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Inspection Summary

Inspection on August 23 through October 19, 1989 (Report No. 50-346/89021(DRS))
Areas Inspected: Announced special team inspection of alternate test methods
performed in Tieu of ASME Section XI required hydrostatic testing (73053,
73/55). This inspection was initiated in response to allegations concerning
the validity of the alternate testing (99014).

Results: One violation with muitiple examples was identified: failure to

adequately control the pressure testing of plant systems (Paragraphs 2.b and
2.¢).

Based on the results of the inspeciivn, the following weaknesses were noted:

L8]

Though Quality Assurance involvement was evident, technical reviews of the
implementing test procedures were inadequate.

Documentation reviews of the completed tests appeared to be nonexistent.
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DETAILS

Persons Contacted

Toledo Edison Co. (TE)

*+5. C. Jain, Director, Davis-Besse Engineering
+G. Gibbs, Director, Quality Assurance
D. Haiman, Engineering Assurance/Programs Manager
*+R. W. Schrauder, Nuclear Licensing Manager
*+E. Caba, Performance Engineering Manager
*L. L. Campbell, Performance Engineer
*J. E. Black, Performance Engineer
*M. Khazrai, Performance Engineer
*+J. C. Sturdavant, Licensing Technologist
J. Byrne, QA Auditor

U.S. Nuclear Regulatory Commission (U.S. NRC)

*R A4, Hermann, Chief, Metallurgy Section, NRR

+D. 1. Danielson, Chief, Materials and Process Section
*+J. . Jacobson, Metallurgist
*+P. M. Byron, Senior Resident Inspector

D. C. Kosloff, Resident Inspector

*D. Jackson, Materials Engineer, NRR

Southwest Research Institute (SWRI)

*D. W. Jolly, Institute Scientist

*Denotes those attending the interim exit meeting on August 25, 1989.
+Denotes those participating in the final exit meeting via telephone on
October 19, 1989,

Allegation Followup (RII1-89-A-0036)

The concerns addressed in this inspection report were extracted from
correspondence with, and interviews of, two former employees of HAFA
International Inc. The concerns relate to the testing performed on
plant systems by HAFA, utilizing the "Instrumented Inspection Technique"
(IIT) as an alternative to the ASME Code required hydrostatic test.

This inspection was conducted as a joint effort by both Region 111 and
NRR staff. A consultant from SWRI was utilized to aid in the technical
evaluation of the acoustic leak sensing testing associated with the IIT.
In addition to the review of test related documentation performed at the
plant, an inspection at the HAFA facility was also conducted.

a. Background

Topical report HAFA 135(P) was submitted for NRC review by letter
dated April 2, 1985, The staff reviewed the subject document based



on the NRC policy and guidance provided in NUREG-0390, Vol. 7,

No. 2, "Topical Report Review Status," dated October 15, 1984. This
topical report was approved by the staff in a letter dated

November 7, 1985, which then permitted its use by reference in
licensee applications to the extent specified and under the
limitations delineated in the topical report and the associated NRC
proprietary and nonproprietary safety evaluations.

The staff's original review of the topical report considered the
ASME Section XI requirements for pressure tests from the 1980 Edition
through Winter 1981 Addenda. These requirements were cited for
explanatory purposes only and were not intended to limit the
alternative testing method to the requirements in this edition and
addenda.

The Code requires that pressure-retaining components within each
system boundary be subjected to system pressure tests; in these
pressure tests, visual examination (V7-2) is performed to locate
evidence of leakage. Pressure and temperature requirements are
defined for the type of test being performed and the system or
component Code Class. System boundaries are located at the
intersection of Code Class changes. The pressure test hold time 1is
required to be a minimum of 10 minutes for uninsulated components
and four hours for insulated components. ' ‘

For Class 1 systems and components, the hydrostatic test is required
to be performed at not less than 1.10 times the nominal operatiny
pressure at 100°F or less. However, the pressure can be lowered
incrementally with increasing temperature to 1.02 times the
operating pressure at a temperature of 500°F provided limiting
con?itions specified in the Technical Specifications are not
violated.

For Class 2 systems and components, the hydrostatic test pressure is
required to be at least 1.10 times the lowest pressure setting of
safety or relief valves provided for overpressure protection for
systems with a design temperature of 200°F (93°C) or less and 1.25
times this pressure for systems designed for over 200°F. These
requirements also apply to Class 3 components.

The information and test data contained in topical report HAFA 135(P)
were presented to demonstrate that the 11T is capable of detecting
and locating external system leakage, intersystem valve leakage,
reducing personnel exposure to radiation, detecting small leaks,
eliminating the potentis1 for overpressurization of lower pressure
rated piping and components, and is therefore a suitable alternative
to Section XI requirements for hydrostatic tests. The staff regarded
the attributes described above as the 11T concept that would be
implemented by reference in license applications pursuant to its
letter dated November 7, 1985,



The staff determined that sufficient information was presented in
topical report HAFA 135(P) to support the conclusion that the 1IT is
a suitable alternative for the pressure test requirements of ASME
Section XI. The staff found that the Code requirements, where
practical to meet, will be complied with and in situations where the
requirements are impractical, the regulations will be followed prior
to implementation of the alternative testing method. However, the
Code requirement for the 4-hour hold time prior to visual examination
of insulated systems and components may be reduced to 2 hours if the
alternative method is utilized. The staff regards the conditions
described above as limitations associated with the acceptance of
topical report HAFA 135(P) as defined in its letter dated

November 7, 1985,

HAFA personnel conducted two types of pressure tests under the
umbrella of “IIT." The first type of test was used to detect
pressure boundary and intersystem leakage utilizing leak measuring
devices (LMD's). The purpose of the LMD's (flow meters) was to
measure the replacement volume of flow necessary to maintain the test
pressure. Exit flow through potentially leaking boundary valves was
also to be measured. Any difference between make-up flow and the
measured exit flows was, ostensibly, system external leakage. This
instrumentation was to be supplemented by acoustic leak sensing
equipment (ALSE) to aid in identifying leak locations. A supporting
ASME VT-2 type examination could be performed in conjunction with
the 11T,

The second type of test utilized acoustics without flow measurement
for the detection of leakage. This type of testing was performed
on both water filled and steam systems. The NRC staff did not
approve this methodology in its November 1985 letter. This type
of examination is briefly mentioned in the topical report, however,
supporting test information demonstrated inconclusive results.

