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WeLbING Services, Inc.

'WELDING PROCEDURE NO.
WPS —_AD31TU-NU32
REVISION 1

{PAGE 1 OF 2

WELDING CODE

SUPPORTING PQR(S)

ASME B 8 PV WELDING PROCEDURE SPECIFICATION AQ3N432
SECTION IX ' :
. Y
WELDING PROCESS(ES) 1. .Gas Tungsten Arc Weldlns TYPE “Automatic (Mach:me)
SR sz_e_caﬁel\luﬁ wpe.iamver Bead o
BASE METALS (QW—403) POSTWELD HEAT .THEATMENT.(QWMO‘() -
PNo. __3 _ Gr.No. __3__(opN°__JL__GrN° 3 |Type Electrical Resistance
Thichness Range ___ Maximum 3" i N, | Temperature.. 450°F to 550° F °F
Pipe Dia. Range __none IN. Time Range 2_ hours
Range for Fillet. Thk. __none Dia. none IN.
Max Deposited thickness 3" :
GAS (QW--408)
FILLER METALS {QW—404) "1 shielding Gas 1. _Argon
FNo.t. __6 2.___~N/A ‘Percent Comp. __99.995%
ANo. 1. _See_ChgmnaLAnaJarsis N/A Shielding Gas Flow Rate __ 40 _to 50 CFH (min.)
SFA Spec. No. 1. .28 2. N/A Purge Gas _none - Flow Rate __none CFM (min.)}"
AWS Class. No. 1. ER8OS-D2 2._N/A Trailing Shielding Gas Composition _rione
Size of Electrode 1. __N/A 2. _N/A_ IN.
Size of Filler 1. 035" 2. N/A IN. | ELECTRICAL annAcremsncS(ow—-we) .
Electrode — Flux Class lone ' | current 1._DCEN ‘ 2. N/A .
Consumable insert none , Amps Range 1._* 2. N/A
ass thi less than 0,50" Volts Range 1. _¥ 2. N/A
1 Tungsten Elec. Size/Type 125" EWTH 2%
POSITION (QW—405) TECHNIQUE (QW-—410) :
Welding Position 2G Stringer of Weave Bead 1.__Stringer 2 N/A
Welding Progression i Bead Width ‘See Page 2 .
shegts, Oritice of Gas Cup Size _#4_(,250") IN. (min.)
PREHEAT (QW—406) ‘ lnlt»al and interpass cleaning: Welding surfaces shall be wire brushed or ground
Preheat Temp. _300°F °F (Min. ) as required to remove slag, scale or other contaminants
Interpass - Temp. Range _450°F Max __F -{ Method of back gouging .NONE.
PreheatMaint. _300°F Min; Preheat 30 m;ng&gg ' - S
prior to start welding, Oscillation 1,_Not .allowed 2. N/A IN. (max.)
, Contact Tube to work distance _ N/A IN.
JOINT DESIGN (QE—402) . : ! Mutiple or Single Layer 1. _Multiple Layer
Groove Design__Weld Repair Code Case N#32 . (Per Side) "o < N/A
Joint Type OB _none Ci none BS _._none ... Muitiple of single electrodes Single
Backing Mati Type _none Travel Speed (Range) 1. * 2. N/A . - IPM

REMARKS

the sixth.

8911220164 891117
PDR ADOCK 05000247
Q BDR

* Parameters are restricted for layers 1 thru 6
QW-410, for each layer parameters

, see attachments QW-MO9 and
Range is glven for all 1ayers beyond

A

R TION APPROVAL DATE
Welding Ting

Materials Engineering

oA

Quality Ass

ASME B&PV Codes 1981 Edition, Sectious
I11 & IX
Project: __lndian_zgw@___‘m

Fab. CmNs

Job No.




WELDING TECHNIQUE SHEET , WELDING PROCEDURE NO.

' — —... ‘wps- A031T74-N432
PNO. _B_GRoup_S_Topno 3 _@roup__ 3 . - S | Revision -
THK. RANGE __ Maximum 3" ) - _IN.V ‘PAGE 5 oOF >
TYPICAL JOINT DESIGNS PERMITTED Plate Dimensions 12"x30", ROOTOPENINGSOB.______ N

T 1/4" thick. - A ' BS__________ N

oA

11.

WELDING PARAMETERS ‘ P A *SINGLE VALUES ARE MINIMUM
_ o . LFILLER METAL i O8S N ELECTRlCAL DATA TRAVEL Q‘be
WEL g R e R B i ;- MPERAGE  VOLTS | SPEED
Wt | e [ pRE el e e vous | s |
1 GTAW ERBOS D2 .nonqsﬁDQEN ; P1805 :P9.7 | 3.2 L375"
N st CIE R A - -F-¢ B8.9. 1r

2 | cTaw+ “ERBOS-‘DZ none | DCEN .. P194 ~ P96 | 3.2
. . [IRT3 U . . |4 X Lo B:125 ] B9 .'
3 GTAW flic) |on 1 LP200 - P9.8 [“3.2
: ©B130° . B9.2 |7
4 tb GTAW pP220 P9.9
6 X [* s i EI .iJ BI40 A-i:B9.U 3.4
7 tp | Sl 3. 85-1;0 250 2.7-5.0 *
- -
Te RHRL ST e e Bead overlap oo 60% _
PREHEAT TEMP. ne300qs (o ads - . 8F fMin.)-| “BACK GOUGING METHOD_ none
. INTERPASS TEMP, __ 450 Max oF CONTACT TUBE TO WORK DIST. N/A IN. (min.)
PREHEATMAINT. .__300° .30 an.rorlorqto-u;gxugg ORIFIGE ORCUP SIZE _2. #U4-(,250") « - ~ IN. (min.)
TUNGSTENELECT 'SIZEATYPE 125" ____IN. | WELDING PROGRESSION See technigue sheets
ot o BN Bl Wire Feed,Jee: techpique shgets .. |
. firraTe el TEDILTR g il P S R B L S e . Ju L T
INSTRUCTIONS B oﬁ:u Bortizes D¢ vl iy T
1. Preheat to 300°F 30 minutes prior to start of weldingy 10" arohnd areat to be welded.
2. Thermocouples and recording instruments shall .be used to monitor preheat interpass
and post weld- heat trgammeﬁt frogedurés.s Ir . T2V O S SO 1§
3. No 0301llat10n is to be used on layers 1 thvough 6\—~;53 - ALY
4, Peening is not permitted.
5. Parameters for layers 1 through 6 85 stated in, QNAOQ Qnd QWNTO shall be. strlctly
adhered: ool (3} wiz o
6. Weld hedt ifnpub for 1ayebs T’thﬂdugh‘G shail‘be +10¢ of QW409 and QW41O
7. Travel speed shall be measured at the work -surfdce. o~ - --& )
8. Welding power supply shall be Gold Track II or equivalent.
9. When welding is done remotely, optics for weld puddle shall begin working order.
10. After welding, no non-destructive examination shall be performed for 48 hours.

The finished surface of the repair shall be substantlally flush with the surface
of the component surroundlng the repair.
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. WELDING SERVICES, INC. "”.’f;, o
- JELING PROCEDURE qp‘wCIFIcATjON ' ‘
‘ B Ll PN
. .S_P“CIAL INC'TPUC”I ws T TR e
Welding of *hejreéair areaﬁ_hul}-nqmin cccordﬁmTT"WIUffthe RPN
following 1nstfubt;brs and ‘gl ‘QellncFﬁ?7* S E t(ﬂ,.“ff- S
- e —— - - -\n.—-uuusm A B wvlw——..-.—.... 4__ - _:7-;-" . [V - ol
1. The area. to be repalrcd’by wcld*ﬁd' ‘and a bgh”éfoﬁng the -
arra,noh llS%e prohedted to 300 _degreas Fo iy m’qufLLSAJ)§ 3

Lempnrature shall be 1@1ntaL4Ld ﬂar at Tea L3 ‘rrn*e

before weld*ng ig’ started { durjng W ldlng? and; un%1lﬁf8"f'f”

StarLlng thm postweld heatlnc as; dgscribed beLQW N
2. Th1 w1oth of: the preheatlband!shall be at iﬁast thfee
times the thlckneasﬁof the’ cymppn nt to be ngOCd'umd ‘as _
needed. towaccommedate the*mocbaﬁﬁo attachment “amd tnsylag= """

tion applicatidhn, -but seed riot gxeeced ten (10). inches. . -« s raavar
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4. Thermocouples and"fecordlng ;nstrnments shall be*used tom
‘monitor - prehezt;-—interpass; “add TpSEtREaT ™ "tenperatures..
Thermocouples may be attached by mechan’cal methods cY
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Welding Procedure No.
WPS-A03174-N432
Page 2 of 2

The remainder of the weld deposit shall be completed with
the heat irput equal to or less than that used fcr layers
bayond the sixth in procedurs qualification.

At the completion of we™ 'ing, the heated bzad described in
#l ancd #2 above, shall be maintained in the range -of 5C0
¢egreas F +/~- 50 degrees for two (2) hours minimua.



 WELDING SERVICES, INC.
WELDING PROCEDURE SPECIFICATION

Welding Procedure No. WPS-A03174-N432

> - STEP 1: Deposit layer one with
first layer weld parameters
used in qualifications.

STEP 2: Deposit layer two with
second layer weld parameters
used in qualifications.

STEP 3: Deposit next four layers
with layer three through six
weld parameters used in
qualifications.

oD g =,
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STEP 4: Subsequent layers to
be deposited as qualified.

AUTOMATIC OR MACHINE (GTAW) TEMPERBEAD TECHNIQUE



Temper Bead GTAW , - |
Ref. Code Case N-432

Attachmen_t__]__ '

Electrical Charecteristics (QW-409)
Layer 7
Current: DCEN ' Pulsing Current
Low Pulse Frgquencx__z_o
Low Pulse Width gg
Machine Modq_;ggégg Arc
Amperage: -~ - Primary 180 - -~ Wire Feed: Primary 35 . .
seckgrowd 120 Beckowd .
Voltage Primary;_g;z
Background 8.9
Tungsten Size .125¢
Type EWTh 2%

Technique (QW-410)
Layer 1
Stringer Beads Only

Gas Cup Size #4 (.250") Min.

Multiple Layer:

Single Electrode

Travel Speed 3,2 IPM

. HEAT INPUT SHALL NOT EXCEED # 10% OF THE ABOVE PARAMETERS



/

Electrical Charecteristics (QW-409)

Layer 2 '.

Current: DCEN Pulsing Current
Low Phlse Frgquency__Z‘D
Low Pulse Width . 66
Machine Mode pulse Arc

Amperage: = = Prlmary_1_9_4 S
Background a5

Voltage | . | Pr:.mary_ﬁ_ | .
Background L 9.1

Tungsten Size ,125"

——

Type EWTh 2%

Technique (QW-410)

Layer 2
Stringer Beads Only

Gas Cup Size #4 (.250") Min.

Multiple Layer
Single Electrode

Travel Speed 3 5 1pM

HEAT INPUT SHALL NOT EXCEED #+ 10% OF ‘THE ABOVE PARAMETERS

-~

/7

E
Wire Feed: Primary -40 -

Temper Bead GTAW
Ref. Code Case N-432

Attachment 2

Background _30.



Temper Bead GTAW

Ref. Code Case N-432

Electrical Charecteristics (QW-409)

Layer 3

Current: DCEN

_ Amperage:

leﬁage

Tungsten

Technique (QW-410)

Layer 3

Attachment q
Pulsing Current
Low Pulse Frgquency- 2.0
Low Pulse Width 66
Machine Mode Pulse Arc
Primary 200 - . . ....... .. _Wire Feed: Primary .50
Bekgowd i Backgrownddo

Primary 9.8
Background g¢,2

Size ,125"

Type EWTh 2%

Stringer Beads Oniy

Gas Cup Size #4 (.250") Min.

Multiple Layer
Single Electrode

Travel Speed 3 5 1py

- HEAT INPUT SHALL NOT EXCEED # 10% OF THE ABOVE PARAMETERS

/

~

’



Electrical Charecteristics (QW-409)

Layer 4 thru 6
Current: DCEN

- Amperage: -
Voltage

Tungsten

Technique (QW-410)

Layer 4 thru 6

Pulsing Current

Low Pulse Frequency 2.0
Low Pulse Width. 66

Machine Mcde Pulse Arc

Prima.ry 220 - IR Wire Feed;

__Background 349 .. . viBackg”°9?g——§9—-

Primary 220
Background i40.
Size ,125¢

Tvoe TwTh 2%
__SNet L

Stringer Beads Only

Gas Cup Size #4 (.250") Min.

Multiple Layer
Single Electrode

Travel Speed 3. 4_TPM

HEAT INPUT SHALL NOT EXCEED #+ 10% OF THE ABCVE PARAMETERS

~

ld

/

Temper Bead GTAW '
Ref. Code Case N-432

Attachment 4

. Primarx__é_g__,



Temper Bead GTAW
Ref. Code Case N-432

Attachment 5
Electrical Charecteristics (QW-409)
Layer 7 thru Remainder
- Current: DCEN “"Pulsing Current
Low Pulse Frgquency_gé_ to 2.6
Low Pulse Widt'h_s_o_té 60 |
Machine Mode  Pulse Arc |
.- Amperage: . . - Primary onn +o 260 - .. Wire Feed: Primary 10-90
V Background__10-9Q..

Background 130 to 170 : -
VVoltage ‘ | Primary 9.0-11.5 o
Background g 7-37.0
Tungsten Size .125"

Type EWTh 2%

Technique (QW-410)

Layer

Stringer Beads Only

Gas Cup Size #4 (.250") Min.
Multiple Layer
| : ‘ Single Electrode

Travel Speed , 7=5.0

- HEAT INPUT SHALL NOT EXCEED # 10% OF THE ABCVE PARAMETERS




QW-483 SUGGESTED FORMAT FOR PROCEDURE QUALIFICATION RECORD (PQR)
(See QW-201.2, Section IX, ASME Boiler and Pressure Vessel Code)

Record Actual Conditions Used to Weld Test Coupon.

Company Name __Welding Services Inc.

Procedure Qualification Record No.__AQ3NY432 Revision 1 Date__6-22-89
WPS No.__AQ3174~-N432

Welding Process(es) elding

Types (Manual, Automatic, Semi-Auto.) —Automatic (Machine)

JOINTS (QwW-402)

NOT TO ScalE :

Groove Design of Test Coupon

(For combination qualifications, the deposited weld metal thickness shall be recorded for each filler metal or process weld.)

BASE METALS (QW-403) : ) POSTWELD HEAT TREATMENT (QW- 407)
Material Spec. _SA 302 Temperature . D00°F
Type or Grade _B___ Time _2_Hours
P-No. 3 to P.No.___3 : Other_Co0l to ambient temperature for 48
Thickness of Test Coupon___ .25 " hours_prior to any testing
Diameter of Test Coupon__nI0Ne
Other
GAS (Qw-408)
Type of Gas or Geses Argon
Composition of Gas Mixture 99 -995%
Other
FILLER METALS (Qw-404) . N
Weld Metal Analysis A-No._See Chemical Anyalsis ‘
Size of Filler Metal._.Q35" Dia i | ELECTRICAL CHARACTERISTICS (QW-409)
Filler Metal F-No. 6 A Current __Direct
SFA Specification___5 .28 ‘ i Polarity__Straight
AWS Classification___ER80S-D2 Amps. * : volts___ ¥
Other __ . Tungsten Electrode Size . 125"
Max Deposited thickness 3" ' other__* See Attachments for QW409
Parameters are restricted for layeprs 1
through 6
POSITION (QW-405) : . i TECHNIQUE {QW-410)
Position of Groove __ 20 . Travei Speed *
Weld Progression (Uphill, Downhill) _Horizontal .| String or Weave Bead Stringer
oter_Weld bead placement is restricted for | oscittation__Not allowed
layers 1 thru6. See attachments | Multipass or Single Pass (per side) _Multipass
i Single or Multipte Electrodes _Single Electrode
PREHEAT (QW-406) . Oter._* See attachments for QW-410
Preheat Temp. ngmmmuwm - Parameters are restricted for lavers _
Jnterpass Temp. 450°F max 1 thru 6v
“ower_Temperatures to be monitored by a
. strip chart recorder,

(6/82) - This form (E00007) may be obtained from the Order Dept., ASME 345 E. 47th St., New York, N.Y. 10017
NOTE: This PQR was revised for editorial reasons.



PQR No.__Rev 1

(. Tensile Test (QW- 150)

8 s ,
Lo A Ol’l I”/ L Ultimate ‘ Ultimate Type of
Specimen sresd lanesdps o Total Load Unit Stress Failure &
No. Width / Jhuokness Area Ib. psi Location
2M _0.2477 - 0,.0482 4530 : 94000 BMD_ _._ . ]
3B | 0.2510 - 0,0491 4780 .97500 LBMD ]
5M 0.2488 = ] 0.0486 4770 - -98000 e BMD...__..
6B 0.2496 - . 0.0489 4800 98000 BMD
. 3 S Y o
Guided Bend Tests (QW-160) A ‘
Type and Figure No. - Jos . ‘Result
i * —.opyr Acceptable i GOS8~ L]
reyE— e gogt e B L sl (0 g -
HEmH o oo
' ﬂée;d i

STl

) Tough{ness TJésts (QW 170) e
Y n 38l M SR T S L TN oy S 8k

Specimeny) ¢}~ = Netch, :f rifr ¢ Notehl’ Fest £id CYmpact 22 Latera! Exp. Drop Weight
No. Location ... . M.T,.y_lpe Temp. . Values % Shear Mils Break No Break
__ Shomsr @ T = speocenab 0
-—- SEE ATITACHMENT [ A —- et L

DESTERIoTS BV E e e L

Fillet Weld Test (QW-180)
o
Result — Satnsfactou;\( L it ~-No ' Penetration into Parent Metal:-Yes No
Macro—Results - i ; e . ,
gt e
oz 2
Other Tests
Oz- wom - 0 T o o AR
Type of Test __ MT, UT, RT— £enﬂmtable s gl e ba €
Deposit Analysns yeards
Other
| jS- LTaW TS ' =3
K. BubadhfRBY fStfillwell R T ¢ )M L 1
Welder's Name __S. Harmon - I857 CigekNo. i SRR 831 1/8CH-6517

Tests conducted by: APPLIED TECHNICAL SERVICES Labora(ory Test No. AQ- 0394&1{0 051 6

We certify that the statements in this record are correct and that the test welds were preprared, welded and tested in accordance with _
the requirements of Section IX of the ASME Code.

