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1.0 INTRODUCTION

The internal surfaces of the NSS14 reactor vessel were overlay
clad with a single layer of stainless steel using the B& six wire
process. The consumables were prior tested to a minimum chemistry
requirement of 197 chromium and 9% nickel. The contractual analysis
requirements for the production overlay were 0.08% carbon max., 17%
chromium min., and 7% nickel min., with a minimm ferrite content
in the deposit of 5%. 1Initial cladding of the I.D., surfaces of the
vessel was performed in December 1970 with the overlay of the Al81l
Lower Head Dome to Dutchman Transition Forging Assembly. The Al170
Shell Assembly was clad in February 1971 and the A169 Vessel
Flange to Rozzle Belt Assembly was completed in April 1971. Each
assembly was liquid penetrant inspected after performance of an
intermediate post weld heat treatment with no significant defect
condition detected. .

As a result of the Oconee incident, it was decided to remove the
flow vanes installed in the lower head of the vessel. After removal
of the vanes a liquid penetrant inspection was performed of the local
ground areas to verify the integrity of the newly exposed cladding
surfaces. Rejectable indications were obtained in these areas which
initiated a comprehensive repeat inspection of the entire six wire
cladding in the vessel. This inspection revealed a general cladding
problem with rejectable penetrant indications being discovered in

. each clad component.

- An investigation of the defect condition and the conclusions
reached are described below. .

2.0 CLADDING HISTORY AND INSPECTION RESULTS

2.1 Consumables

Three consumable combinations were used for six wire cladding of
the NSS514 reactor vessel, ' The qualification records for these
consumgbles are shown in Attachment A. The area of application of
each consumable combination is as shown below.

QUALIFICATION WIRE FLUX LOCATION OF USE
WF 173-1 Sandvik 308L  Arcos 642CDG Al181
Heat #7-08381 Lot #9N8F :
WrF 190 Sandvik 308L Arcos 642CDG Al70
Heat #4-95192 Lot {#/9E3F :
WF 192 Sandvik 308L Arcos 642CDG Al69

Heat #4-95171 Lot #9ELF

1y
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Each of the combinations produced a six wire deposit that complied
with the internal qualification requirement of 197 chromium and 9%
nickel minimm. The combinations were thus tolerant of a maximum
dilution conditlon in production overlay operations, consistent with
meeting a required 0.087 max. carbon content,

2.2 Penetrant Inspection History After Discovery Of Problem

The initial rejectable penetrant indications in the areas where
flow vanes had been removed were rounded in appearance, Further
grinding and re-inspection of these areas revealed numerous small
randomly oriented linear defects. As a result of this discovery, a .
complete inspection was performed of the cladding on the dutchman !
transition forging. Linear indicatlions were detected over 907
of the cladding surface, the condition becoming more apparent after
grinding of the as-deposited surface. Two areas located 90° apart
were then probed to determine the cladding thickmess on the
dutehman forging. The values obtained established the thickness to
be in the viecinity of 0.230", which is slightly below the normal
expected thickness for this process, A complete inspection was then
performed of the lower head dome, after buffing of the surface to
achieve a clean condition., Linear indications were detected in
areas occupying approximately 30% of the dome surface.

Four bands located 90° apart were subsequently inspected along
the length of the vessel i,e. from the vessel flange to .the dutchman
transition forging. Numerous rejectable linear indications were
discovered at this time in the core region shell cladding. This
discovery initiated a 100% inspection of the six wire cladding in
the core region and nozzle belt resulting in the detection of
linear indications in both components. It should be noted that
inspection of the nozzle belt cladding showed mainly acceptable
rounded indications. Grinding of the surface then revealed a linear
condition on repeat penetrant inspection.