Concerns

(1) Allegation

The treasurer of HAFA also performed the function of QA
manager. This would appear to conflict with the requirements
of 10 CFR 50, Appendix B, Article 1.

NRC Review

A review of the QA audit of HAFA performed by TED prior to the
test activities at Davis-Besse showed that the QA manager at the
time was an individual hired from Westinghouse. This

individual was considered to have sufficient independence from



(2)

(3)

cost and schedule. At some point during the contract period,
this individual died and the treasurer temporarily took over
the QA position for a period of time.

Conclusion

This allegation was substantiated in that the treasurer of HAFA
did perform the function of QA manager. Though it is understood
that HAFA is a small company, it is considered inappropriate for
this individual to perform the QA function as sufficient
independence from cost and schedule was not demonstrated.

Allegation

Test engineers submitted written exams prepared by themselves
as evidence of qualification for acoustic testing. This
practice violates the intent of the ASNT SNT-TC-1A “Recommended

Practice".
NRC Review

The qualification records of several individuals were reviewed

and interviews were conducted to determine their validity.

Records, in general, were found to be in a state of disarray,
incomplete, and in one instance a resume was found to

misrepresent the individual's academic credentials. The results

of this review are forwarded via the distribution of this inspection
report to the NRC's Vendor Branch for information.

Conclusion

Interviews with the HAFA staff indicated that the subject
individuals had not submitted completed exams, developed by
themselves, as evidence of proficiency. This allegation could
not be substantiated in that no documented evidence of the
alleged practice was noted.

Allegation

Each sensor/channel was not individually evaluated for reliability
before, during, and after testing.

NRC Review

A review of test logs, procedures, and interviews with test
personnel indicated that a pencil-lead break functional check
was performed prior to testing. Interim or post-test functional
checks were not performed, and attenuation measurements were not
obtained to determine the adequacy of sensor spacing.



(4)

(5)

Conclusion

This allegation was substantiated in that interim and post
checks on sensor channels were not performed. The pencil-lead
break check performed prior to testing is not considered an
acceptable method of sensor calibration due to the fast
rise/decay transient as opposed to the continuous signal
produced by a leak. Interim and post verification of channel
sensitivity is considered a critical step in the data
evaluation.

10 CFR 50, Appendix B, Criterion XI, requires, in part, that
test procedures include provisions for assuring that all
prerequisites for a given test have been met. The procedural
deficiency in the area of sensor calibration is an example of
violation of this criterion (346/89021-01A).

A]legation

A band pass filter of 100-300 KHz was used when experience
shows leaks to most likely be below 100 KHz.

NRC Review

A review of test logs, procedures, and interviews with test
personnel indicated that indeed, a 100-300 KHz band pass filter
was used during the testing.

Conclusion

This allegation was substantiated in that a 100-300 KHz band
pass filter was utilized; however, the technical significance
is minimal.

Water leaks produce a relatively wide spectrum of acoustic
frequencies. Water leaks usually induce frequencies greater
than 100 KHz in the piping.

Allegation

Claims of real time RMS data gathering were made when

the electronics and software were not equipped to do this;
also voltmeters were used for this purpose without technical
Justification.

NRC Review

A review of test logs, procedures, equipment characteristics,
and personnel interviews was performed. Electronic circuits,
such as those employed by the HAFA equipment, produce an analog
DC voltage response representative of the true RMS voltage.
Since leak detection depends on a change in signal with respect
to a change in pressure and not an absolute value, a voltmeter,
though not ideal, may be used.



(6)

(7)

Conclusion

This allegation was substantiated in that the true RMS voltages
were not being recorded. The overall technical significance of
this practice is minimal. The question of whether the HAFA
data gathering practice can be considered "real time" or not,
is arguable, and not considered significant.

Allegation

Temporary secretaries were used to take real time data
when the test leader was not at the test locations.

NRC Review

This allegation implies that untrained, unsupervised personnel
were utilized as data takers. Interviews with both plant and
HAFA personnel indicated that data takers were adequately
trained for their function and worked in conjunction with more
experienced test personnel.

Conclusion

This allegation could not be substantiated and furthermore, the
reading of a digital meter at prescribed intervals is not
considered to be a function requiring extensive training. No
evidence of unqualified test personnel being utilized to
evaluate data was noted.

Allegation

Background measurement practices were inadequate.
NRC Review

A review of test logs, procedures, and personnel indicated that
background measurements were appropriate. A review of the data
evaluation criteria indicates that the sensitivity of the leak
detection process is inversely proportional to background noise
amplitude.

Conclusion

This allegation could not be substantiated in that background
noise measurements appeared to be appropriate. However,
qualification testing to define the relationship between
background noise level and leak detection sensitivity was not
performed. It is critical that the sensitivity of the leak
detection system not change during the course of the test.

10 CFR 50, Appendix B, Criterion XI requires, in part, that
procedures include provisions for assuring that the test is



(8)

(9)

performed under suitable environmental conditions. The lack of
a qualified, defined relationship between background noise
level and leak detection sensitivity is an example of a
violation of this critericn (346/89021-018B).

Allegation

In spite of the test instrument manufacturer's ambient temperature
limitation of 95°F, tests were conducted with temperatures of
135°F at the cabinet walls of the instrumentation.

NRC Review

After completion of the test effort at the plant, HAFA
performed an elevated temperature demonstration of the
equipment's response. Records indicate that the instrument was
not utilized with ambient temperatures exceeding 110°F. The
demonstration concluded that a change of 1-2 dB could be
expected with an ambient temperature of 110°F.

