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ABSTRACT

Ultrasonic inspection of the core spray nozzle to safe-end welds at
Vermont Yankee revealed indications representative of Intergranular Stress
Corrosion Cracking (IGSCC).

In crder to minimize plant downtime, & weld cverlay was applied to the

twvo affccted welds.

This report will discuss the qualification and application of a weld
overlay process that was applied to SAS08 CL 2, reactor pressure vessel
nozzles without a subsequent post-weld heat treat, resulting in a eignificant
time saving for the repair.
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1.0 INTRODUCTIOM

The two core spray notzles (called the N5 nozzles) ace located on the
shell portion of the reactor vessel, 180 degrees apart, as shown on Figure 1.
The nozzles and safe ends are sized for a ten~inch connection, with a reducer
being used to mate with the eight-inch core spray piping (Figure 2).

The noztle is fabricated from SASO08 CL 2, low alloy steel; the safe end
is fabricated from SBl66, Alioy 600 (Inconel 600). Both components are
forgings. The nozzle is clad with Inconel 182 weld metal to allow the safe
end to be welded to the nozzle without a subsequent post-weld heat treatment.
The safe end is welded to the clad nozzle using Inconel 82 weld metal. The
details of the weld joint are shown in Figure 2.

In 1985, IGSCC was detected in a similarly designed weld joint in a
boiling water reactor. Inspections at other facilities have also reve:led the

presence of IGSCC.

During the 1985-1986 refueling outage at Vermont Yankee, the two core
spray nozzle to safe-end welds were inspected. Probable IGSCC indications

were detected.

The folloving sections of this paper will address the inspection
methodology and findings, reviev the repair options considered, and discuss
the planning and execution of the weld cverlay repair applied to the welis.
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2.0 INSPECTION METRODOLOCY AND FINDINGS

Both welds were examined ultrasonically using manual and automated
techniques intended for use with multiple Inconel weld layers. Automated
examination showed three closely spaced indications parallel with the weld
longitudinal axis on the NSB nozzle. The NSA nozzle showed no indications.
Manual examination for reflectors perpendicular to the weld axis of N5B showed
seven indications, with a concentration of indications at the area showing the
circumferential indications. NSA showed seven randosmly spaced axial

indications.

Initially both nozzle to safe-end welds were examined using nominal
Section X manual examination techniques employing refracted longituo. ..l
beams. Using this method, no indications were noted. Due to the high "nolse"
level experienced during the examination overall, confidence in the technique

is low.

Utilizing the automated system and ''.2 same transducers used during the
sanual examination, several areas containing coherent reflectors were :
discriminated in the overall "noise" of the examination. Evaluation as to the
nature of the reflectors was not conclusive. The reflectors were located very
close to the nominal alloy st.:l/Inconel interface, and the signal to noise
ratio was quite low, Additionally, the location of the reflectors raised
questions since the reflectors did nnt appear to connect with the ID.
Retracted longitudinal waves do not respond well to coruer reflectors and, as
such, some portion of a flavw face can produce the maximum response; however,
other non-IGSCC conditions respond in & similar manner. This contributed to
the incomplete evaluation of these first examinations.

In parallel with the core spray notzle examinations, work was in
progress to optimise examination of the N2 noszle to safe-end welds. This
effort had shown that & particular series of focused refracted longitudinal
vave probes vere effective in examining multiple stainless steel weld butters
and clads. These transducers had also beer utilized for Inconel weld
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examinationr at other reactors. Though not directly proven on Vermont
Yankee's N-5 configuration, it was decided that these transducers would be

used as an aid in evaluation,

The large "footprint” of these transducers (2.2" x 2.2") prohibitec
scarning normal to the weld. By machining the transducer contact surfaces, it
wvas possible to scan parallel with the veld. Manual examination with these
transducers shoved the axial indications ‘n areas around the circumference.
Several of these axial indications were located at aresas which contained
circumferential indications from the first automated examination series.
Several eadditional axial indications were identified.