2.3 Production Cladding Chemistry

The laboratory records for the vessel cladding are shown in
Attachment B. Review of this data shows acceptable chemistry values
for each of the clad assemblies. The data also indicates values
which are generally in excess of 18% chromiim and 8% nickel. It would
thus appear from this data that dilution was not excessive during '
cladding of the vessel. :

¢ 2.4 Ferrite Survey Of Dutchman Transition Forging

On discovery of linear penetrant indications over 907 of the
cladding surface in:the dutchman transition forging it was decided to
establish whether hot eracking was the operative mechanism for the
condition detected. A ferrite survey was therefore made at 6" increments
of the six wire cladding deposited on the dutchman transition forging
and immediate adjacent beads on the lower head dome. Ten beads in
all were inspected, the results of the survey being shown in Attachment
C. 1Included in the sketches are the areas which showed the worst

—E;o

———



T I T —— — I
‘ , e . Paged]

penetrant indications. 1t is apparent from these records that the
defect condition was equally prevalent in areas containing 107 ferrite
as in other areas with lower measured values.

2.5 Check Analysis Of Cladding In Defective Areas

Four samples were removed for analysls from defective regions in
the dutchman cladding. The results obtained and the locations of the
samples are shown below.

BEAD #  1OCATION ZC  %Cr 7ZNi Mo %S |

4 Z Axis 0.061 18.97 8.63 1.70 0.011
8- Y Axis 0.064 19.09 8.67 1.53 0.008
8 Z Axis 0.077 17.78 8.10 1,50 0.017
10 W Axis 0.073 17.59 8.14 1.85 0.008

Respective ferrite predictions of 8%, 9%, 6% and 6% were
obtained for the four samples, The latter two values do indicate a
reasonably high ‘dilution condition. It 1is therefore possible that
some of the linear penetrant indications in the dutchman cladding
were fissures associated with boundary regions locally denuded in
ferrite phase. Values of 8% and 97 ferrite are too high to suggest
a hot cracking mechanism and may be indicative of similar defects
to those observed in the nozzle belt cladding. Since no samples
were removed for metallographic examination, however, it is impossible
to define the exact nature and type of defects present in this assembly.

2.6 Defect Removal

Local probe grinding indicated that the defects were confined
to the surface region of the cladding and could be removed with a
remmant cladding thickness in excess of the minimum requirement of
1/8". Grinding was performed until an acceptable penetrant condition
was established throughout the vessel. The maximum defect condition -
occurred in the lower head assembly where 0.060 inches had to be
removed to achieve an acceptable penetrant inspection. Defect depths
in the core region and nozzle belt cladding were found to be somewhat
shallower, an acceptable penetrant condition being achieved after
removal of 0.030 - 0.040",

3.0 TEST PROGRAM
3.1 Exanmination Of NSS14 And Other Production Six Wire Cladding

. 3.1,1 Two nozzle cutouts from the NSS14 reactor vessel
were removed from bonded storage and penetrant inspected after
performance of a buffing operation. Linear indications were discovered
in the cladding deposited on these cutouts, which was similar in
appearance to indications observed in the reactor vessel. A
metallographic examination was performed of areas showing penetrant
indications in order to establish the nature and type of defects '

present in the ‘cladding.
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3.1.2 Four nozzle cutouts from other contracts were
examined to establish whether similar defects were present in the
six wire cladding. Penetrant inspection revealed very few indications
and thus metallography was performed at random with specimens being
selected from locations showing different ferrite values. .

3.2 Evaluation Of Effects Of Variations In Cladding Paremeters

4.0 TEST RESULTS
4.1.1 NSS14 Cladding Results

r
Figure 1 shows a view of a cross-section of NSS14 cladding .
containing surface defects. Figures 2 and 3 show higher magnification

.j;
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views of the defects and indicate that the defects are interdendritic

with entrapped slag also present. The defects are not associated with

regions locally fsnuded in ferrite phase. Work done at the Alliance

Research Center(l) on samples from the same cutouts also confirms

the presence of slag in the defects and a completely normal distribution
. of ferrite phase in the vicinity of the defects. .

