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INTRQRUCTION

Recent experience has shown that reactor pregsure vesacl
nozzle-to-safe end welds are not immur2 to intergranular
stress corrogsion cracking (IGSCT) in Boiling Water Reactor
(BWR) recirculation systems., Cracks have been observed in
Inconel 182 butt weldes and nozzle butter waelds in nozzle-
to-safe end (N-tc-SE) weldmentse. 1In an increasing number
of instances, these cracks have proceeded into tha low
alloy steel (LAS) SA 508 Class 2 nozzle material,
classified as P3 under Section YX of the ASME Code Weld
overlay represents an economically viable tachnique
available to arrest the crack growth in guch situations and
re-establish the structural integrity of the weldment.

Such overlays require special weld metal deposition
techniques because the nozzle is a LAS hardenable material.
The American Society of Mechanical Engineers (ASME) Boiler

and Pressure Vessel (BPVC) Code requirements for welding on
such material are to preheat to 300'F min. and postweld
heat treat (PWHT) at 1250'F min. to temper the hardened
neat-affected zone (HAZ) created by welding.

However, the ASME Code Section XI recognizes that under
certain circumstances the full PWHT is impractical and
allows the use of the Half-Bead Welding Technique deposited
with the Shielded Metal Arc Welding (SMAW) process. In
this technique, the heat from the second weld layer tempers
the HAZ of the first layer weld beads. To assure such
tempering, half of the first layer bead thickness is
removed by grinding or machining before the second and
subsequent layers are deposited. Finally, a low tempera~
ture (450'F-550'F) postweld heating is used to drive
potential hydrogen away from the weld,
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Recently, the ASME Code has approved Code Case N-432 which
ellowe the use of a machine Gas Tungsten Arc Welding (GTAW)
temper bead technique. Here, the same tempering effect is
developed by using controlled GTAW welding parameters and
without removing one-half of the first layer bead thick=-
ness. 1In this case also, the full PWHT reguirements of the
P-3 material is substituted with the low temperature post-
weld heating. The Code Case N-432 is for repair of a
cavity created by excavation of a defect found in a carbon
or low alloy steel pressure boundary material. Presently
there is no guidance available in the Code on the
requirements for qualifying structural weld overlays. The
general practice has been to qualify these weld procedures
by performing a groove weld. Thus, structural weld
overlays over nozzle to safe and welds have been qualified
by taking guidance from this Code Case N-432 with regard to
the welding requirements, prehsat and postweld heat tres.-
ment, and approved by testing the base material, weld and
heat affected zonea of a groove welded test piece. Thus,
most nozzle-to-safe end weld overlay repair procedures to
date require 200'F min. preheat, the maintenance of this
300'F temperature during welding and until the start of
postweld heating, and a postweld heating at 450-550'F for 2
hours . minimum to bake out the hydrogen from the weld (Ref.
2-3) . The postweld heating is performed after three to four
layers of temper bead weld metal have been deposited.
Thereafter, the weld is completed without any preheat or
postweld heating. Such a weld overlay WPS is referred to
as base on the Code Case N-432 or dry pre.eat WPS.

The repair methods described above present seve.al wconomic
disadvantages. Preheating the reactor nozzle for deposit-
ing the overlay weld and performing the hydrogen bake out
of the overlay requires the water level in the reactor to
be lowared below the nozzle area until the temper bead
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layers are complete. To accomplish this, requires either
removal of the reactor fuel or at least draining of the
reactor vessel’s outer annulus depending on the location of
the affected nozzle. These steps can significantly extend
an outage and the cost for performing overlay repairs. It
would be very desirable tc be able to perform nozzle-to-
safe end weld overlay repairs without having to drain the
reactor or it’'s outer annulus, that is, perform the welding
under a waterbacked condition. However, with the water-~
backing it is extremely difficult to develop and maintain
sufficient preheat or perform the postweld heating of the
weld using standard resistance heating pads. Also, as
shown in Figure 1 for the Reactor Recirculation System
discharge nozzles at the Oyster Creek Nuclear Generating
Station, very limited space can exist within a nozzle-to-
safe end bioshield opening making it impossible to place
heating pads and machine GTAW welding egquipment
simultaneously around the weldment.

This report describes the welding procedure development for
nozzle~to-safe end weld overlays wathout the benefit of
preheating or postheating. It is agsumed the reactor will
not be drained, thus the nozzles will be full of water.
Tempering of the base metal heat-affected zone must be
performed through control of the welding parameters used in
the first few temper bead layers. The objectives of this
development effort were to perform such welding without any
base metal cracking while meeting -he ASME Code minimum
required base metal properties in the hoat-affected zone.
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In the experimental program to develop the welding

k proced ~e apecifications, several materials were
I procured. In the init.al stages of the program, a common
g.'ade thick-wall carb.  steel pipe was used. The objective
I was to use this pipe in the initial assessment of the
effectiveness of waterbacked welding on & carbon steel
l pipe. The exact grade of this material is of no |

consequence in this case.

In addition, two SAS508 Class 2 nozzles were procured from
Babcock and Wilcox (B&W). These nozzles came from the same
heat and had identical quench and temper heat treatment,
and fabrication simulated post weld heat treatment. One of
these nozzles had a stainless steel safe end we. led to

it. The nozzle without ‘he safe end was used asg a
"practice"” nozzle to determine optimum welding

parameters. The nozrle with the safe end wag used for the

mock-up assembly in the final qualification of the welding
procedures.

