
NUREG/CR-5963
PNL-8844

Continuous AE Crack Monitoring
of A Dissimilar Metal Weldment
at Limerick Unit 1

Pacific Northwest Laboratory

Prepared fiw
'SIs., _ Nuclear Regulatory Commission

DISTRIBUTION OF THIS DOCLIMENT IS UNLIMITED



AVAILABILITY NOTICE

Avadabillty of Reference Matenals Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

1 The NRC Public Document Room, 2120 L Street, NW., Lower Level, Washington, DC 20555-0001

2 The Sup'_rlntendent of Documents, U.S. Government Printing Office, Mall Stop SSOP, Washington, DC
20402--9328

3 The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited In NRC publications, it Is not In-
tended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Document Room
include NRC correspondence and internal NRC memoranda; NRC bulletins, circulars, information notices, in-

spection and investigation notices; licensee event reports" vendor reports and correspondence; Commission
papers' and applicant and licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the GPO Sales Program: formal

NRC staff and contractor reports, NRC-sponsored conference proceedings, international agreement reports,
grant publications, and NRC booklets and brochures. Also available are regulatory guides, NRC regulations in

the Code of Federal Regulations, and Nuclear Regulatory Commission Issuances•

Documents available from the National Technical Information Service Include NUREG-serles reports and tech-
nical reports prepared by other Federal agencies and reports prepared by the Atomic Energy Commission,

forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items, such as books,

journalarticles and transactions, Federal Register notices, Federal and State legislation, and congressional
reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC conference pro-

ceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free, to the extent of supply, upon written request to the Office

of Administration, Distribution and Mail Services Section, U,S. Nuclear Regulatory Commission, Washington,
DE; 20555.-0001.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process are main-
tainedat the NRC Library, 7920 Norfolk Avenue. Bethesda. Maryland, for use by the public. Codes and stan-

dards are usualiy copyrighted and rnay be purchased from the originating organization or, If they are American
National Standards, from the American National Standards Institute, 1430 Broadway, New York, NY 10018.

I
]

-___.. .... _ ::.---- _ ............... : ........... Jl II II, I .......

DISCLAIMER NOTICE

]his repo,'! was prepar._-_3 as an accour_,t of work sponsored by an agency of the Unitc_l States Government.

Neither the U_qit(_t States Goverr'_mer_t nor ar-_y agency thereof, or any of their employees, makes any warranty,

expressed or implied, or as_,i_Jmes ar_y legal Iiar:fil_ty of responsibility for any third party's use, or the results of

• , "_ .r:,, _ _ _._uch use, of any irfform, atior_ aDp;_{atus, pr_Juct or process disclosed in this report, or tLep eoent,., th&t its use

by suc!] trird [,,arty wc)u d ._t(:,lir-ffr_r_r_}ef,;' _v,_teiv bwned rights.



NUREG/CR-5963
PNL--8844
R5, GS

Continuous AE Crack Monitoring
of A Dissimilar Metal Weldment
at Limerick Unit 1

Manuscript Completed: October 1993
Date Published: December 1993

Prepared by
P. H. Hutton, M. A. Friesel, J. E Daw_n

Pacific Northwest Laboratory
Richland, WA 99352

DISCLAIMER

Prepared for
Division of Engineering This report was prepared as an account of work sponsored by an agency of the United States

Government. Neither the United States Government nor any agency thereof, nor any of their
Office of Nuclear Regulatory Research employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
U.S. Nuclear Regulatory Commission bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
Washington, DC 20555-0001 process disclosed, or represents that its use would not infringe privately owned rights. Refer-

ence herein to any specific commercial product, process, or service, by trade name, trademark,
NRC FINs B2913 and Lll00 man.facturer,or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

MASTER
I)ISTRIBUTION OF THIS DOCUMENT IS UNt..IMrFEO



Abstract

Acoustic emission (AE) technology for continuous Evaluation of the flaw i_tdication showed that it could
surveillance of a reactor component(s) to detect crack remain in place dur_g the subsequent fuel cycle with-
initiation and/or crack growth has been developed at out compromising safety. The existence of this flaw
Pacific Northwest Laboratory (PNL), operated by indication offered a long sought opportunity to validate
Battelle Memorial Institute, under support from the AE surveillance to detect and evaluate crack growth
U. S. Nuclear Regulatory Commission, Office of Nucle- during reactor operation. Through the cooperation and
ar Regulatory Research (U. S. NRC-RES). The tech- support of PECO and the U. S. NRC-RES, AE instru-
nology was validated off-reactor in several major tests, mentation was installed by PNL and PECO under
but it had not been validated by monitoring crack PECO Mod. No. 043.002 to monitor the flaw indication
growth on an operating reactor system. A flaw indica- during two complete fuel cycles. This report discusses
tion was identified during normal inservice inspection of the results obtained from the AE monitoring over the
piping at Philadelphia Electric Company (PECO) Lira- period May 1989 to March 1992 (two fuel cycles).
crick Unit 1 reactor during the 1989 refueling outage.
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Executive Summary 1

This program, with the objective of validating the appli- an operating reactor plant. The system was installed,
cation of acoustic emission (AE) monitoring to reactor calibrated, and maintained without causing any pertur-
components to detect crack initiation and growth during bations in the reactor schedule. AE and ultrasonic ISI
reactor operation, was started in March 1989 at Phila- results generally agreed relative to growth of the flaw
delphia Electric Co. (PECO) Limerick Unit 1 Generat- indication observed in the N2H weld. Both showed
ing Station in Pennsylvania. At that time, PECO made limited growth during the first monitoring period (fuel
the decision to apply AE technology developed by Pa- cycle) and no growth during the second period (fuel
cific Northwest Laboratory (PNL), operated by Battelle cycle). The relationship identified for relating AE to
Memorial Institute, to monitor a flaw indication detect- crack growth produced rational results which were
ed in a recirculation nozzle-to-safe end weld during similar in magnitude to that indicated by the ISI.
routine inservice ultrasonic inspection. The technology
was developed over several years under a major pro- AE indicated limited flaw growth in an area adjacent to
gram supported by the U. S. Nuclear Regulatory Corn- the ISI flaw indication which was not confirmed by ISI.
mission, Office of Nuclear Regulatory Research Inspection using an advanced technique which has
(NRC-RES). The first monitoring period (fuel cycle) at greater sensitivity such as Synthetic Aperture Focusing
Limerick was supported by funding from PECO with Technique for ultrasonic testing may provide a resolu-
instrumentation supplied by NRC-RES from the PNL tion of the validity of the indication.
research program. The second monitoring period (fuel
cycle) was funded jointly by PECO and NRC-RES. Several observations were noted in the course of the
Installation and operation of the AE system has been a effort which will contribute to enhanced effectiveness of
joint PECO-PNL effort with PNL performing the data future AE monitoring of reactor components. Future
analysis function. The guidelines of American Society applications of AE monitoring will also benefit from the
of Mechanical Engineers (ASME) Code Case N-471, transfer of technology to a commercial company(ies)
"Acoustic Emission for Successive Inspections, Section that is proceeding outside this program. It is important
XI, Div. 1"were followed in applying the AE system, for the effective use of the technology that it be avail-

able on a commercial basis.
The AE monitoring of the N2H weld demonstrated that
continuous AE monitoring can be effectively applied to

IRES FIN. Budget No. LII(X);,RES Contact: J. Musctra
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1.0 Introduction

In the course of normal inservice inspection at Limerick • Validate continuous AE monitoring on a nuclear
Unit 1 reactor during the 1989 refueling outage, it was power reactor system.
found that the recirculation nozzle-to-safe end weld
VRR-IRD-1A N2H showed a flaw indication. The The first two steps had been completed and the weld
indication appears to be an intergranular stress monitoring at Limerick provided an opportunity to
corrosion crack (IGSCC) crack 7 inches long with a address the third step.
nominal depth of 0.25 inches and a maximum depth of
0.4 inches. It is located between 31.8 and 38.8 inches The AE monitoring at Limerick Unit I uniquely
(257° to 314°) circumference measuring dockv_e from provided AE data from suspected IGSCC in a reactor
top-dead-center looking with the flow. The flaw component which could be compared to the amount of
indication was evaluated for continued service of the crack growth measured at the end of the monitoring
piping using fracture mechanics methods, and a crack- cycle by ultrasonic methods. There was no previous
arrest-verification specimen was installed for assurance calibration of AE data produced by ISGC cracking as it
that the indicated flaw would not grow undetected. In progresses slowly in a _eactor component. Previous
addition, Philadelphia Electric Company (PECO) made AE/IGSCC data obtained during technology
the decision to apply acoustic emission (AE) monitoring development activities proved that IGSCC could be
on a continuous monitoring basis to validate a more detected by AE and gave a general indication of the
direct method of determining if a flaw indication was overall pattern of AE vs. IGSCC (Electric Power
growing duringreactor operation. The purpose of this Research Institute 1980). This information was derived
effort was to vaJidate technology for continuous AE from accelerated t,_sts(two weeks to a month to grow
monitoring of reactor components which had been through the wall of a 4-in. Schedule 80 pipe). It is
developed by Pacific Northwest Laboratory (PNL) impractical in an R&D program to conduct a test truly
under the support of the U. S. Nuclear Regulatory simulating reactor conditions where the time for
Commission (NRC), Office of Research. The significant IGSCC growth would normally be measured
ddvelopment program foUowed a planned sequence of: in years.

• Develop initial AE/flaw relationships by This report discusses the program results in three parts:
laboratory testing of crack growth specimens.

• AE system installation and calibration
• Evaluate and refine the technology developed in

the laboratory by AE monitoring pipe rupture • Interim data results
tests, heavy section steel technology vessel tests,
and fatigue testing of a thick wall vessel under • Final data results and overall summary.
simulated reactor conditions.