The applications difficulties associated with IGSCC detection in
metallurgical and geometric configurations, such as the Vermont Yankee N-5,
complicate the detection and discrimination process; and finite sizing of each
indication was not considered feasible. Qualitative evaluation of the
detection dats would indicate indications wvere contained in the inner
one~-third of the thickness; however, the lack of qualified techniques for this
configuration prevents quantitative sizing results.
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3.0 AC ECISION

The results of the UT inspections shoved the existence of rejectadble
IGSCC. Continued operation was not permissible without repair or replacement
of the defective welds. New safe ends had been procured as a contingency

measure, 60 replacement was a possidble option.

Due to the vessel configuration required by the recirculation systenm
piping replacement activity, the N5 nozzles cnuld not be inspected until late
in the refueling outage, precluding repair or replacement in parallel with the
recirculation piping.

After studying the evolutions necessary to replace the safe ends, it
vas concluded that at least a month of criticel path outage time would bde
required. It was also felt that the weld overlay repair could be performed
with little to no impact on schedule, once the welding procedures were

developed.

Approximately a month existed before the plant would be in a condition
to allow tha overlay to begin. Although it was an aggressive schedule, all
parties felt that the necessary front end work could be accomplished within

the sonth.
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4.0 WELD PROCEDVRE QUALIFICATION

In addition to the standard weld procedure qualification requirements,
it was necessary to demonstrate that the welding procedure provided the
necessary tempering of the alloy steel base metal, allowing the post-weld heat
treatment step to be eliminated from the repair process.

The ASME Cocde had introduced several years earlier the "half-bead"
repair approach for weld repair of pressure vessel defects using the manual
stick welding process without post-weld heat trevatment, and in early 1986, the
issuance of Code Case N-432 allowed the use of automatic TIC weld repair of
pressure vessel defects, also without PWET. Both of these processes were
specified for repair of cavities, wvhere a defect vas ground out and the vessel

thickness restored by depositing weld metal.

Utilizing the concepts addressed by ASME in the vessel cavity repair
procedures, a program wa: undertaken to develop an automatic weld overlay
process for reactor pressure vessel nozzles without PWHT,

The initial work was performed by Ceorgia Power Company end Structural
Integrity Associates under an EPRI project funded by the BWR Owners Group for

IGSCC Research.

This information was available to Vermont Yankee through the courtesy
of Georgis Power and EPRI.

Using the Georgia Power welding parameters as a starting point, a
program was initiated to develop plant-specific procedures for Vermont Yankee.

Sarples of carbon steel pipe were overlay welded and then
cross-sectioned to check for iron-dilution of the Inconel overlay as well as
determine the hardness recovery due to weld heat tempering.

A high degree of iron dilution was detected (on the order of 50
percent) in the first overlay layer. However, since no evidence of micro- or

“Se
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macro-fissuring was detected in any samples, it was decided not to pursue

refinement of first layer parameters.

HBardness surveys after one, two, and three layers demonstrated adegquate

tempering of the base metal hardness.

A notzle safe-end moskup wvas fabricated, It consisted of a SASO8 CL 2
nozzle forging, clad with Inconel 182 welded to an Inconel 600 forging using
Inconel B2 weld wire, essentially duplicating the core spray nozile
configuration at Vermont Yankee. A weld overlay was applied using the
parameters selected for the overlay process. All steps of the repair were

followed.

A grooved sample of SASO8 CL 2 material was welded as shown in
Figure 3. Side bends, tensile specimens, Charpy specimens, and hardness
traverses wvere performed, all wirh satisfactory results. Once again, no
evidence of micro-fissioning was detected at the overlay/base metal interface.

Specimens were sent to two facilities for testing. All results were
consistent except for one area. One of the labs reported that the hardness at
the toe of the overlay exceeded the target value of Rc 35; however, a review
of the microstructure showed satisfactory results. A raviewv of the cross
sections showed that the bead overlap between the first and second layer were
quite low, leading to the conclusion that the results were an anomoly of the
test sample. The other samples and the actual installation, maintained a
1/16" to 1/8" overlap spacing.

Thus, the weld procedure qualification program demonstrated that the
selected welding parameters produced a final configuration with the desired
metallurgical conditions.
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$.0 WELD PROCEDURE DEVELOPMENT

Arc Automatic Pipe Welding Sys:=ms equipment was selected due to the
features ¢f double down technique and dual optics.