Manufacturer . WELDING SERVICES INC,

Date 5‘?'2& 8q ) . . | i " By %xx\\§ %ﬁ&mw

(Detaul of record of tests are illustrative only and may be modified to conform to the type ané number of tests required by the Code |

/
(6/82)




e e E N NP PO ATTACHMENT A
. . "T“PQR"NB*'ADSNE32‘“]““”“” -y
] ToughnessiTests : Srroinggl

=2 4Qw_1799me_._ ;Q -
. : T ST ﬁg; |
r St ' N3
e oz e e LA - s I -‘f

Drop Weight Tests A s T dbabied
_n__:_v__,,_— Base Metal I L ratmeun Comdmigd . _~
ASTM E208 Type P3:Speciméns .. .. . Weld MétalASpec1mens :

Specimens . .. -40 degrees F: :Break -~ - -10 degrees F~-~~” o

o _ e T " No~Break - T -

e = 210 degrees F:TB¥Eak” T TLI0 ‘degrees Fio
No break

*+20 Deg;?fes’ F :1:5':-< ¢,_N'1]§DUYI.1

__ +30 degrees F: Break  ____ Nil Ductility ... —
B ‘tégxﬂegregs Fi»No Break o Tempeﬁatur A= 4200 TR
} A - SR _._;.__,__..._.._. e dég.rees__F~ EEN
. — i40 degrees F No—Bpea%\p'; —

3 - Nii- Ductility “% &= -

T Temperature'—~+30 degrees F

. v 8D veeY hlsW rshit

Weld Metal '

- 3= - - 253 1D SUEA8T el e - TCV"‘ 40~ derfﬁ:eé’ %,»,'ic’r‘q—- 1‘!'&'#;

e e - - 63 mlls lat exp . PR SIS L) e ALY
40% shear

T etO

2: 105 f£t-1b RT NDT = Tcv -60
e ... 69 mils lat_exprwwM;ﬁvqaeg@eesf? I N
o . 70% shear e e S

vzal to st

Y JU——
alavizth tiaaqad
[

3: 80 ft-1b RT NDT: -20
L : . 62 mils lat. exp. .
60%, shear

WAEE L e e e =

Wl aimEy) 2 aRistN

l B T i) N e -y TP

r Crin-0y o 237 o - tad oo SO TR _.’.._rf.ﬂ.*'.‘.. s IEVT 4 Bk} (I TAR I At M
- AR VI SN S § e TR
WE pooaat b e 280loa e tg aew b8 TSEl R AT ILAT 008 1380 % 5021 g o et AETISTEIE B0 et D 8WY
W L 3y T 29LAC Sk G %

z
D o 1 enined Yo 2 nimenupen it
B0 IM2A st e

-
=g ‘...:l,':

.. Mels

~ N . N, e
1 Yo Lt SOIE o3V LI GF LS00 of beaibom 96 yem 0 vind 3aitz et 21y 2test Yo Dionsy e Harmlh
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Heat Affected

Zone
3

Base Metal
3

46 ft-1b

39 mils lat.

20% shear

51 ft-1b

46 mils lat.

20% shear

35 ft-1b

32 mils lat.

20% shear

:27 ft-1b
28 mils lat.

10% shear

:31 £t-1b
28 mils lat.

10% shear

:39 ft-1b
37 mils 1lat.

10% shear

exp.

exp.

exp.

exp.

exp.

exp.

ATTACHMENT A
PQR No. AO03N432

Toughness Tests
(QW-170)

Tcv = 90 degrees F

T NDT = 30 degrees
F (base metal-drop
test)

29 mils lateral
expansion and 28 ft-
1lb. average for base
metal at T vc = 90
degrees F

Tcv: 90 degrees F

T NDT: 30 degrees F



ATTACHMENT A
PQR No. AQ3N432

Toughness Tests
(QW-170)

Base Metal
3 D1:39 ft-1b Tcv: 120 degrees F
36 mils lat. exp.
20% shear

D2:27 ft-1b
27 mils lat. exp.
30% shear

D3:34 ft-1b
34 mils lat. exp.
30%_shear

Heat Affected
Zone
3 1: 61 ft-1b Tcv = 120 degrees F
45 mils lat. exp.
50% shear

2: 52 ft-1b )
47 mils lat exp.
50% shear

3: 49 ft-1b
45 mils lat. exp.
50% shear ‘




Electrical Charecteristics (QW-409)

Layer ;
Current: DCEN

Amperage:

Voltage

Tungsten

Technique (QW-410)

Layer 1

HEAT INPUT SHALL NOT EXCEED + 10% OF THE ABOVE PARAMETERS

Pulsing Current

Low Pulse Frequency;_z_o '
Low Pulse Wiéth_és_
Machine Mode_;gglgg Arc
Primary 180

Background 120

Primary 9.7
Background 8.9

Size .125"

Type EWTh 2%

Stringer Beads Only

Gas Cup Size #4 (.250") Min. ‘

Multiple Layer
Single Electrode

Travel Speed 3,2 IPM

Temper Bead GTAW
Ref. Code Case N-432

Attachmqu_l__



Electrical Charecteristics (QW-409)

Layer 2

Current: DCEN

Amperage:
Voltage

Tungsten

Technique (QW-410)

Layer 2

Pulsing Current

Low Pulse Frequency 5 g
Low Pulse Wiath_iﬁi
Machine Mode pulse Arc
Primarx_134
Background__leL
Primary_ébji
Béckground;_gl;

Size .125"

Type EWTh 2% i g

Stringer Beads Only

Gas Cup Size #4 (.250") Min.

Multiple Layer
Single Electrode

Travel Speed 3 7 1pM

HEAT INPUT SHALL NOT EXCEED # 10% OF THE ABOVE PARAMETERS

=

7
Id

Z

Temper Bead GTAW
Ref. Code Case N-432

Attachment 2




Electrical Charecteristics (QW-409)
Layer 3

Current: DCEN Pulsing Current

Low Pulse Frequency o g

Low Pulse Width 66

Machine Mode Pulse Arc

Amperage: Primary__ZDD
Backgrounq_égul

Voltage ( Primary 9.8
Backgrtnux{_iéﬁz

Tungsten Size .125"

Type EWTh 2% o ’

Technique (QW-410)
Layer 3
Stringer Beads Only

Gas Cup Size #4 (.250") Min.

Multiple Layer

Single Electrode

Travel Speed 3,2_TPM

HEAT INPUT SHALL NOT EXCEED # 10% OF THE ABOVE PARAMETERS

/;f(

/

Temper Bead GTAW
Ref. Code Case N-432

Attachment 3



Electrical Charecteristics (QW-409)

Layer 4 thru 6
Current: DCEN

Amperage:

Voltage_

Tungsten

" Technique (QW-410)

Layer 4 thru 6

HEAT INPUT SHALL NOT EXCEED # 10% OF THE ABOVE PARAMETERS

rd

7

/

Pulsing Current

Low Pulse Frequency 2.0
Low Pulse Width 66

- Machine Mode pylse Arc

Primarx_zzo
Backgroumq_lAQ_
Primary 20
Backgroumi_}ég
SizeL;lgﬁ"

Type_EWTh 2%

Stringer Beads Only

Gas Cup Size #4 (.250") Min.

Multiple Layer
Single Electrode

Travel Spee@ 3.4 IPM

Temper Bead GTAW
Ref. Code Case N-432

Attachment 4




Electrical Charecteristics (QW-409)

Layer_ 7 thru Remainder

Current: DCEN Puléing Current
Low Pulse Frequency_;;i to 2.6
Low Pulse Width 5 t+0 60

Machine Mode pyise Arc

Amperage: Primary_zﬂﬂ_to 260
Background 339 to 170
Voltage _ Primarx_____
Béckgroumq_;;_
Tungsten Size_;lgﬁ"

Type EWTh 2% . -

Technique (QW-410)

Layer

Stringer Beads Only

Gas Cup Size #4 (.250") Min.

Multiple Layer
Single Electrode
Travel Speed

e —

HEAT INPUT SHALL NOT EXCEED + 10% OF THE ABOVE PARAMETERS

e
-
¥

Temper Bead GTAW"
Ref. Code Case N-432
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76 CASE

N-432

CASES OF ASME BOILER AND PRESSURE VESSEL CODE

Anproval Date: February 20, 1086

See Numeric Indax for expiration
=" and sny reaffirmation dates, _

Case N-432

Repair Welding Using Automatic or Machine Gas
Tungsten-Arc Welding (GTAW) Temperbead Technique
Section X1, Division 1

Inquicy: NMay the automatic or machine GTAW pro-
cese be used as an alternative to the SMAW process for
performing the tempethead technique on Class 1 com-
ponents? ‘

Reply: 1t is the opinion of the Committee that repair
to P-Nus. 1, 3. 124, 128, and 12C* base material and
associated welds may be made by the automatic or
machine GTAW temperbead technique without the speci-
fied pustweld heat treatment tequirements of Section
HL, provided the requirements of 1.0 through 5.0 below
are met. The depth of repair is not limited provided the
test assembly meets the eequirements of 2.1,

1.0 GENERAL REQUIREMENTS

{e) The reguirements of IWVA4000, as applicable,
shall be met.

(6} Only the aulumatic or machine GTAW process
using call wite feed shall be used. No arc oscillation
shall be used. .

(c) Welding material: shall be controlled during re-
pair 50 that they are identified as acceptable material
until consumed.

() The neutron Buence in the cepair areas shall be
Ghen into arconnt when establishing the weld metal
compuasition linits.

(¢} Peening shall not be: permitted.

2.0 WELDING QUALIFICATIONS

The Welding Proceduse S'n'riﬁt'a‘liun and the welding
oprrators shall be gualified in accuedance with Section

TP-Nowa, 124,128, and 120 designations refes 1o sprerifie muterial
classiflirations orignally identified in Section N1, and mibreyuieni.
by trelassificd in w later edition of Seetion X1,

A-lcz

IX and additional requirements of Section 111, as mudi-
ficd by 2.1, 2.2, and 3.0(c) and (d).

2.1 Procedure Qualifications

(a} The test assembly materials for the welding pro-
cedure gualification shall be of the same specification
type, grade, and class as the materids being repaired.
The test assembly shall receive a postweld hieat treatment
that is at least equivalent to the time and temperature
applied to the materials being repaired. The prucedure
and performance qualification tests may be combined,
provided Section IX requirements are met. The: test as-
sembly dimensions, including joint details, shall be docu-
mented on the PQR.

- (6) The test assembly thickness shall be at least five
limes the depth of repair, but need not exceed the thick-
ness of the material (o be repaired provided the required
test specimens can be removed. When the thickness of
the base metal to be repaired is greater than 2 in.. the

- depth of the cavity in the test assembly shall be the

greater of 1 in. or the depth of the cavity to be tepaired.
However, in no case shall the procedure qualification test
assembly be less than 2 in. thick, nor shall the depith of
the cavity in the test assembly be less than 1 in.

(c) The test assemlly dimensions suerounding the
cavity shall be at least the thickness of the compuient at
the location of the repair or 6 in., whichever is greater.
If the sepair weld is to be performed remeltely, the pro-
cedure qualification test assembly shall be rompleted
with the same oe duplicate semming and conteal equip-

ment 1o be used fur the repair. The test assethily sliall

simlate the position and obsteuctions of the actual
repair,

() The rout width and the jucluded angle of the
vavity in the test assembly shall be wo geeater than the
minimum specified to be used in the repair.

() This tent assembly may b asend teo quality e
dures fur weld buildup of pressiee eetaining miateriabs,
For this application. the deptls of the vavity shall neot e

Cdene than the thickaess of e weld buibdup we 1 dne,

whichever i greater, bo addition, the area ol the vavily

A st . i,
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: shall not be less than the area of the weld buildup to be Also, if the repair weld is (o be petlormed temotcely, the
‘ applicd or 54 sq in., whichever is Jess, —— Pedevmance qualification test shall Le completed witl,
] () For all applications, the test assembly and cavity the same or duplicate sensing and control equipment to
shall be of sufficient size to obtain the required test be used for the repair. For these applications, only non.
specimens. destructive examination of the weld is required, The

@) Welding material shall pect the requirements of procedure and welding opcrator performance qualifica.
Sections IX and 11, and the Ldition and Addenda shall tion tests may be combined, provided Section IX require-
be stated in the repair program. The appropriate tough- ments are met,
ness testing requirements of NB.2000 shall b completed

b for the weld matedals used.
[ ] =y (h) Welding procedure gualification destructive tests
-«-—""‘/:hu” be perfurmed in accordance with Sections 1N and
: : HI for groove welds, and the Edition and Addenda shal) 3.0 REPAIR WELDING
A be stated in the repair Pprogram. Dropweight tests, Welding of the Cavity or area being repaired shall be
. impact tests, side bend tests, and all weld metal tension in accordance with the following.
tests of the weld deposit are required. A reference nil- (a) The cavity or area to be repaired by welding and
. ductility transition temperature (RT:\'DT) of the weld & band around the cavity or area shall be preheated to &
¥ metal se metal shall be established iy accordance 300°F minimum. This temperature shall be maintained
. //W@%IRTNDT is less than or equal 1o 60°F, for at least 30 min before welding is started, during
, the gualification test shall be cousidered acceptable, If welding, and until starting the postweld heat treatment
. RTNDT i greater than 60°F, the qualification test shall ol 450°F to 550°F described in (¢) below. The widih of
% be rejected and a requalification of the procedure shall the Land shall be at least three times the thickness (37)
i ' Le perfurmed. Test specimens shall he obtained fron the of the component 1o be welded, but need not exceed 10
’ completed test assembly ag the maximum practical depth in. The component thickness (T) shall Le determined for
of repair. . . the area 1o be welded prior to formation of the cavity.
£ () Impact testing of the procedure qualification test The interpass temprrature shall not exceed 450°F. .
assembly HAZ shalf be conducted as follows, B (6) Thermocouples and _récording instruments shall
The TNDT of the unaffected based mateial shall be  be used to monitor the preheat, interpass, and postweld
determined by dropweight test 1o establish the test heat ‘treatment temperatures, Themmocouples shall be at.
; temperature for the C, tests. The Cy specimens represent. tached by welding or mechanical methods.
ing the HAZ material and the unaffected base material (c) The first six layers of the cavity shall be buttered
shall be tested at the (TNDT + 60°F) temperature of the as shown in Fig. 1, Steps 1 through 3.
¥ unaffected base material. The HAZ C, absorbed energy (d) The essential welding variables shall be controlled
V and lateral expansion shall be equal to or greater than as follows.
the unaffected base material at the (TNDT + 60°F) tem- (1) The weld heat input for each of the first six
perature of the base materia), layers shall be controlled to within £10% of that used i
the procedure qualification test. .
(2) The remainder of the weld deposit shall be
' completed (see Fig. 1, Step 4) with the heat input equal
A 2.2 Performance Qualification to or less than tha.l usc.d for layr@ beyond the sixth in
: the procedure qualification,

The welding operator shall be qualified in accordance (3) The finished surface of the repair shall be sulb-
with Section IN and 1l following additionad require. stantially flush with the surface of the component sur.
ments I the repaie weld o o be perfonned wheee - rounding the repair,

Phy sical Ghateuctions impair the welding operator’s ability () The technique descriluad in this paragrapl)
' o perfonn, the welding uperator shal also demonstraty shall Le peclonned in the procedure qualification test.
the abifity 1 deposit sonnd weld el in the positions (¢) At the completion of welding, the 37 band as
1 requieed, using e sme paromelens and  simulated defined jn (a) abvwe shall Le maintained in the range of
physical obstrictions that are involved in the repair, 450°F 10 550°F for a1 least 2 hy,
8
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Step 1: Deposit
layer one with
firsUTayer weld
parameters used in
qualilications,

"’

Step 2: Deposnt
~layer two with
second layer weld
parameters used in
qualifications,

Step 3: Deposit
next four layers
with layer three
through six weld
parameters used in
qQualifications

Step 4: Subsequent
layers 10 be
deposited as
qQualified.

FIG.1 AUTOMATIC OR MACHINE (GTAW) TEMPERBEAD TECHNIQUE

A-1.4
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4.0 EXAMINATION

(a) The repair arca and the 3T band ac defined in
3(a) shall be nondestructively examined after the com-
pleted weld has been at ambient temperature for at least
48 hr. The nondestructive examination of the repair
welded region shall include eadiography (if practical),
ultrasonic examination, and surface examination.

(b) Areas from which weld-attached thermocouples
have been removed shall be ground and examined using
a surface examination method.

5.0 DOCUMENTATION

. The use of this Code Case shall be recorded on Form
NIS-2 or other applicable docuritents.

k(]
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3150 Almaden Expressway
Suite 226
San Jose, CA 95118
(408) 978-8200
TELEX: 184817 STRUCT
FAX: (408) 978.8964

STRUCTURAL

INTEGRITY
ASSOCIATES INC

Mr. S. Burkhalter
Welding Services Incorporated
3276 Marjan Drive
Atlanta, GA 30340

Subject: Revision to Letter AJG-89-031, dated May 19, 1989,

IEERETERTE I
Fossil Plant Operations
May 31, 1989 66 South Miller Road
' -80Q~ . : ) Suite 10

- hJG-89-035 Akron, Ohio 44313
(216) 8648886
FAX: (216) 859-5461

"Consulting Support for Qualification of . Welding

Technique for Temperbead Welding on Indian Point Unit 2
Steam Generator Shell" _ o

_“Deq: Steve:

The purpose of this letter report is to document my review of the

results of the subject temperbead welding qualification test

program conducted by Welding Services Incorporated (WSI) for
Consolidated Edison Company. The temperbead qualification was
performed for the Indian point Unit 2 (IP-2) steam generator
shell. The shell material is SA302 Grade B low alloy steel,
designated by the ASME Code as P-3 Group 3 material. The purpose
of the temperbead qualification was to be prepared to perform a
cavity weld repair to one or more of the IP-2 steam generator
shells wusing this welding approach, such that an elevated
temperature (1150°F) post weld heat treatment would not be
required. ASME Code Case N-432, issued in February, 1986 [1],
provided guidance for the temperbead qualification activity at
WSI. Both weld parameter trial tests (on a thinner plate of
SA302 B material) and procedure qualification tests (on a thicker
plate) were performed in order to select a weld procedure and
then to qualify it. Although a dilemma arose wherein the thicker
plate was not entirely representative in terms of toughness, the
results on the thinner and thicker plates, taken together,
demonstrate that the procedure should be technically acceptable
for use on the 3.5 inch thick steam generator shell at IP-2, as
discussed in the following sections of this report.

Weld Trials

In the technical program undertaken for the qualification, WSI
performed a technical evaluation of eight (8) different automatic -
gas tungsten arc welding (GTAW) approaches for welding the SA302
B cavity. The welding approaches included a welding technique
which reproduced the Babcock and Wilcox approach which formed the
basis for ASME Code Case N-432 [2], as well as modifications to
that approach to improve the ease of welding in the field.
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Following the welding of eight test coupons of SA302 B plate
using these eight different welding techniques, metallurgical and
microhardness measurements were performed on the test coupons
[(3]. The microhardness measurements revealed that three of the
welding techniques produced a weld heat affected zone (HAZ)
hardness well below Rockwell C hardness 37, an upper . bound
reference hardness used for selecting a welding process as
suitable for use in the temperbead procedure qualification.

and two approaches where the travel speed was adjusted to provide
for greater ease of welding. WSI selected technique P-6, one of
© the two travel speed adjusted welding techniques, for pProcedure
qualification in accordance with Code. case N-432. The
microhardness results for the P-6 welding approach are presented
in Table 1 [3].  One notes from Table 1 that the maximum hardness
in the HAZ in the technique P-6 plate is Rc 33.5, well below the
Rc 37 target value. Thus, this procedure appears quite capable
of meeting the HAZ requirements . of this .representative base
material.

One additional. weld trial was conducted using the P-6 weld
parameters. A single bead weld was deposited on the SA302 B

test would compare the untempered hardness with the tempering
‘anticipated using the p-6 welding technique. The results of that
single bead weld are presented in Table 2, from Reference 3. One
observes from Table 2 that the untempered weld HAZ contains a
maximum hardness of Rc 49, more than 15 hardness points higher
than the tempered p-6 process HAZ. These results confirmed the
fact that the temperbead brocess developed using the p-6 welding
technique is representative of a welding process which should
produce a base metal weld HAZ which is substantially softer than
an untempered structure. Based upon these results and the ease
of application of this welding process, the P-6 welding approach
was selected as the preferred approach for the temperbead weld
procedure qualification.

Weld Procedure Qualification

‘The Weld Procedure Qualification Record [4] specifies welding a 3
inch deep groove weld into a 7.125 inch thick plate of SA302 B
material. The material type and minimum thickness of the plate
and the groove for procedure qualification were specified by Code
Case N-432 and by Section XI of the ASME Code [5]. The required
tensile, side bend, drop weight and Charpy v-notch specimens were
removed from the plate following welding and tested at Applied
Technical Services, Inc. The tensile test results and the side
bend test results were certified to be acceptable as presented in
the Applied Technical Services, Inc. certified test reports [6].




