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ABSTRACT

This document summarizes the work performed by Pacific Northwest Laboratory (PNL} from April 1
through June 30, 1981, for the Division of Reactor Safety Research within the U.S. Nuclear Regula-
tory Commission (NRC). Evaluations of nondestructive examination (NDE) techniques and instru-
mentation are reported; areas of investigation include demonstrating the feasibility of determining
the strength of structural graphite, evaluating the feasibility of detecting and analyzing flaw growth
in reactor pressure boundary systems, examining NDE reliability and probabilistic fracture mechan-
ics, and assessing the integrity of pressurized water reactor {(PWR) steam generator tubes where
service-induced degradation has been indicated. Experimental data and analytical models are being
provided to aid in decision-making regarding pipe-to-pipe impacts following postulated breaks in
high-energy fluid system piping. Core thermal models are being developed to provide better digital
codes to compute the behavior of full-scale reactor systems under postulated accident conditions.
Fuel assemblies and analytical support are being provided for experimental programs at other facili-
ties. These programs include loss-of-coolant accident (LOCA) simulation tests at the NRU reactor,
Chalk River, Canada; fuel rod deformation, severe fuel damage, and postaccident coolability tests
for the ESSOR reactor Super Sara Test Program, Ispra, ltaly; the instrumented fuel assembly irradia-
tion program at Halden, Norway; and experimental programs at the Power Burst Facility, Idaho
National Engineering Laboratory {INEL). These programs will provide data for computer modeling
of reactor system and fuel performance during various abnormal operating conditions.
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GRAPHITE NONDESTRUCTIVE TESTING (3

W. C. Morgan, Project Manager
T. ). Davis, Project Manager

M. T. Thomas

SUMMARY

During this quarter the reason for the deviations between measured and calculated eddy current
data was identified and corrected by changes in the measurement system, The apparatus for ultra-
sonic backscattering measurements was assembled, and data are being obtained. Additional infor-
mation on the elemental composition of impurities in three of the graphites, which were oxidized
in previous investigations, has been obtained and is reported herein.

INTRODUCTION

This is a continuation of previous work at Pacific Northwest Laboratory (PNL) that demonstrated the
feasibility of monitoring changes in the compressive strength of oxidized graphite by measuring
changes in the velocity of an ultrasonic wave propagated through the graphite. The fiscal year (FY)-
1981 scope of this project is to:

¢ develop eddy current techniques for near-surface profiling of oxidation in the Fort 5t. Vrain
PGX core support blocks, including initiation of a prototype system development leading to
interpretable indications of graphite strength

e complete assessment of ability to profile oxidation using ultrasonic surface waves; determine
technical feasibility of using ultrasonic backscattering techniques to find in-depth oxidation
protiles; continue evaluation of high-power ultrasonic tests and acoustic imaging techniques
for bulk oxidation measurements as appropriate

& as funds permit, outline development of predictive techniques for oxidation depth pro-
files under reactor environments to provide strength indications for large graphite
components.

The objective of this investigation is to demonstrate the feasibility of nondestructive testing (NDT)
techniques for in-service monitoring of structural graphite strength to be applied initially to the
Fort 5t. Vrain reactor.

TECHNICAL PROGRESS
EDDY CURRENT TESTING

During this quarter, we concentrated on improving the computer algorithm (ZFIT) for estimating
near-surface graphite oxidation. The ZFIT algorithm uses electromagnetic theory and advanced fit-
ting rautines to estimate electrical conductivity versus depth in the material; data from three fre-
quencies are used to deduce the oxidation profile versus depth (current test frequencies are

100 kHz, 1 MHz, and 4 MHz}. The energy from each frequency penetrates to a different depth in
the graphite, with the low frequency achieving the deepest penetration. The known relationships
between eiectrical conductivity and oxidation in graphite are then used to compute the oxidation
profile.

{a) RSR FIN Budget No.: B2101-1; RSR Contact: R. B. Foulds.



Earlier work had shown a discrepancy between measured and predicted eddy current data at the
highest test frequencies, even with homogeneous specimens of known conductivity. During this
quarter, the source of this discrepancy was found to be electrical resonance of the search coil
because of stray capacitance. Coil resonance is generally not a problem in conventional eddy cur-
rent testing because the systems are directly calibrated to known test samples; thus, the calibration
curves include the resonance perturbations. in this case, however, the computer program has 10
dea! directly with resistance and reactance of the search coil in order to employ the necessary elec-
tromagnetic theory. The circuit resonance introduced substantial measurement error of these
search coil parameters at 4 MHz and some error at 1 MHz. This resonance was caused by stray
capacitance in both the coaxial cable conneciing the coil to the instrument and the capacitance of
the coil (this coil was wound in the normal “layer-on-layer’ fashion). Two changes have been made
to reduce the stray capacitance:

@ The cable capacitance was eliminated by placing a constant current driver in the probe for
coil excitation; this results in an extra bonus in that the probe output is a direct function of
coil impedance, in contrast to the small nonlinearity introduced by the former bridge
circuit.

e The capacitance in the coil was reduced by using a different winding procedure specifically
designed for low capacitance. The procedure produces banked windings in which two turns
in the first layer are followed by two turns on the second layer. This cycle is repeated until a
two-laver coil of the desired inductance is achieved. The result is a three-fold reduction in
interturn capacitance over a standard down-and-back two-layer design.