1.1 NUREG/CR-5963



2.0 AE System Installation and Calibration

2.1 Preparation Working from the top down, the logarithmic scale is in
dB below reference (10 dB/division). The analyzer
reference value is 1 milliwatt when a 50fl input is used.A planning meeting was held at the Limerick Plant on

March 4, 1989, at which P. H. Hutton, PNL, reviewed The corresponding voltage values can be determined by:
the status of AE technology for continuous monitoring
of reactor components to detect crackgrowth. The 0.244

decision was made at that meeting to proceed with V_at = [log_t(dBm/20)] x 0.707installation of AE equipment to monitor the flaw indi-
cation in weld VRR-1RD-LA N2H at Limerick Unit 1.
This decision was conditional on the basis that all work
inside the drywell associated with the installation must Thus, on a voltage scale, the reference corresponds to
be completed by March 24, 1989. This requirement 317 millivolts peak with the analyzer on the 0 dB scale.
was met; however, further access to the drywell result-
ing from unforeseeable delay in reactor startup was Figure 2.2 shows that the peak response of the sensors
ultimately utilized for additional system checkout, occurs at 400 to 425 kHz and that the sensitivity to the

helium gas excitation is 0.08, 0.18, 0.18, and 0.11 milli-

By prior agreement from the NRC, Office of Research, voltspeakfor sensors #1, #2, #3, and #4 respectively at
Materials Engineering Branch, equipment developed at the sensor output taking into account the 40 dB exter-
PNL under the NRC AE research program was utilized nal gain used to produce the traces. The frequency
in the installation at Limerick. This consisted of wave- range of the peak response and the overall response

guide AE sensors and mounting clamps (4), preamplifi- profile are very important to the resistance of the AE
ers (4), and an eight-channel AE data acquisi- system to interference from noise such as coolant flow

noise. Sensors with a response profde similar to thosetion/recording instrument. All signal cabling was pro-
vided and installed by PECO. Preparation and installa- seen in Figure 2.2 have been used successfully in the
tion of the AE system at Limerick followed the require- presence of flow noise on a PWR. The sensor sensitivi-
ments of the American Society of Mechanical Engi- ty was considered acceptable even though the wave-
neers (ASME) Code Case titled "Acoustic Emission for guide sensors were 9 feet long.
Successive Inspections, Section XI, Div. 1."

The performan_.e of the monitor system minus the

As the first step in preparation, existing three-foot-long sensors was checked using an Acoustic Emission Simu-
waveguide AE sensors were modified to provide nine- lator, Model No. AES-1, from Acoustic Emission Asso-
foot-long waveguides by welding on additional lengths ciates, Laguna Niguel, California 92677. This is a spe-
of 0.125-in. diameter Type 304 stainless steel wire. cial-purpose signal generator which facilitates imposing
Construction of the waveguide AE sensors is shown in a time delay between similar signals out of two different
Figure 2.1. The AE system was then assembled in the channels to qualify delta time determination by an AE

monitor instrument. This, in turn, influences the signallaboratory at PNL, and the sensors were mounted on a
4-in. x 12-in. x 12-in. steel calibration block one at a source location capability of the instrument. For input

time to calibrate the sensor response characteristics and delays of 100, 150, and 200/zseconds, the measurement
sensitivity. The sensors were pressure coupled to the accuracy was within 4%. For inputs of 25 and 50 psec-
surface of the block in a manner similar to that used to onds, the measurement accuracy was within 10%.

mount them on a reactor. A broad-band acoustic signal These input time delays represent the range of values
was then generated by impinging a helium gas jet from expected to be significant in this test. The accuracy

with the larger time delays is quite good, but the accu-a 30-psi source through a #18 hypodermic needle onto
the surface of the block with the needle held 1/8 inch racy with the smaller time delays is marginal because
above the surface of the block and 1-1/2 inches from the inherent measurement error is a larger portion of

the total time delay.the sensor waveguide tip. The resulting spectral re-
sponses shown in Figure 2.2 are a logarithmic measure.
The analyzer reference point is the top of the grid The signal identification module was evaluated in accor-
which corresponds to 0 dB on the logarithmic scale, dance with the method described in the ASME Code
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2.0 AE System Installation and Calibration

Case, "AcousticEmission for Successive Inspections, In Figure 2.3, the specific location of the AE sensors
Section XI. Div. 1." This calls for installation of a and the flaw indication are shown. Location of the flaw

representative waveguide AE sensor on a calibration indication is taken from Limerick Unit 1 ISI report
block, connecting the sensor to the monitoring system, #89-003. Figure 2.4 shows the .waveguidesensors
and exciting the sensor ten times by each of the follow- mounted on the nozzle and safe-end. A force of at
ing three methods: least 30 pounds is applied to the waveguide with the

pressure bolt which is threaded into the mounting
1. Fracture a 0.3-mm, 2H pencil lead against the bracket (Figure 2.5). Since the waveguide is tapered

surface of the block in accordance with ASTM from 0.125-in. diameter to 0.050-in. diameter at the tip,
E976. the 30 pounds force results in about 15,000 pounds per

square inch interface pressure between the waveguide
2. Strike the surface of the block with a 0.25-in. di- tip and the surface of the pipe. Experimental evalua-

ameter steel ball dropped from a uniform height, tion of the interface pressure vs. acoustic coupling
efficiency in the 300 to 500 kHz frequency range has

3. Inject a multi-cycle (five cycles minimum) burst shown that 15,000 pounds per square inch is effective.
signal into the block with a transducerand a wave- Some improvement can be achieved with higher pres-
form generator, sure, but it becomes a trade-offbetween the difficulty

of achieving higher interface pressures vs. the limited
The requirement in the Code Case is that the signal gain to be obtained. An Inconel springis included in
identification module flag at least 8 out of 10 lead frac- the line-of-force to help maintain a uniform pressure in
ture signals as crack growth AE signals and at least 8 the presence of temperature changes. A high-
out of 10 of the other types of signals as not being temperature electronic pulser is mounted in the vicinity
crack growth AE signals. The results obtained in this of the AE sensors (Figure 2.6) to provide a means of
evaluation were: qualitativelytesting AE sensor sensitivity during reactor

operation.
• Pencil lead break - 10 out of 10 identified as

crack growth signals As shown in Figure 2.7, after the waveguides exit the
opening in the shielding wall, the outer end is support-

• Ball drop - 6 out of 10 identified asnot being ed in a location away from the opening. This removes
crackgrowth signals the critical sensor head (Figure 2.8), which contains the

piezoelectric crystal and a 20 dB gain amplifier, from
• Pulser - 10 out of 10 identified asnot being crack the area of high temperature and possible neutron

growth signals, beams through the shielding annulus. It is important
that the sensor head be maintained at no more than
200°F and away from neutron beams.

2.2 AE System Installation
PECO personnel installed RG58 coaxial cables from

The initial emphasis was focused on installing the AE the AE sensor heads to a containment boundary pene-
sensors on the pipe, installing signal cable from the tration where the wires were connected through a Can-
sensors to a containment penetration where the leads non plug to two-wire pairs which were installed in the
could be connected to leads through the containment penetration plug. The RG58 cable picked up again at
wall, and calibration of the installed sensors. All of this the outer end of the penetration plug and went to the
work required entry to the dryweil. Installation was preamplifiers (Figure 2.9) and to the AE monitor in-
started March 22, 1989 and proceeded as a joint effort strument (Figure 2.10). The AE monitor instrument is
by PECO and PNL personnel. The installed AE sys- installed in the same cabinet with the crack-arrest-verifi-
tern is shown in Figures 2.3 through 2.10. cation specimen instrumentation. A set of differential

amplifiers has been added between the preamplifiers
and the AE monitor instrument to help overcome a
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noise problem; this is discussed further under Section tends to transmit to the sensors better with thinner
2.4, Problems. material.

2.3 System Qualification 2.4 Problems

After the AE system is installed, there are two qualifi- The AE monitor system setup included linear preampli-
cation steps to be performed. One evaluates the signal tiers with a linear main amplifier in the AE monitor
detection and source location function of the total sys- instrument. A total of 90 dB electronic gain was in-
ternand the other evaluates the response sensitivity of cluded (20 and 40 dB in the preamplifiers and 30 dB in
the installed waveguide AE sensors, the main amplifier). Under these conditions, the sys-

tem performance looked very acceptable initially; i.e.,

The signal source location results obtained from crack- the background noise was about 2 voltspeakand the
ing 0.5-mm pencil leads on the pipe surface to simulate installed sensor sensitivity checks were satisfactory.
an AE signal are shown in Figure 2.11. This is an Subsequently, however, a spike transient noise signal
accepted method of simulating an AE signal, and it is appeared on all sensors which was in excess of 10
easily used in a field circumstance. Figure 2.11 is a volts_a k out of the monitor instrument. This condition
roll-out of the pipe section and shows the AE sensors precludes effective AE detection. The detection thresh-
(black squares) plus the signal source determination old of the AE instrument cannot be raised high enough
(letters). The axial spacing of the sensors is 3-1/2 to ignore the noise signals because it would also be far
inches, and they are located at 90° intervals circumfer- too high to detect AE signals. The repetition rate of
entially around the pipe (ref. Figure 2.3). Pencil leads the noise signal was such that it was tilling up a tape
were broken within I inch to 2 inches of each sensor in cartridge (2.1 million signals) record in a few days and
turn. This plot shows that the circumferential location in a few instances the data rate became high enough to
accuracy is very good. The axial accuracy is not as cause the monitor instrument to saturate and stop
good but still within the acceptable limits of two wall processing data. This noise problem was unexpected
thicknesses (wall thickness at this point is 1.3 inches), because a similar AE system had been installed at
The very narrow axial spacing of the AE sensors con- Watts Bar Unit 1 reactor and operated during hot
tributes to the location scatter in the a_ direction; i.e., functional testing of the plant without any noise prob-
a given error in signal time-of-arrival determination has lem. In spite of the very diligent efforts on the part of

i greater significance with the narrow spacing. PECO personnel and the PNL specialist, the specific
source of the noise signal could not be identified. The