The failure to detect the presence of these surface defects
during the inspection cycle performed after an intermediate post weld
heat treatment is disturbing. It has been the experience of Mt. Vermon
Works that defects in six wire cladding (including fissuring created
by high dilution) are rarely detected at this stage of fabrication. .
Problems are normally detected only after multiple heat treatment cycles.
The extent of a defect condition 1s also rarely established until a
surface grinding operation has been performed to remove the as-deposited
surface. It was therefore decided to thermally cycle samples of NSSl4
cladding in a similar manner to that which occurs during production heat
treatment, in order to estgblish whether the heat treatment cycles alter
the defect size or appearance. Figures 5 and 6 show defects that were
detected by dye penetrant inspection after performance of the heat
treatment. Significant scale buildup has occurred but it would appear
that no growth or major alteration has occurred as a result of heat
treatment.

4,1.2 Production Cladding Samples

Metallographic examination of the four production nozzle belt
cutouts failed to reveal any evidence of defects similar to those
datected in the NSS14 reactor vessel cladding. Extensive sampling
was performed of each cutout with speclal emphasis being placed
on specimen removal from locations with varying ferrite contents.-
Isolated instances of surface fissures were observed with the majority ~
of the defects falling in a depth range of 0,001 to 0.004", Figure
10 shows the worst case defect condition observed, which was removed
from NSS 9 cutout material that had been subjected to a 40 hour post
-weld heat treatment at 1100-1150°F.

4.2 Cladding Trial Results

‘ Deposit
Travel Speed inch/minute Cladding Thickness Ferrite Content (2?{~¢
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5.0 DISCUSSION

Exapination of production cladding from the NSS14 nozzle belt has
revealed surface defects, which from location and appearance can be .
categorized as interdendritic shrinkage. The present of entrapped
slag further indicates that the defects formed during the weld metal
solidification process. Measurement of the-ferrite content in the
sanples and metallographic examination of the structure shows, an
adequate quality of ferrite phase adjacent to the surface of jthe .
defects. It would thus appear that this type of defect is not-related
to hot cracking or fissuring commonly observed in austenitic-stainless
weld metals containing low quantities of low ferrite phase.

. ~7-
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It is postulated that this type of defect would be expected to
occur most readily in g situation where heat input was at a maximum
and very high weld pool temperatures were created, Such conditions
would be conducive to frowt of a coarse dendritic structure and hence
maximm chance of dave ogment of interdendritic shrinkage, The cladding
thickness of the nozzle belt component was estsblisghed to be in the
range of 0.375 to 0,400", which would indicate that a devigtion occurred
from the prescribed process parameters durinﬁ production cladding, The
most rational explanation for the observed thickness would be that the
welding head was not correctl itioned and that s speed some what
slower than the regquired lso have been used. Positioning
of the head behind center position With respect to direction of rotation
can result in a significant increase ding thickness, even with .
travel speeds close to the requiresd location of the head
past center will also result in a situation where molten claddin%
would tend to be concentrated under the arc, thereby reducing dilution
from the base materiesl and increasing weld pool temperatures., It is
thus believed that the most rational explanation for the defects in
the nozzle belt cladding is incorrect set up of the welding head
during production welding. An attempt yg de " I1,D,.
1ly evaluate this concept, o

et - = e St s bR R R e ; Lo o o
Exanination of the ferrite records for the lower head assembly
shows defects have occurred equally in cladding containing either
woderate or high ferrite contents, The chip samples removed from
defective reglons in the six wire beads show Schaeffler predictions

of 6 to 9% ferrite, The 6% ferrite velues would not rule out the
gresence of a limited figsuring condition in certain areas of the

ower head agsembly, but the equal prevalence of penetrant indications
in reglons of high ferrite content suggests similar defects to those
located in the nozzle belt cladding may also have been present., Two
cladding thickness measurements were made in the lower eﬁd agsembly,

which onl 1q§ic-t a thickness . in the vicin

Small interdendritic shrinkage defects with entrapped slag
were detected in experimental deposits made with low travel speeds
and increased voltages above the range prescribed for the progess.
The use of marglnal increases in voltage above the i} range
cannot be ruled out as never occurring in production, especially if
supervislon is faced with g high d ditio in a difficult
component to clad such.ss. a dome a 1v,.. . e TR T
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These defects are not readily explained on the basis of the low

ferrite content of the deposit, since they are not characteristic of
the fissuring condition that would be normally expected. These

factors coupled with the detection of small shrinkage defects containing
entrapped slag in cladding made with correct parameters raise the
question of whether the six wire process is inherently susceptible to
shrinkage type defects.