The net result of these changes is that the system resonant frequency is increased from 8 to 20
MHz; this new resonant frequency has negligible effect on the measurements at 4 MHz.

ULTRASONIC TESTING

Work continued to determine the criteria for an ultrasonic backscatter test capable of measuring
oxidation in depth. The backscatter approach relies on averaging a number of phase-insensitive
waveforms that result from transmitting sound inte the specimen and detecting returned energy.
The averaging process can be used 1o measure grain size and detect small reflectors {such as poros-
ity due 1o oxidation) that would otherwise be undetectable.

A laboratory system for backscatter analysis has been assembled, and analysis of the technique for
graphite characterization has begun. The system has been interfaced to a minicomputer system that
digitizes the waveforms and performs the averaging process. Video detection of the signals is per-
formed in the computer by taking the Hilbert transform of the waveforms, which results in the
needed phase-insensitive data. Estimates of grain size in PGX graphite have been made using the
backscatter data, and metallurgical sectioning is being done to determine the degree of correlation.
Results indicate that independent waveforms for averaging cannot be obtained by using different
test frequencies; slight variations in transducer positioning will be required to cbtain independent
data, This is significant in that it is timely enough to affect the design of the prototype field system
in a positive way.

OXIDATION

Ash residue from the complete in-air oxidation of specimens obtained from samples{a) -A-10,{b}
VI-A-3,{¢) and 1i-F-3{d) was analyzed with x-ray photoelectron spectroscopy (XPS). Since the ash

{a) 1-in. thick, 30-in. diameter disks removed from previously oxidized samples.
(b} HI-A-10 was a purified sample of Airco-Speer grade 51090.

{c} VI-A-3 was an “as-received” sample of Pure Carbon grade P3W.

(d) 11-F-3 was a purified sample of Stackpole grade 2020,



content from each of these specimens was quite small, a special sample mounting arrangement was
designed to allow XP5 analysis, The analysis of the spectra is summarized in Table 1, which tabulates
the elements detected and their concentration in atomic percent (at,%}. Most of the elements are
likely in a stable oxide component; the oxygen concentration ranged between 40 and 50 at.%. To
remove any contamination from handling, about 30 A of the surface of the ash was removed by
argon ion sputtering. Carbon was also detected; however, some of the oxygen and carbon signal
may have originated from the sample mount.

Some of this work was presented at the 15th Biennial Conference on Carbon in Philadelphia,
Pennsyivania.(1)

Table 1. Elemental Composition of Ash Samples

Concentration, at.%

lékiment{a} Sample HI-A-10 Sample VI-A-3 Sample 11-F-3
Nickel 3.3 4.1 1.8
Iron 15 1.8 0.6
Vanadium 8.1 11.0 11.6
Calcium 1.9 1.8 1.9
Sodium 0.3 0.2 0.3
Chlorine 2.0 - 1.0
Silicon 39 1.2 5.5
Lead 0.1 0.2 0.1
Potassium - 1.9 3.0

{a) Carbon and oxygen concentration not reported.

FUTURE WORK
EDDY CURRENT TESTING

e complete testing of the profiling algorithm using large oxidized samples.

ULTRASONIC TESTING

® determine optimum transducer design

& increase test sensitivity

® optimize ultrasonic coupling and near-field criteria

® assess performance of the system on graphite with known oxidation.

OXIDATION

¢ determine chemical state of impurities during oxidation.
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ACOUSTIC EMISSION/FLAW RELATIONSHIP FOR IN-SERVICE
MONITORING OF NUCLEAR PRESSURE VESSELS{(2)

P. H. Hutton, Project Manager
R. J. Kurtz, Assistant Project Manager

J. R. Skorpik
D. K. Lemon
L. ]. Busse

SUMMARY

A meeting held at Materialprufungsanstalt {MPA), Stuttgart, West Germany, on June 2, 1981, was
effective in finalizing the ZB-1 vesse! test plan by resolving several questions. Vessel fabrication is in
progress on a schedule that should permit testing to start in February 1982. Wave-guide acoustic
emission {AE) sensors and differential preamplifiers for use in the vessel test have been cormpleted
and calibrated.

