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FOREWORD 

This report is one of a series to summarize progress in the 
Savannah River Laboratory 2 38p̂ ^ Fuel Form Program. This program 
is supported primarily by the DOE Advanced Nuclear Systems and 
Projects Division (ANSPD). 

Goals of the Savannah River Laboratory (SRL) program include 
providing technical support for the production of ^^^Pu02 fuel 
forms in the Savannah River Plant's (SRP) Plutonium Fuel Form 
(PuFF) Facility. This part of the program includes: 

Demonstration of processes and techniques developed by 
the Los Alamos National Laboratory (LANL) for production 
at SRP. Information from the demonstration will provide 
the technical data for technical standards and operating 
procedures. 

Technical Support to assist plant startup and to ensure 
continuation of safe and efficient production of high-quality 
heat-source fuel. 

Technical Assistance after startup to accommodate changes 
in product and product specifications, to assist user 
agencies in improving product perfortnance, to assist SRP 
in making process improvements that increase efficiency 
and product reliability, and to adapt plant facilities for 
new products. 
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GENERAL-PURPOSE HEAT SOURCE (GPHS) PROCESS SUPPORT 

ANALYTICAL STUDIES OF WELD CRACKING IN DOP-26 
IRIDIUM ALLOY CLAD ¥ENT SETS 

Cracking of welds in DOP-26 iridium alloy clad vent sets 
beneath the quench taper appears to be caused by grain-boundary 
porosity in the form of ridge networks. A region several atom 
layers thick with unusually high thorium content and trace carbon 
was detected in ridge networks. Ridge network porosity was also 
detected in the heat-affected zone beneath the quench taper of the 
girth weld on a Multi-Hundred Watt DOP-26 iridium alloy Post 
Impact Containment Shell. 

Introduction and Summary 

Inspection of welds of DOP-26 iridium alloy clad vent sets 
(CVS) made in the Plutonium Fuel Form (PuFF) Facility prior to 
April 1981 revealed that about one weld out of six had interior 
cracks in the single-pass region beneath the quench taper. 
Scanning electron microscopy (SEM) of welds made in the PuFF 
Facility and welds made by the Engineering Equipment Division of 
the Savannah River Plant (SRP-EED) showed that grain boundaries in 
cracks and in areas susceptible to cracking had ridge networks 
that were not present in other weld areas.-^ These ridge networks 
were thought to contain low melting phases but Scanning Electron 
Microprobe Quantometer (SEMQ) analyses showed the ridges and areas 
between the ridges to have the same composition as that of the 
DOP-26 alloy. Areas of a thorium-bearing grain-boundary phase 
were detected at the edges of ridge networks. 

The GPHS Iridium Welding Team met several times between March 
and May and proposed several "fixes" to reduce weld cracking. One 
of these "fixes", a long quench taper, was tested and adopted for 
PuFF Facility production welding which resumed in July. During 
this reporting period, an ultrasonic nondestructive examination 
technique was developed by SRP-EED and installed in the PuFF 
Facility for examining fueled clads for weld cracking. Welds with 
the long quench taper cracked with the same frequency (about one 
out of six) as did those with the shorter quench taper, but SRP 
reported that cracks beneath the quench taper were smaller. 
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During t h i s r epo r t ing per iod , the contained SEM was out of 
s e rv i ce and contaminated specimens of welds from the PuFF F a c i l i t y 
could not be examined. Uncontaminated specimens from CVS No. T2 
which was welded by SRP-EED, and a sphe r i ca l Multi-Hundred Watt 
(MHW) Post Impact Containment Shel l (PICS), lOlT, which was welded 
in the PuFF F a c i l i t y in 1976, were analyzed using the scanning 
Auger microprobe (SAM), SEM, and SEMQ a t SRL. Specimens from CVS 
No. T2 were a l s o analyzed with the h i g h - r e s o l u t i o n SAM (SUPER SAM) 
a t Oak Ridge Nat ional Laboratory (ORNL). As repor ted prev ious ly , •'• 
only smal l , t r ansve r se cracks a t one edge of the g i r t h weld were 
de tec ted on CVS No. T2. No cracks were de tec ted in the g i r t h weld 
on MHW PICS lOlT. 