Page 3 . May 31, 1989
S. Burkhalter AJG-89~035 -

The base metal drop ‘weight specimens . produced a no break
condition in duplicate specimens at +40°F whereas the weld metal
produced a no break condition at -10°F. The Code Case requires
the reference nil ductility transition temperature of the weld
metal and the base metal to be no greater than +60°F, and the

Since the reference temperature from the all weld metal drop
weight specimens was -20°F, the . Charpy tests were conducted at
+40°F and the requirements of the Code Case and the :Code were
met. Since the reference temperature from the base metal drop
weight tests was +30°F, the Charpy v-notch tests for the base
metal and the HAZ were performed initially at 90°F. fThe base
metal specimens did not meet the 1980 ASME Section III values for
determining reference NDT at +90°F. However the HAZ energy
absorbed and lateral expansion were far superior to the base
metal properties, thereby meeting that requirement of the Code

Case. The Charpy v-notch resu;ts_for these.tgsts»gre:presented

in Attachment 1 [6].

A second series of base metal and HAZ impact tests were pefformed
at +120°F in an attempt to meet the Code of repair requirements

at the maximum temperature allowed by the Code Case for the base -

metal. The results of these tests are presented in Attachment 1.
The base metal tests again failed to meet the Code toughness
requirements at the maximum temperature allowed by the Code case.
However, note that the HAZ impact toughness is stilil superior to
the base metal toughness at 120°F, attesting to the adequacy of
the weld procedure.

Conclusions

The pfoperties of the base metal used 3in the temperbead
qualification program did not meet all of the requirements of

Code Case N-432 and the Code of repair. However, application of

these requirements in this case is overly restrictive. The plant
was constructed to ASME Section ITI, 1965 with addenda through
1966, a Code which prescribed less in the way of toughness
requirements for this material than either the Code of repair, or
Code Case N-432. The intent of Code Case N-432 is to assure that
the weld procedure which is qualified, qualifies a process on
representative material which provides assurance that the welding

process has not degraded the base metal. The HAZ Charpy v-notch -

energy absorbed and lateral expansion were clearly greater than

those of the unaffected base metal in this test program. Tpe
7.125 inch thick SA302B plate used in this test program is
representative material in that section thickness. = One
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Characteristic of this material is its poor through thickness .
hardenability, thereby resulting in plate which in this
thickness, may have poor notch. toughness in the 174t to 3/4t
region. In reduced section thicknesses, this material is
expected to have better toughness. '

The steam generator shell at IP-2 is significantly thinner, 3.5
inches thick, and has superior Charpy v-notch impact properties
compared to the test plate as would be expected for this grade of
material. The steam generator shell impact strength exceeds the
minimum construction code requirements of 30 ft-lbs at +10°F as
contrasted to approximately 30 ft-lbs at. 120°F for the 7.125 inch
thick test plate. Were the test plate a more representative
thickness, I believe that the notch impact properties would have
been significantly improved. This observation is substantiated
by the weld trial tests in the thinner plate (2.25 inches thick),
where hardness measurements revealed a softened HAZ consistent
with increased toughness for a representative material. The
restrictions of Code Case N-432 required a thicker plate than is
to be welded to in the field thereby restricting the
qualification program to use of a base metal which could not be
reasonably expected to meet the notch toughness requirements in
the Code cCase. Consequently, while all requirements of Code
Case N~432 cannot be literally adhered to, I believe that, when
considering both the trial weld _tests and the procedure
qualification tests taken together, a clear demonstration has
been made that the HAZ properties have not been degraded in the
SA302 B plate and that the temperbead Process is technically
qualified for use at IP-2.

I trust that this document meets your requirements regarding the
qualification of this process. 1If you have additional questions,
or require additional information, please do not hesitate to
call.

Very_truly yours,

A

A. iannuzzi, Ph P.E.
AssocCiate

/mc
enclosures
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L

TABLE 1

P-6 Weld Process Microhardness Results

o

Inches A ) B c _ D
Filars EHESOO Filars K”NSOO Filars K”N500 Filars EHESOO
002 347 268 338 282 336 286 338 282
.004 335 287 321 313 323 309 1333 291
.012 345 271 331 294 323 309 322 312
.020 329 297 330 296 321 313 322 312
.028 333 291 322 312 313 330 334 289
.036 336 286 329 298 309 338 348 266
.044 338 282 327 302 318 319 350 263
.052 335 287 337 284 322 312 342 276
LU60 346 269 338 282 320 315 342 276
. 076 350 263 340 279 329 298 338 282
;084 356 254 318 319 335 287
.loé 352 260 354 257 330 296
Highest KilNg o Re(conv.) a
A-297 28.9 ’
B-319 31.1
c-338 33.5
D-312 30.0
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Microhardness Results on Single Bead Weld
Using -6 Welding Process

TABLE 2

A
Dist;ggioﬁrom Filars KHN: 00 Filars KHN. 4 Filars KHN: g
0.005" 255 495
0.015" 257" 486
0.025" 255 495
-0.045" 248 525
0;065" 252 508
0.085" 254 500
0.105" 254 500

lHigh llardness

A - KHN
-§§§—500

Rc(conv.)

49.0




ATTACHMENT 1

SUMMARY OF WELD METAL, HAZ
AND BASE METAL CHARPY V-NOTCH
TOUGHNESS TEST RESULTS
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APPLIED TECHNICAL SERVICES, INC.

MARIETTA, GA.

METALLURGICAL TEST REPORT

Ref.

HO-0516

Date

May 11, 1989

Page 4 of 19

—

PURCHASE ORDER # 207953

Welding Services, Inc.

-

MaTzaIaL: SA 302

3276 Marjan Drive Grade B '
Atlanta, Georgia 30340 PQR No: AQ03N432
L_ Attention: Steve Burkhalter _J
Metallurgical Test Procedure
Hardness Specifications: Tested in accordance
: ith ASME BPVC Sec-
Case Depth wi sc

Impact Caarpy, V-torch

Coating Thickness

Coating Weight
Bend Test
Other_ _

LT TR

tion III; NB-2331 and
ASME BPVC Section IX;
QW-171 35 mils lateral
expansion and 50 fr-1h .
minimum.

Ref. Case Code N=~432

Metallurgical Test Results

PART IDENTIFICATION

QUANTITY

RESULTS

REMARKS

Weld Metal

3

l: 63 fr-1b

40% shear

o

105 fr-1b
70%2 shear

3: 80 fe-1b

60% shear

63 mils lat.

69 mils lat.

62 mils lat.

exp.

exp.

exp.

: 40°F

v =60°F

r: - 20°F

EET TR P B S

(. vicoma

L]
- -
1750 Jtrm

La -
-nl'".'-

A LI

fiomene

Prepared by: 7’7 % Q--,Z/Z-L/“

C‘
Approved by: /7 Wi .

Witnessed by

'. Armistead
Engineer
. Dunning




APPLIED TECHNICAL SERVICES, INC. MARIETTA, GA.

METALLURGICAL TEST REPORT

Ref. uo0-0516

Date May 11, 1989 Page 5 of 10

Welding Services, Inc.
3276 Marjan Drive

Atlanta, Georgia 30340

L_ At:en:ion; Steve Burkhalter

PURCHASE CRDER # 207953 .-

j MATERIAL: SA 302
Grade B
PQR No: A03N432

]

Metallurgical Test Procedure
Hardness O Specifications: Tested in accordance
™ with ASME BPVC Sec-
Case Depth — tion III; NB-2331 and
Impact Carpy, V-Netch X ASME BPVC Section IX;
. . — Qw-171
Coat h L :
oating Thickness | Ref. Case Code N-432
Coating Weight L Absorbed energy and laterai expansion
Bend Test L equal to or greater than base metal
at T + 60°F of base meta
Other__ __ O NDT
Metallurgical Test Results
PART IDENTIFICATION  QUANTITY RESULTS REMARKS
Heat Affected 3 1. 46 fr-1b ' Toy = 90°F
Zone 39 mils lat. exp.
207 shear Typt = 30°F (base metal-
: drop test)
2. 51 ft-1b
46 mils lat. exp. | 29 mils lateral expansion
20% shear and 28 fz-1lb zverage for
base metal at T,.=90°F
3. 35 fr-1b
32 mils lat. exp.
207 shear
At 1.88
Witnessed by
42 p . Prepared by: Wﬂi}v‘-{u —~ M, % Armistead
, - ‘ : Test Engineer
I‘;;-;:q'j;}f:(:\;&._’_{_-‘ _:@(jgm Approved by jm;g’/‘ . R. W, Dunning
R L L N MLy . '

. - -
R, Cea
ar G o

D Manzger

ADDIIEN TEAURIIAAT CYM\/ imm—em smym



APPLIED TECHNICAL SERVICES, INC. MARIETTA, GA.

METALLURGICAL TEST REPORT

Ref.  10-0516 Date  May 11, 1989 Page 8 of 10
PURCHASE ORDES # 207953 '

-’

r_ Welding Services, Inc. ] MATERIAL:  SA 302
3276 Marjan Drive Grade B
Atlanta, Georgia 30340 PQR No: A03N432

L_ Attention: Steve Burkhalter

Metallurgical Test Procedure
Hardness O Specifications: Tested in accordance
Case Depth [ with ASME BPVC Sec-
- tion III; NB-2331 and
Impactarpy, V-Notch (X ASME 3PYC Section IX;
Coating Thickness C QW‘171135 mils
S - lateral expansion
Coating Weight A C and 50 ft-1b minimum
Bend Test O Ref. Case Code N-432
Other_ __ _._ C '
Metallurgical Test Results
PART IDENTIFICATION  GUANTITY RESULTS REMARKS
Base Metal 3 Fl: 27 fe-1b Tyt 90°F
: 28 mils lat. exp. :
107 shear ‘
£2: 31 fe-1b Typr: 30°F
28 mils lat. exp.
107 shear
C3: 39 ft-1b.
37 mils lat. exp.
107 shear
A-11.28 }
. - Witnessed bv
/0:&1—\&3.‘_ "},.:{ o n"r“' P"EDcf'Ed by 79,1/4‘)‘-‘ w—’/ W, Amis%

.'—

ll '\f‘
EXY

ag san 57 ic
oweor SVe
u'\, TN

Test Engineer

— 2. W. Dunning

Aporoved by: /47;1’

Marager
* DDD' 1M T:f‘uﬂl‘ﬂﬂl f.‘":D\,v—‘—-ﬁ LR YN
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APPLIED TECHNICAL SERVICES, INC. MARIETTA, GA.
METALLURGICAL TEST REPORT

Ref. Hc-5314-2 Date  ay is, 1989 Page 1 of

PURCHASE ORTER # 207953
r— wWelding Servie ces. ine. —1 hiargmac SA 202
3276 Marian Drive Grade B
Atlanta, Georgla 30340 EQR No: AQG3N432
L Atlentlon: Steve Burkhalter | :
Metallurgical Test Procedure
Hardness L Specifications: Tested in acco Zznce
c 0 h = with ASMI BPVC Sea-
ase Dept = tio I11; N3-2331 ard
Impact Cuarpy, VeNsrcn DU ASME BZVC Section 1X;
. . : — QW-171
Coating Thickness - Ref. Case Code K-432
Coating Weight L Absoraed energv and laterzl expansion
Bend Test E] equal to or greater than bzse mesal
, at Typy - 60 F of base mezal

Other_ [

Metallurgical Test Results

PART IDENTIFICATION

CUANTITY

RESULTS

REMARKS

Eeat Affecrted
Zone

3

1: 61 £e-1b

50% shear

[

: 82 fe-lb
S04 shear
3: 49 fe-1b

502 Shear

45 mils lst.

47 mils lat,

45 mils lat,

exp.

exp.

exp,

Tey = 120°F

FYRAREY ]

PAFRE
(AtﬁAuk(-DvﬁﬁA‘

Witnessed by

Prepared by: /ﬂ'ylﬁ?u‘-(;2254>ﬂé:;; ;.Sk

Armistead

C Tammntampnw




APPLIED TECHNICAL SERVICES, INC, MARIETTA, GA.

METALLURGICAL TEST REPORT

-

Ref. H0-0516 Date  Mav 11, 1989 Page 9 of 10

—~

PURCHASE ORDER # 207953

Welding Services, Inc. 1 MATERIAL:  SA 302

3276 Marjan Drive Grad% B
Atlanta, Georgia 30340 PQR No: A03N432
Attention: Steve Burkhalter _ _J

Metallurgical Test Procedure

Hardness C Specifications:  Tested in accordance
— ' with ASME BPVC Sec-
Case Depth = tion III; NB-2331 and
Impact Lt ASME BPYC Section IX;
Coating Thickness C Q=171 35 m:ls-
. . — lateral expansion and
Coating Weight L 50 fr-1% minimum.
Bend Test D o Ref. Case Code N=432
Other_ _ _ [
Metallurgical Test Results
PART IDENTIFICATION  GQUANTITY - RESULTS REMARKS
Base Meta 3 Dl: 39 fr-1b T.,: 120°F

eV
36 mils lat. exp.

207 shear

D2: 27 ft-1b
27 mils lat. exp.
307 shear '

D3: 34 fr-1b
34 mils lat. exp.
30% shear

Witnessed by

@CDQ 0 /_D?k"d\ ~ Prepared by: Y%7z Q—~ Zir/ M. %, Armistead
\U~CL . .

A TR

e { » Test Engineer
St L‘ erpy o o0 L ‘l : ApprOVEd by WIS/‘ > R. W. Dunniﬁg

Manager

P
 APPLIED TECHNICAL SERVICES, INC.



Dr. Anthony J. Giannuzzi, P. E.

Associate

Education

“BS, Physics, LeMoyne College (1964)
MS, Solid State Science.and Technology, Syracuse University (1967)
PhD, Solid State Science and Technology, Syracuse University (1969)
Professional Associations |
Professional Corrosion Engineer, State of California -

Professional Experience

1983 to present Structural Integrity Associates, San Jose, CA
Vice President

1979 to 1983 Electric Power Research Institute, Palo Alto, CA
: Project Manager

1978 to 1979 NUTECH, San Jose, CA
Project Manager

- 1972 to0 1978 . General Electric Cbmpén’y,”Sén Jose, CA

- Principal Engineer .

1969 to 1972 Aerojet Nuclear Systéms Company,
Sacramento, CA '

Summary

Dr. Giannuzzi has been involved in solving materials and corrosion problems for the
nuclear industry since 1969. One of the world’s leading authorities on intergranular stress
corrosion cracking of stainless steel in aqueous systems, Dr. Giannuzzi was employed by the
Electric Power Research Institute in the Nuclear Systems and Materials Department for
three and one—half years prior to joining Structural Integrity Associates in 1983. At EPRI,
Dr. Giannuzzi was task leader and principal investigator involved in development and
qualification of all the Boiling Water Reactor IGSCC piping remedies. This activity
included primary responsibility for qualifying and producing material specification for the
alternative materials (Types 316NG and 304NG stainless steels), qualifying the induction
heating stress improvement (IHSI) remedy, qualifying heat sink welding, last pass heat
sink welding and the weld overlay and performing the investigations to determine the
causes of and remedies to IGSCC in Type 304 stainless steel pipe. '

In addition to his BWR IGSCC responsibility at EPRI, Dr. Giannuzzi has had the lead
responsibility for investigating the causes of low pressure large steam turbine stress
corrosion cracking in nuclear and fossil steam turbines and has been involved in projects-
associated with bolt and fastener reliability, steam and water piping erosion—corrosion and
has been active in projects related to primary and secondary side corrosion of steam
generators. Dr. Giannuzzi has also been the lead project manager responsible for all
materials related failure analysis activities in the -Nuclear Systems and Materials
Department and was a member of the EPRI Three Mile Island Unit 2 task force.

S CTINTEGRITY

'S.U~" ASSOCIATES. INC
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A. J. Giannuzzi .

Prior to his employment at EPRI, Dr. Giannuzzi was employed as a senior consultant at
NUTECH. While at NUTECH, he formed the stress corrosion cracking group and
developed the methodology used to estimate likely locations of IGSCC in stainless steel
piping systems. He also was involved in the earliest investigations involving PWR boric
acid corrosion and assisted in the final formulation of the NRC I-E Bulletin 79-02 Wthh
established criteria for inspection of the boric ac1d system piping.

" From 1972 to 1978, Dr. Giannuzzi worked as a principal development englneer at the .

General Electric Company Nuclear Energy Division. His responsibilities while at GE
involved investigation of alternative materials and processes to alleviate the IGSCC
problem in stainless steel piping. He managed the initial weld residual stress measurement
and analyses activities which lead to the development of the residual stress remedies to
IGSCC.

From 1969 to 1972, Dr. Giannuzzi worked for the Aerojet Nuclear Systems Company
developing materials for use in the nuclear rocket engine (NERVA).

In 1983, Dr. Giannuzzi founded Structural Integrity Associates with Dr. P. C. Riccardella
and Dr. T. L. Gerber. His activities at Structural Integrity have included nuclear plant life
extension studies, temper bead welding development on low alloy steels and selecting of
remedies to IGSCC in BWRs.
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U.S. Nuclear Regulatory Commission ;
Washington, D.C. 20555 Gt

SUBJECT: Relief Request Regarding Temperbead We1ding on :g;;zéz// ./ Z;’
Indian Point Unit No. 2 Steam Generator Shell ‘ éz){ 521

As a contingency measure for the 1990 mid-cycle outage for Indian Point
Unit No. 2, Consolidated Edison has been planning the development and
qualification of an automatic gas tungsten arc welding (GTAW) temperbead
process to be available for steam generator girth weld repair. The
automatic GTAW temperbead process is a welding process which produces a
tempered, as ‘deposited, heat-affected zone microstructure and weldment
properties which are similar to that of GTAW weld deposits which have
been post weld heat treated. The qualification requirements for the GTAW
procedure cannot be met to the letter of the applicable ASME code case
due to the unavailability of the test material required as stated.

Attachment A contains a brief discussion and basis upon which
Consolidated Edison hereby requests that the NRC grant relief, per
10 CFR 50.55a subparagraph(6)(i), from strict interpretation of Code Case
N-432 for this repair procedure.

Attachment B contains the detailed weid procedure qualification package
for your review. '

Should the staff have any questions on this matter, . b]eaSe contact
Mr. Jude Del Percio, Manager of Regulatory Affairs and Safety Assessment.