The helium gas jet technique similar to that used during magnitude of the noise transient reduced substantially
"Preparation"(see Section 2.1) to measure AE sensor duringreactor startup and has remained low enough to
sensitivity on the calibration block was again used to allow effective AE monitoring. The AE monitor instru-
evaluate sensitivity of the sensors installed on the reac- ment has been modified to eliminate recording any
tor. Figure 2.12 gives the results. The output was signals that appear simultaneously on all sensors (noise
taken directly from the sensor which omits two filter transients appear on all sensors simultaneously while
gages in the midamplifier; hence, the response curve AE signals from cracking will show a difference in time
appears rather poor relative to the similar data taken of arrivalat the various sensors depending on the loca-
earlier on the calibration block in the laboratory (Fig- tion of the cracking). The fact remains, however, that
ure 2.2) where the 40 dB gain midamplifier was used. the AE system is vulnerable to noise signal pickup.
In reality, the response sensitivity of the installed sen- The Watts Bar and Limerick installations are compared
sors was significantlybetter as indicated by the voltage in Table 2.1. The most prominent difference in signal
values from the plots (0.25, 0.71, 0.4, and 0.56 miUi- lead shielding is in the containment penetration
voltspeakfor sensors #1, #2, #3, and #4 respectively), arrangement where the Limerick installation has only
This-could be due to better coupling of the installed two wires while at Watts Bar there are three wires
sensors and the thinner pipe wall (1.3 inches) compared which are twisted to provide shielding. Another differ-
to the calibration block (4 inches). The helium gas jet ence that could be significant is the signal cabling inside
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Table 2.1. Comparison of Watts Bar and Limerick AlEInstallations

i:_!_ii:i}iiiiZ _:!:iii_ii_ii!i!!: i:iiiili[ i:: _i :!:-i z_ _

Sensor 3' long two-piece wavegnide 9' long onepiece waveguide

Sensor tuning 375 kHz and 500 kHz 425 kHz

Sensor to-cable comiect BNC BNC

Cable inside containment RG141 in conduit RG58 in cable tray

Cabletopenetration inside BNC Cannon plug
connection

Penetration Three-wire twisted with 2' of Two-wire straight with 3' of
wire at inside end and 6' of wire at each end of plug
wire at outside end of plug

Cable-to-penetration outside BNC Cannon plug
connection

Cable outside containment RG58 RG58

Preamplifiers 20 dB at sensor and 40 dB 20 dB at sensor and 40 dB
outside penetration outside penetration

of containment, which is a high-temperature coaxial A second problem arose in early June 1989 when it was
cable contained in metal conduit at Watts Bar com- found that Sensor #2 was no longer responding. This
pared to standard RG58 cable in a tray at Limerick. was discovered in a pulser check on June 9 when Sen-
This emphasizes the need for extreme care in maintain- sor #2 did not show any responses (Figure 2.13).
ing good shielding in such a high-gain electronic system. There are two possible causes of this -- either the collar

on the end of the waveguide, which is the bearing sur-
Another step was taken to guard against the return of face for the spring holding the waveguide against the
the noise transient. This consisted of including a differ- pipe surface, slipped or the integral preamplifier had
ential amplifier between the midamplifier and the AE failed. In the numerous applications of this type of
monitor instrument. A differential amplifier (unity sensor, including monitoring molten vitrified waste
gain) is intended to cancel out signals which appear experiments, this is the first sensor failure we have
simultaneously on different signal lines. This is needed experienced. The source location program has been
because if the noise transient returns, it can still lock up modified to give source location using three sensors. In
the monitor system buffer memory if the repetition rate order to do this, it was necessary to split the Channel 1
is sufficiently high. Two versions of differential amplifi- output and run it into both Channel 1 and 2 of the
ers were tried with very limited benefit due to ground- monitor instrument because the logic is arranged to
ing problems and difficulty with passing the sensor work only with a four- or two-sensor arra_, and if
power supply which is carried on the signal lead. These Channel 2 was left open, it would never recognize valid
problems were remedied, and the amplifier was data from the three-channel array. Figure 2.14 shows
installed in the AE system. It reduced background the results of testing the three-sensor program on re-
noise by about a factor of two. corded data from the pencil lead break input during the

checkout of the installed system. These results can be
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compared with Figure 2.11. The three-sensor program monitor instrument. PNL analyzed the data for source
results are very good. location of recorded signals, number of signals from a

given location, and signal classification. This informa-
As of mid-September 1989, the AE system setup con- tion was then compiled in a report to be submitted to
sisted of: PECO at least once per month.

• Original linear preamplifiers (40 dB gain) plus a Originally, the AE monitoringperiod was planned for
unity gain differential amplifier one fuel cycle (= 18 months); however, at the end of the

first fuel cycle, the decision was made to continue for a
• Sensor #2 was not functional second fuel cycle under joint funding by PECO and

NRC-RES.
• Sensor #1 output was split to feed both Channel 1

and 2

2.6 Summary
• Detection threshold was set at 2.5 volts, down

from the previous 3.7 volts The installed AE system was functional and capable of
detecting and locating AE signals. It was installed and

• An AE signal identification module was installed checked within a very stringent time window. Coolant
in the monitor instrument flow noise did not cause a problem of increased back-

ground noise level. This was a point of concern at the
outset because we had not previously monitored a

2.5 Data Analysis SWRduring operation. The remaining point of con-
cern was the fact that the AE system was subject to

PECO personnel managed the normal operation of the picking up electrical/electronic noise signals due to a
AE system. The plans for data analysiscalled for weak point in the shielding (felt to be primarily at the
PECO personnel to remove the data tape cartridges at containment penetration). Day-to-day operation of the
least once per month and send them to PNL for analy- AE system and replacement of the data storage car-
sis. Instructions have been provided on loading and tridges for transfer of data to PNL was handled by
removing the tape cartridges associated with the AE PECO personnel.
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Figure 2.7. Waveguide AE Sensors Emerging from Weld Region -
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Figure 2.10. AE Monitor Instrument Mounted in a Cabinet in Reactor Enclosure,
Elevation 283' - Limerick Unit I
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Figure 2.13. Response of AE Sensors to Pulser Signal on 6/9/89
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3.1 AE System Performance Tables 3.1 through 3.3 give the AE event count by
source location element for each of the data tapes

The AE system withstood the reactor environment well analyzedduring the first monitoring period. This is
over the 16-1/2 month long first monitoring period, basic data - no special fdters were applied in analyzing
Two functional problems of significance developed in the information. As we began to analyze the data for a
the course of the monitoring period. In June 1989, it correlation between the AE data and the crackgrowth
was discovered that Sensor #2 (Figure 2.3 shows the as indicated by the ISI results, it became evident that
location of the AE sensors on the safe end-nozzle cir- the basic data still contained a significant number of

noise-induced counts in spite of steps taken during datacumference) was not functioning properly. Thig did not
result in any significant loss of data because the AE acquisition to alleviate the recognized noise problem
instrument was modified to operate with three instead with the original AE system installation. Detailed
of four sensors. Originally, the instrument was set to examination of the basic data showed that there were
operate with four sensors which required that a given many accepted signals with two identical delta-time
AE event be detected by all four sensors before the values such that they could not represent real AE sig-
event would be recorded. The event detection require- nals from the weld area. A very restrictive filter which
merit was modified to require only three sensors after precludes accepting data with two simultaneous delta-

time values and which limits delta-time values to thoseSensor #2 failed. Loss of the fourth sensor has some
effect on the AE source location by a moderate reduc- rational for the size of the pipe (weld) and the AE
fion in the longitudin',dlocation resolution, but it does sensor locations was applied to the basic data recorded

on the digital tapes with the results shown in Tables 3.4not adversely affect the circumferential location accura-
I cy. This was tested by analyzing system calibration through 3.6. The use of this filter could eliminate a

small amount of legitimate data from crack growthsignal information recorded during the AE system
installation using the three-sensor arrangement, because there is a small source area from which AE

signals could reach two of the sensors at the same time.

Ti/e second problem resulted in loss of AE data over It was concluded that the possible loss of a small
the period 11/2/89 to 1/5/90. This was caused by what amount of real AE data was justified for the benefit of
was ultimately determined to be a failure of the central the filter. This is a legitimate method to use in the
processor unit board in the AE monitor instrument, context of the N2H weld monitoring and also in the
Once this was replaced, the system performed satisfac- context of the ASME Code Case N-471 for AE moni-
torily for the remainder of the reactor fuel cycle, toring of reactor components because both concern AE

monitoring of a limited and well-def'medvolume of the
structure. This filter was not used originally in the

3.2 AE Data Analysis hopeof achieving a more universal result which wouldbe applicable to a case where the volume of material to
be monitored was not defined or limited. This should

AE data [AE event count, difference-in-time-of-arrival still be attainable with a normally quiet AE monitoring
of each event signal at the various AE sensors (delta- arrangement.
time), sequence of signal arrival at the sensors, time for

each event signal to reach maximum amplitude, peak Examination of the basic AE data and the revised AE
amplitude of each event signal, and clock time informa- data showed a significant feature. The AlE count in
tion] was recorded in digital form on magnetic tape source location element 29 for the period 2/2/90 to
cartridges. The cartridges were replaced on approxi- 2/26/90 is the same in both sets of data; i.e., the delta-
mately monthly intervals by PECO personnel and the time f'dterdid not affect this particular data at all.
used cartridge was sent to PNL for analysis. The data Since location 29 coincides with a region of crack
on the tape cartridge was played back to a computer- growth indicated by the ISI (see Figure 3.1), it appears
ized analysis program to compile AE event count by that this is all valid AE data and suitable for determin-
source location. Source location format is in terms of ing an initial correlation between AE and crack growth
signals originating within each of 36 equal segments in the N2H weld. The AE/Fatigue Crack Growth
(source location element_) around a cross-section of the relationship shown in Figure 3.2 which was developed
pipe.
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from experimental fatigue crack growth data was tested 3.3 Flaw Indication from ISI Results
using the Location 29 data and the crack growth indi- and Crack-Arrest-Verification-
cated by the October 1990 ISI results. It was found
that the less conservative cu_rveof the two; i.e., dN/dt Specimen Indications
= 1.6 x 10"4(da/dt)1'9,fit quite weU.2 Solving the equa-
tion for da/dt gives da/dt = 103 (dN/dt) 0"53where Information on the profde of the flaw indication is
da/dt is crack growth rate in p-inches/second and taken from inservice inspection (ISI) results obtained
dN/dt is AE count/second/degree. Count/second/ during the refueling outages and made available by
degree is used in this case instead of just count/second PECO. The prof'deof the flaw indication is shown in
to normalize the count over the 10 degree location Figure 3.1. The ISI information has been translated to
segment. This recognizes the fact that the AE count a pictorial form on a pipe cross section with the inten-
accumulated is distributed in some fashion across the tion of making it more easily relatable to the AE infor-
10 degrees. Taking the 22 AE counts from Location marion. While Figure 3.1 is approximately to scale, it is
29, 22 counts + 10 degrees = 2.2 counts/degree. The not intended to be an accurate scale presentation. The
data accumuladon period was 24 days or 2,073,600 light cross-hatched area describes the flaw indication as
seconds. 2.2 counts/degree + 2.073,600 seconds = 1.06 measured using ultrasonic methods in February 1989.3
x 10.6 AE counts/second/degree. Solving now for Enlargement of the flaw indication as measured by
da/dt, ultrasonics in October 19904 is shown in Figure 3.1 by

the dark cross-hatched area. The AE source location
da/dt = 103 (1.06 x 10"6)°'s3 element pattern is overlayed on the flaw indication