Analyses performed during t h i s r epor t ing period have shown 
t h a t the r idge networks a re regions of grain-boundary p o r o s i t y . 
Except for contac t through the r i d g e s , adjacent g r a in s in these 
a r e a s a r e separa ted by ~0.1 pm. This grain-boundary po ros i t y , 
r a t h e r than low-melting grain-boundary phases, is now thought to 
be the primary cause of cracking in DOP-26 a l l o y during production 
welding in the PuFF F a c i l i t y p r io r to Apri l 1981. This type of 
weld c rack ing , which only occurs in hea t - a f f ec t ed zones beneath 
the quench taper and a t the edges of the molten zone, d i f f e r s from 
cracking observed by ORNL along the c e n t e r ! i n e of s i n g l e pass weld 
a reas in i r id ium a l l o y s conta in ing >100 ppm thorium.^ 

Thorium a t ~60 ppn is added to DOP-26 i r id ium a l l o y to 
s t reng then the g ra in boundar ies .^ Strengthening i s gene ra l ly 
a t t r i b u t e d to formation of a thorium-enriched region a t the g ra in 
boundaries s eve ra l atom l aye r s thick. '* SUPER SAM ana lyses con
firmed the ex i s t ence of t h i s region on gra in boundaries in both 
welded and unwelded a l l o y from CVS No. T2. The average 
Th / l r = ~0.2 (atom f r ac t ion ) suggests tha t the phase in these 
regions may be ThIrg . In c o n t r a s t , Th / l r = ~0.4 and C/ l r = ~0.1 
on gra in surfaces in r idge networks. These r e s u l t s do not 
c o r r e l a t e with any known Ir-Th-C compound. I t i s thought tha t 
thorium and carbon a re involved in the formation of the r idge 
network poros i ty tha t causes weld c racking . 

Several types of thorium-bearing grain-boundary depos i t s have 
been de tec ted in DOP-26 a l l o y . Thorium-bearing a r ea s a t the edges 
of the r idge networks a r e ~0.1 \xm th ick and ~10 ym wide. Thorium-
bear ing s t r i n g e r s on g ra in boundaries in welded a l l o y near edges 
of the molten zone a re ~1 ym wide and 50-100 pm long in the d i r e c 
t i o n of g r a in e longa t ion . Micron-s ize thorium-bearing inc lus ions 
occur on g ra in boundaries in unwelded a l l o y . Analyses of these 
depos i t s have ind ica ted <8 wt % thorium or Th / l r <0.07. Phases 
with such low thorium conten ts a re not expected to melt a t temper
a t u r e s s i g n i f i c a n t l y below the 2440°C melt ing point of i r id ium, 
and t h e r e f o r e , a re not considered to be c o n t r i b u t o r s to weld 
c rack ing . 
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Analyses of welds in DOP-26 i r idium w i l l cont inue . Welds 
made with the long quench taper proposed by the GPHS I n d i u m 
Welding Team w i l l be analyzed. Savannah River Laboratory (SRL) 
i s a l s o coord ina t ing development of a patch we ldab i l i t y t e s t for 
DOP-26 a l l o y a t ORNL. 

Discussion 

Analyses of Specimens from CVS No. T2 

The girth weld in CVS No. T2 was made by SRP-EED under condi
tions similar to those used in the PuFF Facility in January 1981. 
Three overlap areas with short quench tapers were made on the 
girth weld to provide specimens for analytical studies. Analyses 
begun during the previous reporting period were continued. Small, 
transverse cracks detected at one edge of the girth weld were 
described in the previous report.-^ No additional weld cracks have 
been detected. 

First quench 

The specimen with the first quench was fractured during SAM 
analyses described previously.^ The same ridge network on the two 
mating surfaces has been analyzed with the SEMQ. Figure 1 shows 
backscattered electron (BSE) images and corresponding thorium maps 
of the two surfaces. The ridge patterns on the two surfaces are 
exact mirror images of each other. This observation indicates 
that contact between adjacent grains occurs through the ridges. 
The areas between the ridges constitute grain-boundary porosity. 
Adjacent grains are separated by about 0.1 pm in these areas. 
Such network structures in the grain boundaries reduce adhesion 
between adjacent grains and promote intergranular cracking as 
observed in weld quench regions. 

The thorium-bearing grain-boundary phase present at the 
edges of the ridge networks appears to be adherent to the grain 
surfaces. Figure 2 shows the locations of the thorium-bearing, 
grain-boundary phase (shaded areas) with respect to the ridge 
network on Surface B shown in Figure 1, When the specimen was 
fractured, some of this phase adhered to Surface A (vertical 
shading) while the remainder stayed on Surface B (horizontal 
shading). The thickness of the thorium-bearing phase appears to 
be about the same as the thickness of a ridge or about ~0.05 pm. 