To fabricate the nozzle-to-safe end assembly, the nozzle
weld end was buttered with Inconel 182 and astress relieved
at 1110'F - 1150'F for one hour. After a butt weld end |
preparation was machined on the heat-treated nozzle, a iu
SA376, TP304 stainless steel safe end was welded to it

using Inconel 182 filler material. All of this work was

performed by B&W at their facilities. Figure 2a shows the
nozzle-to-safe end mock-up assembly. All material test

reports giving ladle and check analyses, physical

properties as tested and heat treatments are presented in

Appendix C. The results show that the nozzle meet the

material property requirements of ASME Code Section III. %*
XGU-05-211 4 :
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Exocedure Davel . pment

The development of the nozzle-to-safe end weld overlay
procedure was performed in three stages.

Stage 1

In this stage, the common (rade thick-walled carbon steel
pipe was used to compare te results of an overlaid pipe
with the previously qualified dry preheated procedure and
the proposed waterbacked procedure. The effort in this
stage was purely exploratory to evaluate the effects of
various welding paramsters. A portion of this pipe was
overlaid using the dry procedure while another portion was
welded with waterbacking. The waterbacked welding was
performed using different welding parameters on different
portions of the pipe. Several test coupons were obtained
on which face and side bend tests were performed. The
results of the face and side bend tests were uged to
prepare a set of welding parameters, together with their
variations, to be used a® starting parameters for the
second stage of the procedure development.

stage 11

Experiments were performed using the couble down technique
on the "practice" nozzle. This nozzle was first welded dry
with preheat and then welded with waterbacking. In addi-
tion to the weld overlay, several groove welds deposited
with different parameters on backing thickness of 1/2 inch
were used to provide comparison between the dry and
waterbacked welding procedures. Groove welds have been
previously used to qualify weld overlay for nozzle-to-safe
end welds (Refs. 2 and 3). These experiments were

evaluated using face and side bends, microhardness
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readinge, charpy tests and microstructures whein required.
The data obtained provided an intermediate stage validation
of the proposed welding parameters.

stage 111

The nozzle-to-safe end assembly wag machined, as shown in
Figure 3, so that two (2) groove welds and the overlay weld
could be made. Acid etches were used to establish the butt
weld interfaces of the nozzle and safe end. The interfaces
were permanently punch marked 8o that the weld overlay could
be properly positicned. The machined surfaces, especially the
grooves, were liquid-penetrant examined and found to be
indication-free (Figure 2b). The nozzle-to-safe end aseambly
was then mounted onto a vertical frame so that the nozzle axie
was horizontal. This represents the 5G position, which is the
expected orientation in BWR plants. A modified GoldTrack Il
head was used to perform the welding utilizing the double down
technique. The GoldTrack I1I welding system had remote video
capability which was used to perform the weld overlays. All

groove and overlay welding was performed under NUTECH's
direction at GAPCO’s Diamond Springs facility.

It was planned to compare the differences between the dry
preheated welding procedure based on the Code Case N-432 and
the waterbacked welding procedure. Therefore, one side of the
nozzlie was welded using the dry welding procedure
specification (WPS) and the other side with a waterbacked

WPS. Since the heat sink effect of the waterbacked condition
can be so significantly different for different backing
thicknesses, two such welds with different backing thicknegses
were tested. One backing thickness was 1/2 inch and the othe-
1-1/4 inches, as measured from the bottom of the groove to the
inner surface of the nozzle which was in contact water (see
Figure 3). These backing thicknesses represent the range of

nozzle thicknesses typically encountered in BWR units.
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First, welds using the dry preheated WPS were used to deposit
an overlay (1/8 inch minimum thickness) cver the nozzle-to-
safe end weld. The 1/2 inch groove and the 1-1/4 inch groove
were then welded. The first three (3) layers, which represent
tre temperbead deposits, were made to cover the groove bottom
and the sidewalls. Welding wee done while maintaining 300°'F
min. preheat. The resistance heater pads were installed on
the ID surface of the nozzle. Circumferentially placed
thermocouples measured the temperature and provided input for
the thermostatic control (Figure da). Once all the welding
with preheat was complete, the nozzle was covered with
insulation (Figure 4b) and the temperature raised to
approximately S500°'F and maintained for two hours to perform
the bake-out. After bake-out, the nozzle was left to cool,

The mockup nozzle welding set-up was then modified to parform

the waterbacked welding. The two (2) nozzle ends were covered
by welding preformed plates and a water inlet fitting was
attached on one end. A pipe connected to the inlet fitting on
the inside of the nozzle transported the water to the opposite
side and created circulation of the enclosed volume. The
water exited through a vent port attached at the top most
point to avoid forming a vapor blanket (see Figure 5). Since
the water temperature was around 67-63'F, below the B0'F
minimum setup for the procedure, & water heating element was
also installed in the nozzle assembly, close to the discharge
point of the inlet water (Figure 5). The bulk water
temperature was measured by a thermometer permanently attached
to the opposite side (see Figure 5).

Water flow was maintained at approximately 0.5 GPM, which
allowed the bulk water t. =erature to be around 75'F. Due to
the waterbacked condition, temperature uniformity was
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excellent around the circumference, except for approximately
two inches of the circumference at the 12 o’clock position,
where it was abcut 5-7'F warmer.