Review of the work done in the present study does indicate that
shrinkage defects of a size detectable by penetrant inspection can
occur in six wire cladding deposited with considerable variations of
parameters, It is considered that the high heat input of this process
makes it particularly susceptible to solidification defects, which
may prove impossible to totally eliminate during production cladding
operations. Further waork is required, however, 1f it is desired to
conclusively establish whether defect occurrence and magnitude show a
positive correlation with welding parameters and practices used.

6.0 CONCLUSIONS

. (1) Metallographic examination of N5S14 nozzle cutouts revealed
the presence of solidification defects at the surface of the cladding.
It is believed that these defects are characteristic of interdendritic
shrinkage and occurred in the latter stages of the weld metal
solidification process. )

(2) The failure of penetrant inspectlon to detect these cladding
defects after an initial intermediate post weld heat treatment is not
fully understood. The abilitg of penetrant inspection to reveal the
condition after grinding of the as-deposited surface in the nozzle
cutouts, suggests that the problem is related to some surface
characteristic of the cladding. Penetrant inspection has also failed
to reveal fissuring type defects in the past when the inspection was
performed on the as-deposited surface after an initial heat treatment.
Grinding of the surface also facilitates detection of this type of
defect. 1t would therefore appear probable that a surface film
condition must exist, which prevents entry of dye into a surface defect.

(3) It is believed that the type of defect observed during
metallographic examination is most readily explained on the basis of
the use of a practice leading to extremely high weld pool temperatureg.
Experimentation to date 1s not complete, but does indicate that the -
six wire process may be inherently susceptible to some extent to this
type of problem,

7.0 RECOMMENDATIONS

5 g " e e
S N i 2

TR Wty
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Experience wWith Mt. Ve ciadding. problem ontInGe
linear type defects in six wire cladding cannot be properly detected
until after removal of the as-deposited surface.
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(35 A review should be made by Welding Development personnel of Qiht
what data exists on the zmperage values obtained with different lots

of 642CDG and.642CDK fluxes. Consideration should be given to
- evaluation of the effect of this variation on incidence of defect.

(4) The six wire process deposits cladding with thickness
considerably in excess of minimum Equipment Specification requirements.
An increase in travel speed to reduce this thickness is not possible ,
because of a resultant deterioration in deposit quality. It is believed
thathankgvaluation should now be made to establish whether a redugtion

(5) 1f further refinement of the six wire process is determined
to be not feasible, serious consideration should be given to use of
this type of process with a reduced number of wires.

(1) Reference - I.R. Sprung: LR:73: :6509-01:1 .
Metallurgical investigation .of NSS14 wix wire claddlng.

_lc)_
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ATTACYMERT A

RECORD OF FILLER WIRE QUALIFICATION TEST 1es7 o, WE-173-1
T G AwLiLR TLECTROPE SrECITICITION FILLER #IRE IBTLTIFVEAT 10N CORE ¥IRE WELT 0. 1
2E4-156-20 Sandvik 308L Stn. Stl.
1/16" 6 Arc Clad (SST) 642 CDG Lot ONBF 7-08381
iP. 09DER NUMBER . TYPE OF CURRENT ’ £MPERES
VET BATCH EQUIVALENCY CHEMICAL ANALYS!S TESTS
1 ZATTH L8, NO. PAD C. MN, P. S. Si. CR. N1, 20, DTHER
; 0071 5 Wire [.067 19.16 | 9.23
i 9070 6 Wire {.063 . 20, UL 9,49
! 9069 Base Metdl.033
i
i TEST RCPORT ANALYSIS
TENSILE PRDOPERTIES
. Lo ULT, Y1ELD "
TEST : E-LONG RED OF
! NO. HEAT TREATMENT tm‘;sfm.. Pg;r:r N 2° ‘;EA .
i -
{ N.R.
i
i
¢ zex IMPACY TEST @ of FI/LB. ENERGY LOAD i
F‘ HEAT TREATMENT TEST NO. FT/LB. TEST ~O. FT. L3. |
N' R'
]
1
_ GUIDED BEND TESTS MATERIAL APPROVAL  |APPROVED(REJICTIT
TACE -~ ROOT SIDE . N/A
- > Acceptable NAVSHIPS = 250/1500-1
N.R. N.R. Acceptable ASME + COMM'L NUCLEAR X
- -] STcaw GENERATORS N/A
MICRO CR MACRD
FISSURE ANALYSIS. Acceptable .
GROOVE WELD TEST