I its a Jectm T St
Cose The ot b dlvih

s fevisthe 95
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ATTACHMENT A

Regulatory Input Related to Relief Request
Regarding Temperbead Welding of
Low Alloy Steel Vessel Materials
Using GTAW

Consolidated Edison Company of New York, Inc.
Indian Point Unit No. 2
Docket No. 50-247
July, 1989




In anticipation of need, Consolidated Edison has developed a temperbead
weld qualification program for the Indian Point Unit No. 2 steam
generator shell. The shell material is SA302 Grade B Tow alloy steel,
designated by the ASME Code as P-3 Group 3 material. The purpose of the
temperbead qualification was to be prepared to perform a cavity weld
repair to one or more of the IP-2 steam generator shells using this
welding approach, such that an elevated temperature (11500F) post weld
heat treatment would not be required. ASME Code Case ‘N-432, issued in
February 1986, provided gquidance for the temperbead qualification
activity. Both weld parameter trial tests (on a thinner plate of SA302
Grade B material) and procedure qualification tests (on a thicker plate)
were performed in order to select a weld procedure and then to qualify
it. Although a dilemma arose wherein the thicker plate was not entirely
representative in terms of toughness, the results on'the thinner and
thicker plates, taken together, demonstrate that the procedure should be
technically acceptable for use on the 3.5 inch thick steam generator
shell at IP-2, as discussed below. ‘

The properties of the base metal used in the temperbead qualification
program did not meet all of the requirements of Code Case N-432 and the
Code of repair. However, application of these requirements in this case
is overly restrictive. The plant was constructed to ASME Section 111,
1965 with addenda through 1966, a Code which prescribed less in the way
of toughness requirements for this material than either the Code of
repair, or Code Case N-432. The intent of Code Case N-432 is to assure
that the weld procedure which is qualified, qualifies a process on
representative material which provides assurance that the welding process
has not degraded the base metal. The HAZ Charpy v-notch energy absorbed
and lateral expansion were clearly greater than those of the unaffected
base metal in this test program. The 7.125 inch thick SA302B plate use
in this test program is representative material in that section
thickness. One characteristic of this material 1is .its poor through
thickness hardenability, thereby resulting in plate .which, in this
thickness, may have poor notch toughness in the 1/4t to-3/4t region. 1In
reduced section thicknesses, this material is expected to have better
toughness.

The steam generator shell at IP-2 is significantly thinner, 3.5 inches
thick, and has a superior Charpy v-notch impact properties compared to
the test plate as would be expected for this grade of material. The
steam generator shell impact strength exceeds the minimum construction
code requirements of 30 ft-1bs at +100F as constrasted ito approximately
30 ft-1bs at 1200F for the 7.125 inch thick test plate: Were the test
plate a more representative thickness, we believe that the notch impact
properties would have been significantly improved. This observation is
substantiated by the weld trial tests in the thinner plate (2.25 inches
thick), where hardness measurements revealed a softened, HAZ consistent
with increased toughness for a representative material. ; The restrictions
of Code Case N-432 required a thicker plate than is to:be welded to in
the field thereby restricting the qualification program to use of a base
metal which could not be reasonably expected to meet the notch toughness
requirements in the Code Case. Consequently, while all requirements of

st




Code Case N-432 cannot be 1literally adhered to, we believe that, when
considering both the trial weld tests and the procedure qualification
tests taken together, a clear demonstration has been made that the HAZ
properties have not been degraded in the SA302 Grade B plate and that the -
temperbead process is technically qualified for use at Ip-2.

In addition, the ASME Section XI Special Working Group on Repair by
Welding will formally include the use of automatic GTAW temperbead in the
code. This will be addressed during the summer 1989 meeting.
Additionally, the ASME has realized that the present N-432 code case for
automatic GTAW temperbead, as it now exists, is unworkable, specifically
for thick section plate qualification. As a result, the committee is
recommending the following changes to the weld qualification requirements:

0 The test assembly shall be of the same “P" number and Group
number as the component being repaired.

0 The base metal impact propertiés shall meet  the design
specification. )

0 The average of the three charpy V-notch HAZ results shall be
equal or greater than the average of the three base metal
impact values.

In  conclusion, Consolidated Edison believes that the strict
interpretation of Code Case N-432 for this temperbead repair of SA302
Grade B steam generator shell material is clearly impractical and that
the weld procedure, as prepared, is technically adequate.

Consolidated Edison, therefore, requests relief from the full
requirements of Code Case N-432 such that the weld procedure already
developed is acceptable and qualified.
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3150 Almaden

Expressway

. Fossil Plant Operations
Suite 226 o May 31, 1989 86 South Miller Road -
San Jose, CA95118 = .. o e . .AJG-89-034 e Suite 10
(408) 878-8200 Akron, Ohio 44313
TELEX: 184817 STRUCT . . . .
LEX. I STRUL L L . (216) 8648886

FAX: (216) 869-5461
Mr. S. Burkhalter

Welding Services Incorporated

3276 Marjan Drive

Atlanta, Ga 30340

Subject: Additional Information . Regarding Through Thickness
Properties of A302 .B in Thick Sections

Dear Steve:

As a result of our telephone conversation of May 25, 1989, and
your request for additional data regarding the through-thickness
properties’ of A302 Grade B pressure vessel steels in thick
sections, I have performed an additional literature review, with
the assistance of Fred Copeland, of the properties of this class
“'of "low alloy steél.m"As'YOu'know;mA302—B"is”répiéééhtétiVémbfmé‘"
pressure vessel steel which is not generally used today in  thick
nuclear vessel applications.due to its lack of through-thickness
hardenability. Consequently, a literature review - involves
examination of relatively old data from limited sources. Two
reference documents were located from which this letter report
was prepared (References 1 & 2). Reference 1 is a background
technical report from Lukens Steel entitled "Heavy Gage Plate
Steels for Nuclear Service". Reference 2, appended to this
letter report, is entitled "Utilization of Quenching and
Tempering for Improvement of Low Alloy Steels in Heavy Thickness
for Welded Construction. S

One of the characteristics of most steels is the fact that in the
solid state, minor changes in composition and/or in heat
treatment can produce dramatic changes in properties of the
steel. For 'example, in a carbon or low alloy steel, a rapid.
cooling from above the austenitizing temperature can produce a
very strong bainitic or martensitic structure, whereas slower
cooling will produce a ferrite-pearlite microstructure. The-
bainitic or martensitic structure, once properly tempered, will
produce a high yield strength, high toughness material, whereas,
the ferrite-pearlite structure will have lower toughness and
lower yield and ultimate tensile strength. One notes that the
only fabrication differences between the high strength, high -
toughness structure and the low strength, low toughness structure
is cooling rate. This cooling rate from austenitizing heat
treatment temperature is a function -of quench medium, plate
thickness and location in the plate through-thickness direction
(surface vs. mid-wall, etc.) However, for a given cooling rate
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(defined by the above parameters), the tendency of a steel to
transform to bainite and/or martensite can be enhanced by further
increasing the alloying or carbon content to ~increase the -
hardenability of the steel. Hardenability, therefore, can be -
defined as an index of the depth to which martensite or bainite .
can be formed in a given steel as the result of a given hardening
treatment and cooling rate. :

The A302 Grade B low alloy steel pressure vessel material has
somewhat limited hardenability in. thick sections as illustrated
in Figures 1 through 3, from Reference 1. One notes from Figure
1 for A302-B plate with additional nickel, that - the
Charpy-v-notch toughness decreases dramatically as plate
thickness is increased. Figures 2 and 3 illustrate that . the
yield and wultimate tensile strengths are also dramatically
decreased as plate thickness increases. Even in the quenched and
tempered condition, the notch toughness of the A302-B steel is
degraded in thicker sections as illustrated in Figure 4
(Reference 2).

As a result of the toughness and hardenability problem in thick
sections, steel producers developed a ”secondAJgeneration;Mof;_
reactor steels (Reference 1), steels which included the A543,
A542 and A533 designation of low alloy steels. The A533 Grade B
became the modern generation replacement material to A302 Grade
B. The basic difference between A533-B steel and A302-B is the

- . fact that the second generation material contains some nickel

which lowers the nil ductility transition (NDT) temperature and
improves notch toughness of the A533-B material (Reference 1).
Although some through-thickness problems do indeed still exist in
the second generation A533-B materials, the dramatic reduction in
the NDT temperature (typically to less than 0°F), and the large
improvement in notch toughness due to the nickel addition, more
than compensate for the through-thickness hardening deficiency in
thick sections. ' '

In summary, the through-thickness hardenability problem which
exists in A302 Grade B low alloy steel pressure vessel material
also exists to a lesser degree in the modern generation
replacement material, A533 Grade B. However, the nickel addition
-produces such a dramatic increase in upper shelf notch toughness
and dramatic decrease in NDT temperature that the hardenability
problem can be tolerated in this modern material. " For
applications involving thick section plates, the residual
elements, such as Cr, and other elements are also typically
mainatined near the top end of permitted limits, in order to get
an additional "boost" in  hardenability and, thus,. in -
through-thickness strength and toughness. The lower toughness
A302-B material does not provide the toughness margin provided in
the A533-B. It is for that reason that we had difficulty meeting -
the base metal toughness requirements in thick sections in the
A302-B material.

STRUCTURAL
INTEGRITY
ASSOCIATES INC.
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I trust that this report and the accompanying paper will meet

your needs in the subject area. If you require additional
information, or further clarification, please do not hesitate to~ -
call.

é;;iy tryly yours,

A.YJ. Giannuzzi
Associate

/mc _
enclosures
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3150 Almaden Expressway Fossil Plant Operations
Suite 226 : May 19, 1989 66 South Miller Road
San Jose, CA 95118 ' AJG-89-031 - Suite 10
(408) 978-8200 Akron, Ohio 44313
TELEX: 184817 STRUCT : (216) 864-8886
FAX: (408) 978-8364 FAX: (216) 869-5461

Mr. S. Burkhalter
Welding Services Incorporated
3276 Marjan Drive
‘Atlanta, GA 30340

Subject: Consulting Support for Qualification of Welding

Technique for Temperbead Welding on Indian Point
Unit 2 Steam Generator Shell

Dear Steve:

The purpose of this letter report is to document my review of the
results of the subject temperbead welding qualification test
program conducted by Welding Services Incorporated (WSI) for
Consolidated Edison Company. The temperbead qualification was
performed for the Indian point Unit 2 (IP-2) steam generator
shell. The shell material is SA302 Grade B low alloy steel,
designated by the ASME Code as P-3 Group 3 material. The purpose
of the temperbead qualification was to be prepared to perform a
cavity weld repair to one or more of the IP-2 steanm generator
shells wusing this welding approach, such that an elevated
temperature (1150°F) post weld heat treatment would not be
required. ASME Code Case N-432, issued in February, 1986 (1],
provided guidance for the temperbead qualification activity at
WSI. Both weld parameter trial tests (on a thinner plate of
SA302 B material) .and procedure qualification tests (on a thicker
plate) were performed in order to select a weld procedure and
then to qualify it. Although a dilemma arose wherein the thicker
plate was not entirely representative in terms of toughness, the
results on the thinner and thicker plates, taken together,
demonstrate that the procedure should be technically acceptable
for use on the 3.5 inch thick steam generator shell at IP-2, as
discussed in the following sections of this report.

Weld Trials

In the technical program undertaken for the qualification, WSI

performed a technical evaluation of eight (8) different automatic -

gas tungsten arc welding (GTAW) approaches for welding the SA302

B cavity. The welding approaches included a welding technique

which reproduced the Babcock and Wilcox approach which formed the

basis for ASME Code Case N-432 [2], as well as modifications to
.~  that approach to improve the ease of welding in the field.

-/
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Following the welding of eight test coupons of SA302 B plate
using these eight different welding techniques, metallurgical and
microhardness measurements were performed on the test coupons
[(3]. The microhardness measurements revealed that three of the
welding techniques produced a weld heat affected 2zone (HAZ)
hardness well below Rockwell C hardness 37, an upper bound
reference hardness used for selecting a welding process as
suitable for use in the temperbead procedure qualification.
These three welding techniques included the Reference 1 approach
and two approaches where the travel speed was adjusted to provide
for greater ease of welding. WSI selected technique P-6, one of
the two travel speed adjusted welding techniques, for procedure

qualification in accordance with Code Case N-432. The
microhardness results for the P-6 welding approach are presented
in Table 1 [3]. One notes from Table 1 that the maximum hardness

in the HAZ in the technique P-6 plate is Rc 33.5, well below the
Rc 37 target value. Thus, this procedure appears quite capable

of meeting the HAZ requirements of this representative base
material.

One additional weld trial was conducted using the P-6 weld
parameters. A single bead weld was deposited on the SA302 B
plate and the hardness measured in the HAZ of the plate. This
test would compare the untempered hardness with the tempering
anticipated using the P-6 welding technique. The results of that
single bead weld are presented in Table 2, from Reference 3. One
observes from Table 2 that the untempered weld HAZ contains a
maximum hardness of Rc 49, more than 15 hardness points higher
than the tempered P-6 process HAZ. These results confirmed the
fact that the temperbead process developed using the P-6 welding
technique is representative of a welding process which should
produce a base metal weld HAZ which is substantially softer than
an untempered structure. Based upon these results and the ease
of application of this welding process, the P-6 welding approach

was selected as the preferred approach for the temperbead weld
procedure qualification.

Weld Procedure Qualification

The Weld Procedure Qualification Record [4] specifies welding a 3
inch deep groove weld into a 7.125 inch thick plate of SA302 B
material. The material type and minimum thickness of the plate
and the groove for procedure qualification were specified by Code
Case N-432 and by Section XI of the ASME Code [5]. The required -
tensile, side bend, drop weight and Charpy v-notch specimens were
removed from the plate following welding and tested at Applied
Technical Services, Inc. The tensile test results and the side
bend test results were certified to be acceptable as presented in
.- the Applied Technical Services, Inc. certified test reports [6].
y The base metal drop weight specimens produced .a.no.hreak

STRUCTURAL
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condition in duplicate specimens at +40°F whereas the weld metal
produced a no break condition at -10°F. The Code Case requires
the reference nil ductility transition temperature of the weld
metal and the base metal to be no greater than +60°F, and the
weld HAZ to have Charpy v-notch absorbed energy and lateral
expansion equal to or greater than the unaffected base metal at
the nil ductility transition temperature plus 60°F.

Since the reference temperature from the all weld metal drop
weight specimens was -20°F, the Charpy tests were conducted at
+40°F and the requirements of the Code Case and the Code were
met. Since the reference temperature from the base metal drop
weight tests was +30°F, the Charpy v-notch tests for the base
metal and the HAZ were performed initially at 90°F. The base
metal specimens did not meet the 1980 ASME Section III values for
determining reference NDT at +90°F. However the HAZ energy
absorbed and lateral expansion were far superior to the base
metal properties, thereby meeting that requirement of the Code

Case. The Charpy v-notch results for these tests are presented
in Attachment 1 [6].

A second series of base metal and HAZ impact tests were performed
at +120°F in an attempt to meet the Code of repalilr requirements
at the maximum temperature allowed by the Code Case for the base
metal. The results of these tests are presented in Attachment 1.
The base metal tests again failed to meet the Code toughness
requirements at the maximum temperature allowed by the Code Case.
However, note that the HAZ impact toughness is still superior to

the base metal toughness -at 120°F, attesting to the adequacy of
the weld procedure. :

Conclusions

The properties of the base metal used in "the temperbead
qualification program did not meet all of the requirements of
Code Case N-432 and the Code of repair. However, application of
these requirements in this case is overly restrictive. The plant
- was constructed to ANSI Code B31.1 which prescribed much less in

the way of notch toughness requirements for this material. The
intent of Code Case N-432 is to assure that the weld procedure
which is qualified, qualifies a process on representative
material which provides assurance that the welding process has
not degraded the base metal. The HAZ Charpy v-notch energy

absorbed and lateral expansion were clearly greater than those of -

the unaffected base metal in this test program. The 7.125 inch
thick SA302B plate used in this test program is representative
material in that section thickness. One characteristic of this
material is its poor through thickness hardenability, thereby

_~- resulting in plate which in this thickness, may have poor notch

STRUCTURAL
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toughness in the 1/4t to 3/4t region. In reduced section
thicknesses, this material is expected to have better toughness.

The steam generator shell at IP-2 is significantly thinner, 3.5
inches thick, and has superior Charpy v-notch impact properties
compared to the test plate as would be expected for this grade of
material. The stean generator shell impact strength exceeds the
minimum construction code requirements of 30 ft-lbs at +10°F as
contrasted to approximately 30 ft-lbs at 120°F for the 7.125 inch
thick test plate. Were the test plate a more representative
thickness, I believe that the notch impact properties would have
been significantly improved. This observation is substantiated
by the weld trial tests in the thinner plate (2.25 inches thick),
where hardness measurements revealed a softened HAZ consistent
with increased toughness for a representative material. The
restrictions of Code Case N-432 required a thicker plate than is
to be welded to in the field thereby restricting <the
qualification program to use of a base metal which could not be
reasonably expected to meet the notch toughness requirements in
the Code cCase. Consequently, while all requirements of Code
Case N-432 cannot be literally adhered to, I believe that, when
considering both the trial weld tests and the procedure
qualification tests taken together, a clear demonstration has
been made that the HAZ properties have not been degraded in the

SA302 B plate and that the temperbead process 1is technically
qualified for use at IP-2.

I trust that this document meets your requirements regarding the
qualification of this process. If you have additional questions,

or require additional information, please do not hesitate to
call.

Very truly yours,

&

A, Giannuzzi, YPh.D, P.E.
As¥ociate :

/mc
enclosures
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. TABLE 1
\ P-6 Weld Process Microhardness Results
Distance
Inches A B c ' D
Filars KHNSOO Filars §§§500 Filars KHN Filars KHNSOO
.002 347 268 338 282 336 286 338 282
.004 335 287 321 313 323 309 333 291
.012 345 271 331 294 323 309 322 312
.b20 329~ 297 330 - 296 321 313 322 312
".028 333 291 322 312 313 330 334 289
.0;6 336 286 329 298 309 338 348 266
.044 338 282 327 302 318 319 350 263
.052 335 287 337 284 322 312 342 276
.U60 346 269 338 282 320 315 342 276
.076 350 263 340 279 329 298 338 282
.034 356 254 318 319 335 287
.108 352 260 1 354 257 330 296 _

A-297
B-319
Cc-338

D-312

'Highest KHNSOO

Rc (conv.)

28.9

‘-31.1

33.5

30.0
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TABLE 2

Microhardness Results on Single Bead Weld
Using P-6 Welding Process

A
Dist;nce from Filars KHN: g Filars KHN: 1 Filars KHN:

usion _
0.005" 255 495 ‘
0.015" 257 486
0.025" 255 495
"0.045" 248 525
0.065" 252 508
0.085" 254 500
0.105" 254 500

T

High Hardness

A - KHN

525

500

Rc (conv.)

49.0

© e




ATTACHMENT 1

SUMMARY OF WELD METAL, HAZ
AND BASE METAL CHARPY V~NOTCH
TOUGHNESS TEST RESULTS
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APPLIED TECHNICAL SERVICES, INC.

" MARIETTA, GA.

METALLURGICAL TEST REPORT

Ref. H0-0516 Date May 11, 1989

Page 4 of 10

PURCHASE ORDER # 207953

-

Welding Services, Inc. - MATERIAL: SA 302

3276 Marjan Drive Grade B

Atlanta, Georgia 30340 PQR No: AO3N432

L_ Attention: Steve Burkhalter _J
Metallurgical Test Procedure
Hardness O Specifications: Tested in accordance
C Ej with ASME BPVC Sec-
Case Depth tion III; NB-2331 and
Impact Charpy, V-Notch  (X) ASME BPVC Section IX;
Coating Thickness O QW=171 35 mils lateral
g expansion and 50 ft-1lh

Coating Weight O minimum. _
Bend Test ] Ref. Case Code N-=432
Other S

Metallurgical Test Results

PART IDENTIFICATION QUANTITY

RESULTS

REMARKS

Weld Metal .3 1

A-11-88

: 63 ft-1db

63 mils lat. exp.
407 shear

: 105 ft-1b

69 mils lat. exp.
70Z shear

: 80 ft-1b

62 mils lat. exp.
60Z shear

Tey: 40°F

RTNDT = ch -60°F

RTNDT: - 20°F

~

/

Nozany Punac, Sent Dounty Saampie
b Comnnszon Cogergs tan 20 el

Appro

»

Witnessed by

U‘A.u. G DuBV.u. Prepared by: yf

ved by: /Y’W&g

. W. Armistead
. Test Engineer
R. W. Dunning

ADML IEP FEMUIBIIMm A ey gy~ ——

2 Manager

- —




APPLIED TECHNICAL SERVICES, INC. MARIETTA, GA.