Using the WPS for the waterbacked condition, the overlay, and
the groove welds with 1/2 inch thick backing and 1-1/4 inch
thick backing were completed. This procedure requires
autogeneously remelting of the first layer end beads to temper
the weld toe HAZ. No problems were encountered in making
these welds. The sidewall first bead is also autogenzously
remelted before the second layer is deposited. Figure 6 shows
the nozzle after three layeres of temperbeads for both the dry
preheated and waterbacked techniquee for overlay and groove
welds were completed. After this point, the rest of the
groove on both sides of the nozzle were filled using more
standard welding parameters for making Inconel welds.
Typically, it used higher heat input with oscillation and

higher deposit rates. A synchronous pulge mode was used to
assure proper side wall tie-in.

With the welding completed, the nozzle was cut up per the
sample layout plans of Figurye 7 and 2. The layout plan
followed the intent of the ASME Section IX rules for taking
samples for tension, side bends and charpy tests. Since two
WPS's were qualified using the same groove, tension teast
samples at precisely the 0' and 180°' azimuths were not
possible to take; however, tension test samples close to 0°
and 180" azimuths were taken. Similarly, side bend and charpy
blanks were taken at 45' and 135' azimuths from one side only,
and not both sides. To assure the test results, dual sets of
samples were taken. Samples for examining microstructures and
microhardness were also taken. The positions of test samples
machined from the blanks are shown in Figurea 8 and 10,
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3.0 RESULTS AND DISCOSSION

The Welding Frocedure Specifications (WPSg) together with
the supporting Procedure Qualification Records (PQRs) for
the dry preheated and the waterbacked cases are presented
in Appendices A and B. respectively. There are three (3)
supporting PQRs for each WPS, one for the weld overlay and
one each from the two groove welds. The groove walds

B qualify the procedure for welding on different thicknesses L;
for each case. The hardness profile of the hsat-affected
zone (HAZ) for each groove weld and overlay, tugether with
the HAZ microstructure are presented with each WPS.

o,

The results documented in the PQRs from the dry preheated

| WPS meet the minimum requirements of the ASME Section IX
v and exceed those of ASMZ Section III (50 ft. lbs and 35 mil .
lateral expansion). For the welding parameters selected, i
the HAZ shows properties only slightly degraded from the
base material properties. The hardness and microstructure
correlate well, showing no hard untempered martensitic
structures. The welding pasameters changed little, if any,
going from the overlay to the groove welds. Even the
oW groove weld with 1/2 inch backing was done with only minor
i variation. Generally, due to sidewall interactione with
| the welding arc (a characteristic of groove welding only),

arc voltage is reduced to weld at the groove bottom. This :

effect is small for the preheated case. @

The results documented in the PQRs from the waterbacked WPS %
also meet the requirements of ASME Section IX and material »
property requirements of Section III. The hardness
measurements and microstructures show that no hard,
untempered martensitic areas remain. Although at the very
top, near the weld lip area, some hard ar: were

noticed. These areas developed because of the geometric

effect of the groove and the manner in which the groove is
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filled with higher heat irput passes. They are a groove
artifact and is of no consequence to overlay weldiny. The
welding parameters are significantly different for the 1/2
inch and 1-1/4 inch thick backing, due to the substantial
heat sink difference between the two cases. The thicknese
of the backing material becomes ths overriding parameter
for this procedure. The problem of groove geometry on arc
voltage further complicates the welding. Thus, substantial

modifications to the welding parameters are needed to
succesafully weld in each case.

For the waterbacked WPS case, the base metal charpy test
regults from various positions in the nozzle show some
variance. This is possibly due to the nozzle having
different forging ratiocs with regard to poesition during
manufacture. However, all charpy test results met the ASME
Code required, 50 ft. lbs. energy level and 3% mile lateral
expansion a% the RTNDT for the forging (40°'F). Tensile
test samples from each of the weldments met the property
requirements and all side bend samples passed with po

opening in the heat-affected zone. Some opening of the

base metal defect structures (removed from the HAZ) were
seen in the side bend samples. These results are
impressive considering the fact that the microstructure

near the nozzle ID surface show substantial porosity and
defects.
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GONCLUSIONS

Two (2) welding procedure gpecifications (WPSs) wore
qualified in e<c..dance with requiiements of ASME
Section IX for performing double irwn machine GTAW
weld overlays on low alloy stes) nozzle-to-safe end
welds. ‘he SA508, Clase 2, nonutle material was given
a full cycle of fabrication-sinuleted heat treatment
and was joined with Inconel 182 alectrodes to a SA37TE,
Type 304 stainless steel safe end. EBach W’S ie
supported by three (3) separate PQRa; one for the
overlay, one for a 1-1/4 inch backing thickness, and
one for a 1/2 inch backing thickness of the nozzle.

In sach case, it is clear that the welding can be
successfully performed meeting all the requirements of
ASME Code Sections IX and III. The procedures produce
repeatable and consistent resulte.

The first WPS, similar to Code Case N-432 welding
procedures developed by others, utilizes preneat
before and maintained during welding and a low
temperature postweld bake-out to drive the excess
hydrogen from the weld. To perform the prehest and
postheat, the reactor nozzle has to be dry, requiring
that the reactor water be drained below this level.
This requires the fuel to be removed from the core or
draining of the reactor vessel’s outer annulus,
extending both the time for performing the overlay
repair and the overall outage duration.

The preheat WPS produces a HAZ, with properties only
slightly reduced from the base metal properties,
easily meeting and exceeding the ASME Code Section III
material property regquirsments.
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The waterbacked overlay WPS avoide reactor drain-down
problems by performing the welding without the need
for any prehsat or postweld heat treatment. The water
temperature is limited to 80'F minimum.