= 0.07 p-in./sec, profde to provide a connection between the AE sources
= 7.0 x 10"sin./sec, and the flaw indication. To facilitate conversion be-

tween the AE source location in degrees and the ISI
Considering the full time period for data accumulation, location nomenclature in inches around the pipe OD,
this equates to 7.0 x 10"sin./sec, x 2,073,600 sec. or 8.09° equals 1 inch on the OD surface of the pipe. One
0.145 inches of growth for the 24-day period. The UT must also keep in mind that although the AE source
at the end of the fuel cycle indicated 0.17 inches of location can be very accurate, the accepted accuracy
crackgrowth for the same region. Applying this equa- range is + 2 wall thicknesses of the component being
tion to the revised AE data in Tables 3.4, 3.5, and 3.6 monitored. In this case, the location could varyby 2 x
produced crackgrowth indications as given in Tables 1.3 inches or 2.6 inches which translates to _+20°. The
3.7, 3.8, and 3.9. The results are summarized in Figure accuracy tolerance is due to variations in the AE signal
3.3. It is worth noting that most of the crack growth propagation velocity to the various sensors and the
indications derived from AE are below the nominal difficulty of precisely defining the position in time of
detection threshold for ultrasonic inspection, the AE signal wave front.

A crack-arrest-verification-specimen (CAVS) assembly
previously used at Peach Bottom 2 was installed at
Limerick Unit 1 to provide a basis for estimating
growth of the flaw indication in Weld N2H during
reactor operation. Basically, the CAVS system exposes
a fracture mechanics specimen of appropriate material

2'l'his equation is based on crack growth/AE data sets generated
with non-irradiated pressure vessel and piping steels (A-533B and
A106). The data sets produced a conservative relationship curve of
da/dt = 190 (dN/dt) 0_53 and a median relationship curve of da/dt = 3General Electric Nuclear Energy. February 1989. Lime_ck Gener-
103 (dN/dt) 0_53 which is less conservative. The median curve pro- ating Station Un.it 1 Inservice Inspection Rel_rt No. 89-003.
duced a crack growth estimate that compared quite well with LIT ISI
results from inspection of the weld; hence, it was used in all the data 4General Electric Nuclear Energy. September 21, 1990. Limerick
analysis for this program. Generatin_ Station Unit 1 lnservice Report No. D-3001-4.
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to the reactor coolant water. The specimen is loaded It is evident from the numbers in Table 3.10 that the
externally with the intent of simulating the stress pres- UT inspection results and the AE results are in reason-
eat around the flaw indication and a potential drop ablygood agreement - the UT being about 30% higher.
method is used to measure resulting crack growth. The CAVS system prediction is an order-of-magnitude
Results from the CAVS system surveillance indicated lower. The crack growth indiCatedby the AE monitor-
crack growth rate of 0.026 inches/year, s ing is summarized in Figure 3.4. This indicates some

crack growth in areas of the weld where it was not
identified by UT inspection during the ISI, but this does

3.4 Correlation between AE, CAVS, not necessarily refute their validity when examined in

and UT Results light of the detection threshold for UT (nominally 20%
of wall thickness) as illustrated in Figure 3.5. At the
same time, it must be conceded that the AE indications

Results from the three surveillance methods are consid- of crack growth less than 0.1 inches may be question-
ered on a common basis in Table 3.10. able on the basis that the values are derived from an

AE event count of three to five. A frustrating dilemma
The value for the UT method was derived from the in this comparison is the fact that the only positive
maximum indicated crack growth of 0.47-in. deep mea- comparator is destructive examination of the weld when
sured at 39-in. pipe circumference during the 1990 ISI it is removed from service, which makes it very impor-
by a simple ratio of 12 months/year + 15 months total tant that provision for this be considered in any future
operating period x 0.47' = 0.38"/year. The value for plans to replace the section of pipe.
the AE method was similarly derived from the maxi-
mum indicated crack growth of 0.35-in. deep in Loca-
tion Element 2 (see Table 3.9).

5Ranganath, S. and D. A. Hale. October 1990. Strqctural Evalua-
tion of the Indication in the Limerick 1 Recite. Inlet Nozzle N2H
_fe End Weld, General Electric Nuclear Energy.
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3.0 Interim Data Results

0 o

180=

1. _ CrackSizeper ISI- 2/89
2. _ CrackGrowthperISI- 10/90
3. NumberedSectorsIdentifyAESource

LocationElements- Each10°Wide

Rg103162.4

Figure 3.1. AE Source Location Elements Superimposed on Pipe Cress Section with Flaw
Profile - N2H Weld at Limerick Unit I Reactor
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3.0 Interim Data Results

i
J

Figure 3.2. AE Rate - Crack Growth Rate Relationship for Cye.llcFatigue Crack Growth (HuRon 19_
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3.0 Interim Data Results

CRACK GROWTH - PERIOD 1
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Figure 33. Crack Growth Over the Period $/89 to 9/90 as Indicated by AE - N2H Weld at
Limerick Unit 1 Reactor
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3.0 Interim Data Results

0 o

I

i

I
180°

1. _ CrackSizeper ISl- 2/89
2. _ CrackGrowthduring5/12/89- 9/11/90periodper AE
3. NumberedSectors IdentifyAE Source

LocationElements-Each10° Wide

R9103152.3

Figure 3.4. Crack GrowthValues Derived from AE Data over the Period 8/89 to 9/90 -
Shown oa Pipe Crack Section - N2H Weld at Limerick Unit 1 Reactor
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3.0 Interim Data Results

(P

I
36

...:.. 1.3"

0.¢,,

270° ...... 90o

I
1._ CrackSizeper ISI - 2/89
2. _ CrackGrowthduring5/12/89- 9/11/90pedodper AE
3. NumberedSectorsIdentifyAE Source

LocationElements- Each10° Wide.
4. _ UT DetectionThreshold@ 20%ofWall = 0.26"

R91O3152.1

Figure 3.S. UT Detection 'I'areshold (20% of Wall) Superimposed on Crack Growth Predic-
tion from AE Data - N2H Weld at Limerick Unit I Reactor
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3.0 Interim Data Results

Table 3.1. AE Event Count by Source Location Element - $/12/89 - 10/6/89 -
N2H Weld at Limerick Unit I Reactor

• ....... j.........., , .,..,......................... ,...... _ _,,........ ,,j .,,_.,,j.,.. -,........ ................................ i ................................... ,.. j, , ._ . i ; . i i

i i i{ii i ii i_ii_iiiiiil iiii____ii_6__ !_i i ill i i i

1 2 5 13 1
i i

2 5 1
i _ HH

3

4
.i_

5 1
i_ ii i

6 43

7 30 1
.i, i

8 1

9 2

10

11 1

12 1

13 2
i .,, . i .

14 1

15 2 46 4 27 3
i

16 4 51 88 159 201 10 23 12

17 4 18 25 19 44 2
i . i ._

18 20 23 20 41 1 4

19 8 29 31 37 159 3 1

20 11 44 35 39 259 180 12
i i .....

21 6 30 28 24 176 2
• .i i

22 4 10 23 17 188 1
i i

23 6 13 21 21 180 3
,
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3.0 Interim Data Results

.......................... ,,.,............ .,,. ...................................... : ....... ,.................. ......................... '.'.'................................................................................................. |

iiliii!ii;iiiiillilii ;;i;iii_i"i ;i;i _;;illii il _i i_;iii;!ii!iliiiiii_ii_i_il_iiiiiiiiiilli i ii i;iiil;illiiiiil;ii_iiii!iiiiii;
iiiiii!iiii:ili:!iiii?iiiiiiiiiiiii::i!i!ii:iii]ii:!iiii!i!iiii_-iiii,liliii!!ii_;!iiiii_-:ii.!ii::_i?il!iiliiii!_/_iiii:iiiiiiii!i:.iiii!ii:i!iiiii_/_!i!ii!iilili!!!i!i_Z_iiiiii:i!ili!;iii,:.i!iS/S-i:!ii::!l!::ii:ii_i!i_/_!iii!iiiiii:iiiiili_/_iiii!iiiiil;iii;!iii!;i!!i:!iiiiii!iiiiiiili!i]ili!!iiiiii::ii!ii!i!i?ii!ii_!i!:iiiiiii!i!!:.iii!ii_:iiii!iii_iii,i:!iii:ii:iiiiili!iii!i!iiiiii!_iiiiii!i!ii,li!iiiiiiiii:!iiii_!_O!ii!ii!iiiiii!i;:!iiii!i:i!ili_/_iii!iiii!ii!iiii!i!i!!iiiili!i_:!!ii!iiiiiiiill

24 12 6 19 30 212 1 ,,1

25 15 10 13 15 300

26 2 15

27
, i

28
i

29

30
i

31

32

33 1

34

35

36
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3.0 Interim Data Results

Table 3.2. AlEEvent Count by Source Location Element - 10/6/89 - 6/4/90 -
N2H Weld at Limerick Unit I Reactor