Conclusion

The allegation could not be substantiated in that ambient
temperatures beyond that recommended by the equipment
manufacturer were noted and addressed. The alleger's
reference to instrument wall temperatures of 135°F is not
relevant in that the manufacturer specifies a maximum ambient,
not a maximum chassis temperature. Upon interviewing the
alleger, he stated that maximum air temperature in the area

of the instrument was 115°F. This could not be substantiated.
The change in sensitivity of 1-2 DB due to equipment
temperature rise would not normally be considered significant
if periodic calibration checks had been performed.

Allegation

The test leader handmarked a blank computer generated graph to
indicate pressures when the instrumentation software was not
capable of this.

NRC Review

A review of the test documentation revealed that some graphic
representations of test data had been developed. It was
apparent that points on the computer generated graph format had
been hand marked. These graphic representations were reviewed
against tabulated data and verified to be accurate.

Conclusion

The implication of the allegation is that deception was
intended. The data points were verified to be accurate and the
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(12)

use of a computer generated format is not considered unusual.
The graphical representation of.data, whether computer or hand
plotted, is a commonly used aid for evaluating that data. This
allegation could not be substantiated in that deception is not
suspected.

Allegation

The alleger stated that he observed cross talk between
instrument channels when servicing the equipment, but this
problem was not reported.

NRC Review

A review of test documentation did not disclose indications of
equipment problems due to cross talk between channels.
Interviews with test personnel indicated that occasionally the
LED indicator for some channels would be constantly on. This
condition indicates that the signal level was constantly above
the preset threshold level but does not affect the RMS
measurement.

Conclusion

This allegation could not be substantiated in that no
indications of cross talk between instrument channels were
noted upon review of the test data.

Allegation

Malfunctioning channels, debonded sensors, and feiled coaxial
cables were not reported.

NRC Review

A review of test data did not disclose indications of failed
equipment. Interviews with test personnel indicated that
equipment problems were corrected before the start of the
test.

Conclusion

During the installation of electronic test equipment in the
plant, it is not considered unusual to experience the problems
noted by the alleger. Records of test data and interviews with
test personnel indicated that equipment problems were corrected
before the actual test. This allegation could not be
substantiated.

A]legation

Containment air blowers, operating during the test, overwhelmed
the acoustic equipment.



NRC Review

The instrument utilized to monitor background noise during the
testing operated in a lower frequency range than the actual
test equipment. It is possible that the higher frequency test
equipment would not be adversely affected by operation of the
air blowers. In theory, HAFA's use of a floating threshold
could, if properly evaluated, compensate for background noise
such as that generated by the blowers.

Conclusion

This allegation could not be substantiated in that no evidence
of interference from air blower operation was noted upon review
of the test data. The lack of sensitivity determinations
utilizing a simulated leak during various phases of the
testing, however, contributes to the lack of confidence in

this test method. The sensitivity of this leak detection
process is dependent on the level of background noise.

(13) Allegation

An evaluation of HAFA's acoustic leak detection method, authored
by Dr. M. Hamstad of the University of Denver was challengad by
the alleger.

NRC Review

This report was reviewed for information only. The report in
question was not submitted to the NRC for formal review or use
in supporting HAFA's claims.

Conclusion

A technical review of the subject report is not within the
scope of this inspection.

Additional Inspection of the IIT Process

Though the alleger's concerns were directed primarily at the acoustic
leak testing of the steam and feedwater systems, the NRC inspection
team also reviewed the 11T testing of water filled systems. As
previously stated, this methodology utilized LMD instrumentation

supp lemented by acoustics to ostensibly detect and locate test
boundary leakage.

The testing concept which was approved by the NRC staff included LMD
instrumentation at all boundary valves. Accurate measurement of the
replacement volume, necessary to maintain test pressure and leakage
volumes through all test boundary valves was required. Theoretically,
if no external leakage is present, the algebraic sum of the inlet
flow and all outlet flows will be zero. Additionally, it was the

10



staff's understanding that the entire test boundary would be
instrumented with acoustic sensors. -

A sample review of the test data indicates that the implementation
deviated from the approved concept. This review (isclosed that some
test boundary valves were not instrumented at all, while others were
instrumented with acoustic sensors only. In either case, an
accurate measurement of boundary valve leakage could not be
quantified. Additionally, the ability of the acoustic sensor to
detect small intersystem valve leakage has not been demonstrated.
Furthermore, acoustic sensors were not placed along the test
boundary at prescribed intervals.

The basis of relief from Code required hydrostatic test pressures
and hold times when utilizing the IIT process was the ability of

the methodology to quickly detect and locate smail leaks in the test
boundary. The deviations in the implementation described above
eroded the basis for the reduced test pressures and hold times.
Additionally, a demonstration of the IIT process performed at the
HAFA facility showed that the leak detection sensitivity was
inadequate. Small pinholes due to erosion/corrosion or tight cracks
in the piping would not be detected. Based on a review of the test
procedures utilized for conducting the tests, it was determined that
insufficient detail contributed to the deviations described above.
Procedures reviewed include:

Davis Besse Procedures

) Main Steam Line IIT Test DB-PF-10019
. Service Water System Train 1 Hydro Test DB~PF-03900
" Service Water System Train 2 Hydro Test DB-PF-03901

N Service Water Return Header Piping Hydro Test DB-PF-03902

. Aux Feedwater Pump 1-1 Discharge Piping
Functional Hydro and Check Valve Reverse
Flow Test DB-PF-03944

. Aux Feedwater Pump 1-2 Discharge Piping
Functional Hydro and Check Valve Reverse
Flow Test DB-PF-03946

. Aux Feedwater System Pressure and Valve
Test (HAFA) TP-850.80

HAFA Procedures

. Application of Acoustic Emission Meters for
Leak Sensing 12.14

a Application of 11T Acoustic Testing During
IIT Leak Testing MP-3-01

1



“ IIT Acoustic Leak Testing of Pressure
Retaining Components . 0P-13.02

The following are examples of procedural deficiencies noted:

“ Acoustic sensor placement is not consistent with that experimentally
qualified (approximately 20 feet maximum spacing).

