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ABSTRACT

This document summarizes the work performed by Pacific Northwest Labora-
tory (PNL) from January 1 through March 31, 1981, for the Division of Reactor
Safety Research within the U.S. Nuclear Regulatory Commission (NRC). Evalua-
tions of nondestructive examination {NDE) techniques and instrumentation are
reported; areas of investigation inciude demonstrating the feasibiiity of
determining the strength of structural graphite, evaluating the feasibility of
detecting and analyzing flaw growth in reactor pressure boundary systems, exam-
ining 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 ana-
lytical models are being provided to aid in decision-making regarding pipe-
to-pipe impacts fb?lowing 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 con-
ditions. Fuel assemblies and analytical support are being provided for
experimental programs at other facilities. These programs inciude 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, Italy; the instru-
mented fuel assembly irradiation program at Ralden, Norway; and experimental
programs at the Power Burst Facility, Idaho National Engineering Laboratory
(INEL). These programs will provide data for computer modeling of reactor sys-
tem and fuel performance during various abnormal operating conditions.
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GRAPHITE NONDESTRUCTIVE TESTING(a)

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

M. T. Thomas

SUMMARY

During this quarter the new computer program, ZFIT, was tested and refined
using eddy current measurements from samples with known oxidation; the results
are quite encouraging. The frequency range for use of the ultrasonic backscat-
tering technique in PGX graphite was determined, design criteria were estab-
lished for the sensors, and procurement of two iypes of sensor elements was
initiated.

INTRODUCTION

This is a continuation of previous work at Pacific Northwest Laboratory
(PNL) that demonstrated the feasibility of monitoring changes in the compres-
sive strength of oxidized graphite by measuring changes in the velocity of an
ultrasonic wave propagated through the graphite. The fiscal year (FY)-198l
scope of this project is to:

e develop eddy current technigues for near-surface profiling of oxida-
tion in the Fort St. Vrain PGX core support blocks, including initi-
ation 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 ulitrasonic
backscattering techniques to find in-depth oxidation profiles; con-
tinue evaluation of high-power ultrasonic tests and acoustic imaging
techniques for bulk oxidation measurements as appropriate

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



e 3as funds permit, outline development of predictive techniques for
oxidation depth profiles 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 St. Vrain reactor.

TECHNICAL PROGRESS

EODY CURRENT TESTING

Work during the reporting period centered upon evaluation and refinement
of our computer algorithm, ZFIT, for estimating near-surface graphite oxida-
tion from multifrequency eddy current data.

Simulated oxidation profiles were formed by stacking thin graphite plates
of known oxidation. Eddy current data were taken at test frequencies of
100 kHz, 1 MHz, and 4 MHz using both single plates and stacks of up to four
plates. The program began by calculating conductivities of single plates from
the multifrequency measurement data. This best-fit conductivity was then used
to back-calculate the eddy current data for each frequency that would be
expected from the individual plates. An average error of 10% was observed
between calculated and measured values with one worst-case error of 34%. We
feel that these are reasonable levels of error for initial attempts; but
efforts are continuing to identify the source of the errors.

This specialized use of eddy current instrumentation has required that
some new technical ground be covered because it is necessary for the instrument
to output precise values for resistive and reactive impedances of the search
coil. These impedances must be calibrated for each freguency so that the data
may be fed directly to the ZFIT program. In contrast, conventional eddy cur-
rent instrumentation deals with relating output voltages to various calibration
specimens; moreover, substantial errors in linearity and orthogenality of the
instrument can be tolerated. Our present work on the instrument covers the

following areas:



e verifying linearity

e verifying orthogonality (independence, or 90° separation, between
resistance and reactance}

e obtaining samples of graphite with known conductivity so that an
error correction program can be developed and used in the computer.

ULTRASONIC TESTING

Tests were conducted to arrive at an initial design for an ultrasonic sen-
sor to perform backscatter measurements in graphite. The tests indicated that
a frequency range of 200 to 800 kHz will be required for backscatter measure-
ments in PGX graphite. Above 600 kHz attenuation of ultrasonic energy in
unoxidized PGX increases rapidly as the frequency increases. The upper trans-
mission freguency response of oxidized graphite is substantially less. Pro-
curement was initiated on two types of piezoelectric sensors, both of which can
be used with or without ultrasonic delay lines. The delay lines would aid in
assessing near-surface oxidation,

Both types of piezoelectric sensor elements (barium titanate and Tead
metanicbate) will be evaluated to determine which is best suited for backscat-
ter testing. One or both of the sensors will then be used to establish a final

correlation between ultrasonic backscattering measurements and oxidation.