The waterbacked WPS meets the material reguirements of
ASME Code Section III in that the HAZ meets 50 ft.
lbe., 35 mile lateral expanzion when tested at 40°'F,
the RTNDT of the nozzle. These results are
particularly impressive 2g the base metal showed
excessive variations in properties due to porosity and
other defects. The microstructuree showed no large
untempered martensitic aress; instead, an extremely

fine grained ferrite-carbide aggregate appears to
form.

Fresently, the ASME Code provides no guidance for
qualifying structural overlays. To date, most of the
nozzle-to-safe end overlay procedures have used the
groove weld to qualify the WPS. While the configura-
tion of the groove has litt’'e or no seffect on the
preheated WPS, the same cannot be said for the
waterbacked WPS. The parameters developed for the
waterbacked WPS need to ba modified to successfully
complete the groove weld. Thus, the three (3)
separate PQRs qualified for the waterbacked WPS have
significantly different welding parameters and cover

the range of thicknesses of nozzles present in typical
BWR units.
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G 26°0 DISCHARGE
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NOTES:

1. DIMENSIONS INDICATE MINIMUM CLEARANCE ' "‘{'—-
BIOSHIELD OPENING TO EDGE OF CLADDING D" (Figure 1b)

2. DIMENSICNS TAKEN AT “E" DISCHARGE

Figure l1(a): OYSTER CREEK NOZZLE FRONT VIEW
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28" (REF )

-

14° V (REF )

NOTE
SIDES OF OPENING PARALLEL
TO PIPE WALL AND 7 CLEAR TO PIPE WALL

(CISCHARGE)

BLAN VIEW

Figure 1(b): OYSTER CREEK DISCHARGE NOZZLE ORIENTATION
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FIGURE 2(a): AS RECEIVED MOCKUP NOZZLE
FROM B&W. STANV'LESS TP304 STEEL SAFE
END WELDED WITH INCONEL 182. BUTT WELD
AREA SEEN GROOVED.

FIGURE 2(b): PHOTOGRAPH SHOWS NOZZLE~-
SAFE END ASSEMBLY AFTER
MACHINING OF BOTH GROOVES
AND DYE CHECKING.
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FIGURE 4 (a):

MOCKUP NOZZLE WITH COMPLETED TEMPER
BEADS IN OVERLAY AND GROOVES FOR
PREHEATED CASE. CIRCUMFERENTIALLY
PLACED THERMOCOUPLES MEASURED AND
CONTROLLED TEMPERATURE.

MOCKUP NOZZLE SHOWN WRAPPED WITH
INSULATION FOR POST WELD HYDROGEN
BAKE OUT. NOTICE HEATING COILS
PLACED ON ID SURFACE.

18
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FIGURE

5:

MOCKUFP NOZZLE SHOWS ENDS
COVERED FOR WATERBACKED
PROCEDURE, FRONT END SHOWS
HEATER, BACK END SHOWS WATER
INLET, THERMOMETER, TOP

VENT AND WATER OUTLET.
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FIGURE 6: MOCKUP NOZZLE ON COMPLETION OF ALL
TEMPER BEAD WELDING ON OVERLAY AND
2 GROOVE WELDS.
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APPENDIX A

Helding Procadure Specification (%WPS)
and Procedure Qualification Records
(PQRe) for Semi-Autometed GTAY Double
Down Technique, par Code Case N-432
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WELDING PROCEDURE SPECIFICATION
(WPS)

(SEE OW-2011, SECTION IX, ASME BOILER
AND PRESSURE VESSEL CODE)

WELODING PAOCEDURE SPECIFICATION MO, WPS=3/8-T-001-NES mEV. 0 ,
SUPPORTING POA NO.(§) .. PRR-3/8-T-001, 003, 004 !

ey iﬁ
WELDING PROCESS(ES) STAW Ty _Machine

w"
OVTEEM NG BABuA, BADMED 30 138 AVTD ‘\1

JOINTS (Qw-a02)

OINT DELIGN Overlay
BackinG (vag X (NO) d
BACKING MATERIAL rveg) P~3, P-8, pegq3 o E

FULL OR PAMTIAL PEINETRATION N/A

L&Tas req'd by design
* or equivalent weld metal (F-No.) types

'BASE METALS (OwW-4m)

' -NO 8 GROVP WO, 1 TO SN0, 3 GAOUP NO.
on

SPECIFICATION TYPE AND GRADE N/A

TO SPECIFICATION TYPR AND GRADE N/A

on
CHEM. ANALYSIS AND MECH, PROP, N/A

TO CHEt. ANALYZIG AND MECK, PaQe, /A ‘
THICKNESS RANGE

o

0ASE mETAL THICKNESS: 1/2" and greater muar  N/A >
r(
OEPOSITED WELD METAL GROOVE __N/A FILLETY N/A }

MPE DiA mANGE orRoove _ N/A BILLETY N/A
OTHER

‘FILLER METALS (QW-44!

F-NO. 43 oTmER N/A
A-NO ER NiCr-3 oTmMER N/A
$PEC. MO (§FA) SFA 5.14

AWE NO. ICLAZE) ER NiCr-3

SIZE OF FILLER METALS 0.035"

Dia.

SLICTROOM SO WL =0T el YL

ELECTROOE ~FLUX (CLASS) N/A

FLUR TRADE NAME N/A

CONSUMAGLE INSERT None
L lOCH BADE WITAL-PILLER HUTAL COGIIINANON SHOULD 60 AICOROGD INDIVIDUALL Y
D18 p8,24-01 QeF &2,
XGU=-08-211 A.l REV O
Revision 0




WPS~-3/8«T=00]) Page 2
POSITIONS (Qw - 408) POSTWELD WEAT TREATMENT (QW-407)
“OSITIONS) OF GROOVE _ 50 TEMPERATURE RANGE 45:-55fr
WELDING PROGAEESION P T8 aanos & Hrs, min, (after ira
FOSITION®) OF fiLuat _N/A

layiep!