. Excessive discretion regarding LMD placement was left to the
test leader.

" Guidance for the evaluation of the IIT data was not provided.

10 CFR 50, Appendix B, Criterion XI requires, in part, that test
procedures incorporate acceptance limits and that adequate test
instrumentation is available and used. The procedural deficiencies
noted above are examples of a violation of this criterion
(346/89021-01C).

The acoustic testing performed on the steam and feedwater systems, as
previously stated, is beyond the scope of that approved by the NRC
staff. Additional problems associated with the acoustic leak testing
are detailed in Enclosure 3.

d, Conclusions

Based on the information described above and inspections conducted at
other facilities, the staff has reassessed its conclusions regarding
the 1IT. The staff has determined that the 11T methodology as imple-
mented is ineffective, problems exist with the qualification of
examination personnel, licensees failed to assure the technical
adequacy of the examination procedures in terms of the control of
test equipment and acceptance criteria, and licensees failed to
exercise adequate control of contractor personnel.

The inspection team has concluded that the IIT performed on the plant
systems is invalid. The VT-2 visual examinations were performed at
operating pressures and for the most part at reduced hold times which
is not consistent with ASME Code requirements. Per NRC letter to TED
dated November 2, 1989, operability determinations on affected systems
should be made and a plan for corrective actions established.

With regard to the concerns brought to the NRC's attention, this
allegation is considered closed.

Exit Interview

The Region II1 inspector met with the licensee representatives (denoted in
Paragraph 1) on August 25, 1989, and at the conclusion of the inspection
on October 19, 1989, via telephone. The inspector summarized the purpose
and findings of the inspection. The licensee representatives acknowledged
this information. The inspector also discussed the likely informational
content of the inspection report with regard to documents or processes
reviewed during the inspection. The licensee representatives did not
identify any such documents/processes as proprietary.

12



ENCLOSURE 3

INVESTIGATION OF ACOUSTIC LEAK MONITORING
for .
NUCLEAR REGULATORY COMMISSION
REGION 1l

by
W. DON JOLLY
Institute Scientist
Southwest Research Institute

1. SUMMARY

As a member of the Nuclear Regulatory Commission (NRC) investigation
team led by Duane Danielson of Region Ili, | was responsible for reviewing the instru-
mented inspection technique (IIT) acoustic leak monitoring methods and procedures
employed by HAF.A at the Palisades and the Davis-Besse nuclear power plants in
1988. The T method was approved by the NRC as a substitute for the required
Section XI ten-year hydrotest. However, allegations that the T method was not
properly implemented caused the subject investigation to be initiated by the NRC.,

| reviewed the test reports and analyzed data from both plants. The test
reports listed sources of leakage internal to the piping system, but no external leakage
was reported. In the Palisades test report, a noise source thought to be a leak, but
not confirmed visually, was indicated by a cautionary note suggesting that the utility
perform further investigations when convenient.

| participated in interviews with the alleger and an individual who had
previously been employed by H.AF.A. and who had knowledge of implementation
problems. | participated in meetings at H.A.F A offices and specifically interviewed the
acoustic leak detection engineers. The opinions expressed in this report are based on
my experience in acoustic emission research, my understanding of the acoustic leak
testing that was recorded in the test records from the two plants, and the reports of

experimental work at HAF.A in support of the H.A.F.A acoustic leak monitoring
methodology.

001240356 Xt



2. CONCLUSIONS AND RECOMMENDATIONS

2.1 CONCLUSIONS

The acoustic leak monitoring method was not adequately qualified by prior
experimental testing for use on steam systems in Palisades or Davis-Besse. The
acoustic leak monitoring method, represented by experiments described in Topical
Report H.A.F.A. 135 P for water-filled piping was not fully implemented at Palisades or
Davis-Besse. The IIT system, as used on water-filled piping, was not capable of
locating external leaks in the long runs of piping between valves as claimed in the
Topical Report. The acoustic leak monitor used on steam generators and piping could
not quantify leakage, could not specify a minimum detectable leak size, and could not
specity the effect of background noise on leak detectability. Calibration of the mounted
AE sensors was not performed. A functional check using the pencil-lead break as a
simulated AE source was performed after installation, but no interim or post-test
functional checks were performed. The functional check was insufficient for calibration
of channel-to-channel sensitivity. No attenuation measurements were made to
determine the adequacy of sensor spacing on the installed system.

The pencil-lead break is not a satisfactory simulation of a leak signai because
the signal produced is a fast rise/fast decay transient as opposed to the continuous
signal produced by a leak.



22 RECOMMENDATIONS

The acoustic leak monitoring system may be qualifiable for steam system
leak tests. This would require as a minimum:

. Demonstration of the threshold of leak detectability over a range of
tackground noise, leak types, leak rates, and operating conditions.

. Demonstration of long-term stability of the installed AE system over a typical
range of in-plant ambient temperatures.

. Demonstration of the relative nature of the leak signal interpretation to show
that the method applies over a range of background noise, sensor-to- leak
distance, and leak signal amplitudes.

. Use of pretest, interim, and post-test -alibrations by means of a well
characterized simulated leak signal.

. Compliance with the guidelines of ASTM E 1211 *Sta 1dard Practice for Leak
Detection and Location Using Surface-Mounted Acou; tic Emission Sensors,”
and E 976 "Standard Guide for Determining the Repr: ducibility of Acoustic
Emission Sensors".