OXIDATION

The elemental compositions of ash remaining after oxidation of samples of
five grades of graphite were determined by x-ray photoelectron spectroscopy
{XPS). The compositions, shown in Table 1, vary considerably between grades.
This is consistent with the wide variation in visual appearance, texture, and
color of the ash., A paper based on this work will be submitted for presenta-
tion at the Fifteenth Conference on Carbon (June 22-26, 1981).



TABLE 1. Elemental Composition of Graphite Ash in Atomic Percent

Total
Sample Ash, ppm Si Ca Ba Fe §n P K Al S Ti Na
2020 g70 i, 18.8 1.0 - 0,1 2.8 1.3 1.3 0.8 0.3 -
51080 1030 9.4 15.4 0.4 - 0.1 1.0 0.8 - 4.6 - -
PGX 3820 1.1 6.6 0.5 3.0 0.1 0.6 2.4 23.0 5.7 0.9 1.2
ATJ 880 13.3 23.6 1.5 - 0.1 2.4 0.8 - 0.8 - -
P3W 2410 33.5 3.8 0.2 2.7 0.1 0.8 0.9 - - - -

FUTURE WORK

EDDY CURRENT TESTING

e complete development of the profiling algorithm

e test the algorithm using large oxidized samples.

ULTRASONIC TESTING

combine new sensors with ultrasonic waveform averaging instrumenta-
tion to obtain backscatter measurements

evaluate the ability of ultrasonic backscattering to accurately quan-
tify graphite oxidation.



ACOUSTIC EMISSION/FLAW RELATIONSHIP FOR IN- ;ﬁVICE
MONITORING OF NUCLEAR PRESSURE VESSELS‘4

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

T. 7. Taylor
J. R. Skorpik
P, G. Doctor
D. K. Lemon
R. B, Melton
SUMMARY

Fabrication of the A533B insert for the Z8-1 German vessel test is about
50% completed and is no longer a critical path item. Testing of the degraded
KSO7 steel that will be inserted in the ZB-1 vessel shows that the acoustic
noise under cyclic load is significant but not prohibitive for effective moni-
toring of the AS338 insert. An acoustic emission (AE) sensor location diagram
has been supplied to Materialprufungsanstalt (MPA), Stuttgart, West Germany,
for incorporation in the overall ZB-1 vessel instrumentation plan; and elec-
tronic simulation of reactor background noise from inside the IB-1 vessel is
being investigated.

A planning meeting for installing an AE system on the Watts Bar, Unit 1
reactor was held with the Tennessee Valley Authority (TVA). A detailed instal-
lation plan is in process.

A differential wave-guide sensor/preamplifier combination has been tested
and can function up to 2500F, which should be adequate for reactor moni-
toring.

The AE system for monitoring the German ZB-1 vessel test and for reactor
monitoring was assembled; system testing has Dbegun.

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



Detection of flaws during welding using AE has been successfully demon-
strated at Oberhausen, Germany. Evaluation of AE results versus conventional
nondestructive testing (NDT) and destructive examination is in progress.

AE monitoring of the first 4T irradiated fracture specimen test at the
Naval Research Laboratory (NRL} showed reasonable correlation between AE and
crack growth. Thorough analysis of the data is yet to be done.

INTRODUCTION

The purpose of this Pacific Northwest Laboratory (PNL) program is to pro-
vide 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. Objec-
tives of this program are to:

e develop a method to identify crack growth AE signals in the presence
of other acoustic signals

e deveiop a relationship to estimate flaw significance from AE data
e develop an instrument system to implement these techniques
e demonstrate the total concept off-reactor and on-reactor.

Progress relative to these objectives is discussed in the fellowing sec-
tions on off-reactor vessel test, reactor installation, AE monijtor system
development, sensor development, weld monitor demonstration, irradiated frac-
ture specimen tests, and reports, The final section describes work planned for

the next guarter.

TECHNICAL PROGRESS

OFF-REACTOR VESSEL TEST

Fabrication of the AS33B steel insert for the ZB-1 vessel test began in
late December 1680 under a contract with MPA. Stress relief heat treatment and



















































































































































































































































































































