WE HEREBY CERTIFY THAT THE ABOVE MATERIAL HAS BEEN TADTCGRAPRTE EXAMINATION
TESTED IN ACCORDANCE WITH THE ABOVE LISTED SPECIFICA-
TION AND 1S IN CONFORMANCE WITH ALL REQUIREMENTS.

®IRe FoLlo No. 208-379 . DATE 10/13/70
% roLro no. £99-004 sionep.__Babcock & Wilcox Company
WORKS M. Vernoo | | INSPECTION AGENCY : / - '
- . -
CONTRACT KO. —_— INSPECTOR /‘/L%W /ﬁ//
L ~~ J.B. Toon
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.073

6 -yixe

.039

i 9540 Build-upl 040
i
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TENSILE _PiROPERTIES
. vT. YIELD . e i
TEST - E-LONG REL OF¥ H
{EAT ILATMENT . . POINT . - P . 1
NO. HEAT TREAT TER TR o IN 2° % ARCA ¥ !
]
< N.R, :
. ! :
3 ) i
AR - 11PAST YEST @ or FT/LB. ENEPGY LOAR i
HEAT TREATWENT TEST NO. FT/LR. l TEST MO, L P .
.
1
I.R. :
i
1
GUIDED "B2t:D TESTS MATERIAL APPEOVAL ~ |AP@ROVEDIST1C THTE
facr nooY SInE N :
Fecontabic NAVSHIPS = 25071500+ __J[A-_____-_.i
= ; L nueLERR X
N,R, N.R, cceptsble : ASME - COMM'L NUCLEAR |2 !
Acceptohle | ron W/ :
STEAM GENEKATORS -
SERD TR g 3
FIGSINE Ay ACCEPTABLE . ) . _}
GINOVE nCLN TLET .
¥E HEREOY CORTIFY TUAT THC ABOVE MATERIAL HAS BECN RADTOCATIITC ENAVINATION :
ST iH ACCORDANCE WITH ‘THE ABOVE LISTED SPLCIFICA- i
TION AND 1S IR CONFORMANCE wW!TH ALL REQUIREMINTS. _ ety
N R .
| mr Fenag wo.  508-577 PATE 12/9/7%0 J—
[ i
| - . : |
| PN fon we. £99-004 sigarn Babeoel & Wilcox '
|
| i ME,_Xernoo | | iusi coTioN Asrsey —
! Comrat Y g INE T CTO o L e e
L}
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ATTAC'MENT A

THE BABCOCK & WILCOX COWPANY

POWER GENERATION DIVISION
BARDERTON, OHID

“FYRD OF FILLER WIRE QUALIFICATION TEST 7esT Ho, __WEF 192
LAETER CLERIRNDE srECiTIEAlION FILLER WIS DB 1EaTion CORE WIRE KEAT WO,
) | 2E4-156-20 SANDVIK_ 3081, _STN STI
1/16 6 Arc. ad, ST)}[642 CDG___ Lot # OEIF 4-95171
P, DKDER KUMOER TYPE OF CURRENT : AMPERES
WET BATCH EQUIVALENCY CHEMICAL ANALYSIS TESTS co
naton | uaw. no. PAD c. wi. ] e, s. IR CR. . N1, MO. | vmrE
| 9731 S wire [.075 ' 19,03 9,43 [ 060.
9732 5 wire | .UGL 19,88 0.08 )
9734 n Rniap .033 23,42 11,30 060
9733 ase Mate| 210
rial
Ferrite § wire 1047 8%
6 wire 10+15Y%
TEST REPORT ANALYSIS |
) TENSILE PROPERTIES
uLT. . YIELD
TEsT HEAT TREATMENT TEN, STA. POINT e obl P
‘. Pst . Pst “
- H
2ot !
-’R N }
- WRPY, {MPACT TEST & OF FT/LB. ENERGY LOAD
. HEAT TREATMENT -TEST NO. FT/LB. TEST NO. FT. LB.
LR g
i
1
!
GUIDED BEND TESTS MATER) AL APPROVAL APPROVER|RTIECTED
FACE ROOT SIDE . N/A
/o /D _Acceptable NAVSHIPS - 25071500+ X
raran A3 ¥ 14 Acceptable ASME = COMM'UL NUCLEAR
STEAM GENERATORS N/A
FSSuRe aMALYElS. ACCEPTABLE