3. REVIEW OF TOPICAL

31 COMMENTS ON THE HiIT METHOD

The IIT methodology provides a means of quickly detecting and locating
leaks by monitoring the acoustic noise of the highly turbulent leakage across a pressure
boundary. Leakage noise is usually wide-band, continuous noise that increases with
pressure drop across the pressure boundary. Given a system free of other noise
sources with sufficient density of sensors, the detection of very small leaks is possible.
If the pressure changes and the RMS AE respons::s are recorded at frequent intervals,
the leak response to pressure change may be used to separate leak noise from other
continuous noise sources that do not change with pressure.

The lIT approach uses total leakage measurement in connection with acoustic
monitoring to detect and locate leaks internally and externally.

This approach is sound if, and only if, the system being tested is free of
leaks, or all sources of leakage are repaired to make the system free of leaks before
the test is completed.

When any leakage is detected, the responsibility under the H.A.F.A procedure
reverts to the VT-2 test. The VT-2 test cannot be carried out on an insulated or
inaccessible pressure boundary without the full hold time at pressure to make the
leakage visually detectable.

The complete !IT procedure cannot be performed on a steam- or gas-filled
system because the compressibility of gases makes it impossible to use make up flow
as a measure of total leakage. Without a method to verify the absence of leakage,
interpretation of the AE response requires visual verification.




A case in point is the treatment of AE response of sensor No. 6 on main
sleam line A at Palisades.

The respon-
sibility was shifted to *an additional VT-2* which found no sign of leakage. Based on
the VT-2 result, a cautionary suggestion of other NDE when convenient was made. The
conclusion was that no through-wall leakage was apparent from any other section of
either main steam fine.

I a leak-like noise is present, but judged to be a non-rejectable condition, the
detection of additional leaks in the same area is not possible. If visual inspection must
be invoked to ~ stact leakage, then the reduced hold-time and reduced pressure allowed

the IT method should be revoked.
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4. SITE VISITS

4.1 PALISADES

The IIT test records at Palisades Nuclear Power Plant were reviewed. The
steam supply system tests were of particular interest because only acoustic leak
monitoring was used to detect leakage in these tests. The pretest calibration using lead
breaks was inadequate because a pencil-lead break does not simulate a continuous
leak signal. No interim calibrations or post-test calibrations were performed. In an
effort to discover failed sensors or faulty channels, the RMS data were plotted from the
test log. No anomalous conditions were found by examination of the plots. No
indication of failed sensors or faulty channels was observed. Internal system leakage
could not be quantified by the acoustic monitor and the noise produced by internal
system leakage would mask the signal from other smaller leaks.

The IIT method of monitoring the inlet and outlet flow was used in tests
performed on water-filled insulated piping systems. The monitoring of the outlet flow
did not cover the entire boundary of the system being tested. Acoustic monitoring
was performed only on selected boundary valves. Maximum sensor-to-sensor spacing
to detect leaks was found by H.A.F.A experiments to be 20 feet ("Experimental Final
Report - Sensor Spacing,” August 18, 1988, by R. P. Milke). On the water-filled piping
tests sensor spacing was over 100 feet in some instances. The insulated piping was
not adequately monitored by the acoustic leak detection instruments.




DAVIS-BESSE

The IIT performed at Davis-Besse did not include the steam generators, but
the steam system was tested by acoustic leak monitoring following the same procedure
as the testing at Palisades. The Davis-Besse staff exercised a tight control over the test
performance and compliance with procedures. The water-filled systems were tested by
the IIT method using LMD and acoustic valve monitors.

Review of the test logs indicated that the same discrepancies in calibration
were present as found at Palisades. The pencil-lead break functional check was
performed, but no detailed calibration of the mounted sensors was done. No interim
calibration checks were performed and no post test calibration was done. The test
report indicated no external leakage ir the piping of both the water tests and the steam
tosts.

43 ANALYS'S OF ACOUSTIC LEAK TESTS

The discrepancies found at both test sites were calibration, sensor coverage,
and test records.

The calibration consisted of a pencil-lead break check at each channel sensor
performed after installation of the waveguide/sensors. This pretest functional check
using the pencil-lead break does not show specific values on each sensor, but indicates
that each sensor was checked and found to be within a specified range of response.
No post-test functional test was performed. No attenuation measurements were made
on the Installed system to determine the appropriate sensor spacing. The guide of 20
feet between sensors was not used on the water-filled piping. The rule of 20 dB

attenuation of signal between neighboring sensors was not followed on the steam
system tests.



Since the measurement of leakage depends on a change in the response of

sensors during the pressurization and the return to the original background level upon
depressurization, absolute calibration is not critical. The critical condition is that the
system must not change sensitivity during the course of the test. (This was one of
Hamstad’'s main points.)1 This condition was not verified during the test.

Normally a serious failure, such as the debonding of a sensor or loss of
continuity in a coaxial cable, will be apparent when the leak data is plotted against
pressure for every sensor. Data from Palisades was plotted, but no indication of system
failure was apparent. A similar review of Davis-Besse data plots did not expose any
channels that appeared to fail during the test. This analysis does not rule out channels
that failed before the pressurization began or channels that changed sensitivity
gradually.

The only way to be sure is through pretest, interim, and post-test calibration
using a simulated leak representative of the maximum allowed undetected leak.

4.4 OTHER SUPPORTING TESTS BY H.A.F.A

H.A.F.A conducted a series of tests and contracted with Dr. Hamstad to
review the IIT Acoustic Leak Test Method.! Dr. Hamstad found that the pencil-lead
break test is adequate fo- calibration of sensor sensitivity. This approach is not
supported by ASTM E 1211 which requires a continuous leak simulator signal. Dr.
Hamstad recormmends reasonable sensor spacing, which was not followed in water-
filled tests. He also recommends interim calibration and indicates that H.A.F.A methods
for tracking interim sensitivity only find gross changes in sensitivity. Hamstad
expressed concern over possible temperature drift effects on interim sensitivity. in my
opinion, both interim and post-test calibration are absolutely necessary to the proper
analysis of acoustic leak test data.