Utilizing the welding parameters provided through the courtesy of
Georgia Power and EPRI as a starting point, several passes vere welded on
carbon steel pipe in the 5C position. The welding parameters vere adjusted
until an optimum weld bead contour was achieved for each of the three layers.
The weld bead contour samples were cross-sectioned and etched to determine
depth of penetration for each layer. The primary concerns were iron dilution,
micro-fissuring, and amount of tempering taking place. The weld parameters
were finalized to achieve 12 K joules/in for the first layer, 16 K joules/in
for the second, 20 K joules/in for the third, and 21 K joules/in maximums for
the remaining layers. All welding operations for the overlay procedure
qualification were performed in the 5C position.

A weld procedure test coupon was fabricated to resemble the actual core
spray nozzle configuration and materials. It consisted of a SASO8 CL 2 nozzle
blank-machined for buttering, weld-buttered with Inco 182, post-weld heat
treated at 1200°F. remachined for V-groove butt weld, then welded to SBlé66
Inconel 600 forging with Inco 82. Upon completion of the butt weld, a 300°F
preheat was established on the overlay test coupon with resistance heaters.
The first layer was welded and a crosc-section sample was removed from the
9 o'clock location. A filler plug was welded into the sample hole and
Layers 2 and ] were completed. Resistance heaters were placed on the test
coupon with top and bottom control then beated to S00°F and held for two
hours and 45 minutes.

When the test coupon had cooled, an additional sample was removed from
the coupon at the 3 o'clock location. The sample hole was plugged and the
weld test coupon prepared for water backing. Water was pumped through the
coupon at approximately 3 gpe to maintain the interpass tsmperature less than
110°7 for the fourth and remaining layers. After completion of welding the
weld test coupon was machine4 to provide the utility with the UT calibration
standard. In addition to the standard weld procedure test samples, overlay

)=
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cross section was removed from the 3 o'clock position., Bardness surveys were
performed transverse to the overlay fussion line on the first layer, third
layer temper heat treatment, and final layer cross sections. These hardness
surveys demonstrated adequate tempering of the base ~etal, and metalographic
surveys shoved no evidence of micro-fissuring.

Therefore, the veld procedure development program indicated the
selected veld parameters would produce the required metallurgical conditions.
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6.0 GINEERINC DESIGN

The weld overlay was designed to be a "full structural" overlay, using
the design rules of the ASME Code, Section XI, Subsection IWB-3640. The term
“full structural” means that no credit is taken for any remaining uncracked
thickness of the nozzle. All 'oads are assumed to be resisted only by the

weld overlay.

The welding process used was the machine gas tungsten arc method. The
velding parameters were developed and controlled to use the heat of welding to
provide the tempering of the alloy steel nozzle to avoid the need for a

post~weld heat treatment.

The basic repair strategy was to lox»r the water level for a short
period to allov the first fev weld layers to be applied to the noszle (the
temper-bead phase of the repair) followed by refilling of the vessel and
application of the weld overlay phase of the repair.

The veld procedure development process established how thick the temper
bead portion was required to be, recognizing that a 1/8~-inch minimum thickness
vas required by the ASME Code. (The qualification process showed that the
1/8=inch minimum vas sufficient to achieve the required tempering of the base

oetal.)

The completed weld overlay is shown in Figure 4.
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7.0 JOB EXECUTION

Radiological surveys at the N5 nozzles showed a 50-100 mR/hr field at
the elbow, 300-500 mR/hr in the biolngical shield blockout, and hot spots
reading 3-10 R/hr on contact. General area at the platform was 100-250 mR/hr.

Lead blanket shielding was placed on the core spray pipe and elbow, up
to and including portions of the safe end. The radiation dose rate was
reduced to 25 mR/hr contact at the elbow and 50-150 mR/hr general area at the
platform. Lead plate wrapped in poly was used to shield the hot spots, to the

extent possible.

The area on top of the biological shield had a dose rate of
10-15 mR/hr. This lov background ares was used by personnel in between wire
and tungsten changes.

The existing N5 nozzle to safe-end weld vas etched to identify the
actual location and width. Reference marks were punched at 90° qQuadrants
around and on both sides of the weld to identify the overlay limits and
provide the location of nozzle to weld interface for future safe-end
replacement. The surface to be overlayed was prepared, ¢cleaned, and visually
examined. The automatic weld travel ring was mounted and the weld lead
installed and adjusted for the first portion of the weld overlay. The weld
surface received the final cleaning to removal all surface contamination,
thermocouples were attached and a )00°l sinisum preheat was established.