Results of SEMQ analyses for Ir, W, and Th at 14 points on 
Surface A are given in Table 1. Ridges and areas between the 
ridges had the same composition with thorium concentrations near 

- 9 -



the d e t e c t i o n l imi t of ~0.02 wt % thorium. Analysis Poin ts 1, 3 , 
and 10 with 3.50 - 3.70 w/o thorium correspond to a reas where the 
thorium-bearing g ra in boundary phase adhered to Surface A while 
points 5, 11 , 12, and 13 with l e s s thorium correspond to a r ea s 
where the thorium-bearing phase was detached during f r ac tu r ing and 
adhered to Surface B. The SEMQ a n a l y s i s a l s o revealed a g rad ien t 
in the tungsten concen t r a t ion which var ied from 0.00 wt % a t the 
g ra in edge to 0.51 wt % a t 16 pm from the g ra in edge (Figure 3 ) . * 
This tungs ten v a r i a t i o n i s probably not r e l a t e d to formation of 
the r idge network. 

Third quench 

The specimen with the third quench had been fractured 
across the weld through the quench in earlier analyses of 
cracks located at the edge of the molten zone.^ Portions of 
the specimen were sent to ORNL where SUPER SAM analyses were 
performed on specimens from the quench and single-pass areas of 
the girth weld and unwelded alloy from the cup wall (Figure 4). 
Specimens were fractured in the SUPER SAM under ultra-high vacuum 
of 1.2 - 1.5 X 10"^" torr. Analyses made within a few minutes of 
fracturing detected no oxygen on the fracture surfaces. (Oxygen 
in vacuum contaminants often absorbs on fracture surfaces, but 
none was observed in these analyses.) After analyses of the as-
fractured specimens, the quench and single pass weld specimens 
were sputtered for 5 minutes with 5-keV argon ions at ~24pA cm~^ 
and reanalyzed to get an indication of the thicknesses of surface 
phases. 

Quench Taper. The specimen containing the quench taper 
fractured in the SUPER SAM along the weld centerline. Unfortu
nately, this specimen did not include the region most susceptible 
to cracking, which occurs under the quench taper close to where 
full penetration ceases. However, a small ridge network was 
located and analyzed. 

Six points in and around the ridge network (Figure 5) were 
analyzed after fracturing and after 5 minutes of sputtering. 
Results are given in Table 2. No difference in composition was 
noted between a ridge and points between ridges. Points in the 
ridge network had Th/lr = 0.36 - 0.45 (atom fraction) and 
C/lr = 0.10 -0.15 compared to Th/lr=0.15-0.26 and no detectable 
carbon (C/lr <0.06) for points outside the ridge network. No 
other elements were detected. Sputtering for five minutes removed 

* This variation in tungsten is not caused by an instrumental 
effect since tungsten was measured with the same spectrometer 
as was iridium, which varied less than 5% (relative). 

- 10 -



the thorium at all the points except No. 6. The presence of a 
thorium-bearing area at this point was confirmed in subsequent 
SEMQ analysis (Figure 6). 

Single-Pass Weld. This specimen of the single-pass weld 
fractured primarily intergranularly along the weld centerline. 
The exposed grain boundaries had the same appearance as that of 
the single-pass weld area near the first quench.^ No ridge 
networks were observed. Results of SUPER SAM analyses are given 
in Table 3. Analyses of eight points on as-fractured grain 
boundaries showed Th/lr = 0.12 - 0.34 with an average value of 
0,21; Th/lr = 0.04 for a fractured grain. No other elements were 
detected. Sputtering for 5 minutes removed the thorium. 

Unwelded Alloy. This specimen of unwelded alloy fractured 
both intergranularly and transgranularly like the unwelded speci
men described previously. Results of SUPER SAM analyses are 
given in Table 4. Analyses of four points on grain boundaries 
showed Th/lr = 0.13 -0.25 with an average of 0.20. Two points on 
fractured grains showed Th/lr = 0.05. No other elements were 
detected. Analyses were not performed after sputtering this 
specimen. 

Analyses of specimens from MHW PICS lOlT. 