Review of H.A.F.A. International, Inc. Instrumented

Inspection Technique by Dr. M. A. Hamstad, Professor of
Mechanical Engineering, University of Denver, February,

1989.



A question on the seemingly high instrumentation case temperature
measured at Davis-Besse (DB1) was addressed by an elevated temperature test. The
test showed that the channel sensitivity changed by 1-2 dB when the temperature of the
air was raised from 90 to 110 degrees F. The instrumentation was enclosed by
polyethylene film and the air temperature inside the enclosure was allowed 1o rise to
more than 110 degrees F. The change in sensitivity of 1-2 dB due to equipment
heating during a test is not a serious problem if periodic calibrations are performed.
However, the procedure used by H.A.F.A. relies on initial sensitivity checks with no
interim or post test calibration. Under this procedure, the heating eflect increases the
error in data interpretation. Small leaks could be missed because gradual heating has
the inverse effect of gradual pressure rise on the sensor signal. The effect would show-
up as a 1-2 dB change in leak detection threshold.

H.A.F.A also conducted laboratory studies to determine that the sensor
spacing should be nominally 20 feet. Other tests showed that in a quiet laboratory
environment very small air or water leakage could be detected by the acoustic sensors.
The effects of background noise or noise from other leaks was not considered in this
study. Tests must be performed in the plant environment to determine the actual jeak
detection sensitivity.



Interviews of the allegers were conducted by the NRC team at the Royce
Hotel in West Palm Beach, Florida, on September 12-13, 1989,

My impression from the two interviews was that H.A.F.A began to cut corners
and change acoustic leak monitoring equipment against the urging of alleger. Alleger
had developed an acoustic leak test procedure using Hartford Steam & Boiler (HS&B)
staff and equipment. Alleger had confidence in his procedure, but Herb Askwith
redirected the program to use PAC equipment. The PAC equipment included the 5120
valve leak monitor designed by the Navy for detec('sn of internal valve leakage and the
Spartan multichannel system which was designed for acoustic emission testing where
the signal source is primarily transient crack growth signals. Alleger was taken off the
team and eventually laid off for economic reasons.

After on-site review of the data from Palisades and DB1 and detailed review
of the Palisades test data, it was found that questions needed 1o be addressed to
alleger and to the H.A.F.A. inspection team in connection with the recording of data and
1”2 absence of a large portion of data during the pressure ramp from 50 to 900 psig.
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5.1

QUESTIONS FOR ALLEGER .

Review of the allegations and the leak test reports from Palisades and Davis

Besse raised the foliowing questions. The questions listed here cover the subject of the
acoustic leak monitor instruments, how the instruments were used and problems in
testing that were pointed out by the alleger. Two individuals were Interviewed; both are
called alleger in this report.

Comments by the writer were inserted after some answers where clarification

or evaluation of the answer was appropriate.

A3.

A4.

In your letter, you mention that you were Level Ill on recently developed leak
testing methods. In what NDE methods were you classified Level 11?7

T leak monitoring and IIT acoustics.

You referred to a method which you demonstrated at BV1 for ieak testing steam
lines. Can you give us a copy of that procedure?

Procedure not available. Hartford Steam & Boiler equipment and staff were used
to conduct the tests at BV1,

The changes in the test engineer requirements in the H.A.F.A QA manual. Did
these changes reduce the technical proficiency requirements for test engineers?
Less experience required? Less training?

Change of equipment to EARS prompted changes. Training was given.

Did the changes introduce training for the new equipment you mentioned?

Yes.

11



COMMENT - WDJ: The training for new equipment is properly introduced and the
change in test engineer requirements in the QA manual were warranted to cover new

equipment.

Did the H.A.F.A qualifications for Levels |, I, and Il in AE testing use the standard
SNT-TC-1A test questions supplied by American Society for Nondestructive
Testing (ASNT)?

SNT-TC-1A does not supply AE questions. Guidelines are provided for developing

training and examinations

No. 2: Please clarify your statement that experience shows that leaks are most
likely to be below 100 kHz.

The 5120 valve leak monitor used 10-100 kHz range with 30 kHz sensors.
Hartford Steam & Boiler used frequency range below 100 kHz.

COMMENT - WDJ: Leaks usuaily produce a wide spectrum of sound. The pressure
drop, the viscosity of the fluid, and the area of the leak opening determine the
frequency range and the intensity of a leak. Water leaks usually induce frequencies

greater than 100 kHz in the pipe or structure. The leak noise coupled to the air

surrounding the leak is usually below 100 kHz. Typical airborne leak detectors use a
30-40 kHz sensor.

No. 3: Could RMS data be recorded manually from RMS voltmeters?
A7. Voltmeters were used to record "RMS" from a point in the EARS instrument.
COMMENT - WDJ: *RMS* means the root mean square voltage. Instruments such as
the Hewlett Packard 3400A measure RMS voltage. Electronic circuits such as the one

in the PAC Spartan (EARS) produce an analog DC voltage representative of the RMS

voltage. This voltage may be displayed on an inexpensive multimeter or voltmeter

12




8. No. §: Do you refer to the ramp-up to pressure from 50 to 900 psi?

AB. There were data points where the data was taken at the wrong time or not taken.

COMMENT - WDJ: Power failure on systems in containment at Palisades caused loss
of data after the first data point and before the final data point,

9.  No. 5. Were test personnel allowed in containment during pressurization?

A9 Yes.

10. No. 6: What specific discrepancies in background measurement practice
prompted this question?

A10. Alleger felt that the floating threshold interfered with proper measurement of
background.

COMMENT - WDJ: Floating threshold did not apply to RMS measurements.
Background is the ambient noise detected by the sensor before and during a test that

is not caused by leakage. Background measurements at Palisades and Davis-Besse
were appropriate, judging from the test reports.

11. No. 7: Are you aware of the tests performed by H.A.F.A to verify the functionality
of the instrument at elevated temperature? If so, was this test adequate?