GAS (Qw- 409 2
2MIZLDING GASIES) rgon
PREMEAT - )
”:m"m:w@ - 100%¢ FBACENT WItw (mx:ua“. 100%
INTEROAS TEWP. AR, 450CF Welding Grade

3 pow aatg  <0-4° CPH
PREMEAT ManTENANCE L 2 Hr . before
welding. Hold preheat until PWHI 0AS sackive _None

of 3rd layer is started. TRAILUNG @IELDING GAS COMPOMTION JIONE

ELECTRICAL CHARACTERISTICS (QwW- 409) *100-140 Backgr.
cumment ac om e Direct roLamiTy _Straight

anwg aanoq) 190-240 Peak * o vs nance B.2-9.8 Peak and Backgr.

(AMPE ANMD VOLTD RANGE SmOULD B6 RECOZ2D4D 20@ ueu wmoca
S8 FPORUTION, AND THMICKNALS ETC THID INBOMMATION 68 WSTED
IN & TABULAR PORM SIMILAR TO THAT ZmOwN 00 LOW.)

TUNGETEN ELICTROOE 2128 AND TvPg 1/8" EWTh
MODE OF AT/ TRANGFER POR GMAR N/A
ELECTRODE WAk PEED $PRAD AanGE 2U=69 IPM

B VR VR T

av

TECHNIQUE (Qw-410;

STRING O WEAVE 84AD ‘ layers 1-3 weave for lavers 4 and above.
omiFIcE OR gas cve Bize 810, §12

INITIAL AND INTEAPAES CLEAMING (BRUSHMING, QRINDING, GT¢) _ Brushin grinéding or
combination with new equipment or that used on 5.5. oniy.
METHOD OF BACK GOuGING _ None
oscILLATION (vaR) X (%0) (PREQ.
CONTACT TUBE TO woRK DigTamce __ N/A
MULTIPLE O SIMGLE Pags wam giof) Multiple
WULTIPLE OR SINGLE ELECTRODES Single
TRAVEL SPTRD (RAmGE) >
sgening _NONne  (Peening of repair cavities permitted when reguired)

orwen _Waler backed welding permitted after PWHT of 3rd laver.

I SILLER METAL CURRBNT

vOLY
wELD ™MavEL
LAYEa(g) MOCIE A0 Ranod 2%820

{ Dia, AANGE RANGE
' BACKGA.| PIAK |BACKGR.| PRax | (IDM)

maorwy 0" for lst 3 lavers
0=3/4" for remaining II'

" s
P207,44R0" 54 33 ¢
#00340 P.33.5

rﬂmain : uoox40390530 . | 3.05.5
layer ‘

L I M
\\unh ; " 00120;9051’,"25.8 '25.8"65.5
|

|
e

p) A
FASSARED BY kravarti lobseta balusw wili 11/08/88
UALIFICATION SUPE.(VISOR

REVIEWED BY

QUALITY AGSUAANGCS ADMINISTRATOM

D1 Hg3 2801
XGU=05-211 A.S
Revision 0




PROCEDURE QU?#;I?ATION RECORD

RECORD ACTUAL CONDITIONS USED TO WELD TEST COUBOM.

| 1 (S8 Qw.2012, SECTION IX, ASME DOILER AND PRESSURE VESSEL CODE)

FROCIOURL QUALSICATION AECOAD m_ﬂ.ﬁ;g._u;g_;_t_ oan_}il 14/88
WP UBED FOR TEST WA LD WPS=~3/8-T=-001«NES agy.

WELDING PROCEESIES) STAW

TYERS (MANUAL AUTOMATIC, S0MI-AUTO. Machine

JOINTS (Qw-402)

l — —g
| 4 w e
o 54 - P 4
- k] I ——

GRCOYA DAMGN 0F TRGT 2VUEDH
(POA COMBINATION QUALIMICATIONS, THME DGPG3ITED WaLD BETAL THICKNEES
L, 80 RECORDED FOR GACKH PILLIR METAL OA FROCIED WElLD.

BASE METALS (Qw-4Q3)

POSTWELD HEAT YRIANHNB Q- 407)
MatamiaL gae SA 508 TARPRMA TURE §50-550°F
TYER 0A annoe__hm e 2 s, min., after rd 2AYEL
P -0, AR 220, 3 OT™ER
TO P-NO. .N ‘A oa-n0, N/A
macxnag o BACKING 1/2" (backing)
DIAMETEA OF TRIT COURDH 14 Qb 348 (Qw-408)
orwen g8 figure TYFE OF Gas 0@ GAS88 _JArgon
CORPTBITION OF QA3 MixTuRg _ L00%
orman _20-45 CFH Welding Crade

FILLER METALS (Qw-404)

WALD METAL ANALYSIS A—uo T;L&.m.s.gl._.
SI20 OF SILLER mETAL

FILLEM METAL F.m0,

ELECTRICAL CHARACTERISTICS (QW-409)
cuaaany  Direct

$Pa SPUCIFICATION 5 . 14 POLamiTy Straight
AW Classiticamion B N | aees?200 -240Peak voLte O, & -4
QTHER TURNGSTEN ZLECTROOR B0t L1/ EW'T

omwan 2110 -140 Backgr,
vy, -9.8 Backar,

POSITION (QwW ~408)