The double down welding wvas performed entirely with remote video.

Minor weld bead adjustments, vire, and tungsten changes were performed by an
inside drywell operator.

The firet three layers of the overlay were initiated at the center of
the existing nozzle to safe-end weld and progressed outward to the overlay
limits. Each layer ended on the last bead of the preceding layer with 50%-70%
overlap. Starts and stops vere staggered to the extent possible to produce a
reasonably smooth surface.

-10-
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Removel of the automatic weld bead and travel ring was required for the
overlay temper heat treatment. Thermocouples were attached and additional
resistance heaters were wrapped around the overlay with top and dottom
control., The overlay was heated between 450°F to 500°F and maintained for
a winimum of two (2) hours then allowed to cool until a delta T of 150°F
between vessel vater and nozzle temperature wvas achieved. The reactor vessel
was then filled until the core spray nozzles were flooded.

The resistance heaters and thermocouples were removed and the overlay
surface vas prepared for weliing. Subsequent overlay weld layers were welded
using the double down technique with 60%-70% overlap. Each layer started and
ended on the extreme passes of the preceding layer. Surface oxide was removed
from every other weld layer after the third, by power brushing followed by
solvent wipe., It was evident after the seventh layer that a {inal surface
machining would be required in order to perform the final ultrasonic
examinations. Layers eight and nine were added to increase the overlay
thickness. Surface profile measurements were tak<.n to insure the overlay
thickness requirements had been achieved prior to machining. A stripping
technique was used to add weld metal to the lowv areas.

A clam shell pipe lathe was adapted to machine the overlay surface.
The lathe was mounted on the safe end and aligned to the axis using the
overlay reference punch marks. A flat surfece wvas machined across the overlay
to produce a profile of less than 1/64" gap under a 1" straight edge and
better than 250 MMS finish without violating the .535" minimum thickness.

Final liquid penetrant examinations were performed and accepted and the
overlays wvere released for volumetric UT examination. The project was
completed from stavt to finish in fourteen (14) days.

-ile
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8.0 POST-INSTALLATION UT DEVELOPMENT

Following installation, ultrasonic examinations of the overlay were
conducted to verify integrity of the overlay with respect to bond between the
nozzle and overlay and the overall volumetric integrity of the overlay.

Calibration standards were fabricated which duplicated the safe-end

nozzle and uverlay configuration as installed.

Qualifications of the technique were performed on wockups representing
the safe-end, nozzle and overlay geometry and metallurgy.

Inspection methodology developed under the BWROC-II Progrem at EPRI wvas
utilized. The overall surface finish and flatness requirements for finished
overlays were enhanced beyond the EPRI Program recommendations to aid in

examination,
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9.0 CLOSURE

The non-PWHET weld overlay process provides & viable alternative for
flaved pipe repair at reactor pressure nozzles. It is particularly beneficial
when repairing stainless steel welds, since PWET would result in potential
sensitization of the stainless steel,

Once the welding parameters are developed, the process can be applied

easily and quickly.

1)
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r WELDING PROCEDURE SPECIFICATION CP/OL *—1
MACHINE GAS TUNGSTEN ARC WELDED OVERLAY
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WELDING PROCEDURE SPECIFICATION
(WPS)

(o Fid=)

welding Procedure Specificetion

Backing Mctoraal P_sl_j_z_l__g_cz;ql
Root Opening
Other

weld: rg Process C.T.h W, TJD' Machirne
Supporting Procedure Qualification Ro.ord 11586 - CH1LES « Y
JOINTS  (QWaD?) SKETCH
Joint Design __overlay I

lcctma Yes - _““{

-y I?
-‘i S

L&t As Regquired
For Bead Placement See Tech. Sheer 1)

BASE METALS (QueDd)
Specification Type & Grade SB166

to Specification Type & Grade satoe cLe

Pelio. 43 Gr. No. N/A to P-No., 3 ar. No. 3
Other
Thickres: Range:
Base /letal: Groove  All T™icknesses Fillet n/a
Deposited Weld Meta) 1/8" To Max. To Be Welded
Other
Pipe Dia. Range: Groove__ 1) p.ameters Fillet wsa
Other
Filler Metals (Qw4d4)
FaNo. F=42 Other
A-Ne. $ee SFA Spec Other
Spec. No. (SFA) SFA 5.14

AWS No. (Class) ERNiCr-3

Size of Filler Metals __. 035" Dia.