A11. Alleger had no confidence in the elevated temperature test.

COMMENT - WDJ: Test result seemed 1o show that an ambient temperature of 110
degrees F did not significantly affect the function of the EARS system.

13



12. No. 8. Do you refer to graphs of manually recorded RMS data from DB1 such
as this example?

A12. Alleger agreed that the manually plotted data on computer forms was the
condition he questioned.

COMMENT - WDJ: The computer form in question provides a border and a format that
is the same as the computer generated piots. The data from the test log were checked

and the accuracy of the plots was verified. Deception is not suspected.

13.  No.9: What was the ratio of crosstalk between channels on the equipment you
handled?

A13. Alleger had no specific data, but said that when 70 dB was measured from an
active channel, an unused channel would also report 70 dB.

COMMENT - WDJ: Crosstalk between channels can be a problem in poorly designed
multichannel instrument bins and this could have been the case in early prototype
Spartan instruments. The problem can be aggravated by poor ground contact in the
board connectors or by unterminated inputs on unused channels.

14, No. 9: Was this the same equipment used at Palisades and DB1?

A14. Yes.

COMMENT - WDJ: The equipment discussed is the PAC Spartan system which was
designated by H.A.F.A. as the EARS system.

15, No. 10: Can you give specific examples of malfunctioning channels on this
equipment?

A15. Alieger had no specifics.

14
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COMMENT - WDJ: Wehrmeister confirmed that channel 6 of EARS 1 on Palisades
failed during the test. Alleger's complaint inciuded malfunctions that were corrected
before start of testing.

16.  No. 10: Can you explain the nature of the malfunction?

A16. Continuous lockout. LED indicator on constantly.

COMMENT - WDJ: Wehrmeister and Milke explained that such problems were
corrected before test start. The "LED indicator on* condition meant that the signal level
was constantly above the preset threshold level. This did not affect the RMS

measurements.

17. No. 11: Can you identify debonded sensors as to channel number or location
during the test? :

A17. No specific data.

COMMENT - WDJ: Wehrmeister and Milke explained that pre-test evaluation detected
bad channels which were repaired before test start.

18.  No. 12: Do you have specific examples of loose or failed coaxial cables?
A18. No specifics given.
COMMENT - WDJ: See answer to Question 17.

19. No. 13: At what stage of the DB1 test were the containment air blowers in
operation?

A19. At different times.

15



JOMMENT - WDJ: The alleger used an LD 180 to monitor noise during test. The low
frequency range of the LD 180 made it possible to hear valves open and close as the
pressure was increased. The LD 180 was probably much more sensitive to the

containment air blowers than was the higher frequency EARS system.

No. 14: Have you met Dr. Hamstad? Are you familiar with his research work in

acoustic emission at Lawrence Livermore Labs and more recently at University

of Denver?

Alleger had not met Hamstad before and was not aware of Hamstad's AE

research experience.




6. HAFA FACIUTY ViSIT

6.1 GENERAL DISCUSSION

General discussions with most of H.A F.A management and engineering staff
were led by Duane Danielson.
62 ACOUSTIC LEAK MONITORING QUESTIONS

My effort was concentrated or: the Question of the validity of the acoustic leak

testing used on steam systems and water-pressurized piping at Palisades and Davis-
Besse. The records of testing at both plants were examined in detail. Some data were
re-plotted from the logs to determine the validity of acoustic leak test analysis on

Palisades. Questions about the method of recording RMS RSy *

wem discussed with Allen Wehrmeister and Rick Milke at

H.A.F.A. Questions and answers are listed below.,

1. Why was no data fecorded on EARS 1, 2 and 3 while the pressure was

increasing from less than 50 psi to 900 psi?

The power was off in containment where the three systems were located.

2. On ears 1, channal 6, the RMS miliivolts is recorded as 14.32, 14.28. 14.28,
14300, 14300, 14.35. 14.30, 14,30, 14.35, 14.30, 14,30, 14.30, 14,30, 1430, 8000,
8000, 8000, 7.82, 7.85, 7.88, 5.02, 4.36, 4.01, 60, 110, 300, 350, 800. Is it

possible that the underlined values all represent the same reading with the g
decimal misplaced?

3 frt'/‘f«ffmfy Iﬂ/oer}/m 5“?/"7#‘/
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A2.

Yes, some data takers recorded volts others recorded miilivolts. This was not
unusual.

COMMENT - WDJ: The values shown above were entered in the log in error. The error
is easily recognized but the values could not be correctly interpreted without explanation
by the test engineer.

Why was no simulated leak test done on EARS 1, 2 and 3, as was recorded on
EARS 4 and 57

The leak simulator was not portable and, therefore, was toc difficult to set up in
containment.

COMMENT - WDJ: The use of a leak simulator is necessary to the proper calibration
of a leak monitor system. Initial, interim and post-test calibration by leak simulator are
needed for accurate interpretation of leak type signals.

A4,

Each data run includes three sets of RMS values. How were the three sets of
RMS data used in deciding whether a leak existed?

The three data sets were recorded to bracket the pressure reading. RMS data
were used in connection with the leak analysis criteria to decide on the presence
of a leak.

Can you provide test data to justify the use of AE monitoring without the leak
monitoring instrumentation to test steam lines and steam generators under
steam pressurization?

The H.A.F.A laboratory study on *Real-Time Acoustic Analysis,* Report No. 1009-
88, shows that air leaks and water leaks can be detected by the H.A.F.A
procedure.

18



COMMENT - WDJ: These experiments did not include detection in the presence of
background noise such as found in a nuclear power plant. The detection threshold and
the interpretation of leak type signals are strongly affected by background intensity and
frequency content.

6. On the AE testing at the Palisades plant, was a return to base line verified at the
end of the test?

A6.  Validation of baseline was not possible because plant was at start-up condition.
7. Was any post-test calibration check performed on the installed system?