1 1 NO 1 10
DATA

, , . ., , ,.,,, ,.. , ,, ,

2 35 28 472 35 39 5

3 4
, , ,, ,,,, ,,

4 5 1

5

6 5 6 39 2 7 2
,, ,,, , , ,,,,, , ,, , ,,

7 2 12 17 170 13 8
,,,,, ,, , ,,, , , , ,, , , ,,,,,,

8

9 1 1

I0 2 1 1
. . , , ,., ,,

11 2 18 1

12 1 12
, ,, ,,, , ,

13 1 2 3
, ,.,,, , ,,,

14 1 5 3
, , ,, ,, , ,

15 23 10 165 4 7 2
,, , , ,

16 8 41 35 861 66 24 1
, ,,, , ,, , ,,

17 1
,,, , , ,,

18 1
• ,,, ,,,

19 1 1 2
,, , , , ,

20 12 25 22 854 62 15
,,,,, , ,,

21 I 2
, . .., , , ,

22 1
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3.0 Interim Data Results

_i_ii!iii_i_i_i_!i_i!_!_!_y_S_!!i!_i_!_Ziiii_ii_!_!_!_!_i_i_i_!_i_i!i_!i_ii_i_ii_i!!i_z__!_!!_!_!i!!_!_i_!_i_i_i!_!_i_i_!_i_i_iii_!_i_!i!_ii_!i_!_!_iii_!Iii_i_i_i_ii_i_i!_i_i_!i_i_!_:_i_!_!_!_ii_!_!_i_i_iii!!i_i_!_!_i_i_i_i_!_!_i_!_i!!_i_!_i_!!_i_i!i!_!i!i_!_i_!!!_!_ii!!!_i_i_!_!!_!_!_!_i
Ii:i_i_i_!iiii_iii!i!!ii!_iiii!iiillii_i_i_iiiiiill!_ii!ii!i!_iiiiiii̧iii_ii_i_i_iiiii!iiili_!_i_iiii:i_iiiiiiiii_iiiiii_!I_RI_I:_ i__! !ii_!ii!_il_0_Ri_i_!_i_i_!iliiiiiiiiii_il!iiif!!i_iiilii_!ilii_illififif!ii!iiiii_ii_i_iiii_i_if!!!ii!ii_ii_iii!!iliiliiii_!i!!i!_iii:i

23 1 2 1

24 2 3 68 7 1 1

25 22 15 329 15 10 3

26 1 1

27 2 8

28 2 1 17 1

29 2 2 22

3O 2 3

31 2 1

32 2 1

33 2 5 94 1

34 19 21 548 40 16 1
, ,

35

36 1 2 1 1
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3.0 Interim Data Results

Table 3.3. AE Event Count by Source Location Element - 6/4[90 - 9/11/90 -
N2H Weld at Limerick Unit 1 Reactor

_!_!_i_i_i_ii_i_i_i_!_i_i_ii_i_i_i__i_i_ _i_i_!_!_!i_!_!i_!_!!_i_i_iiliiilliiiiiiiiiiiii!iiiiiiiii'i!!i_i!i!iii!iiiiii!iiii!!_iiiiiiiiii!_i!ili!!i!!i_iiiiiiii!!!i!ii!iii!iiii!!iiii_i!ii_ii!_i!!iiii_ii!i_!_!i!i!i!ii_!!ii!i!i__i!!i!!ii!_!iii!!!iii!i!!iiii!!!_!!!_/_ii!_i_ii!_iiii!!i!i!i_i!!ii!i!!!!i!i_!iiii_ii!!ii_!ii'iii_iii_!i!ii_!!is_ii!!iii,,ii!_i!iiiii!!i_i!ii'ili!iill_i!i_!i!!i¸,,i_!!,i!iii'i!!8/_iilii!iii!i,i_!ili_!i_!i!i¸
_i_i_ii!_i_i_i_iiiiiiiii_!_i_ii!i_i_!!_ii_ii_i_i!_ii!i_i_iiiiiii!_ii_!ii_iii_iii_ii_i_ii!_i_i_ii!ii_ii!_i_i_iiii!_i_i_!i_i_i_!ii_i_!iiii_i_i_iiii!i_i_ii!ii!ii_iii_!i_]i_i_i_i!_ii_i_i_i!i_ii_iiiii!iiiiiiiiiii_i,iii_i!i_ii!ii_!ii!i_i_i,iiiii!iiii!iiiii!_iiiiiii_ili_iiiiiiii_!_i_ii!_i_i,iii_iiii_ii!ii_!i!i!iiiiii!i_iiii!iiii_i_iiiiiiiii_

1 3
, ,, ,,,

2 9 106 25 21
, , ,,,

3 3 4 2

4 1 6
, ,,, ,, , i,

5 2 2 1
, ,,, , , ,

6 6 10 3 2

7 8 24 10 14
i ,,,, ,, ,

8 5

9 1 1
,, , ,,, ,

10 1 1
, , ,,,

11 1 1
,,,, , , ,,, ,,

12 3 1
,,, ,,

13 2
,,,, i ,

14 1 2

15 5 5 1 2

16 16 24 12 6
, , ,,, ,

17

18 1 1
,, , ,,

19 1

20 3 35 10 2
,,, , , ,

21 1
,, , , _,,,, , ,,

22

23 2 2
....
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3.0 Interim Data Results

24 2 2 1
H, , , ,

25 13 23 7 14

26

27 1 1
.... n , , , u,,, ,,

28 1

29 2 1 1

3O 1

31 1

32

33 28 6 1

34 134 74 20 6

35 6 7 2

36 5 2 1
H, ,

NUREG/CR-5963 3.14



3.0 Interim Data Results

Table 3.4. Filtered AE Event Count by Source Location Element
$/12/89 - 10/6/89

N2H Weld at Limerick Unit I Reactor

!iiii_iiiiiiii_!!i:i!!iiL_i_ii!!i!i£_iiiiEi_!i/_i_!_i_i_ii:i_i_!!_i_i!i?)_!_!_7!i_!!izi_iii_!ii_!_!_)_!_i_i_ii!_iii!Ci_i!!_iiiiii::ii!i_iii_i!iiiii_i!!iii_ii_iCi_:i_i;!ii_ i ¸¸! :..... _i̧ !ii_i _ i
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3.0 Interim Data Results
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3.0 Interim Data Results

Table 3.5. Filtered AE Event Count by Source Location Element
10/6/89 - 614190

N2H Weld at Limerick Unit I Reactor
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3.0 Interim Data Results

IL ' 'l I"l I'1 ....... L'll','JI]'l_ll I ,ill ............ ILII..... tl ........ J

LIMERICK., isl Period REV. 1

10/6- 11/2- !/5- 1/19- 2/2- 2/26- 3/29- 4/2%

,,...._!,/,2 , _/,,5,, _/_9 2/2 2/_ 3/,29 , 4/27....,, 6/4,,
23

, , , , ,,,, ,, , ,,

24 17
, , , ,,, ,,,, ,, i ,,,, • i

25 3 48
, ,,, , , ,,,, ,,

26
,,,, , ,,, , ,i , ,,,

27 9
, , , , , ....... ,

28 19
' i " ' ' "' '

29 22
,, ,, ,, ,,, ,,, , , ,,,, ,

30 3
, , ,,,,,, ,

31
, , , ,,, , ,,,,,

32
, , , , ,,

33 5

34 8
,,, ,,,,,, ,

35
,, i ,, , ,

36
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3.0 Interim Data Results

Table 3.6. Filtered AE Event Count by Source Location Element
4/419o-9/ul9o

N2H Weld at Limerick Unit 1 Reactor
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3.0 Interim Data Results

Table 3.7. Crack Growth Predicted from AE Data - $/12/89 to 10/6/89
N2H Weld at Limerick Unit 1 Reactor

(inches)

1 0.06

2

3

4

5

6

7

8

9

10

11

12

13

14

15
, =, , ,, ,,i , ,

16

17

18 0.07

19 0.06

20 0.05

21

22
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3.0 Interim Data Results

Table 3.8. Crack Growth Predicted from AE Data - 10/6/89 to 6/4/90 -
N2H Weld at Limerick Unit I Reactor

(inches)

_. ,_.....,!i_¸
1 NO

DATA

2 0.05 0.10 0.06
, ,,,,

3 0.05
i , ,,

4 O.05

5

6 0.05
,

,/
,,,,,,

8

9

10

II 0.14

12 0.11
,,

13 0.05

14 0.05 0.05

15 0.03 0.13

16 0.05 0.15

17

18
,, ,

19
,, , ,,,,

0.13

21 0.03

22
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3.0 Interim Data Results

i ii ii i!i!iii i il i!!iiiiii!iiiii!i ii!iiii!iiiiii
i iii!i!! :iiiiiii!iii!ii!!i!!i'.!',iiiiiii:!i!!!i!i!i!i!i!iiii!iiii!ili!i!i!i!i!i!i!ii!!:!i!i!ili!i-i!ii!i!iii:!:i:!ii :i: !ii!ii:!!iii i i :!!i!i!!!:: !: i i i!ii_ii!i :!:!!!i!!iii!_ilii i i !|i i !ii!i !!i!::: _:::: :{::' _::::, :: i::ii!!! !i!i!! : i,:: :if! i::!! _! ' i!ii: :i iii i !ii ii:iii i' , !i!ii: i i ii i! ::!iii :!i !i:: i ii i:iii i::: i! i i i !!i!i::::

i!i!ii:i!i!iii_i_iiii!i!iiiiiiii!iiiii!iliiii!i!i_/_i!iiiiiiiiiiiiiiiiiii!iii!iii/!_iiiiiii!iiii!iili_iiiii::iiiiii_{!ii!ili_!iiiiiiiiii!iiii_:_ii_i!ii:!:!il!iii!iii!!!_iiiii!!i!!!!i_i!iii:_i!_-i!i!i
.ii!.!ii!i!iiiii_ili!il;iiii;ii!i+ii+:!liiiii!iiiiii.ii_/_ili.iii!iili_:+:+iiii+i_/_i.i.i.+!+i.i!i,i!i!iiiii+i_.iii+i.iii+.ii!i+!;i.iil.i:_:_i.+.iiii.iiliiiii_ii_+/y_:i!iiiiiii.i::.i+_i.!.!!i+iliil.i:::._N._i.!ii.i!:::.i.l.i:,:.i:,!_:li.!.i.i:.!.i.i.