No weld cracks were detected in SEM examinations of the girth 
weld in MHW PICS lOlT near the quench taper. Specimens containing 
the quench taper, single pass and double pass weld areas and 
unwelded alloy from MHW PICS lOlT were fractured in the ultra-high 
vacuum of the SRL SAM. The single pass weld and unwelded speci
mens were analyzed briefly. A malfunction in the SAM prevented 
analysis of the quench and double-pass areas. Another specimen 
was fractured in air across the single-pass weld area. Fracture 
surfaces on all the specimens were examined on the SEM. Selected 
areas on several specimens were analyzed with SEMQ. 

Quench Taper. 

Tfte specimen containing the quench taper fractured along the 
weld centerline (Figure 7). Grain boundary structures in several 
areas of the quench region are shown in Figures 7b and 7c. Ridge 
networks occurred only on grain boundaries close to where full 
weld penetration ceased. SEMQ analysis showed areas of a thorium-
bearing, grain-boundary phase at the edges of the ridge networks 
(Figure 8). 

Single-Pass Weld, 

The specimen of the s ing l e -pas s weld f rac tured along the weld 
c e n t e r l i n e (Figure 9 ) . The exposed g ra in boundaries had rows of 
0.2 pm diameter pores and inc lus ions or ien ted p a r a l l e l to the 
length of the g r a in . No r idge networks were observed. SAM 
a n a l y s i s showed Th / l r = 0.165 a t a point on t h i s su r f ace . 
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Sputtering rapidly removed the thorium as shown in Figure 10. 
This sputtering profile is similar to the one recorded for CVS No. 
T2 which was welded by EED.^ Analyses after sputtering revealed 
several points of residual thorium with Th/lr <0.08. 

Double-Pass Weld. 

The specimen of the double-pass weld f rac tured along the weld 
c e n t e r l i n e (Figure 11) . Rows of 0.4 pm diameter pores and 
inc lus ions were o r ien ted p a r a l l e l to the length of g r a i n s . More 
of these pores and inc lus ions were observed on t h i s double -pass -
weld g ra in boundary than on the s ing le -pass -weld g ra in boundary. 
No r idge networks were observed. 

Unwelded Alloy. 

The fractured surface of the unwelded alloy showed both 
transgranular and intergranular fractures (Figure 12). Grain 
boundaries has no ridge networks and relatively few pores and 
inclusions. SAM analysis showed Th/lr = 0.15 at a point on this 
surface. The Th/lr profile (Figure 10) indicated that the thick
ness of this thin thorium-bearing, grain-boundary phase is about 
the same as that on grain boundaries in welded alloy. This 
profile differs from the one recorded for unwelded alloy from CVS 
No. T2.-̂  This difference suggests that the unusual shape of the 
profile for the unwelded alloy from CVS No. T2 may have been 
caused by rough surface topography interferring with sputtering. 

Specimen Fractured Across the Single-Pass Weld. 

Figure 13 shows the surface of MHW PICS lOlT exposed by frac
turing across the single pass weld region. The weld structure is 
similar to that observed for CVS No. T2 fractured in a similar 
manner.^ Ridge networks were detected only on grain boundaries in 
the weld near the edge of the molten zone (Figure 14a). Thorium-
bearing areas existed at the edges of the ridge-network and on the 
grain face. Thorium-bearing areas were detected along a grain 
edge and on a grain face on grains closer to the weld centerline 
(Figure 14b). Grains in the weld centerline fractured transgranu
larly (Figure 14c) . Unwelded alloy fractured both intergranularly 
and transgranularly. Micron-size, thorium-bearing inclusions were 
detected on grain faces. 

Future Studies 

Long Quench Taper 

CVS No. T25, which was welded by SRP-EED with the long quench 
taper "fix" proposed by the GPHS Iridium Welding Team, will be 
analyzed. Several large weld cracks have been detected by optical 
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examinations. Compositions and morphologies of grain boundary 
features associated with the cracks will be compared with those 
observed in short quench taper specimens. 

