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ABSTRACT

Attempts to repair the wall of C-Reactor Tank at the
Savannah River Plant were halted when Gas Tungsten Arc (GTA)
welds joining patches to the wall developed toe cracks in the
heat affected zone (HAZ). The cause of the toe cracks was
investigated by welding on 304L samples that were tritium
charged and aged to produce helium.

Helium embrittlement was shown to be the likely cause of
weld toe cracking in C-Reactor Tank. GTA welds made on helium
impregnated 304L produced toe cracks identical to those that
caused leaking patches during C-Reactor Tank repair. Heating
of a sample to remove deuterium and tritium without removing
helium did not reduce cracking susceptibility. Low heat input
and spot GTA welds also produced cracks, indicating possible
problems using these techniques for reactor repair. However,
cracks were not produced by solid state resistance welds, or by
a very low heat GTA pass that did not produce melting. This
indicates that non-melting or low tensile stress techniques
could be used for repair.

These results have impact on any fusion welding program
involving metal containing helium.
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INTRODUCTION

The wall of C~Reactor at the Savannah River Plant was
repaired in 1968 (Reference 1). A similar repair was
undertaken in 1986, but was not completed at that time due to
toe cracks in the repair weld HAZ. Cracks were on the tank
wall side of welds joining 304L stainless steel patches to the
304 stainless steel wall. The toe cracks in the tank wall
allowed gas to leak from under the patches during pressure
testing. The cracks were readily detected by a dye penetrant
test. Parallel-bead test welds made on the tank wall and on a
patch installed in 1968 produced similar cracks. A program was
initiated by the Savannah River Laboratory and by Westinghouse
Electric Corp. to determine the cause of the HAZ cracks.

Among the possible causes of the cracking are helium
embrittlement and hydrogen embrittlement. Hydrogen was shown
to not be a cause of the observed cracking (Reference 2).
Other possible causes such as intergranular attack from
pickling during tank fabrication or radiation induced
segregation were shown to be unlikely.

Helium is present in the reactor tank wall at concentrations of
approximately 3 appm, primarily from irradiation of boron.
Helium is known to reduce the ductility of 304 stainless steel
at concentrations down to 0.1 appm (References 2 and 3).
However, a high rate of successful welds joining uncharged
endcaps to tubing with helium concentrations of 3 to 20 appm
was experienced by Hall (Reference 4).

To demonstrate the role of helium in weld toe cracking, test
welds were made on samples whose walls contained dissolved
tritium, deuterium, and helium (from tritium decay) at high
surface concentrations.
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DISCUSSION

Description of Tests

Samples used for the welding tests had a radius of
curvature of 1.375" and were 0.375" thick (C-Tank vertical wall
is 0.5 inch thick). The test beads were made on the tritium
exposed surface parallel to the cylinder axis and across a
pre-existing GTA weld (made before tritium exposure). Aging of
the samples during storage produced sharper gradients in helium
and hydrogen isotopes than in the reactor wall, but the average
concentrations were similar. Two of the samples, A-1 and A-2,
came from the same coupon, but A-2 was heated for 24 hours at
500°C to off-gas 90% of the hydrogen without affecting the
helium content. The third sample, B-1, was from a second
coupon with about 80% of the helium content of the first.

Parallel-bead test welds were made on the samples using
the equipment shown in Figure 1. The welding power supply was
a Hobart 300 amp DC Cyber-tig equipped with an 800-Series
Programmer, which permitted pulsing of the weld current, up and
down slope, and other features required for automatic welding.
The first two welds on each piece were made at parameters
chosen to duplicate those made in C-Tank, as shown in the first
three lines of Table 1. Control tests on unexposed 304L pipe
and on the unexposed outside of one of the samples did not
result in cracking, as shown by dye penetrant tests. Each of
the test beads was examined for cracks by direct visual
inspection, dye penetrant tests with Magnaflux spray, and by
metallographic sections.
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FIGURE 1. Welding Station in Glove Box




TABLE 1

WELD DATA FOR TRITIUM CHARGED MATERIAL

MAXIMUM
OBSERVED
PLATE: HEAT INPUT CRACK
WELD NO. CURRENT,A VOLTAGE,V SPEED,1PM KJ/IN DEPTH, IN
A-1:A,B* 205/105 10/7.6 2 40.9 0.035
A-2:A,B 205/105 10/7.6 2 40.9 0.032
B-1:A,B 205/105 10/7.6 2 40.9 0.022
B-1:C 60/35 9.8/9.0 4 6.7 0.015
A-2:C 60/35 9.8/9.0 4 6.7 0.020
B-1:D 92/50 9.2/8.4 4 9.4 0.020
B-1:3 45/23.4 11/10 4 5.4
A-2:D 22.4%% 12.3 3 5.5
A-2:E 205 SPOT 0
A-2:F 100 SPOT 0

* APPLIED DOUBLE PASSES ON EACH WELD BEAD

** NO PULSING
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Simulated C-Tank Welds

Welds made with heat inputs similar to those used in
repair of C-Tank produced toe cracks similar to those in
C-Tank, as shown by dye penetrant tests, Figure 2. Double
parallel beads (parallel beads with a second pass on top of
each) were made on piece A-1, Figure 3. The cracks, which were
not visible to the unaided eye, were largest toward the end of
the weld, but did not necessarily occur on both sides of a
bead. Cracks were present in the pre-existing GTA weld
(charged with tritium and helium) where the double parallel
bead welds crossed it, but these cracks were not continuous.
Crack depths observed metallographically ranged up to 0.035
inch, Figure 4. Their path was intergranular and generally
perpendicular to the surface (e.g., not along the fusion line
of the weld). These cracks did not appear to be advancing
along grain boundaries decorated with visible gas bubbles (at
1000X magnifications). Considerable porosity was present
within the weld.