,, ,, , , ,, , , u

24 0.13
, , .,, ..u u

25 0.03 0.20
, , , , ,, ,. u

26
, , , , . . ,,

27 0.09
, ,, , ,.

28 0.13
,. ,,= u , , , ,, ,. , H,

29 0.14
, , . ,,,, .m, .

30 0.05
m, , ,, . ,,. m., , ,

31
, , ,, ,, , ., . .,. ., , +|, .

32
,,,, u , , , , ,

33 0.07
H , . , ,,., ,

34 0.09
- , , ., , ,,, ,,., ., ,, • ,

35
.|m u , ,, , . , ,u, , H ., ,

36
' ' " , i-,, , , ,, , 'l

NUREG/CR-5963 3.24



3.0 Interim Data Results

Table 3.9. Crack Growth Predicted from AE Data - 6/4/90 to 9/11/90 -
N2H Weld at Limerick Unit I Reactor

(inches)

_ii!_!i_!_i::i::i!_i!i::_i!_i_iii::::!iii:_!i!_!i!_::_iii_iii_!_!i_!_i_!_::_::_i_i:::::!_:::il:_i_i:i_::::_!::i_i_i_i_::::i_i_i_i_i:i:::_i_!_i_i_!_i<ii!i:ilii!ii::i!_i_i_i!!iii!i_i!ii_iiii!iiiiii!i::::!:::iiii!ii_::ii!iliii!_::i_ii!::!::!ii_ii!_iiiiiiii!ii_i!iiiiiii::iiiiiiiiiiiliii_i!::i!!i!!i!i!::!i_i_iiii_!!!_!::iii!!::::ili

iii_i_Xiiiiiii_',iii[iiiii?.iiiill _.'ii/ ',?.iiiiiiii'.iiiiii_ 15iiiiii_ii'iiiii_i'i_ '.'i"._?<'i?????i".'?X7.i?????i'*:?77.'*:??_?'.'/'?i'i'??ii???_?i'??i'????':?????'.'??<C'?i'??','?"?"?i<''?"."""<"""ili'/."" '?'' '?" '_....... i"¢ "?'?"i................. :...........

:iiiil;iliiiiiii:ii :iiil;i  :i ;iil; iii iiiii ;;ii  i:i;i ii iii: ! i?iiiiiii  i  , iiii',i!iiiii!ii:!i!i!i Niii',':!i',i',i',i!;!iiii!ii',i',i', iiii:i:,i', i:i ili ',iiii i;',ii iii i :, iii  , i ili;iii ',ii i
1 06

2 02 0.12 0.35

3 02 09 0.16

4 09 0.14

! 5 02 07 09

6 02 07 0.14

7 02 07 09
, ,,,, ,

8 03 03

9 05 05

10

11 0.14

12 02 0.13

13 05
,,,, ,,,,,,,

14 0.10

15 0.16

16 0.20

17 05 05

18 07

19 06

20 07 0.25

21 03

22
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3.0 Interim Data Results

_::{!i!_i_i:_:i:!:i_!:!:_Z_:Z:!:_!ii_i_i:i!!:i:_iii!_i_}:_:_i:i_i_____::_:_:_:____:i:___:_:____3_________:______i:_____1:'___:___c7__:_:_____:_____:_____.___:___:_'__:__Z:____'_':'_________:_.7:_:_:_____:_:__:'_::::___:__:._:__:___:_._:_:__i:___:_______:___3_,_____:_C__::.:__i______:::::!:i:ili'{:i:::i::::::/::(4,i{:1!:::i"_:i{:7:1:i!{!{,::i :iii{%::':!:i:}:ii:.:i:::i::i:i:i:i:{ii:!:i:ii:i!:_:_:i:_:7::!:

23 0.07 0.07

24 0.13

25 0.05 0.28
. .,, , ,, ,.,,.,

26

27 0.09

28 0.13
,,., , ,.,,,

29 0.14
,,, , , ,, , , , ,, , ,,

30 0.05
,,,, .,u ,

31

32

33 0.02 0.06 0.15

34 0.02 0.11

35 0.03 0.11 0.14

36 0.02 0.10 0.12

Table 3.10. Indicated Crack Growth Rate at the N2H Weld Over Period $/89 to 9/90

...... i' i ...........................

UT 0.38in.

CAVS 0.026in.

AE 0.28 in.

*Based on approximately 15 months of reactor operation. The values for UT and AE are

derived from the area of maximum crack growth indication.
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4.0 Final Monitoring Period

4.1 AE Data Analysis dark cross-hatched area. The latest ISI results s showed
only slight changes in the flaw indication profile from

The analysis approach used for the final monitoring that defined in previous inspections as shown in Figure
period was the same as described in Section 3.2, first 4.5. There were no other flaw indications identified in

paragraph for the In'st monitoring period, the latest ISI of the N2H weld. Information from the
latest ISI is shown in Figures 4.'6 through 4.11. Infor-

Filtered AE event count by source location element for mation in Figures 4.6, 4.7, and 4.8 cover the region of
the first monitoring period (5/12/89 to 9/11/90) is the flaw indication (31.8" to 40.4" by conventional ISI
recorded in Tables 3.4 through 3.6. Similar information location terms). Figures 4.9, 4.10, and 4.11 cover the
for the second monitoring period (12/13/90 to region where AE indications clustered (0" to 7.5") but
12/18/91) is shown in Tables 4.1 through 4.3. All of where the ISI did not show an identifiable flaw
the data in these six tables were filtered as described in indication.

Section 3.2 to eliminate noise-induced counts. During

the first monitoring period (Tables 3.4 through 3.6), the The crack-arrest-verification-specimen (CAVS) assem-
AE monitor instrument was functional 61 weeks out of bly continued in place during the second monitoring

the total monitoring period of 70 weeks for an operat- period to provide a basis for estimating possible growth
hag efficiency of 87%. During the second monitoring of the flaw indication in Weld N2H during reactor
period (Tables 4.1 through 4.3), the AE monitor instru- operation. During the second AE monitoring period,
ment was functional 17 weeks out of the total monitor- the CAVS system indicated a crack growth rate of 0.036

ing period of 66 weeks for an operating efficiency of inches for the full period. 9 This equates to a crack
26%. The operating efficiency of the AE monitor growth rate of about 0.028 inches/year. Thermal cy-
system is discussed in detail in Section 4.4 - AE System cling of the specimen resulting from cycling of the
Performance of this report. Reactor Water Cleanup System was considered to be a

significant factor contributing to the indicated crack

Tables 4.4 through 4.6 summarize the estimated crack growth.
growth in the various source location elements for the
second monitoring periods plus totals for each period

and for both periods together. The crack growth esti- 4.3 Comparison of AE, ISI, and CAVS
mates from AE data are summarized in Figures 4.1, Results
4.2, and 4.3.

The AE results and the ultrasonic ISI results compare
favorably in some respects and disagree in others.

4.2 ISI and Crack-Arrest-Verification- During the first AE monitoring period, the ISI results

Specimen Results showed some growth in the original flaw indication but
no other identifiable indications. The ISI results for the

Location and profile of the flaw indication as deter- second AE monitoring period showed effectively no
mined by ultrasonic ISI are shown in Figure 4.4 which growth in the flaw indication and also no other flaw
is a translation from the ISI reports for examinations indications. The AE results summarized in Figures 4.1,
performed 2/89 and 10/90. The original flaw indication 4.2, and 4.3 -- estimated crack growth > 0.1 inches --
(light cross-hatched area) in Figure 4.4 represents the show partial agreement between the AE and ISI infor
results of ultrasonic ISI of the N2H weld in February
1989.6 Subsequent growth in the flaw indication over
the ensuing fuel cycle as detected by ultrasonic ISI of 7General ElectricNuclear Energy. September 1990. Limerick
the N2H weld in October 19907 is illustrated by the GeneratingStation Unit 1 InserviceInspectionReport No. D-3001-4.

8General ElectricNuclear Energy. March 1992. LimerickGener-
atinz Station Unit 1 InserviceInspectignReportNo. D-4031.

6GeneralElectricNuclearEnergy. February1989. LimerickGener-
atin2StatiopUnit1 lnserviceInspectionReportNo. 89-003. 9Collier,K. B. May1992. Informalwrittencommunication.
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4.0 Final Monitoring Period

marion. AE for the first monitoring period show activi- 4.4 AE System Performance
ty in the region of the flaw indication (source location

elements 26 through 33) as did the ISI. AE for the Coolant flow noise was never a problem. The primary
second monitoring period showed no activity in the operational problem encountered in the AE monitoring
region of the flaw indication which agrees with the ISI. process was transient acoustic noise pickup at the

shielding wall penetration which was an integral part of
The two surveillance methods depart from each other, the signal transmission path from the AE sensors to the
however, on the region of the concentration of AE monitor instrument. The approach to overcoming this
indications (source location element 34 through top- problem involved faltering of the data as it was played
dead-center to element 6 in Figure 4.3). ISI showed back from the tapes to eliminate all signals that did not
intermittent root geometry and acoustic interface indi- fit a criteria of signal-time-of-arrival that defined the
cations throughout the length of the weld but nothing in source volume as the weld. This sounds like a rather

the area of the AE concentration that was indicative of obvious restriction to place on the data but normally in
a flaw. Much of the crack growth indicated by AE in a system without abnormal noise, it is preferred to not
the location element 34 to 6 region is borderline for limit the data this way so that general volumetric moni-
detection by conventional ultrasonic (UT) methods if toring is achieved. It was a valid solution in this case
one accepts the nominal detection threshold of 20% of since the area of interest was focused on the weld.
wall thickness (0.26" in this case) for inspection through

the weld. The area of source location element 2, how- The operating efficiency of the AE monitor system was
ever, should have been detected by ultrasonic inspec- quite good during the first monitoring period (87%) but
tion. It is obvious there are two possible answers: 1) during the second monitoring period, it fell to 26%.
the AE indications are valid and the UT is not picking There are two significant factors which contributed to
the indication up - this is not a simple weld to inspect, this situation. In order to stay within the program
or, 2) the AE indications are in error. The only irrefut- budget, it was necessary to limit the number of times
able way of answering the question is through destruc- that a PNL instrument specialist was sent to Limerick
five inspection of the weld if and when it is replaced. It to address operational problems. The alternate was to
does not appear that this would be justified any time in utilize some of the very capable instrument specialists
the near future. One other option that may resolve the at Limerick and communicate by telephone. The Lim-
question is to inspect the weld using an advanced ultra- erick staff were handicapped by being unfamiliar with
sonic technique which has improved sensitivity and the design of the instrument and also, they had a full
accuracy such as the Synthetic Aperture Focusing Tech- work load in other areas. The bottom line is that this
nique (SAFT) method of flaw imaging during the next approach worked but it was costly in elapsed time.
outage. The resolution of the SAFT approach may be

sufficientlybetter than normal UT inspection to provide The second and most serious factor was the fact that
an answer, the AE monitor instrument was not adequately cooled.