A7.  No. A posttest was not considered necessary.

COMMENT - WDJ: The assumption that the AE leak detection system did not change
and that the sensor coupling or sensitivity was constant throughout the test is
unrealistic. Interim and post-test calibration are very important to the validation of test

data.

8. How were the pressure changes and the valve operations documented for use
in Interpretation of the RMS data?

AB.  These conditions were entered in the chronological log.
9. The chronological log indicates that the pressure levels were not

maintained for very long. How was the RMS data related to pressure
under such conditions?

AS.  The three data sets taken on RMS logs bracketed the time at which each
pressure plateau was reached.




10. When some noise sources cannot be stopped during pressurization (e.g. *high
acoustic activity as a result of blowdown operations,” and "sensor 138 yielded
indications of leakage®) how can an absence of leakage in the system be
verified by IIT when AE is used alone?

A10. The four leak analysis criteria help to separate other noises from leak noises.

COMMENT - WDJ: The leak analysis criteria (discussed in 7.) were developed without
experimental evaluation of the effect of different background noise conditions. The
minimum detectable leak size should be determined as a function of background noise
conditions.

11. When the complete iIT system is used and some leakage is measured by the
leak monitors, how do you verify that no external leakage is present?

A11.  (From General Discussion): Acoustic sensors would detect leaks and show the
region of leakage.

COMMENT - WDJ: The acoustic monitoring was done only on selected boundary
valves where the full lIT was used. Therefore, leakage could only be detected within 20
feet of the selected valves. Most of the uninstrumented piping could contain external
leakage which could not be detected acoustically.

12. Except for the steam seal leak at the turbine overspeed trip valve, you reported
no apparent external leaks on the Palisades main steam system. You did report
*acoustic activity typical of steam leakage" near sensor No. 6 on the main steam
lines. How long was the pressure held before attempting to visually locate the
source of the acoustic activity?

A12.  (From General Discussion): Usually pressure was up for much longer than the
10 minutes required because of scheduling constraints.



-

COMMENT - WDJ: The leakage in question was in a penetration section of piping
where VT-2 could not be performed. It should be noted here that the acoustic leak
indication was not sufficient cause for the plant engineer to initiate a repair activity.
13. Was this region of the steam line insulated?

A13. (From General Discussion): Yes.

14, Was insulation removed for the visual examination?

Al4.  (From General Discussion): We assume not.
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7. DESCRIPTION OF METHOD

| was shown how the RMS was taken from an anaiog output connected by
a rotary switch to the 32 channels of the EARS (H.A.F.A’s name for the Spartan). This
output was a DC voltage representative of the RMS voltage. A standard DVM was used
for the readout. The DC output was derived from a differential circuit which could have
a negative output when the DC voltage dropped below an intemnal reference value.

Allen Wehrmeister explained to me how the interpretation of the Spartan

recorded data was used to determine the presence of a RN 7%’
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7.1 DEMONSTRATION OF 17

A laboratory demonstration of the IIT method was performed. A 20-foot
length of 2-3 inch diameter pipe was outfitted with an inlet LMD and an outlet LMD to
monitor the leakage from a throttle valve at the outlet. Acoustic sensors were
connected to an EARS unit where the RMS output from each sensor could be
monitored. At the suggestion of John Jacobson, a small valve near the inlet end was
used as a simulated external leak. The outlet valve simulated an internal leak. We
found that the RMS output from the sensor mounted on the throttle valve increased
sharply when the external leak rate was increased to about 120 mi/min (0.03 gpm).
[hese measurements were made while the simulated internal leak from the valve at the
Opposite end of the pipe was at 0 44 gpm indicated by the two LMDs. The LMD was
not sensitive enough to detect the loss of 0.03 gpm through the simulated external leak

while measuring 0.44 gpm flow through the pipe

The demonstration showed that leaks could be detected when the leak signal

exceeded tie uncertainty of the ambient noise signal. — ﬁ—
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8. ANALYSIS OF METHOD

It is clear that the signal-to-noise ratio must be very high for Wehrmeister's
leak identification criteria.

_7%.

W  Therefore, the sensitivity of the leak detection process depends on the
background noise.

" No qualification testing was reporied that defines the relation between noise
and leak detection sensitivity.

. The sensor spacing on water filled system tests where LMDs were used was
usually too great for acoustic leak detection.

The leak detection and location system described in Topical Report H.A.F.A.
135 P measures the input-output flow to determine amount of leakage and uses
acoustic leak monitoring to locate the region or component that is leaking. This
process would facilitate the rapid inspection of a pressure boundary.

The acoustic leak monitor technique was not fully or properly implemented
at Palisades or Davis-Besse. The tests included in the topical report were not adequate
to qualify the acoustic leak monitor technique because no calibration of the acoustic
leak detection sensitivity was performed. A functional check using simulated leak was
sometimes used. Another functional check using a pencildead break fechnique was
performed. These tests give no evidence as 1o the leak detection sensitivity or the
distance over which a leak may be detected. Further, the degradation of leak detection

sensitivity with increasing background noise is not addressed
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The acoustic leak monitoring process described to me by Allen Wehrmeister
has not been qualified by testing to prove the range of detectable leak sizes or to show
the effects of increasing background noise or the detectability of multiple leaks. Testing
to date consists of finding a noise signal and a visible leak in the same area.
Laboratory demonstrations (H.A.F.A report 1009-88) showing detectability of leaks did
not include the operating noise usually found in a power plant,

The application of acoustic leak detection to water-filled piping was applied
to some of the boundary valves. The valves in most cases were 0o far apart to affora
acoustic detection of leaks in piping or interior components. H.A.F.A supplied a report
of sensor spacing evaluation ("Steam Leak Simulation Project,” April 1987, Jim
Pedersen) that indicated a spacing of 20 feet would provide some overlap of the sensor
coverage. Some boundary valves that were acousticaily monitored were not monitored
by LMDs.