Low Heat Input Welds

Welds made on piece B-1 showed that the double bead is not
necessary for cracking, that low heat welds crack like high
heat welds, and that cracking occurs beyond the end of
melting. On this piece, beads A and B, Figure 5, were made at
the same parameters as those for piece A-1 but were not
overlayed with a second bead. Beads C through E were made with
lower heat inputs produced by lower currents and faster travel
speeds, Table 1. The lowest heat input (Bead E) did not result
in continuous melting. The dye penetrant test showed cracks
around all five welds, Figure 6.

Cracks produced by these welds were generally smaller than
those in piece A-1, both in depth (up to 0.020 inch, Table 1)
and in width of opening at the surface. Cracks typical of
those around beads A and B are shown in Figure 7. 1In the low
heat input welds, cracks were seen in regions just barely
melted and beyond the ends of the welds, Figure 8.
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FIGURE 2. Dye Penetrant Test of Piece A-1l
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FIGURE 3.

Section Shown
in Figure 4

Toe Cracks Produced at C-Tank Welding Conditions, Piece A-1
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FIGURE 4.

Scale Divisions
are 0.1 inch

Prosity

Similar Cracks
were Observed
in the Other
Locations that
were Examined

Typical Toe Crack and Porosity at C-Tank Conditions, Piece A-1

0.035 inch
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Piece B-1

a — Section shown in Figure 7
b — Section shown on left, Figure 8
¢ — Section shown on right, Figure 8

FIGURE 5. Cracking Produced by Low Heat Welds, Piece B-1




FIGURE 6. Dye Penetrant Test of Piece B-1
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FIGURE 7. Toe Crack Typical of Welds A and B, Piece B-1
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Weld C Weld E

Surface Cracks in Unmelted Region Surface Cracks Associated with Only Surface
Melting (Center of Photo)

FIGURE 8, Cracking at Low Heat Input Welds, Piece B-1



Cracking Due to Helium Alone

Both high and low heat input welds caused cracking in
piece A-2, which had been off-gassed to remove 90% of the
hydrogen, Figures 9 and 10. This result suggests that helium
embrittlement is the principal cause of the cracking. As with
the samples containing both helium and hydrogen (A-1 and B-1),
cracks were intergranular and were deeper around high heat
welds than those around the low heat weld (0.032 inch compared
to 0.020 inch), Figure 11. The degree of porosity within the
weld bead was not noticeably different. Two spot welds made at
different heat inputs, Table 1, also resulted in cracking.

Non-Melting Weld Techniques

Two techniques did not result in cracking. One technique
was resistance welding. Resistance welds (Figure 12) were made
by attaching tubes to the surface of piece A-1 using a
technique developed previously (Reference 5). Welding
conditions were 1000 lbs. force and 8000 amps current for 0.5
sec. A solid state weld was formed joining the tube to the
sample surface, Figure 13. A flash of molten metal around the
weld perimeter did not have any porosity. Neither dye
penetrant nor metallographic examinations showed any cracking
associated with the weld.

The second non-melting technique used the welding torch to
just heat a sample to simulate heating during brazing. The
sample (A-2, pass D) was oxidized along the path of the torch,
but no weld bead formed. The path was parallel to and within
0.25 inch of a fusion weld bead that had cracked. No cracking
was found along the path heated by the welding torch by either
dye penetrant or metallographic examinations.
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a — Section shown top left Figure 11
b — Section shown top right Figure 11
¢ — Section shown bottom Figure 11

FIGURE 9. Toe Cracks Caused by Helium Alone, Piece A-2




FIGURE 10. Dye Penetrant Test of Piece A-2. Weld Pass D did not
Show Dye and is not Visible in this Photo
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Intergranular Cracks from Hel

FIGURE 11.
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FIGURE 12.

Resistance Welds Joining Tubes to Sample Surface



Scale Divisions
are 0.1 inch

FIGURE 13. Crack-Free Resistance Weld. Solid State Weld (Center)
with Flash of Molten Metal at Outer Edge.




CONCLUSIONS

The following conclusions can be drawn from this study:

o Toe cracks like those in C-Tank resulted from the presence
of helium with little, if any, assistance from hydrogen.

© Cracking was not eliminated by single pass welds, low heat
input welds, or spot welds.

o No cracking was seen when base metal temperatures below

melting were maintained, such as resistance welding or
simulated brazing.
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