition with
1993 Addenda). This later requirement states, "If leakage occurs at a i

bolted connection on other than a gaseous system, one of the bolts shall
be removed, VT-3 examined, and evaluated in accordance with IWA-3100.

,

The bolt selected shall be the one closest to the source of the leakage. I

When the removed bolt has evidence of degradation, all remaining bolting |in the connection shall be removed, VT-3 examined, and evaluated in
i

accordance with IWA-3100." The licensee believes that the later Code
requirements are a better wproach with regard to bolting removal at
leaking connections; however, the licensee also believes that some other
considerations should be addressed, as follows:

3.4.3.1 If the bolted connection is leaking during system start-up and
it is documented that the leakage stops at normal operating temperature, {no further action shall be required, since the leakage is not continuous
and, therefore, would not result in degradation of the bolting.

3.4.3.2 If the bolting in the connection was examined or replaced during
the current outage, no further action shall be required.

!

,

3.4.3.3 If bolt removal becomes necessary, a VT-1 examination should be
performed in lieu of the required VT-3 examination since this method is
consistent with Section XI bolting examination requirements, and is
better suitable for evaluation of corrosion.

3.4.3.4 Over the past 10-years preventive and/or corrective maintenance
activities were performed on approximately 80 inservice inspection
valves. The valve maintenance histories have shown that where leakage
has occurred and the bolts were located in the path of the leakage flow l
stream, no corrosion was found in the threaded areas. Based on these 1

observations, GPUN believes the immediate removal of the single bolt

,

___-___ -________-____ _ ___________



.o
.

\
*

s

-10-.

)
i

|
because of leakage is not warranted. If the exposed surface of the
bolt / stud, nuts, or flange exhibits any evidence of degradation, the bolt

,

should be removed for examination immediately. If no evidence of J

corrosion exists, the removal of a bolt at the next system out-of- !

service or scheduled refueling outage is sufficient to ensure continued
serviceability.

3.4.4 Proposed Alternative Examination

If leakage occurs at a bolted connection on other than a gaseous system,
and continues to leak once operation temperature has been obtained and
the bolted connection was not replaced or examined during the current
outage, an in-place VT-1 examination shall immediately be performed on
the entire bolted connection. If evidence of corrosion is detected on
any part of the bolted connection or flange surface, then the bolt
closest to the source of the leakage shall be removed, VT-1 examined, and
evaluated in accordance with IWA-3100. When the removed bolt has
evidence of degradation, all remaining bolting in the connection shall be
removed, VT-1 examined, and evaluated in accordance with IWA-3100.

If no evidence of corrosion exists on any part of the bolted connection
or flange surface, the removal of the bolt closest to the source of
leakage shall be deferred to the next system out-of-service or scheduled
refueling outage. The removed bolt shall be VT-1 examined, and evaluated
in accordance with IWA-3100. When the removed bolt has evidence of
degradation, all remaining bolting in the connection shall be removed,
VT-1 examined, and evaluated in accordance with IWA-3100.

3.4.5 Evaluation / Conclusions

As part of the basis for this request, the licensee referenced the 1992
Edition with 1993 Addenda of Section XI of the ASME Code, Paragraph IWA-
5250(a)(2), which requires "if leakage occurs at a bolted connection on
other than a gaseous system, one of the bolts shall be removed, VT-3
examined, and evaluated in accordance with IWA-3100. The bolt selected
shall be the one closest to the source of leakage. When the removed bolt
has evidence of degradation, all remaining bolting in the connection
shall be removed, VT-3 examined, and evaluated in accordance with IWA-
3100." The staff has selectively authorized Paragraph IWA-5250(a)(2).

The licensee's alternative for generic applications contains the
Paragraph IWA-5250(a)(2) stated above with special considerations for
four specific conditions. Some obvious assumptions associated with these
four specific conditions are the following: (1) The condition in 3.4.3.1
makes the assumption that thermal effects on the bolted connections are
the root cause of leaks; (2) The condition in 3.4.3.2 makes the
assumption that a bolt that was looked at and found acceptable just prior
to startup has not been exposed to a corrosive atmosphere long enough to
deteriorate. If the leakage continues to the next outage, the licensee
assumes that the bolts exposed to the leakage will not deteriorate to an

- _ - - - _ _ - - _ _ _ _ _ _ _
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unsafe condition. Prolonged leaking indicates an unexplainable
condition, such as excessive corrosion, unanticipated fatigue cracks,
wrong material selection, joint dislocation, or errant joint assembly;
3) The condition in 3.4.3.3 makes the assumption that all bolts are less

than 2-inches in diameter with no obvious leakage during the inservice
,

inspection interval, and assumes that deteriorated bolts are the only
cause cf leaking joints. The licensee's use of a VT-1 examination
insteaa of the Code-required VT-3 examination does not take into account
the general mechanical and structural condition of the components and
their supports; and (4) The condition in 3.4.3.4 makes the assumption
that bolt failure can only occur from corrosion in the threaded area.
Bolts can fail in areas other than the threaded area and by mechanisms
other than corrosion.

The four specific conditions did not address all obvious causes for
leakage at bolted connections nor did the licensee submit supporting data
that leaking bolted connections would perform their designed functions.
On the basis of the above discussion, the alternative examination for R12
Revision 1 is denied.

'

Principal Contributor: 0.G. Naujock

Date: February 24, 1995

i
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