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ULTRASONIC AND METALLURGICAL EXAMINATION OF A CRACKED
TYPE 304 STAINLESS STEEL PIPE WELDMENT

by

J. Y. Park and D. Kupperman

ABSTRACT

An ultrasonic in-service inspection (ISI) indicated that a crack had
developed in a 22-inch-diameter Type 304 stainless steel pipe manifold end-
cap weldment of the Hatch-2 boiling water reactor. A section of the weldment
was sent to Argonne National Laboratory (ANL) for further examination. The
ANL effort included ultrasonic examinations, destructive crack-depth measure-
ments, metallography, degree of sensitization (DOS) measurements, and chemi-
cal analyses of material. The results showed that the extent of the cracking
was significantly less than indicated by the ISI.

t

Environmentally Assisted Cracking in Light Water Reactors
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ULTRASONIC AND METALLURGICAL EXAMINATION OF AaCRA(K
TYPE 304 STAINLESS STEEL PIPE WELDMENT

by

J. Y. Park and D. Kupperman

EXECUTIVE SUMMARY

An ultrasonic in-service inspection (ISI) indicated that a crack had
developed in a 22-inch-diameter Type 304 stainless steel (SS) pipe manifold
end-cap weldment (Weld No. 2B31-1RC-22BM-4) of the Hatch-2 boiling water
reactor operated by the Georgia Power Company. Examination of a section of
the weldment at Argonne National Laboratory revealed the following:

l. Intergranular cracks with a maximum depth of 0,265 in. were ob-
served in the HAZ of the end cap side of the weldment. The cracks are simi-
lar to the IGSCCs observed in the sensitized Type 304 SS components of other
BWRs. The cracks were located close to the WFL, but did not propagate mure
than a half-grain diameter through the weld metal

2. There was no cracking on the pipe side of the weldment. The
reason for cracking only in the end cap side is not clear. However, it is
noted that the end cap is constructed of a different heat of material than
that of the pipe, and that the end cap has a higher DOS and a smaller grain

1ze.

3}, The ISI resulted in a significant overcall of the extent of the
cracking. This difficulty was probably related to the nature of the geo~-
metric reflectors at the weld root. Ultrasonic indications suggest the pre-
sence of cracks in the HAZ less than 13 mm from the fusion line.

4. There was poor correlation between the measured IGSCC depth and
estimated by commonly used probe motion techniques.

Crack-tip echoes were not detectable, and thus time-of-flight

(satellite pulse) techniques for zing of cracks could not be used.
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CIRCUMFERENTIAL POSITION OF TRANSDUCER ALONG PIPE (in)

Ultrasonic Echo Amplitude Data as a Function of Circumferential
gsition of Transducer. In the two locations indicated
{ les, two distinct but very closely spaced echoes

ved s taneously from the cap side.

generally believed that IGSCC depths cannot be accurately
from the amplitude the ultrasonic echo signal. This is because
litude is affected by e extreme tightness of the crack, the presence
osion products between crack surfaces, branching of the crack, and the
1lar crack faces. Figure 12 shows the echo signal amplitude as a func-
f circumferential position and the crack depths obtained from destru
examination. As expected, there is no correlation between crack depth
h mmplitude. (The irregular cutting of the as-received specimen
ted ultrasonic data from being acquired near the end of the rack.)
Another commonly used method for crack depth sizing is the probe
(also called dynamic echo or amplitude drop) technique. In this

chnique, the transducer is moved across the defect and the echo amplitude

1ined as a function of transducer position. The size t.i_(x;gv}‘) of the
related to the distance the transducer moves between the two

it which the signal is 20 dB (or 6 dB) below its maximum value.
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CIRCUMFERENT IAL POSITION OF TRANSDUCER (in)

Fig. 12. Comparison of Actual Crack Profiie with Echo Signal
Amplitude as a Function of Circumferential Position
of Transducer.

This technique can provide useful data for reflectors with surfaces normal to
the ultrasonic beam, with very rough surfaces, or with irregular geometry.
However, in situations where the pipe inner surface was inaccessible ox where
angle beam waves were used, attempts to measure IGSCC depths have been un-
successful; shallow crack depths were overestimated and deep ones were under-
estimated. The ANL data presented in Fig. 13 are consistent with previous
experience. Flaw sizes estimated from the 20-dB drop points, obtained with a
0.25-in., 2.25-MHz, 45° shear-wave probe, were independent of actual depth.
Furthermore, the same level of response was obtained when a geometrical re-
flector or the end of the pipe was examined. Similar results were obtained
with 6-dB drop points; that is, no correlation was found between the results
of the probe motion technique and the actual crack depth in the IGSCC speci-
men. From the 6-dB drop ultrasonic measurement, the crack depth "3 est imated
to be 28% throughwall. This is close to the Hatch result (30% throughwall).
which suggests that they used the 6-dB drop method.

I[wo other ultrasonic techniques, the time-of-flight and satellite
pulse methods, were considered for estimating the crack depth. These methods
rely on the assumption that signals from the crack tip will arrive at the
transducer sooner than signals from the more distant base (corner) of the
crack. With proper calibration procedures, this difference in signal arrival
times can be related to crack depth. However, no crack-tip echo signals
could be detected from the end-cap weldment, and thus, these techniques could
not be applied.

The conclusions from the ultrasonic examination are as follows:
(1) Although one region of the end cap contained IGSCCs (as indicated by UT),
field inspection teams misidentified geometrical reflectors as cracks where
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