POSITION OF GAOOVE 5C TECHNIQUE (QW-410)
WELD PAOGARESION (UPHILL, DOWNMILL DOWD | mmave, e 20 -7.6 IPM a

L ETRING OA WA\ ¢ mwﬁt :L__Ln i ,__e.y_se s 1- 3
oeciLLanon FOr weave beads 0-3/4"
MULTIPASE OR SINGLE PAZR (PRA giog) _Multiple

PREMEAT (Qw-403) ® SNGLE OA MULTIPLE SLEcTRODEE __Single

PREMEAT TEMPIRATURG 300°F orwen _lVater Packed after PUHT

INTERPASS TEmegratumg 450 F max

QTmgn




TERSILE TEST (Qw-180)

| OUATIMATE | ULTYeaTE | Tveg of

THICENESS Mﬂf TOTAL LOAD WIT STRAR PAILUAE O
in.*) | LN (=) WOCATION

N/A 0.1%7 17,950 91,100 |Parent Met

N/A 0.187 | 16,4-C 29,000 |Parent Met

-

|

GUIDED BENMD TESTY (OW-1&D)
TYED AND PIOURE MUDER

side Bend, 4T, Sample FDIS-1
’ : FDIS~-2
FD1S -3

FDIS~-4

TOUGHNER TESTS (QW-170)

BOTCH 1PACT LATERAL GxP,
™

Base met. ? 100% 90

- | 9y 78
oV "
1888z 1004 65

L 1008 | 63
BOPE . HAZ 100% 84

.~

£7 WELD TEST (QW-100) 100% 82

agsuLT - samigractory ved N/N wo N/A  sangraamon iwto pament mevaL ves i/
HMACAD - AESULTY N/A

OTHER TESTS
TYEG OF TESY N/A

DEPOSIT ANALYOIS N/A

OTwER N/A

wELDENS nvand ROy Button clock wo. L/A _ sTawe wo. A

TESTS CONDUCTED gy  Anamet Laboratories LARORATORY TEET N0, L1188, 2909

WE CERTIFY THAT ThE STATEMENTS IN THIG RACOAD ARE CORAEBCT AMD THAT TWE TEST WELDS wiRd
FREPARGD WELDED AND TESTED I ACCORDANGE WITH THE REQUIAEMENTS OF SECTION IX OF TME AQM48 COOE.

2 Y f -
CERTIGIED By !« TPl Aalopwaa s oars /3/i1v/e8
QUALIFICATION SUPERYVISOA v

DETAIL OF AQCORAD OF TEFTS ARE ILLUSTRATIVE ONLY AND MAY 88 MOOIFIED TC CONPORM TO TWE Tveg
AND NUMGBER OF TESTS REQUIAED BY TWE CODG.

O 1)
XGU- 085211
Revision 0




Sampla B
HRL Alataoce frop Surfaga HRL

004 balow surface 38 003 below surface 36, 36

004 below surface 023" from weld) . 002 ba'ow surface 1.5 (024" from weld)
034, corner of lip 40, 40 034, under ip 33, 4|

034 074 . 44, 46 8 034, large greing 34

174 ! 066 33

14 5 196

339 206 kL)

rner
ot corner + GOFNO

100 from corner, Horiz cornar, Moriz

corner, Moriz
corner, MHorip

|75 from corner, Moriz
190 from corner, Moriz

XGU~05-211
Revision 0




BOTTOM HEAT AFFECTED ZONE MICROSTRUCTURES
1/2" PREHEATED

FDIM-1C
l'yx
FDIM=-1C
200X

XGU=-05~

1
Revision 0 nut@Ch

o I o |
~n




o=
PROCEDURE QUALIFICATION RECORD
(PQR)
(SEE OW-201.2, SECTION IX, ASME BOILER AND PRESSURE VESSEL CODE)
RECORD ACTUAL CONDITIONS USED TO WELD TEST COUPON,

PROCIDURE QUALPICATION RECOMD NO. POR-1/8-1-001 OATE 12 IL/ER

WY UBED SOR TRST WELD WPS~31/8-T-00]~NES REV. A

WiLDING PROCRSMES) ___ L1AK '

TYPRIS MANUAL, AUTOMATIC SEMWN . AW‘OJ ucm

JOINTS (Qw-4a02)

/ ol \J
|
s o L

% \Ya g

4 —

QROO
(FOR COMBINATION QUALIPICATIONS, THE Dla_ﬂb wi W'TAL rmcmm

vE OESIGN OF
WILL 88 AgECOMDED 00‘ CACH FILLAR

OTHER

BASE METALS (Qw-403) POSTWELD WEAT TREATMENT (OW-407)

MATERIAL sPeC. __SA S08 TEMPERATURE _ 450,550

TYPR OA GRaDE _(lass 2 nwe 2Hrs Mindoum, after depogdt |

»NO. 3 . GR-NO, 3 oTHER ST DV UT 3. P —

O PO _N/A GA-ND, N/A

™ickness of BACKING ! 1/4"

DIAMETER OF TEST COurOn 15 L/ 4" QD GAS (Qw-408)

OTHEN See Figure TYP OF GAS OR GASES _____ARGON
COMPOSITION OF GAS MIXTURE 100% Weld Grade
OT™ER 2048 CFH

FILLER METALS (QW-404) ‘

WELD METAL ANALYSIS A-n0. ER Nle;-B

S28 OF FiLiem meTaL _0.0335° DA, ELECTRICAL CHARACTERISTICS (QwW- 409)

FILLER METAL PO, 43 CURRENT Direct

SFA SPRCIPICATION -o...umr e

AWS CLASSIFICATION EE NicCr-3 amrg.” NOLTSL 4 -9 BPear

TUNGSTEN IUC"I"ODI 8128 L8 EWTH

oTHER 110—55: Backgr.
. &9.8 Backgr.,

POSITION (Qw-408)

WELD PROGARESSION
OTHER

POSITION OF GAOOVE 56 TECHNIQUE (QW-410)

(UPWILL, DOWNMILL . Down. | ™ave, weep 3:0 =7.6 IPM arc speed
STRING OR WEAVE BEADSLIANg for laver l-4 %

oscLamonQ-d/sinch for Weave Beads oolv.