Electrode « Flux (C:as8) _N/A

Flux Tradename N/A

Consumadble Ingert Nope

Other __Pass Depoait Less Than 1/2° (116" Nominal)

Welding Procedure Specification
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1 §acreeteH - Mswﬁx

¢t

CHxD

DATE

WOLDERTY OF # i Lngats 4 WOOBL wCOARDNL (D
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WELDING PROCEDURE SPLCIFICATION
(HPS)

welding Procedure Specification o/t

e e

Welding Process — G 7 ALK g w. 100 aciine |
supporting Procedure Qualification Recors No. __ CIISBC-CHISBE-Cr/QLISES. e

b

POSITIONS (QwéDS) POSTHELD MEAT TREATMINT (Quwé0?) |
Position of Groove Al Posisions Temnerature Range _4SQ°F-S00° F |

welding Progression Eee Technigue Sheet Tmc RH‘Q s
Positions of Fillet N/A pon ccr‘;wrgq—'é*-tr'r#
GAS (Qwede)

PREMEAT (QwaDE) Shielding Gas

Argon

Preheat Maintainence 1 Mr. Priocr To wWaeldin

Flow Rate _ 20-45 CFH
Othem™Maintain for 3 layers until PWNT

: Gas Backing None
is initiated. 70-200°F after P.W.M.T, Trailing Shielding Ges _Neone

ELECTRICAL CHARACTERISTICS (Qwa09) (See Specific Technique Sheets Attached)

Current A.C. or D.C. gizecs Polarity _sscaighe
Amps 240 Pr. Ji0BG-280Pr, 260 BG Volts __9-9.8 Pr., 8.8 BG

Other gape Technigue Sheet. Other ______ Ses Jechnigue Sheat
Tungsten Electrode Size & Type A A" ENTH-2

Mode of Meta! Transfer for GMAW N/A

flectrode Wire Fead Speed
Other _Pulse ARC Mode

TECHNIQUE (Qual0)
String or Weeve Bead __Stxing.
Orifice or Gas Cup Size _J/R" Tp 3/4°

Initia) and Interpass Cleaning __ Beushing Ox Sxanding. .
Other

Method of Back Gouging None
Osillation 0°-For Tiret Three lLayers, 0-3/8" For Remaining Le ors

Contact Tube to Work Distance N/A
Multiple or Single Pass Per Side _Multiple
Multiple or Hngia Electrode single Solid Continuous

Peening ____bone
Other fgavel Spead = ACtUSE R 5 PM L r bagked afsexr P b B . 1.

welding Procedure Specificati

sa/06 | F4H ' MERCURY
PeH | COMPANY
$/30/8 o

20788 7

gty § DATE [ CHED | APPYD || REY

wp$-C¥ /0L

Prehﬂt Ttmp. Min, jQQO-QQQO ¥ p"(!h% MPD“-t‘O'\ 304 Wel ~ : -
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‘fQﬁMERCURV
1871 COMPANY

g O WORWOOD B

PROCEDURE QUALIFICATION RECORS
(PQR)

e

Welding Proce” re Specification

Welding Process - w4

Procedure Qualificetion Record No.

JOINTS (Qwel2)
Joint Design__ovexlay

Root Opening  None

-

Bocking
Other

P«3 & P-4 material

See attached sketch gh. 11

—— s A . —

BASEMETALS (Qwi03)
Materia) Spec. SBIEE to EATCE CLI

POSTWELD KEAT TREATMENT (Qwal?

Temperature o ooy

Time 2 hes. 4% min.