METALLURGICAL TEST REPORT

Ref. H0-0516 Date May 11, 1989 Page 5 of 10

PURCHASE ORDER # 207953

B Welding Services, Inc. L MATERIAL: SA 302
3276 Marjan Drive Grade B
Atlanta, Georgia 30340 PQR No: AO3N432
|_ Attention: Steve Burkhalter __]

Metallurgical Test Procedure

Hardness O Specifications: Tested in accordance
' : ith ASME BPVC Sec-
Ca W .
se Depth O tion III; NB-2331 and
Impact Charpy, V-Notch A ASME BPVC Section IX;
Coating Thickness ] ' Qu-171
. . Ref. Case Code N-432
Coating Weight O Absorbed energy and lateral expansion
Bend Test ‘ ] equal to or greater than base metal

at Typr + 60°F of base metal

Metallurgical Test Results

PART IDENTIFICATION QUANTITY ’ RESULTS REMARKS
Heat Affected 3 1. 46 ft-1b T.y = 90°F
Zone 39 mils lat. exp.
207 shear TypT = 30°F (base metal-
drop test)
2, 51 ft-1b
46 mils lat. exp. | 29 mils lateral expansion
207 shear and 28 ft-1b average for
base metal at T,.=90°F
3. 35 ft-1b-
32 mils lat. exp.
207 shear

A-11-88

Witnessed by

Prepared by: WM*/ M. W. Armistead

Test Engineer

Notary Pub-lcaCobb Couinty Sm Approved by: / Mr9’ - R. W. Dunning

My Commisgi Gecrgia > Manager

on Extires Jan. 29, 1992 AppLIED TECHNICAL SERVICES INc



APPLIED TECHNICAL SERVICES, INC.

MARIETTA, GA.

METALLURGICAL TEST REPORT

Ref.  1o-0516 Date  May 11, 1989 Page 8 of 10
PURCHASE ORDER # 207953 e
r— Welding Services, Inc. ' _1 MATERIAL:  SA 302
3276 Marjan Drive Grade B
Atlanta, Georgia 30340 PQR N°f AQ3N432
| Attention: Steve Burkhalter _
Metallurgical Test Procedure
Hardness O Specifications: Tested in accordance
Case Depth 0 ' with ASME BPVC Sec-
: tion III; NB-2331 and
Impactarpy, VNorch (X ASME BPVC Section IX;
Coating Thickness O 3"7'171 35 mils
. . _ ateral expansion
Coating Weight. u and 50 ft~1b minimum
Bend Test O Ref. Case Code N-432
Other O

M"etallurgical Test Results

PART IDENTIFICATION

QUANTITY

RESULTS

——el

"REMARKS

Base Metal

3

C1:
C2:

: 39 fe-1b

27 ft-1b
28 mils lat. exp.
10Z shear

31 fe-1b
28 mils lat. exp.
107 shear

'TNDT:

37 mils lat. exp.
10Z shear

Tyt -90°F

30°F

A-11-88

~

r

T Qe
> ;},':-&8?'*1’)\ Tty UAOtE -
Haiary Uil 26 Jan. 9. 1Y a

., o ENeY
Ny Comiasion

Witnessed by

Prepared by:

Approved by: ﬁ A% 9 =

MWH W, Armistead

Test Engineer

>=R.-W. Dunning

AR P pon @ W OIS W EPFCTE SR ) G AR P W cme . -

_ 2 Manager
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APPLIED TECHNICAL SERVICES, INC. MARIETTA, GA.
METALLURGICAL TEST REPORT
Ref. ho-0516-2 - Date May 15, 1989 Page 1 of 1
PURCHASE OROER # 207953
M Welding Services, Ine. , 1 MaTERSL SA 302
3276 Marjan Drive Grade B
Atlanta, Georgia 30340 , PQR No: AQ38432
L~ Attention: Steve Burkhslter _J

Metallurgical Test Procedure

47 mils lat. exp.
50% shear

3: 49 fe-1b
45 mils lat, exp.
502 Shear

/ A-11-04

Hardness i Specifications: Tested ip .accordance
=i with ASME BPVC See-
Caso Depth L tion III; NB-2331 and
Impact harpy, Vdoteh X ASME BPVC Section IX;
. X QW-171 |
Coating Thickness [ 3 Ref. Case Code N-432
Coating Weight O Absorbed energy and lateral expansion
Bend Test 0 equal to or greater than base netal
at T + 60°F of base metal
Other_ . _. (] NDT
Metallurgical Test Results
PART IDENTIFICATION  QUANTITY RESULTS ' REMARKS
Heat Affected 3 1: 61 fe-1b Tey = 120°F
Zone 45 mils lat. exp.
50% shear
2: 52 fe-1b

Kitnessed by

(7 e~ A Prepared by: 5"%17»:_4‘.;,{;/ M, W, Armistead



APPLIED TECHNICAL

SERVICES, INC. MARIETTA, GA.

METALLURGICAL TEST REPORT

Ref. 10-0516 Date May 11, 1989 Page 9 of 10
PURCHASE ORDER # 207953 .
™ Welding Services, Inc. 1 MATERIAL: ~ SA 302
3276 Marjan Drive Grade B
Atlanta, Georgia 30340 PQR No: AD3N432
L_ Attention: Steve Burkhalter _J

Metallurgical Test Procedure

Hardness

Case Depth
Impact

Coating Thickness
Coating Weight
Bend Test

oooooog

Specifications: Tested in accordance
with ASME BPVC Sec~-
tion III; NB-2331 and
ASME BPVC Section IX;
QW-171 35 mils
lateral expansion and
50 ft-1b minimum.

Ref. Case Code N-432

Metallurgical Test Results

PART IDENTIFICATION .QUANTITY

RESULTS REMARKS

Base Metal 3

Dl: 39 ft-1b
36 mils lat. exp.

202 shear

cy? 120°F

D2: 27 ft-1b

27 mils lat. exp.
30Z shear

D3: 34 ft-1b

34 mils lat. exp.

307 shear

A-11-88
-
o®

”8‘5&:\ we t+ Vv

v C et
WQw%WQWMWmm%&igk
hoe Lomaugmcd: Evprres Jan. ¥, 1%

Witnessed by

W, A

Prepared by: A
Test Engineer
R. W. Dunning

Approvéd by: _/i W l&A : L.
. , B nager
APPLIED TECHNICAL SERVICES. INC.

res




Dr. Anthony J. Giannuzzi, P. E.

Associate

Education

BS, Physics, LeMoyne College (1964) '
MS, Solid State Science and Technology, Syracuse University (1967)
PhD, Solid State Science and Technology, Syracuse University (1969)

Professional Assocations

Professional Corrosion Engineer, State of California

Professional Experience

1983 to present Structural I-ntegrity Associates, San Jose, CA
Vice President ‘

1979 to 1983 Electric Power Research Institute, Palo Alto, CA
Project Manager :

1978 to 1979 NUTECH, San Jose, CA
Project Manager

1972 to 1978 - General Electric Company, San Jose, CA
' Principal Engineer

1969 to 1972 ' Aerojet Nuclear Systems Company,
Sacramento, CA '

Summary

Dr. Giannuzzi has been involved in solving materials and corrosion problems for the
nuclear industry since 1969. One of the world’s leading authorities on intergranular stress
corrosion cracking of stainless steel in aqueous systems, Dr. Giannuzzi was employed by the
Electric Power Research Institute in the Nuclear Systems and Materials Department for
three and one—half years prior to joining Structural Integrity Associates in 1983. At EPRI,
Dr. Giannuzzi was task leader and principal investigator involved in development and
qualification of all the Boiling Water Reactor IGSCC piping remedies. This activity
included primary responsibility for qualifying and producing material specification for the
-alternative materials (Types 316NG and 304NG stainless steels), qualifying the induction

heating stress improvement (IHSI) remedy, qualifying heat sink welding, last pass heat.

sink welding and the weld overlay and performing the investigations to determine the
causes of and remedies to IGSCC in Type 304 stainless steel pipe.

In addition to his BWR IGSCC responsibility at EPRI, Dr. Giannuzzi has had the lead
responsibility for investigating the causes of low pressure large steam turbine stress
corrosion cracking in nuclear and fossil steam turbines and has been involved in projects
associated with bolt and fastener reliability, steam and water piping erosion—corrosion and
has been active in projects related to primary and secondary side corrosion of steam

generators. -Dr. Giannuzzi has also been the lead project manager responsible for all
.~ materials related failure analysis activities in the Nuclear Systems and Materials

Department and was a member of the EPRI Three Mile Island Unit 2 task force.
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A. J. Giannuzzi

Prior to his employment at EPRI, Dr. Giannuzzi was employed as a senior consultant at
NUTECH. While at NUTECH, he formed the stress corrosion cracking group and
developed the methodology used to estimate likely locations of IGSCC in stainless steel
piping systems. He also was involved in the earliest investigations involving PWR boric
acid corrosion and assisted in the final formulation of the NRC I-E Bulletin 79—02 which
established criteria for inspection of the boric acid system piping.

From 1972 to 1978, Dr. Giannuzzi worked as a principal development engineer at the
General Electric Company Nuclear Energy Division. His responsibilities while at GE
involved investigation of alternative materials and processes to alleviate the IGSCC
problem in stainless steel piping. He managed the initial weld residual stress measurement

and analyses activities which lead to the development of the residual stress remedies to
IGSCC.

From 1969 to 1972, Dr. Giannuzzi worked for the Aerojet Nuclear Systems Company
developing materials for use in the nuclear rocket engine (NERVA).

In 1983, Dr. Giannuzzi founded Structural Integrity Associates with Dr. P. C. Riccardella

and Dr. T. L. Gerber. His activities at Structural Integrity have included nuclear plant life

extension studies, temper bead welding development on low alloy steels and selecting of
remedies to IGSCC in BWRs. ‘

mucrunnz:r.c
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"PLEMENT TO THE WELDING JOURI\AL OCTOBER 196"

. E. LORENTZ JR.

. Lorentz. -lr.. was born 46
ago in Champaign. 11l. Fol-
3 his early schooling in 1llinois
tended the University of 1lli-
‘here he received a Bachelor of
‘e degree in Metallurgical En-
ing in 1939. A vear later he
ed o masters degree in science
' Metallurgical Engineering--
#high University and immedi-
joined Combustion Engineer-
1c.. where he has since been
here he is now District Man-

lization of Quenching and Tempering for

rovement in Properties of Low Alloy Steels in Heavy
cknesses for Welded Construction

1962 ADAMS LECTURE

Successful welded construction with low alloy steels
in heavy thicknesses requires closer control of tech-
niques and procedures than those generally required

for annealed and normalized and tempered material

aper—Metallurgical Research and
Development.

The affiliations of Mr. l.orentz
include membership in the AMERI-
CAN WELDING SoCIETY, the Ameri-
can Society for Metals, the Ameri-
can Society for Testing Materials as
well as the Chattanooga Engineers
Club. He has held the position of
chairman as well as other offices in
local sections of AWS and ASM.
He is the Past Southeastern District
Representative of AWS and was a
member of the National Nominat-
ing Committee of AWS for 1956--
1957 as well as 1961-1962.

Mr. Lorentz is presently a mem-
ber of several technical committees.
These include the ASME Suhcom-
mittee on Welding, ASTM Com-
mittee-7 on Nondestructive Testing,
the WRC High Alloys Committee,
the PVRC Pressure Vessel Fabrica-
tion Committee, the AWS Com-
mittee on Standard Qualification

- Procedures, and the AWS Com-
mittee for Section 1V Chapter 75 of
the WELDING HANDBouk (Clad
Steels). He has also contributed

several significant articles to the
technical literature, the last being
*The Eddystone Story’” which he
co-authored with E. C. Chapman
and which was in the ASME trans-
actions.

ForEworp. I wish to express my
appreciation to the officers and mem-
bers of the AMERICAN WELDING Soci-
ETY in being invited to present this, the
20th Adams Lecture. ] appreciated
the friendship and high principles of
Comfort A. Adams over a period of
several vears. His enthusiasm and
interest in the SOCIETY were attested 10
by his regular attendance at the techni-
cal sessions (usually in the front row-
and participation in the discussions.
In those earlicr years, it was possible 1o
attend all of 1he sessions.

Introduction

This broad subject is one which is
receiving increasing attention. The
Pressure Vessel Research Commit-
tee of the Welding Research Council
furesaw the need many vears ago
for basic study in this field and has
sponsored University research which

- has been the forerunner of industrial

WELDING RESEARCH SUPPLEMENT | 433-s
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Fig. 1—Hardness ranges calculated from chemical analyses

of several pressure vessel steels

development. The work of Profes-
sor Stout and his colleaguesat Lehigh -
University has been and is continu-
ing to be particularly progres-
sive.! "1 The continuing work of
W. S. Pellini and his culleagues at
the United States Naval Research
Laboratory in illuminating con-
ditions affecting brittle fracture and

temper cmbrittlement has been
pertinent.''~*  Pertinent informa-
tion on the subject has been pre-
sented in previous Adams Lec-
tures.” *' Many others have also
contributed®*- 1% to the extent that,
the subject is now receiving broad
study aimed toward the develop-
ment of base material purchase

Bpecifications in the American
ciety for Testing Materials and
development of fabrication saf
rules in the American Society
Mechanical Engineers. Hoth gro
have set up commitieen stud
various aspects. :

Present Usage

High strength quenched and ts
pered plates up to 2'.. in. maxim
thickness are presently recogni
by the ASME Boiler and Press
Vessel Code in its Case Nos. 12
1297 and 1298. This recognitior
limited to particular chemical ar
yses of material and is predica
on the material exhibiting maxim
and minimum required tensile pre
erties throughout its thickness.
is also predicated upon the mate:

" being heat treated by the mate:
manufacturer. 1n addition, 1
fabricator is required to limit a
‘forming and stress relieving heat:
to a temperature below the n
tempering temperature. Other i
its are also assigned.

The ASME Code also presen
recognizes use of “accelerated oc
ing” in several case numbers /12
1241, 1243, 1255, etc.: applied

Table 1—Chemical Analysis and Muitiplying Factors for Determining Hardenability

A212B A299

Min Max Min Max
C 0.15 0.35 0.15 0.31
Factor 0.14 0.22 0.15 0.20
Mn 0.60 0.9 0.86 1.45
Factor 35 4.5 4.5 6.8
P 0.010 0.035 6.01 0.035
Factor 1.03 1.1 1.03 1.1
S 0.01 0.04 0.01 0.04
Factor 0.9 0.99  0.9% 0.99
Si 0.13 0.33 0.13  0.33
Factor 1.08 1.25 1.08 1.25
Ni
Factor
Cr
Factor
Mo
Factor
v
Factor
Ti
Factor
2r
Factor
Cu
Factor
B
Factor
Harden-
ability 0.58 1.28 0.74 1.85
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A225B

A203D A302B 1204P* AW/B
Min Max Min Max Min Max Min Max Myr. Max
0.10 0.20 0.10 0.20 0.15 0.25 0.10 0.23 t: 0.1
0.13  0.17 0.13 - 0.17 0.15 0.19 0.12 0.18 iy D¢
0.90 1.45 0.60 0.9 1.10  1.55 0.65 1.05 0.3 0.6¢
4.5 7.0 3.5 4.5 5.5 7.3 3.5 51 25 3.9
0.0 0.035 0.01 0.035 0.01 0.035 0.01 0.035 0.01 0.0:
1.3 1.1 1.3 1.1 1.3 1.1 1.03 1.1 1.03 1.1
0.01 o0 0.01 0.04 0.01 0.04 0.01 0.04' 0.01 0.0«
0.9 0% 09% 09 09 09 0.9% 0.9 0.9% 0.9¢
0.13 0.3 0.13  0.32 0.13  0.32 0.18 0.37 0.13 0.3
1.8 1.25 1.08  1.25 1.08  1.25 1.12 1.27 1.08 1.2
3.18  3.82
2.8 3.8 ..
0.36 0.69 0.74 1.2;
2.0 2.95 3.15 4.7
0.41  0.64 0.12 0.28 0.40 0.7
2.5 2.9 1.38 1.85 2.2 3.2
0.07 0.16 0.02 0.09
1.35  1.40 1.25 1:3
0.01 0.03 - ...
e 1.05 1.08
. 0.0005 0.005
.. 1.02 1.48
0.85 2.27 1.36 © 3.% 1.98  5.48 1.72 14.4 2.13 12.¢
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igher tensile properties which may
esult. " This spproach is limited to
aaterials of relistively Jow hardena-
ility. :

Quenclud and tempered steels of
eavier thicknesses than 2! s in.
ave been used to fabricute *““non-
‘ode’” tyvpe prwaure vensels for
mbient and low temperature ser-
ice. Large cylindrical pressure
essels of this tyje up . approxi-
wmtely 4 in. .wnd henivier thickness,
{ single thy knese material, have
een built ta allownble stress values
fupto! . the yield strength.

Large tonnages of quenched and
smpered stev! have bec used for
ressure vesael and <tructural appli-
aitions. ™ 3 [arpe tonnages have
pen used 1w marine applications
"quiring bith high strength and
cceptionally high notch toughness.
hese have twen built to Govern-
ient material ond fabrication speci-
rations, 3 "%

ossible Future Usage
The properties available through

ahd large structures exhibiting these
properties has awaited developroents
in procedures for welding and in
procedures of control for assurance
of required properties. ASME Code
approval of the quenched and tem-
pered materials to limited thick-
nesses was %given only after exten-
sive testing was performed, in-
volving not only tests of welded
samples but also tests to destruction
of relatively large vessels. Service
experience of these materials has
now been obtained with pressure
vessel and structural applications.

Lower alloy modifications of the
materials have been proposed for
use for the thinner thicknesses, heat
treated to the same strength levels,
to allow use of more economijcal
materials. Conversely, the original
alloy range has been proposed for
usage at thicknesses greater than
2' . in. Requests for ASME Code

approval of other low alloy steels up -

to various thickness levels have been
made.