PREMEAT (Qw-408)

mEngAT Temegnarung_ 300VF ovwen _kate: Backed after PWHI,

INTERPASSE TEMPERATURE <50 F Max

MULTIPASE OR SINGLE PASS (PER $100) Multinle
SINGLE OR MULTIPLE SLBCTROOSS Single

ormen N/ A "Weave for layers 4 and above
1N g2 asr 22
XGU=05=211 A7 L)

Revision 0



POR- 3
TERSILE TEST (OW-180) -

THICKN 8 ABQA | TOTAL LOAD | UmIT gTRASE saiLuRe &

(sp, ineh “ o () LOCAT O

1

1 | wwnemars | unears Tvoq o8
|

|

-

|

.
0.18% 6,800 L 86,900 Parent Metall
0.192 | 17,000 £8.500 Pazens Metall

GUIDED BEND TESTS (Ow-180)

TYES anD 7IGURE NUMBER

RERULY

807 Side Beod. 4T, Sasple FD2Sel Satiafactory

" - N Sanple D282
s Sample ED2S-1
W W saneds FRoc.

TOUGHNESS TESTS (QW-170)

LPECIMEN ' NOTCKR ‘ NOTEN ragy P ACT WATERRAL QxP, DROP wIGHT
NUMEEA LOCATION el TE 2 VAaLVEs

| gmgam | @I pRGAR | MO BAfAK

162 Al NA L NA
b L | L1003 66 NA L N/
Si88VAaz! 841 63 N/A N/A
— e 10 2 3 Y
L:Jf - L3 S51A4 4 872 9 VU ——
FDIC=4 Bottom HAZ 612 56 N N/

»
N (g

’Hi‘fﬁ“ﬁtw TEST (Qw-180) s “9 N/A

[RSS——

RESULT - SATISFACTORY YR8 N/A %O N/A EINTTRATION INTO PAMENT MATAL vEs N/A
MACRO - agsuLTs VA

QOTWER TESTS
™™vea or TggT N/A

OGROBIT AMAaLYSIS _ N/A

oTHER N/A

ALDART nAME Koy Burron

— CLOCK MO, N/A grame nO. 5
TASTS CONDUCTEO @y Amamet laboratories VABODRATOARY TBST wo, 1188, 28§

Wi CEATIPY THAT TE STATEMENTE I T8 RECOAD ARE CORRACT AMD THAY THE TOET wWELDJ wime
FREPARED, WILDED AND TESTED IR ACCOADANGCE T THE 2 JUIREMENTS OF DACTION IX OF THME ASME COOG
[. =
/ [ |\ 19
oare__(A//5/5%

- g '
CaRMNIED BY _}/Q.u b\ Aradiraw au 2, ¥

QUALIFICATION BUFERYVIEOR T

(DETAIL 00 RECORD OF TEOTE ARE ILLVETRATIVE OMLY AND MAY 08 MOOIFIED TO CONPORM TO TWE TYOR
ARD NULBIR OF TEETH AGQUIAED BY THE CODE.