Hest-Up~Rate YA

Cooldown Rate NA

Other °PWHT ypor comrcletion

NO PWHT after lLayers

Type of Crade NA

P=No. 43 to P=No

Thickness 1/4° Dis 13-1/2

L

Weld Metal Deposat

Othey

FILLER METALS (Qwa04)
Weld Ketal A Ro, °

See SFA Spec

Filler Metal F N¢. F=43

GAS (Qwile)

Shielding Cas Argen & 20 CIH

Composition 100% weld Srade

Cas Backing
Other

None

SFA Specification® SF* 5.14

AWS Classification ERNICred

Siee of Electrode , 038"

Other

POSITION (Qwed$)

Position of Croove $G

ELECTRICAL CHARACTERISTICS (Qwi09)

Current Direct

Polarity Stra.sr

Anps See Tech. Shts. yolgg See Tech.

Other

Weld Progression Double Down

Other

PREREAT (Qwa06)
Prehest Teop.BOCor min. thru Layer 3

Interpass Tenp.43fvr max. thru Layer 2

Other Pipe still air cooled to below

100°F, water added to I.D. &t approx. 3 GPN

interpass maintained below 110°F ath they

TECKNIQUE (Qw4l0)

Trovel Speed See Tech. Shts.

String or Yeave Bead String

Oscillgtion None

KMulti or Single Pass

(Per eide) Multiple

Single or Multiple Electrodes single

Othey Solid Continuous




I Company BALIFICATISN #

(F’Jq)
welging Procedure Specification op /o Rev

elding Process ___ GTAN .
Procedure Qualification Record NO c1i586 Date

P_—

TENSILE TEST (Qw-150)

8 I ULTIMATE | ULTIMATE EMARACTER OF|
SPECIMEN TOTAL LOAD [UNIT STRESS| FAILURE §
Ny | THICKNESS AREA : PSI | LOCaTION

Vi

+—
L 789 L7423 $,20 822 K81 | Dustil
764 RED , 100 86.1 Ks! Drgtile B

GUIDED BEND TEST (Qu-160)

F1G6. NO. F1G. NO.
[T YYPE RESULTS TYPE
| _Side | Acceptable NA
$ide 2 Acceptable NA

3 hocaptable. NA.
Side 4 Acceptable NA

TOUGHNESS TEST (Qu-170)
'SPECIMEN | NOTCH | NOTCH | TEST [IMPACT [LATERAL EXP DROP WEIGKT |
| WO LocAton TYPE TEMP. | VALUES |

¢ SHEAR | MILS BREAK INO an{Arw

-y
|

e

OTHER TESY

Type of Test L.P. oxemination good, (2) Macro tests sood
Deposit Analysis =

welders Name _C. Roy - Clock No. __NA Stamp No. M-14°
Who by virtue of these test meets welder performance requirements

Welding witnessed by M.F. Trombley 11 Nercury Quality Control

Test Conducted by: _Dirats g@hxﬁgg;;%g Lab. Test Ko, A23

Je certify that the statements in this record are correct and that the test we'ds
were prepared, welded oand tested in accordance with the requirements of Section IX
of the ASME Code.

DATE  5-20-86

Form 213=2(8/79)

Wps~CF /0L Sh., $ of 14
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[ O[] MERCURY
Mcowmv

PROCEDURE QUALIFICATION RECORD

o NORWOOD W (PQR)
Page ) of 2
wWelding Procedure Specification Cr/oL Rev. - Dote £/28 8¢
Welding Process GTAW = SMAW

Procedure Quelification Record No.

JOINTE (QwaD2)
Joint Design Single ‘ee

CH1% 86 Date ¢

POSTWELD WEAT TREATMENT (Qwel?)

Tenperature None

Root Opening 1/8" Time NA
Backing Nons Heat=Up-Rate "A
Other Cooldown Rate_NA
—— Other
BASEMETALS (Qw40d)
:;':':;lc::::. NA o
P-:o. ped ' to P=No__p.44 GAS (Queod)
Thickness_ &/ Die_ _plate | ShEalding S Aigen 9 20 CPM
g:g='chc Dcponxt__‘uhb 1/8° SNAW 1/4" | Composition 1000 Weld Grade
— Cas Backing Argon @ 10 CFM
FILLER METALS (Qwi0&) Other

Veld Metal A No. See SI'A Spec.