This did not begin to become evident until the second
The nominal crack growth indications from the CAVS monitoring period. Circuit boards that were sent to
system are about the same for both monitoring periods PNL for testing during one of the inoperative periods
(0.026 to 0.028 inches/year). It appears that CAVS showed heat tinting. Although temperature measure-
does not agree with either UT or AE. This is not meritsin the immediate vicinity of the circuit boards
intended as a general commentary on the CAVS tech- were not obtained, it is estimated that the temperature
nique, but simply a statement of fact as it applies to this had to have been in the vicinity of 200°F to have caused
case. some of the component problems experienced.

One AE sensor failed in the course of each monitoring
period. It was possible to adjust algorithms to permit
effective monitoring to continue with three sensors.
The sensors are being held at Limerick for the present
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4.0 Final Monitoring Period

because the radiation level from them is too high for The AE monitor system was in continuous service with
unconditional release, but the level has been steadily limited attention for 1-1/4 years during the first moni-
dropping to where they are now barely above the limit, toring period and continued on into the second moni-
When the sensors are released, they will be carefully toring period before significant problems appeared.
examined and tested to determine what caused the one The amount of down time could have been greatly
sensor to fail and the condition of the remaining sen- reduced if qualified technical personnel could have been
sors. available at all times. The problems were significantly

aggravated by instrument overheating. All factors con-
sidered, the AE monitor system performed well.
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O° 10°

I /

2700_ 9
---- 90°

10

26

I
180°

1. _ Crack growth in inches per AE - May 12, 1989

to September 11, 1990 (Period 1).

2. Numbered sectors identify AE source
location elements - each 10° wide. R90121o82

Figure 4.1. Crack Growth Values > 0.1" Estimated from AE Data over the Period $/89 to 9/90 - N2H Weld at
Limerick Unit I Reactor
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I
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270o_ _ 90°
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180°

1. _ Crack growth in inches per AE - September 13, 1990

to February 18, 1992 (period 2).

2. Numbered sectors identify AE source

location elements - each 10 ° Wide. R9012108.3

Figure 4.2. Crack Growth Values :_ 0.1"Estinmted from AE Data over the Period 12/90 to 12/91 - N2H Weld at
Limerick Unit I Reactor
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0° 10°

I /

0¢

26

I
180°

1. _ Crackgrowthin inchesperAE - total

bothperiods.

2. _ Flaw size per ISI- 2/89 R92110oe.2

3. Numbered sectorsidentifyAE source
locationelements- each 10° wide.

Figure 4.3. Crack Growth Values > 0.1' Estimated from AE Data over the Full AE Monitoring Period 5/89 to
12/91 - N2H Weld at Limerick Unit 1 Reactor
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!
180°

1. _ Crack Size per ISI- 2/89
2. _ Crack Growth per ISI- 10/90
3. Numbered Sectors Identify AE Source

LocalJonElements- Each 10° Wide

RgI03152,4

Figure 4.4. AE Source Location Elements Superimposed on Pipe Cross Section with Flaw Profile - N2H Weld at
Umerick Unit 1 Reactor
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I

in Half Path

Figure 4.10. 45 RL Indication 1 - 7Ji5' to 11.776'
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4.0 Final Monitoring Period

Table 4.1. Filtered AE Event Count by Source Location Element -
12/13/90 to 4/27/91 - N2H Weld

at Limerick Unit 1 Reactor

iii!iiiiiiiiiiiiiiiiiiiiiiiii!iiii_iiiii_iii_iiiiii_iii_iii_iiiiiiiiii_i_iiiiiii_i_i_i_iii_ii_i_iiiiii_iii_ii_ii_i_ii_i_i_i_ii_iiii!iii_iiiiiiiiiiiiii_i'_iii:iiiiilililiiii:iiiiiiilliiii_i_!_!_ii_!ii_i!_i_iii_i_ii_iiiii_i_iiii_i_!iiiiiii_._i_ii_i_i_ii_i!iiiiiii!_iii_i_ii_iiii_ii_i_i_i_i_iii!iiii_i
i::::ii'ii:._/_i!iiii::ii'ii::_i:,!/_:i!:_:.,i!i:,i!i:_ii,:.,_ii4_ii_-i!:._.ii:.ii:.ii:4/i_i_'.iii ii::.'_/_-iii_!ii:,!i_!!ii',_,
iii:;iii::;iiii_ii_:ii!_,i:il::,i_iiiii!_/i0::_i!ii::!'_!il::,;iiiii_i;ii_i_iiii:!!ii:,!::i!i!':!i;ii_/i_iiiiiiili :ii:,iiiiii!i_/27iii;ii!ii!i!i

1 3 No 3 1 1 2 1
Data

2 7 1 5 1 1

3 10 1 1

4 6 1 1 1
i i

5 10 3 2 1
Ill

6 13
i iJ i

7 1 1
i , i i i

8
i i

9
i

10
i i i

11

12

13

14 1
II I

15

16
i i

17

18

19

20

21 1

22 3

23 3
Ill
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24 1
, ,H. ,,

25 2

26 1

27 1

28 1

29 1

30

31
,,, ,,

32

33 3

34 2 4 3
H , ,,,

35 1 5 3

36 0 1 0 0 1 0 3
, • , • ,
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Table 4.2. Filtered AE Event Count by Source Location Element -
4/28/91 to 8/9/91 - N2H Weld

at Limerick Unit 1 Reactor

iiiiiiiiiiiiiii_iii_"iiiiiiii iii_:iliiiiii"iil _ii_iii_._i_:_iiilii_il i: i_iii

I 2 I I No I No
...... , H

Data Data
2 3 3 4

. .,,,. .....

3 2
.H ,,.

4 1

5 1 2

6 5 3

7 1

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23
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24

25 2

26
,,,, , , , ,

27

28
, ,,,,, ,

29
i i

3O 1
i

31

32 1

33 3

34 3 4 3 4

35 3 4 2
, , , ,,,,,,

36 4 2 2 3 1
,1 . i i ,.i,i i i i, i .

NUREG/CR-5963 4.18



4.0 Final Monitoring Period

Table 4.3. Filtered AE Event Count by Source Location Element -
8/9/91 to 12/18/91 - N2tl Weld

at Limerick Unit 1 Reactor

::.:.:.:.:,..::.::.:. ::,-,-.:.-.:.:.,::.:.:, :.:: : :!".. .[::,:,:: -.:: ..,:. ::.::7._!:L: ,:_:, :. :.: i::::-.::: ,: : ,il..,,:;- .:: :!,:_!.'''. . '] ': ,: .... :.:_ _.. , _ ' "' .'::.:-_ 7.-.::"!!.',:..::..:-:. ,..::,,:,.,:,: .: ..,; ::.;.,.: .,: :.: ..:.:.:.:.i!:]:•

,, ,,_,_i;,_i,_i,,_ :,L! _ ,i:1 ! __ !__,,,,........i,,,,,,,
1 No 4

" Data
2

3 1

4 2

5 1

6 1

7

8
.,,,,

9

10

11
.,,

12

13
,,, ,,

14

15
,,, , ,,.

16
.... ,i

17

18

19 1
, , .,,,

2O

21
,, , ,,

22

23 2
,_ ....

4.19 NUREG/CR-5963



4.0 Final Monitoring Period

LIMERICK- 2nd Period
i i i, i L _ .... i ....

, _ :8/_/9 12/Io.
,_/_

24

25

.......

27

28

29

3O

31

32 2

33

34 1

35 5
,,,,,, ,

36 1
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Table 4.4. Crack Growth Predicted from AE Data - 12/13/90 to 4/27/91 -
N2H Weld at Limerick Unit 1 Reactor

(inches)

:;:. ; :! : : :_ ":",i_!<_i_ "_ .... ; _ _. "'!"7- "" : ." '_' - T '"_ .... _ """'"'" _ _ " ' :: " ]" i ._:::.,..!.1.}....
_ ..... : _: :CRACK GROWTH - 2nd Peri_

" :" " :::: ...... :' ' _: ...... ' ": :: " ...... :-_:_" "i;:i:::i 7: .. " .... ::::: ::!:_:' :::_!i_:::x_::"
: ....:_-ii. : :_i: i7 : _. _i:_-_.......

!]_, : 4/1! _ _ i 4t12-4/17'
i 4/I0 _}d/16_ 4/19

1 0.03 No 0.01 0.01 0.01 0.01 0.01
..... Data ......................

2 ........... ov.ol 0.02 0.01 0.01

3 0.05 0.01 0.01
. ,11 ,|.,. ...,, H.

4 0.04 0.01

5 0.05 0.01 0.01
,. ..u ,H, , ...............

6 0.06

7 0.01 O.01

8
, ,,, , ..... j

9
, ,., •........... _ ,,. _

10
.. , .... . ., . , =

11
, ..... , . , . .,,. .....

12
, .. , , , , , ,,, ,, ,,, ..

13
,,,, ,H . , , .. , , . , ,

14 0.01
.,. . ,, |,, . , , ,, .,

15
. ., ,,. , , .,,

16
,. , , , ,,., ,

17
" ' " " ,, , , ,, i ,,,,, ___

18

19
,, , , ,,, , j , ,,,

20
...... , ,, , .....