-WE HEREBY CERTIFY THAT THE ABOVE MATERIAL HAS BEEN
TESTED IN ACCORDANCE WITH THE ABOVE LISTED SPECIFICA-
TION AND 1S LN CONFORMANCE WITH ALL REQUIREMENTS,

GROOVE WELD TE5T

RADIOGRAPHIC EXAMINATION

“IRE FOLIO NO.
. <UX FOLTO NO.
WORKS

CONTRACT RO

508-577
499-004

Mt. Vernon

DATE

January 19, 1971

Babcock & Wilcox Co,

SIGNED

INSPECTION AGENCY

INSPECTOR
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ATTACRMENT B

CONTRACT _620-0014-51-1 =5/ A169-2014-51-)1 <SHEET
0*”’(6 éifé“b e"’:iv Vr‘f._ c Cr Ni Co
3/10/71| 10-15% 5{2¥T 10084 | 067 [18.92 | 9.34 | .046

" ' j1490° 10085| .067 |18.44

" " ]1+180° | 10086 4$666 18.47

" " 1+270° | 10087| .064 |18.73

" " 2 10088 .055 |19.89
3/11/71) " 3 10101| .072 [19.72

" n 4 10102 .066 |20.73

" " 5 10103 .070 |20.33

" " 6 10104} .071 {19.97 | FLANGE|& NOZZLE BELT -

" " 7 10105 .068 [19.91

" " 8 10110{ 072 {19.79
3/12/71y " 9 10111] .069 20.51 WIRE HEAT 495171 & D9370T

n " 10 10112 .073 |19.81

" " 11 10113| .073 {19.86

" " 12 10114| .072 }19.83

" " 13. 10115| .070 |20.16 | FLUX LJT #9E1F
3/15/74 " 14 10117{ .067 {19.91 . OABF

" : 15 10118] .063 |20.17 | wr 192

" " 16 10119) .070 ]19.47 | wF 133

" " 17 10120} .066 |20.05

" " 18 10124] .066 | 19.97

" " 19 10125 .061 | 20.08

" " 20 10127| .060 {20.24 :
3/16/71 " 21 10128| .062 |18.18

" " 22 10129{ .061 | 19.48

—
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ATTACHMENT B i
comTRoCT.620-0014-51-1 S/gAL69-2014-51-1 SHEET
123
«% o #~° @ .
Or- q@e @é Qo VP;X.. C Cr Ni Fe
3/16/71] 10-15%] 23 10134 { 057 20.37
3/17/71 " 24 101351 .062 20.12
" " 25 10138 ] .065 19.68
ACCENRT #201513
|
1
1§

-18.
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ATTACHMENT B

COmTFamCF.620-0014-51-1 =5,y Al70:2014-51-1  SHEET
ot‘((? fbe\u\‘b ?)ﬁ'r\i' "Pf" < < N =
1/27/71} 7.5-109 STer | oses | .063 [18.83

" " 14900 | 9866° [ .063 |18.94
1/28/71 " 1+180°| 9868 | .060 [18.96 | 10.02| .064