Filler Metal F No. F-42

SFA Specification CTAW SFA ©.14, SMAW §.11

AWS Classification * GTAW ERNiICr-)

Size of Electrode CTAwW-1/B", SMAW 3/32"

Other * SMAW « ENACrFe-)

L el

ELECTRICAL CHARACTERISTICS (Qwi09) _—ﬂ

Current Digrect

Polarity GTAw-Straight SMAW-Reverse
Amps CTAW 130 Volte__ 12
Other SMAW B amps , 23 volts

Weld Progression

e S
POSITION (Qwi0S)
Position of Groove 3G
© Upward

Other

——— - — s —

PREKEAT (Qw406)
Preheat Temp. £0°5 =i

Interpass Temp.  cg sran 380°%
Other

TECHNIQUE (Qwél0)

Travel Speedgray 2.1.0 IPM, SMAW £ 1Dv
String or Weave Bead stiring § weave

Oscillation_GTAW 0"-1/4", SMAW - less LLAX
3 times coOIg SiAneLe s -

Multi or Single Pass

(Per side) Multind
Single or Multiple Electrodes _Sin3ic

Other No Peening




v oM CEDUKE QUALIFICATION
S e T
welding Procedure Specification
lelginy Process
Procedure Qualrfication Record No

— -

TENSILE TEST (Qu-180)

[ ka'xnnvt ULTIMATE EMARACTER OF
SPECIMEN | | 110780 LOAD |UNIT STRESS| FAILURE §
N | THICKNESS AREA | 8. PS] LOCATION

>

21 - T 528 Aa.aamx.__...JUL;L.L:A.L;nﬁ;x;;;.nuq5
02 L 00¢ . £0) 801 48,900 91.6 k81| Dustile B |1

UIDED BEND TEST (Qu-180)

LELG. NO, F1G. NO.
YPE RESULTS 1YPE
e ASRERLARLE NA
Acceptarle
Acceptable

—tade 4 AcSentakle

TOUGHNESS TEST (QW<170)
'SPECIMEN | NOTCH | NOTCM TEST | IMPACT | LATERAL DROP WE!GKT

| HO. LOCATION | TYPE TEMP. | VALUES |, SHEAR BREAK ]NO BREAY

NA NA NA NA NA NA NA

—

OTHER TEST
Type of Test oy

Deposit Analysis LU
Other

W R SR SRR KR e e S R R W R R SR R R R R R R R R AR R R e e —

Welders Mame _D. Govesche Clock No. __NA Stamp No. M-4%54
Who by virtue of these test meets welder performance requirements

Helding witnessed by M.F. Trombley Il Nercury Quality Control

Test Conducted dy: _ picasa labzacories Lab. Test Wo. :
de certify that the statements 1n this record are correct end that the test welds i
were prepared, welded and tested {n accerdance with the requirements of Section 1|
of the ASME Code.

DATE $-20-86 By: p.

Form 213=2(86/79)




| COMPANY SCLOURE QUALIFICATION BECORS

o NIRWOOD R (PQR)

Page 1 of 2

—————— A A

Welding Procedure Specification
STAW-EMAW

welding Process

Cr/0L1586 . : Date S/i8

Procedure Qualificotion Record WNo. REEp T ..
__~_===T=======a=£29¥£a=~ e =

JOINTS (Qwa2) POSTWELD MEAT TREATMENT (Qwi07)

Joint Design Single Vsg Tewperature 2200°8

17 Mrs.

Root Opening 1/8" Time

N
Backing None Heat-Up-Rate 600 F

Other Censurmable Insert Cooldown Rate l::°r

Other °After buttering of P-) paterial

BASEMETALS (Qwi03)

Material Spec. SB 166 to SA 508
Type of Grade NA cL 2

P-No. 41 to P=No Y

CAS (Qws08)
$hielding Cas Argon @ 20 CFH

Th)t\lhﬂlt ‘.("' D)O " EAAY A N

g'%‘ Metal Deposit 260" , Composition 1008 Weld Grade
ther - ‘
Buttering 2.8 Cas Backing Argon @ 1% CFH

FILLER METALS (QW&0&) Bthes
Weld Petal A No. Ses SFA Szec

Filler Metal F No.QTaw-F42, SMAW-F42

SFA Specification CTAW SFA S.14, SMAW SFA ELECTRICAL CHARACTERISTICS (Qwa09)
$.1

AWS Classification®STAW ERNiICr-23

Bite of Electrode CTAW 035" SMAW ) /8" Polarity gTAW-Strajaht, SvAi-Severse
e
Other *EMAW ENLCrFe=) Amps o Volte e

Current Direct

Other_ SMAW 90 amps, 23 volts

GTAW=170 PR = 120 BGC AMPS, 9.5 PR-8.5 BG
."C;t'

POSITION (Qwi0S)
Position of Groove ¢ &g

Weld Progression '35c° Orhital = GTANK.