(<11}
XGU=.%=211
Revision 0




~ARL.8 A

il HRL

be low surface arge graing 003 from surface

below surface $ 013 from we'ld) 066 38

helow surface 025" from we'ld) 066 [large graing
1p $ 0 066 33

166
266

Rl

Sampls 0
—iJlaiance from Surface

003 from cut surface tut surface

cut surface
cut surface

P

102 from cut surface

162, corner, large
bend racius
corner, larpe
bend radius

cut surface

0 0. corner, Moriz corner, Morig
100 from corner, Morig from cornar, Morig

200 from corner, Moriz from corner, Moriz

JO0 from corner Moriz

363 from corner, Moriz

XGU~05-211
Revision 0




BOTTOM KEAT AFFECTED ZONE MICROSTRUCTURES
I 1 1/4% PREHEATED

rpem-1C
50X

rD2M-1C
200X

XGU~05-0211

Revision 0 n&lt@Ch

A.10




' PROCEVURE QUALIFICATION RECORD
(PQR)
' (SEE QW-201.2, SECTION IX, ASME BOILER AND PRESSURE VESSEL CODE)
RECORD ACTUAL CONDITIONS USED TO WELD TEST COUPON.
. PROCIDURE QUALIPICATION RRCORD WO, [ F-1/B-1-004 oave_l2/l4/88
WeS UBeD som TREST Wil Bl L B ToQ0 L NES L | S —
WaLDING PROCESSIRS) O TAW .
I TYPLS (MANUAL AUTOMATIC SEMt-AVTO) MACHINE
l JOINTS (Qw-402)
' ——
GROOVE DENGN OF TEST COUPON
(FOA COMBINATION QUALIFICATIONS, THE DCM"D WELD MEYAL THICKNESS
' WILL B8 RECORDED POR RACK FILLER METAL OR PROCESS WELD.
BASE METALS (Qw-4Q3) POSTWELD MEAT TREATMENT (Qw-407)
watemiaL spec SAS08/Inconel 182/5A376 | Temesmarume __ (50-550°F
' TYPE OR GRADE Llass 2/ (1304 TiMe 2hirs Mio, after deposit of layer No. )
P-NO. 41 GA-NO, _ - OTHER
TO PuNO. J LR PLl  GAnO. PR, CRJ
m™ickniss 0f SACKING 1L 1/4"
' DIAMETER OF TEST COuRONn ___l4" QD GAS (Qw-408)
orwen __See figure TYPR OF GAS OR GASES irgan
COMPOSITION CF GAS MixTURE J003 Weld Crads
' OTMER 2045 CFE
FILLER METALS (QW-404)
WELD METAL ANALYSIS A-nO. _ER NL‘;; 3
l $I1Z0 OF PILLEM METAL _ 038" D_g_i ELECTRICAL CHARACTERISTICS (Qw-409)
FILLER METAL PO, 42 CUARENT __DIRECT
SPA SPRCIPICATION POLARITY
' AWS CLASSIFICATION Ek ﬁf_gc =3 '205§§§3guk mn ¥¥5.3-0.08Peak
oTMER 'wcmn. TLECTROOE & 'Lfk
OTHER 110 =140 Blc gr
- ackgr.
' POSITION (QW-408) p-
POSITION OF GROOVE 36 TECHNIQUE (QW-410)
WELD PROGRESSION (UPMILL DOWNMILL _DOwn | ™aveL wee0 3.0 -7.6 IPM arc speed
l OTHER STRING OR WRAVE B8ADSLIiDR for laver |- 3.°
eecLLAaTON 0-0/6 for weAve Deads.
MULTIPASE OR SINGLE PASS (PER $108) Multiple
PREMEAT (QwW-408) - BNGLE OR MULTIPLE SLACTROOES Single
MEMeAT TemmRATVAS___300 T OT™™ERMALeX Racked after PYHT
INTERPASE TEMPERATURE (S0 F Max
l oTven ~Neave for lavers ¢ anc above
OINMEIIS?
XGU=05-211 Al “:&":
l Revision 0




Page 2 of 2

[~ POR-3
son wo, FPOF=J/8-T-002
TENSILE TEST (Qw-180)
| vANMaTE VATIMATE YR OF
PeCIMEN moTH THICKN 58 I TOTAL LOAD | UNIT STRESS | FPaiLURE &
NUMESR - ™ LOCATIO
N/A
A
N/A
TN
GUIDED BEND TESTS (QW--180)
TYPR AND PIGURE NUMBER ARSULY
180” side vend, 41, Sample FDOS-l _Satisfactory
" " " 3 OIL S.nl. FDO‘_: "
" " l; "4 S ] E‘JQ_SOJ
" " nA n‘ i I I ] mnﬁ-i "
TOUGHNESS TESTS (QwW-170)
SPECIMEN | NOTCH NOTEN Tegr I ACT s ey PP S
NUMBER LOCATION TYe TeWP. VALURS SHLAR (Y ) BREAK NO BREAK
EDQC=1 gvnm g L0°F Lo | 008 92 N/A N/A
| FDOC-2 - 40°F 158 | loog _8& N/A N/A
FILLET WELD TEST (Qw-180)
RESULT - SATISSACTORY Y&S _N/A NO N/A  PENETRATION INTO PARENT METAL vEs N/A  wo N/A

MACRO - RESULTS N/A

OTHER TELTS

rvee or TasT __N/A
DEPOSIT ANALYSIS _ N/A
OTHER N/A

WELDER'S NAME: Roy Button cLocKk NO. _ N/A __ STAame NO. A

TRSTS CONOUCTED OY: _ Anamet Laboratories LABORATOAY TEST NO._J1BB8.299

WE CERTIFY THAT THE STATEMENTS IN THIS RECOAD ARE COARECT AND THAT THE TEST WELDS WERE
PREPAAED, WELDED AND TESTED IN ACCOADANCE WITH THE REQUIREMENTS OF SECTION IX OF THE ASME COOE.

CRRTIFIED BY m ~'(~gl~"w~f»' pars_* /’J;/ﬁ’

QUALIFICATION s, PERYVISOA

(OETAIL OF RECOAD OF TESTS AAR ILLUSTRATI. € ONLY AND MAY B8 MOOIPIED TO CONFORM TO THE TYPE
AND NUMSER OF TESTS REQUIRED PY THE CODL.)

eI T, =N -
XGU=-05-211

A12

Revision 0



Horlzantal lraveras in MAL
n ix'ari l-n. 4 ".i.

o

~ e

from surface i 0 (. 028" from weld) 040
from surface 98 wip “from weld) 080
from surface $ 100

o o O o
» e o

corner surface : Base Mete)
from corne: Mor it

>
o o

from corner Mor 12

L P -

~
o o

from corner Mor iz

o O

from corner. Moriz

from corner, Moriz 30 (cutting artifact)

XGU=05=-211
Revision 0
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OVERLAY HEAT

FIFECTED BONE MICROSTRUCTURES
1 1/4" PREHEATED

po3
50x

nutech



QUALITY ENGINEERING ,',':,::
PROCEDURE Ry YA

Welder's Name RO MUTTON

symbol A

AWS Classification _f\ S.14 LQNE-3 Heat/Lot No. SNX SUYLD
Weld Identifieation WPS-3/8-T-0n|-NEx _, Rev. A

Authoris<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>