DOP-26 Alloy Weldability Test 

SRP has funded ORNL to develop a weldability patch test for 
DOP-26 alloy. SRL will coordinate this development. The test is 
to be performed on alloy disks that are heat treated to produce 
a grain structure like that in CVS's welded in the PuFF Facility. 
Welding conditions should simulate those used in the PuFF 
Facility, including overlap and quench regions. This development 
should take three to four months. 
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TABLE 1 

Results* of SEMQ Analyses of Surface A of 
Fractured Quench Area of CVS No.T2 

Analysis Points in Ridge Network 

Element 

Ir 

W 

Th 

Ridges 

No. 7 

99.96 

0.02 

0.02 

No, 8 

99,68 

0,28 

0,04 

Area Between Ridges 

No, 2 

99,95 

0.00 

0.05 

No. 4 

99.65 

0.31 

0.04 

No. 6 

99.80 

0.14 

0.06 

No. 9 

99.69 

0.28 

0.03 

No. 14 

99.45 

0.51 

0.04 

Analysis Points in Area Around Ridge Network 

Ir 

W 

Th 

No. J. 

96.25 

0.05 

3.70 

No. 3 

96.26 

0.24 

3.50 

No. 5 

97.82 

0.07 

2.11 

No. 10 

96,14 

0.19 

3.67 

No. 11 

99.48 

0.50 

0.02 

No. 12 

98.77 

0.08 

1.15 

No. 13 

99.58 

0,06 

0.36 

*~Weigh"t~per cent 
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TABLE 2 

I 

<3\ 

Results of SUPER SAM Analysis of a Ridge Network 
on the Quench Specimen from CVS No. T2 

Auger Peak Intensity Ratios* 

Analysis 
Point No. 

1 

2 
3 

4 
5 
6 

As Fractured 

Ridge 

Points 
Between Ridges 

Grain Boundary 
Outside 
Ridge Network 

Same Points 
After Sputtering 
5 minutes 

Th(67eV) 
Ir(54eV) 

0,36 

0,45 
0.42 

0.15 
0.22 
0.26 

C(272eV) 
Ir(229eV) 

0.35 

0.43 
0.43 

<0,2 
<0,2 
<0.2 

O(503eV) 
Ir(229eV) 

<0.2 

<0.2 
<0,2 

<0.2 
<0,2 
<0,2 

Estimated Atom Fractions 

Ir Th 

0,68 

0.62 
0.63 

0,81 
0,77 
0.75 

0,24 

0.28 
0,27 

0.12 
0.17 
0,19 

0,07 

0.09 
0.09 

<0.05 
<0.05 
<0.04 

<0,01 

<0,01 
<0,01 

<0.02 
<0.02 
<0.02 

1 

2 
3 

4 
5 
6 

Ridge 

Points 
Between Ridges 

Grain Boundary 
Outside 
Ridge Network 

<.02 

<.02 
<.02 

<.02 
0.02 
0.07 

0.80t 

0.72t 
0.82t 

0,86t 
0.70t 
0.61t 

<0,3 

<0.3 
<0.3 

<0,3 
<0.3 
<0.3 

0,77 

0.79 
0.77 

0.78 
0,79 
0.78 

<0.02 

<0.02 
<0.02 

<0.02 
0.02 
0.05 

0.20t <0,02 

0,18t <0.02 
0.20t <0.02 

0,21t <0,02 
0.17t <0.02 
0,15t <0,02 

* Peaks reported as < were not detected, 

t Carbon probably introduced by sputtering. 
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TABLE 3 
Results of SUPER SAM Analysis of the 
Single-Pass Weld Specimen from CVS No. T2 

Auger Peak Intensity Ratios* Estimated Atom Fractions 

Analysis 
Point No. 

1 
2 
3 

1 
2 
3 
4 
5 
6 

Area 1 

Grain Boundary 
Fractured Grain 
Grain Boundary 

Area 2 

Grain Boundaries 

Th(67eV) 
Ir(54eV) 

0.18 
0.04 
0.20 

0,12 
0.23 
0.34 
0.19 
0.18 
0.25 

C(272eV) 
Ir(229eV) 

< .3 
< .3 
< .3 

< .3 
< . 3 
< .3 
< .3 
< .3 
< .3 

O(503eV) 
Ir(229eV) 

< .3 
< .3 
< .3 

< . 3 
< .3 
< .3 
< . 3 
< . 3 
< . 3 

I r 

0,77 
0.86 
0.76 

0.81 
0.74 
0.68 
0.76 
0.77 
0.73 

Th 

0,14 
0,03 
0.15 

0.10 
0.17 
0,23 
0.15 
0.14 
0.18 

C 

<.08 
<.09 
<.08 

<.08 
<.07 
<.07 
<.08 
<.08 
<.07 

0 

<.02 
<.02 
<.02 

<.02 
<.02 
<.02 
<.02 
<.02 
<.02 

Area 3 

After Sputtering 
5 minutes 

1 
2 } Grain Boundaries 

<.02 
<.02 

1.29t 
l.OOt 

<,2 
<.2 

0.68 
0.73 

<.02 
<.02 

0 .29t 
0 ,24t 

<.02 
<.02 

* Peaks reported as < were not detected, 

t Carbon probably introduced by sputtering. 
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TABLE 4 
Results of SUPER SAM Analysis of the 
Single-Pass Weld Specimen from CVS No. T2 

Analysis 
Point No. 