Max. Joule/In. for SMAW 20,700
TECHNIQUE (Qu4l0)

Trovel Speed  ~anw 3 zma, SMAR 6 IBN

Other SMAW bustexing MG = PXOSIession..
String or Wesve Bead String

SRS 11 "1 ¥ {- FO—

Oscillation_ None

PREREAT (Qw406)
Preheat Tewmp. ButtcrxqgﬁBOCor Multi or Single Pacs

Interpass Temp.Buttering less than 400°F (Per side)  mMultiple

o $ :
Other °CTAW SO'F min. Single or Multiple Electrodes__Single

e5TAW interpass legs than 380°F Other GTAW = Solid continuous




MERCURY |
Mcoum‘y PROCEDURE QUA%S;EWON RECORD
O NORWOO0 WC . ‘ i
Welding Procedure Specification  CF/OL Rev. 0 .5;{, s gomm

lelging Process TAW
Procedure Qualification Record No. _CF/QL1S86 (Croove) _ Date .5&2]43&....___.:
TENSILE TEST (QW-150) _
1 ULTIMATE | ULTIMATE Jnmcrsa oF
SPECIMEN TOTAL LOAD JUNIT STRESS FAILURE &
NO. WIDTH THICKNESS AREA LB. PS1 LOCATION
I3 _)se S0 Al L 27.20C L 7.0 KSI L lucrile By
%2 . 756 573 , 433 J7Ai.QQ_‘F_.ILLm_1w
GUIDED BEND TEST (QW-160)
F16. NO. SP166 ( P=4) ) ¢ SA 508 Cl2 ( P=3 )
TYPE JRESULTS [YPE RESULTS
L Side 1 1 _ Acceptable Side ) Acceptable
| Side 2 Acceptable Side 2 Acceptable "
$ide 3 Acceptable §ide 3 cceptable 1
Sade 4 | Acceptadie $id: 4 Acceptable
TOUGKNESS TELT (Qw 170)
'SPECIMEN | NOTCH | WOTCH TEST | YAPACT | LATERAL EXP DROP WE|GHT
NA NA NA NA NA 1 NA NA NA NA
OTHER TEST

Type of Test L.P. Exanination good (2) Macra tests gand
Deposit Analysis NA
Other

Welders Naﬁ;,_:__ggg, Clock No. NA Stamp No. _m-.149
Who by virtue of these test meets welder performance requirements
Welding witnessed by M.F. Trombley II lercury Quality Control

Test Conducted by: Lab. Test No. 1
de certify that the statements !n tk!s record are correct and that the test welds
were prepared, welded and tested in accordance with the requirements of Section IX

DATE S/28/86

of the ASME Code.
Mercury Company of logwood, Inc.
By:p.g anmmﬁfﬁ‘éz;% M.k S

Form 213-2(6/79) WpS~CF/OL $h. 9 of 14




WELDING PROCEDURE SPECIFICATION CP/OL

SUPPLEMENT SHEET

TOUGHNESS TEST (QW-170)
The toughness test was performed on the SASOBCL2 material for Welding
Procedure Specification CI Rev, 0,
Lateral
Specinen Noteh Notch Test Impact Exp. Dropweight
NO, Location  Type Temp. v hear Mils. Break/No Break
1 BM v W r 85 ft 1bs 508 66 NA
2 BM v W r 103 £t 1bs 658 67 NA
3 BM v W r 0 ft lbs 50V 59 NA
4 HAZ v LI 4 104 £t 1bs 050 76 NA
$ HAZ v 0 r 106 f¢t 1bs 708 7 NA
6 HAZ v “Ww r 111 ft lbs 858 69 NA
|
lr welding Procedure Specification
ey |2 DA eSnasny
1_psr2o/eq UM | AT omoawooom-c
) 3 : A Faenbect Commany
l!vl ATE APPVD ncv oate lcmko | aPevD | wps-cr oL $h. 10 of 14
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