21 0.01
, , .,., , .| ,, ,

22 0.01

23 0.01
,,,. , ....
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IIII'll III " ,,,+,,,+ ...................... j, .... i • +, ,

CRACK GROWTH. 2ad Period

12/+ 1/+ i 4/11 .. 4/12. 4/17. 4/20" ' 4/23+ "i 4/26.

24 0.01

25 0.01

26 0.01

27 0.01

28 0.01

29 0.01
i i ul i i ll,ll

30
.... ,, ,,w,i u i|l

31
,,, ,,,, im i i i

32

33 0.03
i .s_

34 0.01 0.02 0.01
,, H

35 0.01 0.02 0.01

36 0.00 0.01 0.00 0.01 0.01 0.00 0.01
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Table 4.S. Crack Growth Predicted from AE Data - 4/28/91 to 8/8/91 -
N2H Weld at Limerick Unit 1 Reactor

(inches)

1 0.02 0.01 0.01 No No
Data Data

2 0.02 0.02 0.03 0.01

3 0.02

4 0.01
, ,... __ , ±

5 0.01 0.02

6 0.03 0.02

7 0.01
L

8

9
, ,,, , ,, , , .

10
, , , , =, ,, ,, ,, ,,,,

11

12
, , ,, ,=

13
,, j,

14

15

16

17

18

19

20

21

22

23
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ii!ii/_::_II_:_III:_I:_.`::_:.....i .......: : • • • .................... _ CRACK GROWTH • 2nd Period .... _

4/28_5/3 5/3-5/7 [ 5/8-5/12 5/13- 5/19- 7/22- _ 7/25-.8/5"8/6-8/8
i ..............: I: 5/18 7/21 7/24...... ;_: ...::.:..:. _.: . :

24
, , i ,, .,,, ,,i , , i

25 0.O2
J ,, i i , .......... ill

26

27
,, , ,, ,

28

29

3O 0.01

31
, ,,, ,,

32 0.01
,, i i i |

33 0.02
,,,, , , , ,

34 0.02 0.03 0.02 0.03
,, ,, ,, , ,, ,,, , ,

35 0.02 0.03 0.02

36 0.02 0.02 0.02 0.03 0.01 0.00
= , , , ,,,, , ,, ,, ,, ,, J

NUREG/CR-5963 4.24



4.0 Final Monitoring Period

Table 4.6. Crack Growth Predicted from AE Data - 8/9/91 to 12/18/91 Plus
Totals for 5/12/89 to 12/18/91 -

N2H Weld at Limerick Unit 1 Reactor
(inches)

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::::: ::::::::::::::::::::::: ;;;;:;;;T;;:;: ; ; ;;:;t;;; ;;:; ;: ;; ::::::::::::::::::::::::::::::::::
i;i!!_!i!il]!i!ii!!!!iiiiiiiiiii!iii!! ii!ii!i!iii!iiiii ii!ii!!i!!ii!i/!ii![ii!!ili _ iii?[i!iil!i!iiiiii!i !!ii:i!i!i:iiil!i!i!!i]!!]!i!ii!i!!iiiiiiii]iiiiiiiii !:i:::i:i;i i;:i; : : i;!i!ii!i!!ill! ili!i!:ii!iiiiii:i:i::;;i:;i ! i;i: !;::_!i!!iiiii;ii:!ii;i!!! ;:i:i;%i:ii :i!;;:;;::;!!iiii;i!

iiiii:i!!ii!iltiiiiiiii;:iii!!!iili!;iiiii!!i!iiiiii!iii;ii:!iiiiiii!_/.."_iiiiii!!!iiiiiiii!!i!il.:ii:!iii!iiiii__//_ili:i!i:iii!]ilili!il!t!i:i:.ii!:_d!.:_(i:ii!iii!i::iiii!i_i!!i:::ilii::;i!ili:!!i!iil,iiiiii::ii_iii: ii iliiii!ii_,:_:!_i;!.!i_iii!!i!__:! _i!i_i/._:i_:ii!
1 No 0.04 0.16 0.06 0.22

Data .....
2 0.17 0.35 0.52

3 0.02 0.11 0.16 0.27

4 0.03 0.09 0.14 0.23
| ,, _ , ,,

5 0.02 0.12 0.09 0.21

6 0.02 0.13 0.14 0.27

7 0.03 0.09 0.12

8 0.03 0.03

9 0.05 0.05

10

11 0.14 0.14

12 0.13 0.13

13 0.05 0.05
H ,._ ,_ ,.

14 0.01 0.10 0.11

15 0.16 0.16

16 0.20 0.20

17 0.05 0.05

18 0.07 0.07

19 0.02 0.02 0.06 0.08
_H ,, ,

20 0.25 0.25

21 0.01 0.03 0.04

22 l 0.01 0.01
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23 0.03 0.04 0.07 0.11

24 0.01 0.13 0.14

25 0.03 0.28 0.31

26 0.01 0.01

27 0.01 0.09 0.10

28 0.01 0.13 0.14
,,,,,

29 0.01 0.14 0.15

30 0.01 0.05 0.06
,,,, ,,,,,

31

32 0.03 0.04 0.04

33 0.05 0.15 0.20

34 0.02 0.16 0.11 0.27
ii i

35 0.04 0.15 0.14 0.29
, i , ii

36 0.02 0.16 0.12 0.28

1Taken from Table 3.9.
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5.0 Observations for Future Monitoring

There are several lessons to be learned from this moni- 5.4 Calibration of the AE Source Loca-
toring effort to enhance the effectiveness of future AE tion
monitoring of nuclear reactor components.

At a minimum, pulse signals such as those produced by

5.1 Reference Monitor Point a pencil lead break should be input at known points
within the area of interest and the source location de-
termination by the instrument recorded at the beginning

Plans for the first one or two AE monitoring efforts in and end of a fuel cycle. Additional calibrations during
a given plant should include a base reference monitor the fuel cycle would be beneficial if a suitable outage
point which would be a location on the reactor system occurs.
in the vicinity of components of concern where cracking
or other physical deterioration is highly unlikely. In the

case of the N2H weld, a location on the 12_ pipe up- 5.5 AE Signal Identificationstream of the elbow would have been a good reference
location. The purpose of this reference point is to
provide data from a location that is subject to all the An improved method of implementing AE signal identi-
conditions (noise, electrical transients, etc.) that the fication is needed. The signal identification module
location of concern sees except flaw growth. At a stage useti in monitoring the N2H weld did not perform as
when AE monitoring for crack growth is still being expected. The basic concept of the three pulse signal
viewed with some skepticism, this would permit a more produced by an AE event when wavegnide sensors are
positive separation of crack growth AE from other being used is valid but the method for putting this
innocuous signals or noise. Such a reference point was concept into practice was not satisfactory without fur-
originallyplanned at Limerick but other critical work in ther testing and refinement. It was a new design with
the immediate area precluded installation of the added no opportunity for prior testing under field conditions,
sensors, and it was not practical to have AE specialists spend

time working with the module at Limerick to see if its
performance could be improved. An AE signal identifi-

5.2 Containment Penetration er is important to AE monitoring because it provides
another defense against being mislead by noise signals.

Shielding of conductors on both sides of the contain-

meat penetration plug needs to receive specific consid- 5.6 Digitized AE Informationeration. The ideal penetration would be one with coax-
ial lead wires but it is recognized that in most reactors,
these are all used for critical reactor control instrumen- A modification to currentAE monitoring methodology
tation. Baring coaxial conductors, twisted-shielded-pairs which would overcome a large part of the noise inter-
with good shielding on both sides of the plug have been ference and AE signal identification problem would be
shown to be a suitably noise free arrangement for AE to digitize the information at the sensor and transmit
monitoring, digital information out to the monitor instrument. This

approach or some variation thereof (such as digitizing
the data at a point inside of the containment penetra-

5.3 Monitor Instrument Location tion) has been discussed by PNL staff and others for
some time. The primary problem is seen as the cost to
develop the necessary circuits that could withstand the

The AE monitor instrument must be housed in a loca- environment and perform reliably inside of reactor
tion where the temperature of the instrument boards containment. The approach to testing and calibration
can be maintained below a maximum temperature of of the system would also need to be revised. "
about 100-125°F. This should avoid any problems re-
suiting from heating of the components.
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6.0 Summary and Conclusions

The project to applyAE monitoring to the N2H weld period. The relationship arrived at for relating AE to
at Limerick Unit I to detect growth of an identified crack growth gives rational results which are similar in
flaw indication and/or any other flaw growth in the magnitude to ultrasonic estimates. AE indicated limit-
weld is considered a success. It demonstrated that an ed flaw growth in an area near the ISI flaw indication
AE monitor system can be installed and calibrated on which was not corroborated by ISI results. An absolute
an operating reactor system within a short time period resolution of the validity of this indication can only be
as dictated by the outage schedule. It further demon- achieved by destructive examination of the weld which
strated that coolant flow noise on a BWR is not a prob- will not occur-in the near future. Inspection of the
lem [previous tests at Watts Bar Unit 1 reactor demon- weld using an advanced technique with improved per-
strated that flow noise on a PWR is not a problem formance such as the Synthetic Aperture Focusing
(Hutton et al. 1984)] and that an abnormal amount of Technique for ultrasonic testing may shed further fight
RF noise pickup can be overcome to produce useful on the question. The AE system worked well,
data. The monitoring proceeded over two fuel cycles, produced reasonable results, and did not pose any
Although the operating efficiency of the AE system was unwarranted problems to continuity of reactor
not good during the second monitoring period, evidence operation.
indicates that a significant contributor was the
temperature environment which is a problem that is Several observations were noted in the course of the
relatively easy to solve, effort which will contribute to enhanced effectiveness of

i future AE monitoring of reactor components. Future
AE and ISI results generally agreed with regard to the applications of AE monitoring will benefit from transfer
growth of the flaw indication. There was modest of this technology to a commercial company(ies) that is
growth shown during the first monitoring period and proceeding outside this program. It is important to the
essentially no growth during the second monitoring effective use of the technology that it be available on a

commercial basis.
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