Several of the ASME Code ma-
terials presently used in the normal-

quenched™ and tempered condition
which would exhibit improved me-
chanical properties. Some of these
materials would exhibit this im-
provement throughout thicknesses
heavier than 2',. in. Most would

exhibit variation in properties from

center of thickness to surface. What

are the maximum thicknesses which .

would exhibit improved properties
throughout their thickness? What
varjations are exhibited? 1s it pos-
sible to utilize any improved tensile
properties in design? '
There is a present need for large
diameter vessels of an operating
pressure which requires thickness of
plates of present ASME Code ma-
terials heavier than the capabilities
of mills to produce iwith sufficient
degree of hot working: but which
may be produced in usable thick-
nesses and sizes with quenched ard
tempered materials. Although sat-
isfying this need is not entirely lim-
ited by economics, the wider use of
quenched and tempered materials
may allow more economical finished
products for other needs through

ible 1 (Continued)

1298pP 1297.2" 1204.9° A387D 1298-2° Ni-Cr-Mo
Min Max Min Max "~ Min Max Min Max Min Max Min Max
0.11 0.22 0.13 0.22 0.08 0.22 . 0.08 0.15 0.10 0.22 0.10 0.23
ictor 0.125 0.17. 0.14 0.17 0.10 0.17 0.10 0.15 0.12 0.17 0.13 0.175
n 0.36 0.74 0.75 1.15 0.55 1.05 2.07 0.63 0.36, 0.74 0.10 0.40
ctor 2.5 4.C 4.0 5.7 3.0 5.1 2.0 . 3.7 2.5 4.0 1.3 2.3
0.0] 9.C3 0.01 0.035 0.01 0.035 0.01 0.035 " 0.01 0.035 0.01 0.035
ctor 1.03 1.1 1.03 1.1. 1.03 1.1 1.3 1.1 1.03 1.1 1.03 1.1
| 0.01 0.0: 0.01 0.04 0.01 0.04 0.01 0.035 0.01 1 0.04 0.01 0.04 -
ctor 0.95 ¢.ov 0.9 0.9 0.9% 0.99 0.96 0.99 0.96 0.99 0.9 0.99
0.18 0.37 0.44 0.86 0.13 0.37 0.15 0.50 0.18 0.37 0.15 0.35
ctor 1.12 227 1.3 1.5 i.08 1.27 1.1 1.35 1.12 1.27 1.08 1.28
0.67 1.03 2.0 3.25
stor . 1.2 1.35 1.8 2.8
0.79 1% 0 3 0.84 0.36 0.69 1.88 2.62 1.34 2.06 0.90 1.85
stor 3.2 Lt 2.7 3.3% 2.0 2.95 6.3 8.4 4.8 6.8 3.5 6.3
0.12 o3 0.1 9.31 0.36 0.64 0.85 1.15 0.36 0.64 0.23 0.60
‘tor 1.35 HEE 1.4 1.90 2.05 3.0 3.6 4.6 2.05 3.0 1.6 2.8
0.02 0.09 0.03
:tor 1.25 1.3 1.35
t 03 v 0.03 0.1 0.02
tor 1 03 1 . 1.08 1.1 1.05
04 0.16
:tor . . 1 1.4 et
7 0. 0.12 0.53 0.17 0.43 0.25
:tor I ) 1 . 1.03 1.2 1.05 1.15 1.1
HER 1) &) C % 0.06'% 0.002 0.006 0.0015 0.005
tor . . 1.4 1.4 1.48 1.2 . 1.28
rdenabity 14 M 4 "4 2.84 33.2 4.9 31.5 4.47 35.8 1.82 43.2
2eopuse -1 moditinal k-0 C .a 41 vothe o
Proposed modity .- to + s L A H v othiee

Kt Cote Case 8 piar-
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Fig. 2—Location of thermocouples'on
test plate to aetermine cooling rates

use of thinner and lighter muterials,

The heavy thickness  mnaterials
are most economijcally siztped by hot
pressing rather than +uld or warm
pressing. 4+ - % Py, presentlv used
materials require norm.. itzing, which
can be perfurmed eit . - at the mil]
applied to flat plate or turged shapes
or at the fabricator's shop. The
fabricators generally find it more
economical, with heavy  thickness
plates, to hot form during cooling
from the normalizine temperature
and to warm size or vold size follow-
ing hot forming in order to remove
distortions in  shape tnused by uir
cooling from mormalizing.  Appijea-
tion of this procedur: 1.. 4 quenched
and tempered produc  fubricated
from thick plate requires that the
fabricatorapply the quench and tem-

pereither to the formed partsprior to

welding or to the finished vesge]
after welding. Both procedures may
be applicable dependent upon the
finished product.

Both procedures, however, re-
quire close contro| of all the varj-
ables of the quenching process to
the same extent as those applied by
the materia] producer at his mil].
For some designs, it may be advan-
tageous to apply quenching o
shapes prior to Joining them bv
welding than to apply quenching 1o
a completed vessel, Distortion due
to heat treatment of shapes can be
removed by cold or warm shaping.
In either case, the weld metal must
be specifically tailored for the ap-
plicable heat treatment of temper-
ing only or quench and temper,
Also in ejther case, the required
broperties must also be met in the
heat-affected zone.

his sequence of events has re-
sulted in a need for development of
material procurement specifications
specifically designed for quenched
and tempered steels, heat treated
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either by the material producer or
by the material fabricator, Tra-
ditionally this hag been a function of
the Americun Society for Testing
Materials.

It als hax resulied in a need for
further devilopment of codes regu-
lating safe “onstruction rules and
procedures. Traditionally this has

N a funchion of the ‘American
Society ' of Mechanical Engineers
Boiler and Pressure Vessel Code and
various Government agencies, All
of these groups are uctive in this
subject. -

Development of high strength
weld metal deposits has kept pace
with quenched and tempered base
metal  development, What re-
mains to be done for heavy thick-
nesses is to determine properties
which are available and possible, to
determine limits of controls neces-
sary for sssurance of these proper-
ties, and to police purchase and
fabrication such {1 these are ob-
tained.

Hardenability

An approximation of the depth of
hardening capabilities of varjous
'materials can be obtained from the
work of M, A. Grossmann.¢ The
range of minimum and maximum
hardenability calculated from the
range of chemical analysis of several
presently used and Proposed type
bressure vessel steels is shown in
Fig. 1. The chemical analyses and
multiplying factors used in these
calculations are given in Table 1 of
the Appendix, '

It appears obvious that utiliza-
tion of the higher hardenability
steels {o° their heaviest capable
thickness requires close control of

5

Fig. 3—Time required to reach specific t—.mperam:es during gip quenching

anai as

This also emphasizes the
need . c¢loge analysis contro] in
mini:  tion of Segregation of ana]-
YEKis

The  wo 1204 and 1298 steels are
Teportiaa. ohinble of meeting 90,000
to  lirriaw, g minimum yjeld
BLrengins at the center of the thick-
ness of 4 . or heavier material.
The 38710 material is capable of
/meeting 104000 pel minimum yield

strength at tiv v iey f the thick-
ness of 6 in. or tus.  r material. #

The relative 1 ‘-uability .data
shown in Fig. : .. ~1ul in estim-
ating d(fpt,h of Livveers e capabilities
for material « ... -hich can be
cooled  rajadl. vnough to allow
transformiation of all or a portion of
the mater. 1 martensite or bainite.
Hea\: thi iinesses of some materials
cannut ta- cogled sufficiently rapidly
to allow sych transformation. The
transtarnytion characteristics of
each witerial and the practical
coolin, rutes possible for the mate-
rial v regulate .the degree of
hardeiuhility which can be real-
ized. ' ¢»

R

-

Design

Presently approved ASME
quenched and tempered materials,
as other Code materials, are assigned
an allowable maxjimum design stress
of 1/, of their minimum ultimate
tensile strength to a specified tem-
perature limit. ere allowable
Stresses are assigned above thig
limit, they are progressively de-
creased dependent upon criteria
based upon yield strength. stress
rupture strength or creep strength
at each temperature. ’

The high strength quenched and
tempered plate materials approved

v
.
"
l
9
7
.
3 .
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Fi_g. 4—Cooling rates tor dip auench and normalized test pieces

by the ASMF (ode ar.. prewently
-assigned & maximum allowable
stress up to 2 in. thickness
28,750 psi at minus 211 19 plur 150 F
and progressively lems up te. 630° F
at which the allowable wiress is
limited to 25,000 psi. Hetween 2
and 2!’ in, the allowable ress is
26,250 psi at minus 20 (o phus 150 F
and decreases 1o 22800 psi at
650° F, '

New design criteria, which con-
sider yield strength as well as
tensile strength and which addition-
ally consider superimposed service
stresses such as thermu! stresses and
low cycle fatigue and more rigor-
ously define allowahle design de-
tails, are about to be presented in a
new ASME Code scection. ‘This
section also more rigorously defines
destructive and nondestructive iest-
ing. With this approach, higher de-
sign stresses are to be allowed for
specified materials and temperature
limits.

The designer wishen Lo <clect Lhe-
least expensive steel capalde  of
consistently meeting the highest de-
sign properties at 1he maximum
thickness required in the design. -
The maximur  individual plate
thickness in the design, amung other
factors, mav be dependent upon
whether the disign is based on use
ol a ringle thickness materwi! or a
multilayer thickness matori: The
atter, where it is allowed v+
onstruction code, will allow .1, r
he selection of a thin thickin ~ ).t
ligh strength economical mu or; -
he selection of a more expnens:. - e
igher strength thin thicknes. n.
erial, or the selection® of a4 1.0} -
hickness more expensive n:.:er..
sable in fewer lavers to - bty - the
equisite thickness. ['h:- FYTTRUNY, T30
3 regulated by the “abre ati . e
{ assembling the :nui- Sy e
y whether operating ¢ «ditics. ar
uch as to allow thus ty .+ corer ey,
ion. This can I» depe  den-

RN

of

heat transfer conditions, vessel con-
hection requirements and practical-
ity of nondestructive testing require-
ments. . For many constructions, a
single thickness material s required.
This requires a material capable. of
meeting minimum design strength
at the center of the thickness of the
quenched and temipered single thick-
ness material, :

Cooling Rate

The meuans available for cooling
from the austenitizing temperature
consist of air cooling. ojl quenching
and water or brine quenching, The
quenching can he accomplished by
either a spray or by dipping in the
quenching medium. Dip-quenching
should be done in a medium which is
agitated to avoid vapor blanketing.
Agitation can be accomplished by
circulation of the medium by pump-
ing or by agitation with air.

Literature data is nvailable con-
cerning cooling rates of various
shapes and sizes of samples sub-
Jected to cooling in still air and
various yuenching methods. -~

The pertinent variables involved
in spray and dip quenching are:

;v 1. Austenitizing temperature and

time.

N 2. Time from furnace to start of
quench and temperature at start of
quench,

- 3. Surface condition of the metal
‘degree of scale". .

\. 4. Volume of sprayx per unit time
I»r unit area per side and for dip
aj-plication the ratio of quenching
medium volume to metal volume.
the degree of agitation and circula-
tiem, :and the temperature rise of

\I he- quenching medijum.

s ° Time of application.

Data directly applicable to pres-
vessel part thicknesses and
k05 is imited. Work most directly
I~:tinent hus been performed at
latigh University’ on normalizing

N res

~and_the A387 Grade

Fig. 5~Cooling rate vs. ratio of surface area to volume

and spray quenching cooling rates.

Cooling rates obtajned by dip
quenching of plates in agitated
water and comparable cooling rates
obtained by normalizing have been
investigated. This has been done
with various sizes and thicknesses
of plates with thermocouples placed
at the center of the thickness and at
the' ', thickness leve] at varjous
locations in the plates. These lo-
cations varied from the center of the
width and Jength to near the edges
of the plates as indicated in photo-
graph of Fig. 2. .

Figure 3 shows the time required

to reach a specific temperature
during dip quenching at various
distances from the quenched edge
for two heavy thicknesses of a range
of thicknesses tested. This time
becomes uniform at a distance from
the “quenched edge _of _approxi-
: ely 17 . times_the plate_thick-
Tness. A'test plate size of width and
length of three times the plate
thickness would exhibit a cooling
rate at the center of its width, length
and thickness approximating that
of a larger production-size plate.
A specimen of larger size than 87T x
37 would required, however, if
any appreciable volume of metal is
required for representative testing
samplés.” This is also dependent
upon the hardenability characteris.
tics of the matenal.

Figure 4 shows cooling rate data
from 1750 to 825° F for both dip
quenched and normalized test
pieces. The data given are for the
' 4 thickness level and at the center
of the thickness and at the center
of the width and length of the test
samples. The majority of the test
samples consist of carbon steel ma-
terial and the lines are diawn
specifically to the carbon steel ma-
terial. The A302 Grade B material

material in
general are off the curve and are
“better represented on the dip quench

WELDING RESEARCH SUPPLEMENT | 437-s



Table 2—Cooling Data .

- —=At center of width and length—-. . . _ stan Location

Point Ma-  Thick.- Width Length Average *F/min. to . from in
no. terial pess,in, in, in, AV Cooling 400 600 825 1000 1200 1400 °F  thickness S e
1 C.s. e 6 6 8.7 Air 133 182 238N 268 317 428 1750 Center 247 & -0t
2 C.S. '/ 6 6 4.6 Air 91 118 142 156 190 270 1750 Center 12T » -
3 C.S. U 6 6 3.1 A 59 77 92 104 112 194 1750 Center 8T »0p
4 2128B 1 6 6 2.7 Air 40 53 66 73 79 160 1750 Center 6T a !
5 2128 2 12 !2 1.33 Air 18 26 31 32 ‘37 70 1750  Center 61 xb!
6 212B 3 T 18 18 0.89 Atr 13 17 20 21 23 37 1750 Center 67 x6~
7 2_1.2‘8 63/a 24 24 0.50 Air 6 7.7 9.2 9.6 n 17.5 1750 Center 3.87 x 3 BT
8 228 1 6 6 2.7 Water 1158 1188 1110 1104 1101 1230 1750 1/4T 6T x 61
9 212B 1 6 6 Z.7 Waler 1122 1116 1050 978 1032 1164 1750 Center 6T x 67
10 2128 2 12 12 1.33 Water 435 467 478 459 486 500 1750 1/4T 6T x 6T
11 2128 2 12 12 1.33 Water ‘35 460 - 474 450 452 477 1750 Center 6T x 67
12 2128 3 18 18 0.89 Water 284 294 303 302 330 338 1750 1747 6T x 61
13 2128 3 18 18 0.89 Water | 212 280 283 266 260 256 1750 Center 6T x 67
14 2128 61/ 28 24 0.50 Water 103 110 118 . 125 131 116 . 1750 1/4T 3.87 x 3.87
15 2128 63/ 24 24 0.50 Water 95 101 100 91 79 77 1750 Center 3.8T7 x 3.87
16 387D 4/ 23 33 0.59 Water 121 139 162 178 184 166 1750 1/4T 5.1T x 7.371
17 387D 4:/y 23 33 ©0.59 Water 113 120 132 143 162 146 1750 Center 5.1T x 7.37
1¢  3028B 81/ 32/, 3217 0.36 Water 47 55 67 78 79 n 1750 1/4T 3.8T x 3.87
19 3028 81/y 3217y 321/ 0.36 Water 42 45 46 50 52 47 1750 Center 3,87 x 3.8T
20 387D 41/, a3 33 0.59 Air . 6.5 8.1 9.7 15 18 2] 1750 Center .17 x 7.3T
21 2128 s 8 10 4.5 Air 70 9 118 130 150 250 1650_ Center 167 x 20T
22 2B /s 8 10 31 Air a0 54 66 73 75 125 1650 Center 10.7 x 13.37
23 212B 1 8 10 2.5 Air n 42 52 56 60 100 1650 Center 8T x 10T
24 2128B /s 8 10 1.8 Air . 23 31 41 4] ~ 40 3\ 1650 Center 53T x6.77
25 2128 1 30 30 2.13 Water 1122 1080 894 804 798 810 1750 Center 307 x 307
26 3870 11/s 9 9 1.78 Water 900 990 1176 1320 1176 954 1750 Center 6 x6T
27 302B 2'/y 15 15 1.16 Water 368 379 388 443 432 408 1750 Center 6 x6T
28 387D '/ 8 10 4.45 Axr 54 70 83 167 220 232 1750 Center 16 x 20T
29 387D /s 8 10 A3.]2 Atr 38 51 59 116 157 175 1750 Center 10.7 x 13,37
30 387D 1 8 10 2.45 Air 28 34 31 68 85 100 1750 Center 8 x10T
3t 387D 11/s 8 10 1.78 Air 22 28 31 53 73 88 1750 Center 5.3 x6.7T
32 3028 /s 8 10 4.4% Air 58 75 97 163 225 250 1650 Center 16 x 207
33 3028 iy 8 10 3.12 Air - 35 48 59 93 150 167 1650 Center 10.7 x'13.37
34 3028 1 8 10 2.45 Air 28 36 44 65 112 125 1650 Center 8 xiov
35  302B 1v/s 8 10 1.78 Air 20 26 32 43 69 83 1650 - Center 5.3T x 6.77
3 3878 /2 8 10 4.45 Air 59.5 78 103 130 150 250 - 1650 Center 16 x 207
37 388 3, 8 10 3.12 Air 41.5 54 69 - 87 98 125 1650 Center 10.7 x 13.3T
38 387B 1 B 10 2.45 Air 31 42 50 63 69 100 1650 Center B x10T
39 1204 s 8 10 4.45 Air 57 73 100 188 250 380 1700 Center 16 x 20T
40 1204 /4 B 10 2.12 Air 43 55 71 118 165 234 1700 Center 10.7 x 13.3T
41 1204 1 8 10 Z2.45 Air 32 44 53 .76 128 146 1700 Center 8 x 10T
42 1204 1/ 8 10 1.78 Air 22 < 37 50 81 100 1700 Center 5.3 x6.7T
43 387D 73/ 24t/, 48/, 0.405 Water 47 49 51 54 56 1750 1747 3.4 x6.87
;
Table 3-—Material Check Analyses, 9,
Point .
numbers Material Si S P Mn C Cr Ni Mo Cu v B
1 C.S. 0.05 0.019 0.009 0.40 0.059
2 C.s. 0.06 0.020 0.011 0.47 0.176 s ]
3 - C.S. 0.07 0.019 0.017 0.47 0.210 Vi
4,89 2128 . 0.20 0.021 0.016 0.72 0.298
5,10, 11 2128 0.25 0.019 0.020 0.8 0.290 e ves
6,12, 13 2128 0.24 0.020 0.003 0.79 0.281
7,14, 15 2128 0.20 0.019 0.009 . 0.74 0.279 .
16, 17, 20 3870 0.28 0.029 0.014 0.53 0.13 2.40 0.98 eee
18,19 3028 0.21 0.023 0.017 1.57 0.256 cee . 0.50
21, 22, 23, 24 2128 0.20 0.017 0.012 0.82 0.29 -
25 2128 0.23 0.017 0.027 0.86 0.26 Nit ...+ Nil
26, 28, 29, 30, 31 387D 0.22 0.021 0.011 0.50 0.146 2.29 0.98
27 3028 0.20 0.025 0.041 1,20 0.23 e - 0.50 cee
.32, 33, 34, 35 3028 0.19 0.025 0.036 1.21 0.23 0.52
36, 37, 38 3878 0.25 0.023 0.011 0.50 0.143 0.94 0.47
39, 40, 41, 42 1204 0.21 0.023 0.016 0.82 0.18 0.48 0.89 0.48 0.31 0.051 0.002/0.006
43 " 387D 0.23 0.021 0.009 0.43 0.135 2.12
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4 laster average rate than the carbon
steel Taterial at the tin Thckness
arid aY ®7Blower_averige rate af the
heaxy -thickness.

The size of the sample with rela-
tion to its thickness also may be
important with respect to cooling
rate. The same data, therefore.
were plotted a different wav. in
which the couling rute wag plotted
vs. the ratio of surfuce ares to vol-
ume. This is shown in Fig. 5. This
figure shows the variation of ratio in
area to volume of a 47 x 47. 4 67 x
6T, and an infinitely large plate as
it varies with thichness of plate.
Point 9 is the center of th thick nens
ofa6x6x1in. test sample having o
ratio of area to volume o 2.9,
Point 25 is also a 1 in. plate out of
30 x 30 in. having a rutio of ares 10
volume of 2.13. Th. cooling rate s
lesser, and it is belje\ ed that the
amount less is Hinited to within the
degree shown on the chart.

The duta from which the Figa.
4 and 5 were obtained, and turther
data for cooling to other t.eher and
lower tempertures of 1ne type
shown in Figs. 4 and 5 are given in
Tables 2 and 3 and Figs. 17 through
31 of the Appendix.

Tne temperature rise o1 water ob.-
tained on dip quenching of s ourse,
is dependent upon the relative
volume of stev! and water, degree of
circulation and many other vari-
ables. The data of rise in lemjw-ra-
ture as actually obtained on the
specific test samples arc shown in
Fig. 6. The actual couling curves
of temperature vs. time obtained
with the various test samples are
shown in the Appendix, and wome
are plotted superimposed on con-
tinuous eooling or isothermal tem-
perature-time transformation curves
for several materials discussed bx-
low.