1 
2 
3 

1 
2 
3 
4 
5 
6 

Area 1 

Grain Boundary 
Fractured Grain 
Grain Boundary 

Area 2 

} Grain Boundaries 

Auger Peak Intensity Ratios* Estimated Atom Fractions 

Th(67i eV) 
I r ( 5 4 e V ) 

0 .18 
0 . 0 4 
0 . 2 0 

0 .12 
0 . 2 3 
0 . 3 4 
0 .19 
0 . 1 8 
0 .25 

C(272eV) 
I r (22S 

< .3 
< .3 
< . 3 

< .3 
< .3 
< ,3 
< .3 
< .3 
< . 3 

»eV) 
O(503eV) 
I r ( 2 2 9 e V ) 

< .3 
< .3 
< . 3 

< .3 
< . 3 
< .3 
< .3 
< . 3 
< .3 

I r 

0 .77 
0 . 8 6 
0 .76 

0 . 8 1 
0 . 7 4 
0 . 6 8 
0 .76 
0 .77 
0 . 7 3 

Th 

0 . 1 4 
0 . 0 3 
0 . 1 5 

0 . 1 0 
0 .17 
0 . 2 3 
0 . 1 5 
0 . 1 4 
0 . 1 8 

C 

< .08 
< .09 
< .08 

< .08 
< .07 
< .07 
< .08 
< .08 
<,07 

0 

< ,02 
< .02 
< ,02 

< .02 
< .02 
< .02 
< .02 
< .02 
< .02 

Area 3 

After Sputtering 
5 minutes 

I Grain Boundaries 
<.02 
<.02 

1.29t 
l.OOt 

<,2 
<,2 

0,68 
0.73 

<.02 
<.02 

0.29t 
0 .24t 

<.02 
<.02 

* Peaks reported as < were not detected, 

t Carbon probably introduced by sputtering. 
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'"' Grain Edge 

J \_ Ridges 

Thorium-Bearing Phase Adhering to Surface A 

Thorium-Bearing Phase Adhering to Surface B 

Figure 2. Location of Thorium-Bearing Grain Boundary 
Phase with Respect to a Ridge Network on 
Surface B (see Figure 1) 
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Figure 3. Variation of Tungsten Concentration Across 
Surface A (See Figure 1) 
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Figure 4. Location of Specimens from the Third Quench 
on CVS T2 Analysed Using the High-Resolution 
Scanning Auger Microprobe (SUPER SAM) at ORNL 
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Figure 5. Ridge Network on Grain Boundary in Heat-Affected 
Zones Beneath Third Quench Taper On CVS No. T2 
Showing Location of Points Analyzed Using the SUPER 
SAM 
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Figure 6. SEMQ Analysis of the Ridge Network on CVS No. 12 
Analyzed Using the SUPER SAM 

- 24 -



aui|ja3uao 
PXaM Suoxy paan^owa^l HOI SOId MHH ao ss^y qouanb ' L ^3Xi%xg 

Bajy ss8d[-.a|iats *p aadBX qouanb '3 

IK 

auoz pa3Dajjy-3BaH "q Bsay qauanb jo aan^anasg 'B 

^' 006 

t- rf 



BSE Image 

Th Map 

Figure 8. SEMQ Analysis of Ridge Network on Grain 
Boundary in Heat-Affected Zone Beneath 
Quench Taper on MHW PICS 10IT, 
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Figure 10. SAM Th/Ir Profiles for Specimens from MHW PICS lOlT 
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Figure 11. Double-Pass Weld Area On MHW PICS lOlT 
Fractured Along Weld Centerline 
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Figure 12. Fractured Unwelded Alloy From MHW PICS lOlT 
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Figure 13. Structure of Single-Pass Weld Area On MHW PICS lOlT 
Fractured Across Weld. 
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Figure 14. Grain Boundaries in MHW PICS lOlT Fractured Across 
Single-Pass Weld Area. 
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