“ n 14270 9871 | .059 [18.87

" 10-15%1 2 | 9872 | .057 [19.53

" " 3 | 9875 | .056 |20.07
1/29/79 " 4 | 9879 | .060 [19.62

" " 5 | o881 | .054 |[20.07

" " 6 | 9882 | .057 |19.49

n " 7 9883 | .057 " |20.13

" " 8 9887 | .057 |20.38

" " 9 9889 | .062 {20.12

u " 10 | 9894 | .062 |19.82

" " 11 | 9898 | .062 {20.21

" " 12 | o899 | .063 |20.05
2/1/71] " 13 9902 | 064 |20.18

" " 16 | 9905 | 066 |20.06

" " 15 | o908 | .063 |20.14

¥ " 16 | 9912 | .066 |19.87 | WIRE HEAT #495[92
o/2/71] v 17 9921 | .063 |[20.14

" " 18 9922 | .064 |20.19 | FLUX #9E3F

" " 19 | 9925 | .062 119.97 '

" " 20 | 9927 | .060 |20.24

" " 21 9928 | .060 | 20.43

" " 22 | 9930 | .053 [19.85

Ao-
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ATTACHMENT B
CONTRACT _A20-0014-51=1. S/t _AL70-2014-51-1 SHEET.

.
€

P < o @ .
Op5 (b?? Q@:\o_ VP“_\.. c Cr Ni Fe

2/2/71 | 10-15% ] 23 9938 | .058 | 20.00
" " 24 9939 | .,057 | 20,11

2/3/71{ " 25 9945 | 053 | 20.55
» " 26 | 9947 | 056 | 20.36

2/6/71 ] ™ 27 9956 | .055 | 20,56
" " 28 9957 | .058 | 20.51 >
“ 0 25 - | 9958 | .062 | 19.82
« " 30. | 9963 | .063 | 20.41

2/5/71| v 31 9966 | .067 | 19.66

" " 32 9967 | .065 19.83
" " 33 9968 | .065 20.04

" " 34 9969 | .062 | 20.17
" " 35 9970 | .064 | 20.17
" " 36 9971 | .065 | 20.28
" " 37 9973 | .065 | 19.84 -
" " 38 9982 | .072 . | 20.06
2/6/7117.5-10%| __39 9983 | .074 | 19.45
2/8/71) 10-15%| 40 9985 | .067 | 19.90
" " 61 | 9956 | .069 | 19.78 ‘ ,
2/9/71) " 42 9987 | .069 ‘| 19.65 o
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Fig 1 (x50) Unetched. Showing solidification defects
present at surface of NSS 14.6-wire cladding,

[ 22_.
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b (x100) Etchant

Fig 2 Showing interdendritic
defects at surface of NSS 14 6

solidification
~wire cladding.
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Fig 3 (x500) Higher magnification view of
gsolidification defect shown in Fig 2a.



e e ae o rgmemes Sawimenwsze e w

~

Fig &4 (x500) Higher
of solidification de

magnification view
fect shown in Fig 2b.
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Fig 5 (x500) sShowing structure of
solidification defect in NSS 14 cladding
after exposure to simulated production
heat treatment cycles.




{ Patricia Buckley - 1.tif e ERame

'

J SRR B

&

Fig 6 (x500) Showing structure of solidification defect
in NSS 14 cladding after exposure to simulated production
heat treatment cycles,
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Fig. 7 (x500) Defect observed in

experimental six wire cladding

deposited using correct parameters.

Etchant - Kallings Reagent

Fig. 8 (x500) Defect observed in
experimental six wire cladding deposited
using 3%"/minute Travel Speed and 35
Volts., Electrolytic Etch - 10%oxalic.
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a (x500) Etchant - Kallings Reagent -

b (x500) Unetched
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Fig. 9 Defects observed in experimental six wire cladding
deposited using 3%"/minute Travel Speed and 33 Volts. ™
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Fig. 10 (x100) Unetched. Defects observed at surface of
NSS 9 production cladding.

! : . 7
~ |
o n H "
~ i . .

\ ! \

7 | ~
NASES
v
4

a (x250) Unetched b (x250) Unetched

Fig. 11 Defects observed in experimental cladding deposited in 28"
1.0. pipe with welding head positioned 1" ahead of center.