Temperature-Time
Transformation

When the conling rate of 11 pae’
ticular thickness< and size of niter..-
is known and when isnthermai » rians
formation data or continuous <00
ing transformation are as.ailns ..
rough estimation can be .. ..
the possibility of realizing .mpu . ve
ment in properties by quenehin, o
the combination of thickness
material involved.  Consder. e
rontinuous cooling and jsother- il
ransformation inform aim. ar n
he literature.¥: -1

Figure 7 shows cooling rae o
uperimposed on ivotherm. tp- -
srmation data of carle 1y g, .
ar to A212B nurterin It . a4 -

- -

50—

DIP QUENCH IN
AGITATED WATER

50
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Fig. 6—Temperature rates of water vs. volume rate of water to steel
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Fig. 7—Cooling rate data superimposed on carbon-steel isothermal

transformation data

noted that transformation takes
olace only at a high temperature.
Littie improvement in tensile prop-
crtiex can result from quenching of
“his material. The dotted cooling
urves represent actual cooling rates
an coonled pieces of 1, , 3 » 1 and
- . thickness test pieces which
~ere later tempered st various
- myrratures and times and result-
! tensile strength plotted as sub-
suently illustrated. Figure 8
&ows similar dita superimposed on
i ntinuouus cooling transformation
d.cwram of A3STH material. Here
it 0 Iwe seen that air cooling rates
‘or and 1 in. materials are too
stow 17 realive any appreciable im-

provement in properties, but the
dip quenching ratesof 1 jn. thickness
and possibly heavier thickness are
sufficiently rapid to realize un im-
provement.

Figure 9 shows similar data for
A387D malterial superimposed on a
continuous cooling transformation
diagram.  Air-cooled material of
"5, “% 1land 1' . in. thyckness ex-
hibit cuoling rates sufficiently rapid
to realize improvement as does water
guenched material of 7 in. and
possibly heavier tluckness.

Figure 10 shows similar data for
A302B materijal superimpaosed on an
isothermal transformation diagram.
Here, again, some improvement can
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Fig. 12—Effect of tempering temperature on tensile strength
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be realized to a relatively heavy
thickness. :

Figure 11 shows data for ASME
Code Case 1204 material. Improve-

heavy thicknesses. literature. 104 - 100

It must also be kept in mind that
continuous cooling resultsin shifting
the transformations generally to the
right and downward. The trans-
formation curves are taken from the
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Tempering Time
and Temperature
Material heat treated by austeni-

tizing and quenching must be tem-
pered prier to cold forming o cold
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Fig. 15—Effect of tempering temperature on tensile strength
of A387D steel

of 74/, in. thick A387D dip quenched steel

sizing. After weld:ng the hean
thicknesses, it must also be irn)-
pered; in most instances. this must
be done prior to cooling from tne
welding temperature to assure $ree-
dom from cracking
constructed by successively joining
several courses will subject the first
course to meveral tempering heat
treatments. Althourch the time at
each tempering heat treatment can
be short, the sum total pius that of a
final stress relivving heat treatment
can be on the order oof 10 to 20 hr,
Similar but possibly lesser tots! time
at temperature will be required for
materials heat treated as flat plates
and warm formed or heat treated as
finish welded shells or heads and
then subjected to welding temper-
ing and stress relieving.

The . as-quereched mechanical
properties wil! In affected by these
tempering and stress relieviny tem-
peratures ang t:me nt tempera-
ture.” *  The properties mav be
adversely aflected by ~ime torm of
temper embrittlement ¢ ¢ The
degree to which the properties are
affected must b known so that the
finished product will exhitat the
desired minimun properties

The effeet of apto 20 hr tme
each o! weveral semperatures on s he
tensile strength o! several quene:.ed
low alloy steels is given in Fios 2
13.14 and 15, The tensile ¢ata ras
been converted from Rockwe - hard-
ness testing using conversien d to
given in the literature.? V-

Figure 12 shows the strengti of
A387B and A302B material (il at
rates shown in Figs. & and 10 re-
.spectively. It can be noted tiat 1ae
A387B material is not appiecialiy
strengthened by these cocling s os
but that the A302B materiai is.

Figure 13 shows sitnilar g.ta - r
A212B and ASME Code € iie- 1,914
material cooled at rites woowr n

large vessels .

Figs. 7 and 11 respectivelv. Here
A212B shows no improvement.
whereas 1204 material does and it
retains its strength after tempering
for 20 hr at temperatures of 1000
and 1100° F and for 5 hr at 1200° F
but loses appreciable strength at 10

" and 20 hr tempering at 1200° F.

Figure 14 shows similar data for
A387D material cooled at rates
shown in Fig. 9. It exhibits an in-
crease in strength on tempering at
1000° F for up to 20 hr with strength
rapidly decreasing after 10 hr or
longer at 1100° F and 5 hr or longer
at 1200% F. The maximum strength
level exhibited, however, is higher
than that exhibited by the Case
1204 or A302B material.

Figure 15 shows data for a 7‘.-’.;
in. thick A387D dip quenched plate
at the center of the thickness and at
the ' ', thickness level at the cooling
rate of point 43 as shown in Fig. 9.
Here, also. an increase in strength is
exhibited at 1000° F temper for up
to 20 hr. This high strength is re-
tained up to 10 hr at 1100° F temper
but drops below 140,000 psi tensile
strength at the center of the thick-
ness after 20 hr at 1100° F.  Further
decrease is exhibited after only 1
hr at 1200° F. These properties,
however. are quite high for such
thick material.

In most applications. the finish
tabricated pressure vessel will be
«adv for service after being tem-
1wred or stress relieved for the rela-
“ivedv ghort time of up to approxi-
mate!y 20 hr.  Its subsequent ser-
«ice may be at low or intermediate
|-~m|--ral:1rc. The effect of service

»mj=-ratire over long time periods
o nU- m.terial properties must also
[ }\ W) N -

Welding

M raal velding electrodes of a
«ide  .arety of deposited metal

‘'usable for alloy additions.

~ analysis of - weld metal.

analyses are available and will de-
posit sound weld metal exhibiting
a variety of ranges of high strength
tensile and impact properties in the
as-welded and as-welded and tem-
pered conditions. These can be
chosen of various diameters and
resultant operating amperages and
used at selected travel speeds to
regulate heat input to tolerances re-
quired for control of properties of
the base metal heat-affected zone.
Multilayer gas metal-arc auto-
matic processes are .also available
and require similar heat input con---
trol for maintenance of heat-affected
zone properties. Flux cored wires
and . strips- are also available and
Multi-
layer submerged-arc processes, using
bare electrode of the proper alloy
content and.or alloy additions to
the-flux or braided wires for regula-
tion of the alloy content, either as a
directly consumable electrode or as
an additive to the molten pool, are
also available. In all cases, how-
ever, the use of these processes for
welding  on steels previously
quenched and tempered must ob-
serve proper heat input control to
preserve the base metal heat-af-
fected zone properties.!™ 1 - 1ai 1
Preheat and interpass tempera-
tures must also be closely controlled
—above a minimum to prevent
cracking and below a maximum to
prevent excessive loss of properties.
Material, which is to be welded in
the annealed or normalized and
tempered condition followed by
quenching and tempering heat treat-
ment of the welded part. requires an
different
from that above, which will de-
velop properties equal to those of
ithe base metal upon being subjected
to quenching and tempering. The
high heat input welding proc-
esses of gas metal-arc, submerged-
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Fig. 16—Charpy V-Notch impact data for different quenched and tempered

plate metals

arc and electroslag or electrogas
methods are usable for this type
application.

Heavy thicknesses subjected to
tempering or stress relieving heat
treatments must be designed such
that no welding is applied after the.
final heat treatment, or such that
welding is applied only to previously
prepared attachment areas engi-
neered so that the later applied as-
welded attachment will not affect
the integrity of the part. This
necessitates careful design and se-
lection of weld metal and attach-
ment material with respect to ma-

terial strength and resistance to
brittle fracture.

Service Criteria

Brittle Fracture

Quenched and tempered materials
are advantageous not only for utili-
zation of higher tensile properties
but also for utilization of improved
resistance to brittle fracture.!3-14
Whether such improved resistance
to brittle fracture is necessary or not
depends upon several factors. It
may not be necessary for materials
which operate warm, and which
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Fig. 17—Cooling rates for Points 1-7
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have poorer resistunce at iow er
temperatures. if any failure u: the
lower temperature does not entail
excessive risk of life and property
The lower temperature may e a
the hydrostatic test or it may be an
unforseen impact loading.  High
resistance to brittle fracture ma y not
be necessary for materials which are
stress relieved and are adequately
nondestructive tested to assure suf-
ficient freedom from “crack starter"
type discontinuitics. The carbon
steel and low alloy steels, of a low
hardenability analvsis not appreci-

ably improved in tensile properties

by quenching and tempering, are
appreciably improved in impact
properties in heavy thicknesses by
accelerating cooling. only if they are
melted to fine grain practice. Such
deoxidation practice also minimizes
deleterious effects from strain aging
and quench aging.'%

The range of Charpy V-notch
properties of quenched and tem-
pered plate of A212B and A302B
materials and similar forging ma-
terial analyses, tested in large pro-
duction quantities, are shown in
Fig. 16.

The more hardenable quenched

‘and tempered materials, however,

generally show a greater degree of

improvement in impact property -

values, although they also generally
require higher impact values for

equivalent degree of resistance to

brittle fracture. The work of Pellini

and Puzak and their colleagues, and .

Stout and his colleagues, has been
particularly illuminating to this
subject.

Temperature Limits

The maximum temperature and
times at which quenched and tem-
pered materials will retain their
improved tensile properties is not
known precisely. Design is generally
based upon a factor of the yield
strength at temperature, the tensile
strength at tempeiature, the stress
rupture strength at temperature and

"the creep strength at temperature.

The temperature at which each
criteria becomes controlling must
be determined for each material and
condition. It is generally believed
that, in the absence of such factors
as temper embrittlement, the tensile
properties are controlling up “to
possibly 700 or 800° F and that
stress rupture and creep properties
become controlling at above this
temperature. At higher tempera-
tures, the material will revert toward
its normalized and tempered or
annealed properties. Since most
pressure vessels are designed for
long life, on the order of 20 years or
more, quenching and tempering
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. 25—Thickness vs. cooling rate from 1750 to 1200° F

Summary

Information is presently available
to allow construction and use of
welded pressure vessels of material
quenched and tempered to high

THICKNESS ~ INCHES
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strength levels in heavy thicknesses
.as well as light thicknesses.
use of such construction is awaiting
the formulation of material pur-
chasing specification criteria to allow
a wider selection of possible materi-
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Fig. 26—Thickness vs. cooling rate from 1750 to 1400° F

als and to allow application of the
quenching and tempering at the
fabricators shops. It also is await-
ing the formulation of Code rules
regulating safe construction pro-
cedures.

Successful construction is depend-
ent upon maintaining close control
of material chemical analysis, heat
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treatment, welding procedure and
all aspects of fabrication formmg,
heating and cooling. This requires
closer control of techniques and

(v INFINITELY LARGE DIP QUENCH FROM I750°F. ] procgdures than those generally
- e 4T X 4T -— ] required for annealed and normal-
f \\ 6T X 6T ® AT CENTER T i ized and tempered material. This
'\‘ N 1 ] requires closer control in procedures
r AT T of obtaining test samples for destruc.
rob- - tive testing which are representa-
- N . tive of the larger mass of the produc-
[ \ 'rmcxnsss 4 tion materials. Information which
F = — 7 will be helpful in determining degree
[« : RA'no-—-—\\ ] of control necessary in some of these
-l ' \ - aspects is giyen. ]
[ = 2, XA AR 26 e R It is believed that the quality
| = » ' ] control assurances necessary for
AVERAGE °F. PER MINUTE COOLING RATE 7O 400°F. proper application will conmunat of
L . ol e S TY IO specific rules regulating and de-
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fining material procurement specifi-
cations, design aspects, and fubrica-
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Appendix

All the cooling data were ob-
tained from time-temperature traces
produced with an oscillograph re-
corder. Time zero was chosen as
the moment just befure immersion
in the quenchant, Depending upon
specimen size, chart speeds of 3 to
30 ipm were used.
ceased, when the center thickness
of the plate reached 400+ F.,

The oscillograph recorder was in-
itially calibrated with a millivoltage
source to establish a correlation be-
tween deflection and temperature.
Subsequently, zero settings were
checked and adjusted, if necessary,
prior to each cooling cycle. In all
vases, 32° F was used as a reference
junction.

All thermocouples were of the
standard “chromel-alumel type, in-
sulated with ceramic beads and

- adjncent holes at the base of 54 in.

Recording.

TAM e A O 3 Stee UD Y
welded to the test plate as shown in
Fl[.. 2. The lubing prevented water
from contacting the thermocouple
junction and leads. Hot junctions

were made by peening the wire into

nominal diameter access holes. The
above procedure exhibited satis.
factory reliability.

Each test plate was grit blasted
before entering the furnace. Heat.-
ing time to austenitizing tempera-
ture was dependent upon the maxi-
mum rate of the furnace and a hold-
ing period was maintained until
equilibrium was obtained.

All dip quenching was done in
water agitated with air. Quench-
ing was done in a water volume of
either 69 or 131 cu ft. Air cooling
consisted of suspending each piece
in still air.

Figures 17, 18 and 19 show cooling
rate data for the specific point
numbers described in Table 2 and
material analyses described in Table
3. Cooling rate curves for other
point numbers described in Tables
2 and 3 are shown in Figs, 7 through
11.  Fipures 20 and 21 show com-
parable cooling rate data obtained
from the literature at various dis-

tances from the quenched end of

Jominy test bars,

Figures 22 through 26 show

thickness vs. average °F per
second cooling rate from 1750 to
400, 600, 1000, 1200 and 1400° F
respectively.

Figures 27 through 31 show the

same data plotted with relation to
ratio of surface area to volume vs.
cooling rate.
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THIS CMTR COVERS WELDING SERVICES INC. POYN908630; WELDSTAR NUCLEAR SHIPPING
* *  TICKET N908630 .

IETEC mmmee |
. , Ve . ;
b Ec ' Ashialila, Ohio 44004 October 23, 1986

noNGloTmIesSTES  WELDSTAR CGHPAHY'S QUALITY SUSTS CERTICATE
' oRT ATERIALS) SC-
?ERTIEIED MATERIALS TEST REPORT ' [XARAHUN DATE JAN. 5, 1991
CUSTOMER: Weldstar Company - YOUR ORDER NO.: 8117-A
1750 Mitchell Road LINDE S.0. NO.: 898117 A 01
Aurora, IL. 60504 QUANTITY: 1,452 1bs.

MATERIAL: Linde 83 - Heat No. 083195 - +035" Diameter - 44 1D, Spools

This is to certify that Linde 83 Class ER80S-D2 as supplied under the above order number,
shipped from one heat number, has been tested using the test assembly specified in Fig. 1
of ANS A 5.28-79 and ASME SFAS.28 specifications. The wire met all the mechanical and
impact property requirements of these .specifications using the gas-metal arc welding
process with C02 shielding gas. This is also to certify that the contents of this report
are correct and accurate and the material conforms to ASME Section II, Part C, SFA5.28

and ASME Section II1, 1983 Edition, Subsection NB-2400, Summer 1985 Addenda. Above material
was manufactured free of Mercury or any of its compounds.

MECHANICAL PROPERTIES OF WELD PER TABLE 4

. AS-WELDED . REQUIRED
Weld Test Number . ' U1002-~1AW
All-Weld Metal Tensile .
Yield Strength, psi _ 92,300 68,000 min.
Ultimate Strength, pPsi , ' : 100,700 80,000 min.
Elongation in 2", % . 24,0 17 min.

" Reduction of Area, $% ‘ 61.7 ----
CHARPY V-NOTCH IMPACT : _ LATERAL EXPANSION DUCTILE FRACTURE AREA
STRENGTH € -20°F (Ft./Lbs.) (MILS) (PERCENT)

As-Welded _ As-Welded As-Welded
52 » ’ 4 : 75
50 45 65
52 . 42 S5
54 : 46 60
1 50 65
53 (Avg. 3) '

Required 20 ft./1bs.

REDIOGRAPHIC TESTS: X-Ray met the requirementsvofAFig. 2 of AWS/ASME SFAS.28-79,
APPLICATION CONDITIONS: 340 Amps, 28 Volts, 13 IpM
CHEMICAL ANALYSIS: '

B o1 ok & S M M o o v
07 1.60. .025 .02 .50 .15 .40 «50 = . = = Required
«12 2,10 max. max. .80 max. .60  max.

A5 /-0

T, '.“)
ASME Quality Systems Certificate: QSC-323
Expires March 17, 1987
Sworn to before me this

AT day of ngqé—ééﬁ. ) ezt — -
ry . - /"f!.l. ) !. ;

KATHLLN A, SIMONS, Notary Publie B SR

My commission oxpires Jon.asy 31, 1991
Rccoféld iﬂ A"!'Q"!' 'e "'Aun'u

+ J. DiDonato
Order Administrator




""WELDERS SERVICE CENTER"’ .
P.0.BOX 711 e AURORA, ILL. 60507 . PHONE (312) 859-3100

April 24, 1989

Welding Service Inc.
3276 Marjan Drive
Atlanta, GA 30340

Gentlemen:

The attached CMTR (one copy) covers the following material shipped against
your purchase order number 0207887; Weldstar Nuclear shipping ticket N908630:

.

132 1bs. +035 ERBOSD2 L-TEC bare filler rod
Heat #083195

The above material ig in édmpliance with your purchase order nuﬁber 0207887,
and will meet or exceed code requirements of 1986 Edition, 1988 Addenda.

Sincerely,

WELDSTAR COMPANY

James R, Berr;gﬂlbczg

Quality Assurance Manager

/ck

Attachment

HOME OFFICE: 1750 MITCHELL ROAD, AURORA, IL 60504 PHONE (312) 859-3100
BRANCH OFFICE: 1000 E. MAIN STREET, LOGANSPORT, IND. 46947 PHONE (219) 722-1177
BRANCH OFFICE: 2650 BOND STREET, UNIVERSITY PARK, IL 60466 PHONE (312) 524.88a4



i LD ousTomEn copy LS

B, CCoafangy e
‘“WELDERS SERVICE CENTER”

P.0. BOX J11—AURORA, ILLINOIS 60507—(312) 859-3100

.

SOLD TO ____WELDING SERVICES INC

-

e -

SHIPPING DATE _4/24789

I II— NUCLEAR SHIPPING THCKET i 7o o

——————

SHIP TO __VELDIRG SERVICES INC

3276 MARJAN DRIVE

SEIPPING & RECETVING

L L A

ATLANTA GA 30340

3202 MARJAN DRIVE

ATLANTA GA  30340~0000

Peld |Cherge |On Acct] Credit ) Account Number Purch Order N Job Number
X 0207887
Ordored | Delivered Price

1324 | 1324 | .035 ERBOSD2 L-YEC BARE FTLLER ROD
HEAT #08319% |

HiN

e,
—

. - TIRCATE
OMPANY'S numn*fﬁﬁ“"g‘g

1 i/ -
/\IA~ 7 i 7/ ‘
XV Rl | ' H@S (ﬁﬂmxﬁj 43 E

o ' e DKTE JM. 5, 1%

WE CERTIFY THAT MATERIAL SHIPPED HAS BEEN HANDLED IN
COMPLIANCE UNDER OUR IDENTIFICATION & VERIFICATION PROGRAM.

“The Test Repori(s) of which copies ore attached hereto were prepored by ___L=TR(

(Manufacturer). Each item in this shipment is a portion or all of the molerials re-

es! report opplying 1o such moterial. The originol of each test report is kept on file
ot Weldstar Company.*

DAMAGE CLAIMS When 1his equipment is shipped, litle passes 1o the purchaser upon receipt by the
carrier. Consequently, claims for ma

terlal domaged in shipment must be made by the purchaser against the
transporiation company, .

