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ABSTRACT

This document summarizes the work performed by Pacific Northwest Laboratory (PNL) from

October 1through December 31, 1981, for the Division of Accident Evaluation, U.5. Nuclear Regula-
tory Commission (NRC). Evaluations of nondestructive examination (NDE} techniques and instrumen-
tatton 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 mechanics,
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 com-
pute the behavior of full-scale reactor systems under postulated accident conditions. Fuel assemblies
and analytical support are being provided for experimental programs at other facilities. These pro-
grams include loss-of-coolant accident (LOCA) simulation tests at the NRU reactor, Chalk River, Can-
ada; fuel rod deformation, severe fuel damage, and postaccident coolability tests for the ESSOR
reactor Super Sara Test Program, Ispra, Italy; the instrumented fuel assembly irradiation program at
Halden, Norway; and experimental programs at the Power Burst Facility, Idaho National Engineering
Laboratory {INEL}), Idaho Falls, Idaho. 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 (NDT) RESEARCH()

W. C. Morgan, Project Manager
J. M. Prince, Project Manager

R. W. Hill
M. T. Thomas
SUMMARY

A procedure has been established for calibrating the eddy current oxidation profiling system; a new
coil and some of the required graphite standards have been prepared. Several modifications have
been made in the ultrasonic backscattering equipment to improve the signal-to-noise ratio.

INTRODUCTION

The Graphite NDT Research Program is a continuation of previous work at Pacific Northwest Labora-
tory {(PNL) that has demonstrated: 1) 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, 2) that near-surface oxidation profiles can be determined from multifrequency eddy cur-
rent measurements, and 3) the technical feasibility of determining oxidation profiles at greater depths
by ultrasonic backscattering techniques, The scope of this project is to:

e (Continue development of eddy current techniques for near-surface profiling of oxidation in the
Fort St. Vrain PGX core support blocks, with particular emphasis on: 1) detailed design and assem-
bly of a carefully controlled eddy current probe to protect the signal, 2) additional testing of the
algorithm for calculating efectrical conductivity and density, and 3) development of a technique for
in-reactor calibration of the probe.

e Continue development of ultrasonic backscattering techniques to evaluate oxidation profiles at
greater depths; in particular, 1) continue development of method for dry coupling to provide suf-

ficient signal quality, 2) develop correlation between backscatter signal and density, and 3) develop
the software to interpret the signals.

¢ Determine appropriate arrangements to test the applicability of the above techniques in the Oak
Ridge National Laboratory {ORNL) CFTL and carry out such testing as desirable, considering Fort
St. Vrain testing scheduies and funding limitations.

® As funds and schedules permit, outline and conduct portions of the work program for the devel-
opment of techniques to predict oxidation depth profiles in reactor environments, providing
strength indications for large graphite components,

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

{a) FIN: B2101-1; NRC Contact: R. B. Foulds.



TECHNICAL PROGRESS

EDDY CURRENT TESTING

A procedure has been developed to calibrate the oxidation profiling system that involves varying test
parameters such as liftoff, coil diameter, and sample conductivities. The resultant effective resistivity
{AReff) and reactivity (AXqff} data (obtained for each set of test parameter changes) are then used
with Dodd’s theory and the computer algorithm ZFIT to determine the calibration constants. The phi-
losophy at this stage of the program is to supply sufficient data so that the computer algorithms can be
accurately fitted to the laboratory eddy current hardware rather than attempting to obtain idealized
response signals from the hardware. 1t is felt that this approach will lead to a practical in-field calibra-
tion procedure for the system.

A smaller coil (0.75 in. diameter) has been fabricated, and graphite standards (3 x 3 x 0.5 in. thick) with
up to 12% homogeneous oxidation have been prepared for use in the calibration program.

ULTRASONIC TESTING

Several important modifications to the ultrasonic backscattering method are being considered for the
laboratory system. These modifications will increase the signal-to-noise ratio and still allow detection
of smaller concentrations of oxidation so that the oxidation profile can be determined as a function of
distance into the material.

Several experiments are being conducted to determine the ultrasonic signal attenuation as a function
of frequency and oxidation for PGX graphite. As the operating frequency of the system is increased,
the smaller voids and pores are more easily detected; hence, a more accurate oxidation profile can be
deduced. However, attenuation follows the fourth power of frequency, which results in greatly
reduced signal-to-noise levels. From these experiments, the optimum frequency range of operation
(which is an important parameter for the final ultrasonic backscatter system design) can be
determined.

CFTL TESTING

Design information has been supplied to ORNL for NDT examination of the graphite posts that are to
be oxidized in CFTL. These tests will take place only if the Fort St. Vrain studies do not supply the
necessary demonstration of the testing techniques.

OXIDATION

Graphite density standards with homogeneous oxidation {(up to 12% weight loss) have been prepared
to calibrate the eddy current equipment. Electrical conductivity standards have been machined and
will be homogeneously oxidized to various amounts during the next quarter.

FUTURE WORK

EDDY CURRENT TESTING

e fit Dodd’s theory and ZFIT to the laboratory eddy current equipment

® use these fitting techniques to develop an in-field calibration algorithm and procedure.



ULTRASONIC TESTING

® optimize near-field criteria
e assess performance of the system on graphite with known oxidation
e complete development of dry coupling methods

e develop a correlation between backscatter and averaged video ultrasonic waveforms, and evaluate
radio frequency averaging for detecting wormhole oxidation effects

e determine maximum degree of surface oxidation that may be penetrated satisfactorily by ultra-
sonic methods,

OXIDATION

® prepare homogeneocusly oxidized electrical conductivity standards

® determine chemical state of impurities during oxidation.
















































































































































































































