AE sensor locations for menitoring the Watts Bar, Unit 1 reactor have been finalized, and the instal-
lation method has been established. A Letter of Agreement contract between the Tennessee Valley
Authority (TVA) and Pacific Northwest Laboratary (PNL) covering the AE test effort is in progress.

An AE waveform recorder subsystem has been added to the AE monitor system for integrated test-

ing. This microprocessor-based unit performs the function of recording acoustic waveforms during
vessel testing. These waveforms will be used for onsite pattern recognition and for post-test analysis
to refine the pattern recognition relationships.

Two unirradiated baseline fracture specimen tests have been monitored for AE at the Naval
Research Laboratory (NRL), which is part of a continuing effort to characterize AE from irradiated
fracture specimens.

INTRODUCTION

The purpose of this Pacific Northwest Laboratory {PNL) program is to provide an experimental
evaluation of the feasibility of detecting and analyzing flaw growth in reactor pressure boundaries
on a continuous basis using AE. Type A533B, Class 1 steel is being used in all experimental testing.
Objectives of this program are to:

¢ develop a method to identify crack growth AE signals in the presence of other acoustic signals
® develop a relationship to estimate flaw significance from AE data

# develop an instrument system to implement these techniques

® demonstrate the total concept off-reactor and an-reactor.

Progress relative to these objectives is discussed in the following sections on off-reactor vessel test,
reactor installation, AE monitor system development, irradiated fracture specimen tests, and
reports. The final section describes work planned for the next quarter.

{a) RSR FIN Budget No.: B2088; RSR Contact: ). Muscara.



TECHNICAL PROGRESS
OFF-REACTOR VESSEL TEST

A meeting held at MPA, Stuttgart, West Germany, on June 2 finalized the ZB-1 vessel test plan. Sev-
eral guestions were satisfactorily resolved as follows:

® test location - Approximately the first half of the test will be performed at MPA, Stuttgart,
where superior test facilities are available but the test temperature is limited to 206°F. The
second half of the test will be performed at Mannheim where test facilities are less desirable
but the test temperature can be extended to 550°F.

® slaginclusion - A slag inclusion will be provided in the installation weld around the A533B
vessel wall insert,

® thermal shock - Stainless steel cladding with under clad cracking and poor bonding wili be
installed on the inside of a 750-mm diameter repair plug. The area will not, however, be
exposed to thermal shock.

® hydrotest - A hydrotest sequence interspersed with fatigue loading will be performed to
pressure leveis ranging from 1.0 1o 1.4 times maximum fatigue loading.

* hydraulic noise simulation - Hydraulic background noise will be simulated using a trans-
ducer mounted on the inside of the A533B insert and driven by a shaped electronic power
source,

e schedule - Vessel fabrication has started with completion expected by January 1, 1982. AE
systemn installation would start about February 1, 1982, with testing to start in mid-February,

® AE systems - There will be one AE monitor system in addition to the PNL system. The second
system will be a combination effort by 1ZFP,(2) Battelle Frankfurt, and KvU.(b)

Fabrication of the A533B insert for the ZB-1 vessel has been completed by MPA up to the final step
of fatigue precracking the machined flaws. This was held in abeyance until the June 2 meeting to
review methodaology. The final canfiguration of the ZB-1 test vessel is shown in Figure 1, which
shows the vessel barrel unrolled to give the relative location of all components.

Thirty-five wave-guide AE sensors have been fabricated for use on the ZB-1 vessel test. They have
been calibrated using a helium jet excitation to assure proper fabrication. The sensors have been
assigned serial numbers, and a fabrication and calibration record book has been established 10
document the fabrication history of each sensor and to record its calibration data. One of the sen-
sors has been subjected to temperature tests at temperatures as high as 225°F; this has had no
adverse effect on its performance. The differential preamps for use with the wave-guide sensors are
nearly completed. These are laid out on a printed circuit board and fabrication is in progress.

REACTOR MONITORING

Sensor locations for AE system installation on the Watts Bar, Unit 1 reactor have been finalized. A
total of 24 sensors will be installed to monitor the No. 2 inlet nozzle, the safety injection pipe adja-
cent to the Na. 2 cold leg, and a 90° segment of the vesse! wall. This includes basic detection sen-
sors, waveform recording sensors, and guard sensors where needed.

A written description of the test plan, purpose, and benefits was submitted to TVA on June 1 to
pravide a basis for generating a “Letter of Agreement” contract between TVA and PNL.

(a) IZFP: Institut fur Zerstorungsfreie Prufuerfaher, Saarbrucken, West Germany.
{b) Kraftwerk Union, Erlengan, West Germany.

































































































































































































