CUSTOMER SIGNATURE
»

NO. N m 8 8 3 0 NOTE: AN INVOICE MAKING REFERENCE YO THIS DELIVERY TICKET A

WILL BE MAILED FOLLOWING ALL CHARGE €A1 xe

TOTAL

TAX

FREIGHT

PAY THIS
AMOUNT




RECEIVING INSPECTION REPORT

JOB NUMBER ITEM(S)
TP690 416 Thdioan RBinT Con. E0, WEeLd Tnv.
INFORMATION ITEM 1
MANUFACTURER L-Tee
P.0. NUMBER 0207887
VENDOR WELD 3The
MATERIAL ER8ds D2
HEAT NUMBER : 083195
MATERIAL MILL TEST REPORT ReciveD
LENGTH :
WIDTH
NOMINAL DIAMETER . 035
DIAMETER CHECK Al oae
Bl . 035
C|l.o35
D| 035
NOMINAL THICKNESS
THICKNESS 1
2
3
4
5 | )
VISUAL INSPECTION e T . 7 I
REMARKS a1 &7/ I
e
NCR #
DATE 4-26-89
BY /.l,(.&u,/nz‘.k




Welding Services Inc.

O

. . PURCHASE ORDER #
Welding Services Inc. Mfg. Div. [ .
3276 Madan Deive
Atanta, Georgia 3040 Accounts Payable
Tolephone (404) 452-0008 (404) 4350929
785900 1 sr_ 1
WELD STAR, INC M WELDING SERVICES, INC.
1 SHIPPING & RECEIEVING
. 3202 MARJAN DRIVE
00000 2000 b ATLANTA, GEORGIA
- . L. 30340-0000 _J
IDER DATE TERMS F.0.8. SHIP VIA m TAXABLE ¢
l I | (3 ’ NO wSs
24/89 'NET 30 DAYS S/P : PED_EXP P-1/UPS ! INDINA POINT/CON ED; WELD INV.: 13754,2663 ' MF
Ml arv. |whse| WSIMFGPARTNO. SPEC//ENDOR | DESCRIPTION PRICE UNIT EXT..
i ! ! MATERIAL TO BE SUPPLIED ON 2% : :
: , SPOOLS AND MUST CONFORM TO : i :
i : . ASME SECTION II, SPA S.18. i : ;
50.00 @7 17631 +ER70S3/.035 DIA | WIRE, WELDING, ER70S3, .035 7.520; LB | 376.000 0401
! 121-02-00 ; | DIA: SPOOLED, 2#, 1@#, 25% ETC ‘ |
: , | MATERIAL SUPPLIED ON 2# sroon; ; !
; ; : | AND MUST BE IN ACCORDANCE WIT i
i ; ! NB240Q & NCA3800 REQUIREMENTS i l
! X ' SECTION III, ASME B & PV CODE! |
| : CURRENT EDITION; PART 21 { | !
| APPLIES; CERTIFIED MILL TEST i i
! REPORTS REQUIRED. _ ! i
: . WELDING SERVICES, INC. RETAINS ; !
; i : RIGHT OF ACCESS. . | ;
.00 @7 Q.A. APPROVAL  :Q.A. APPROVAL Q.A. APPRQVAL/DATE:_H-24.8% .00, EA : .@00 0401
i 1 400-02-00 . ! SIGNED. g , _
.00 @7 |CERTS/TEST REP. :CERTS/CHTR'S i CERTS/MATERIAL TEST REPORTS .000! EA .00 0401
: 400-022-00 REQUIRED !
;
! ' :
CONFIRMATION TO REC/DEP QA Appraval Caf C Req'd | QA Insp. Req. Ms —— I 1,229. 200]
Y NG 12 NGO 17 NG
DECKER B.Q;uaucﬂrodi I ' <:>§i<ji
= M PURCHASING DEPT.
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0207887

Welding Services Inc. _
ing serv . PURCHASE ORDER NC
Welding Services Inc. Mfg. Div.. O
3276 Masjan Drive
Adanta, Georgia 0340 Accounts able
Tm-(au)asz«oms {404)
7185900 _1 sr- -1
WELD STAR, INC H WELDING SERVICES, INC.
& SHIPPING & RECEIEVING
T 3202 MARJAN DRIVE
00000 0009 o ATLANTA, GEORGIA
_J L. 30340-0000 .
+ v . YES NO

4/89__ NET 3@ DAYS 's/P FED EXP P-1/UPS

¥

WSi MFG PART NO. SPEC/VENDOR
ary. |WHSE| G CODE I

i wSs?
| : MFG

| zup | ,
DESCRIPTION PRICE UNIT EXT. 0B/P

' PART NO,
132.00 I5 17626 'ER80SD2/.035 DIA
; .121-02-00 o

!

.00 IS :Q.A. APPROVAL
! | 400-02-00 :
@@ I5 ;CERTS/TEST REP. .CERTS/CHTR'S
fa :400-02-00
100.00 @7 :17631
: . 121-02-00

.Q.A. APPROVAL

ER70S3/.035 DIA

i :

! ! : :
120.00 07 4767 "BER70S3/.045 DIA

' 1121-02-00

aval

CONFIRMATIONTO - REQ/O QA Appr
Y

¥ NO

WIRE, WELDING, ER80SD2, .@35,.
DIA, 10#, 25% ETC. SPOOLS
MATERIAL MUST BE IN ACCORDANCE
WITH NB240@ & NCA3800 REQUIRE:
MENTS. PART 21 APPLIES; SECT.
III, ASHE B & PV CODE; CURRENT
EDITION; CERTIPIED MILL TEST |
REPORTS REQUIRED. !
WELDING SERVICES, INC. RETAINS
RIGHT OF ACCESS. !
NOTE; MATERIAL IS BEING
SUPPLIED ON 44#% SPOOLS. I
Q.A. APPROVAL/DATE:_H-34-3% ,
SIGNED: LAQes i
CERTS/MATERIAL TEST REPORTS
REQUIRED ' .
WIRE, WELDING, ER7053, .035
DIA. SPOOLED, 28, 1@%, 25% ET(
MATERIAL TO BE ON 2# SPOOLS; ;
AND HUST CONFORH TO ASME sncri

i

I

IX, PART C, SFA 5.18.
WIRE, WELDING, CARBON, ER70S83
.@45 DIA, 25%, 103, 2# SPOOLS

~3.750 LB 495.000 69041-

H
1 }
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.000, EA

! .
|

.900 695041-

.0Q0, EA . .909 69041-
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1.610? LB 193.200 QA4911-
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E AMERICAN ALLOY STEEL INC

7721 PINEMONY - INVOICE NO ‘ L.

P.0. BOX 40489 .. INVOICE DATE:
HOUSTON, TEXAS 77240-0459

(713) 462-8081 /0 75168

TELEX 76-2806
052650 TERMS: 1% —15 days—NET 30 DAYS

SOLD TO:  ERMERGY STEEL & SUPPLY COMPANY SHIPPED TO: SAME (3]3—3774"”)
2715 PRLOAX BRIVE &/ NELDIAQ SERYICES e,
AR UILLS, AICHIGAW 43037 - ¥FG. DIV,

3275 MARJAX ORIVE, ATLANTA, GEORGIA 33340
via: AIR EXPRESS -COU.ECT

ORDER

REFERENCE

DATE OF ORDER YOUR ORDER NO.

O Complete D Pantial
SA 302-3 MORMALIZED )
] ] 7-174" x 12 x 33" (#1727, -0°) 7402 EA 88
u TAG: P.0. 207365 :
:
A3 BURYN
PACKING LIST )
2;’55; f&'::i%ﬁ‘; 19“”: c'w oK. THIS IS A PACKING SLIP ~ NOT AN INVOICE ) J-d d




marathon Mhtouméau company
Testing luborutory

Report of CHEMICAL and PHYSICAL TESTS of ..... STEEL PLATE ... eeehaaaes . Dates ..... 93 . i 1988
'
smpp.a Yo ...AMERICBN ALIQYX.STEEL..JING......... Cereriesetaetatieanonane Mill Order No, (EY47221 . ...,
|
Cul!omor‘:Ord«No.....}.z?P.s ............................ sessssanesarnsanse N ;
2". Gage . ... ._...
B CHEMICAL ANALYSIS Yieid Jom = -
Mokt Skeb Specr. Cork. | Mong. Sviph. Phee | L] Mol Charpy Polnt Swength Eonge Band UIL OF MATE
| Ne He. #1./1bs. P.at, [ X Y0 Hea Yot
Dl 21629] A323 | SA302B .1'8 1.15 .016 | .013}.26 . 55 77,500 97,500 19.0 7 1/4 X 106 _X 106
S5-4 79,500]100,000 19.0 <
- r _\ -~ T
- m@ 1700°H for I br. pedr inch of lthickiakss @ ¢ | gri1) alir coolkd -

Teat cot nnnex» after iInarm. ) Mere itrexg rell. buad @ 11250 F for 31 142 hours

with S-4 additional |tensi testlultra soni ~all\; i s-necte. De'r SANI8, Levk]l 2, :

100% scAn
|- :

TEST REPORT APPROVED DATE L., 2l 14 %
AMERICANALLOY 3TEEL-BY % | p)hane o o

4 ASST| QUALITY CONTROL DJRECTOR d

| Hereby Cartify that the Above Tests An Correct 1o the

and Belief,

-

be:' of My Knowledge .

macathon: m Letoumesau

/Lfm«-—f

Exgr. of Tosts

ORGINAL FILE COI
DO NOT REMOVE

.AMERICAN ALLOY

PLATE #_RAbbL3dl

£ Supeply .

LATE# ﬂ6‘3‘”
-1Nn

CUSTOMER__Eramnc,. <t
a o’
12 4
pESCRIPTION_ WMt T _~'14 7 L 12 430
Nat

AAS. S[O#
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DATE MAILED
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ENERGY STEEL an&.

2713 Paldan
Auburn Hills, MI

Ry

WELDING SERVICES
MANUFACTURING DIVISION
3276 MARJAN DRIVE
ATLANTA, GA 30340
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F1 Thia im to certify that the material furnished for your order and described
t&»ebove. has been reviewed and compliea to requirements of the applicable
“material specifications, and meets all requirementa of your purchase order.
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Welding Services Inc.
l Welding Services Inc. Mfg. Div. []

Accounts Prysbie

3276 Masjan Orive

O

PURCHASE ORDER NO.

0207866

Atanta, Gecrgia 30340
Tolophone (404) 452-0005 (404) 458-0829
190 = r 1
ENERGY STEEL & SUPPLY CO. 8 WELDING SERVICES, INC.
2715 PALDEN DRIVE i SHIPPING & RECEIEVING
AUBURN HILLS, 3202 MARJAN DRIVE
3 ATLANTA, GEORGIA N

HICHIGAN
48057-0000 _ L

30340-0000

TAXABLE

Te | TERMS FoB. | SHIP VIA JOB JPROJECT [ p.R.NO. | ws' @
! ves o U

» NET 3@ DAYS . S/P AIR BEST INDIAN POINT II/CON ED. ' 13735 WG B
v, [wese| WSIMPGPAAT NO. SPECNENDOR DESCRIPTION PRICE uniT | EXT.
ee 15 SA302/GR.B SA302/GR B STEEL 3,900.000 EA | 3,900.000 69041-1-1

401-01-00 PLATE, 7-1/4" X 12" _ :

! ' X 3e". ' : :

.e@ IS5 (Q.A. APPROVAL  Q.A. APPROVAL Q.A. APPROVAL/QATE: 4-22-%9 .000. EA .00 69041-1-1

! | 400-02-00 ; SIGNED: 5 2O Vs G .
.2 IS5 |CERTS/TEST REP. |CERTS/TEST REP. ;| CERTS/MATERIAE TEST REPORTS .000| EA .00 69041-1-1

400-02-00 REQUIRED :
H
SIRMATION TO AEQIDEPT. QA Approval | Cof CReq'd |QA insp. Req. ITOTALS — I © 3,900, aeﬂ
it inn . -EHING .
-7 TR PURCHASING OEPT.
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AMERICAN ALLOY STEEL, INC,

INVOICE NO. L.
INVOICE DATE: ‘

7721 PINEMONY
P.O. BOX 40469 <.
HOUSTON, TEXAS 77240-0469

(713) 462-8081 S0 "léx 6 8
TELEX 76-2806

052650 TERMS: 1% —15 days—NET 30 DAYS
SoLD TO:  ERERGY STEEL & SUPPLY COMPAXY SHIPPED TO:  SAME (313-377-4950)
2715 PALOAY BRIVE &/o NELDIAG SERVICES, IC.
AURURY UILLS, MICHIGAN. 43037 s¥G. DIV, '

3275 NARJAH ORIVE, ATLANTA, GEORGIA 30340
via: ATR EXPRESS ~COLLECT o

ORDER
a Complete

DATE OF ORDER
4-23-39

Tt L QUANTITY

YOUR ORDER NO.

F.O.B.

AAS 1.

REFERENCE

[ partial

e e RN [+ tor

| OROERED ¥ | " RO " ' - %i’;,-..b.,-.-;,‘{'
SA 302-3 MORWLIZED L i

1 ] 7-1/4" x 12° x 33° {+1/2°, -0") 7400 EA &
o TAG: P.0. 207365 .
rNy
K83 :
RUSH SHIPMENTS — OUR . PACKING LIST

SPECIALTY AROUND THE CLOCK. THIS IS A PACKING SLIP — NOT AN INVOICE




RECEIVING INSPECTION REPORT

JOB NUMBER ITEM(S) _
TPLIO4I64 PIATE - Tovidn FoirT Con. ED,
"INFORMATION ITEM 1 ITEM 2 ITEM 3 ITEM 4 ITEM 5
e
MANUFACTURER Fen o SreeL
P.0. NUMBER 020780
AICEC
VENDOR sreic ey
MATERIAL B e B .
HEAT NUMBER 210529
MATERIAL MILL TEST REPORT | Rposnympd

LENGTH

o' Y Izt X 24"

WIDTH

'| NOMINAL DIAMETER

DIAMETER CHECK

o|O|w| >

NOMINAL THICKNESS

THICKNESS

N S| WIN| =

VISUAL INSPECTION

fetepr”

REMARKS

NCR #

DATE

14-24-89

BY

VLo,
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OPERATOR LOG

WELD NUMBER | * LAYER NUMBER
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OPERATOR LOG
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OPERATOR LOG
WELD NUFBER
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M Voo |02 TT T i3 [T FBRg o
TS
NW S >
00 WA -
QAR -m =03
-\

U

[SATAY RSN -- \Oq
0 AN, m
AW \\f N * O\ __ |
" Riene g _
O Al -E
ST IS [P S [
Yaveos [ [ [0 ]bivs] 90 a0
HAm oy -n
S Haemou| 2 | 15 | 950303
S dacmon |
Shaemee | 5 | 17 Vw26l 026
S Upgmow -.ﬂ // 0/
S HAEma o -ll
//

S env 3 '5’ 1206 §

,E




OPERATOR LOG

WELD NUMBERZ;!Q{'M 4[)0,‘,., 7 - LAYER NUMBER__j_____
OPERATOR  LAYER PASSH# START STOP NOTES Wﬂﬁ
S Hagmen |3 R 6 2714637

S e |5 2
K Dobal |3 m
7 D e
¥ g7/ m
bl 452 -
. [Sod.
fday
< G v
KL zds A AL
K. Lobas
ey,

=~

Q S Q' o ) N Q) Q) 2
)c
- ¢
_ ki ' _

Y
Q
o

N P D % ) v \ O
. N ! | AN N ~
| - N
)

N

.
Q

h ) N :
o "
- C e



OPERATOR LOG

" LAYER NUMBER

—rrt

/' 2 O/’/v /

WELD NUFBER

NOTES 60%/7

STOP

START

PASS#

LAYER

OPERATOR

AL

1dd

4454
4




OPERATOR LOG

.lllii’!i
AR Gl S S 1%

WELD NUFBER T g pom*- | " LAYER NUMBER;__LI___
 OPERATOR  LAYER PASSH START stop notes Bobhnn ‘
: . ' N CE
) O\Jyr\[x —T 3.5 40N | ’

Biobe BN O
n o~ (70

R Lo dep 3 Stzﬁ |

K: 454 | ©0~(10

KR v oozl by cog
€ Dubss il R I




WELD NUMBER [ o Z%,’,ﬂ

OPERATOR LOG

" LAYER NUMBER %

OPERATOR | LAYER PASS# START STOP NOTES 3077'0/7
A ‘ Q45 £/ rJ _ ..' .A,' 5~
“ly 1a leackes
AW ‘ g - 7 o ! 6 v
. : 7900.70
S Haemay 7. |5
. =,
S Hsrrion ,
S fo e e 23| 7.6
' ' 76
o &0
8o 1y g |7oolayy |
1 | BE 1O~ QU0
0 Plep wu 19gy |
_ 20~ (70
R Loy Lo Loaolpss 177
V.0~ (10
poute 4oy L lows Lose
| : 0- 50
- JRoo
A o~_7k/o
P b
00— YO
Poidrp ““m -
2o b T s e F
‘, ‘\\\"A A ’ '23% / S O
RRave 1w g fawa Jas 00
‘ Co~H0
5 o Dow; Tem
a . — ~ _ ~ R0~ 410 : 3‘.\
RP~ira b 4 bo 13a 13333 0



OPERATOR LOG
WELD NUFBER " LAYER NUMBER

OPERATOR ' LAYER PASS# START ~ STOP NOTES

19

A4, @\&“ﬁ

L -%’-ﬂ
| --
M Weres .- 0

’Q)rc\m\lm L" BE

(0

%’23

R 19

. |




OPERATOR LOG
WELD NUMBER " LAYER NUMBER

OPERATOR E LAYER "PASS# START STOP NOTES |
: ‘\ - .

35 HARmn | 3 2/ /R0 /2, 3

S Harmay --
SHacmin | 4 | 2 |,
= e o 15 1
2 AL, un
S doenes | 7 |5 |-

{8

\
@
W
N
Y I\
A

I

%K’\\E
Wl
b\swxgg(
&;\\
\J\(
V\S\IM
D
o

L
<

T O

S tye v e |sor |55 G70, con,

> Aaeses - 3, 56 /4
Voermew | v |5 927 |4

S ///bé'mod -- 5/1'0?/

S Hgemon --
S Hagemow
S Hakme
0O Mn e
O lrdf\\:w
| \ g n
) TN -
(M \Ar\‘c,\f\EM‘ .

\

3 P EN N
al S EEE
ﬂi
OGN iy
N |5o

S\
y 1A
5
N
W
3

| R U\
ol B BN
S A%

oo,@ﬂ
14

g_\:
R0
T
0

P
=
-0
X

E
cl|



OPERATOR LOG
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APPLIED TECHNICAL SERVICES, INCORPORATED

Bianch Onlc.
1218 Donald Road
Greenville, Bouth Cannn. 29003
(803) 296 0528

Main Oftice
1180 Allents industrial Drive
Marietis, Ooom l 30088

'd ' (‘0() 420““

Dranch Olice

11171

Page l — of __ /

Rel. .AQ- 0394
Date "—f/?,/87 '

108:A Castle Drive
Mldlzgg ,Allbl 5738

Purcha'se Order# X207 5943

MAGNETIC PARTICLE INSPECTION REPORT

T Weld

L».w\_‘) Ser\aas Loe.

L Athaota, Ga,

1 MATERIAL: Stee | / P- 3

PART SIZE: 3 O x 12"

|
INSPECTION PROCEDURE - = - -

Specification(s) Asng Secti o ‘.- L . MNBR 2560 NQ 5000 3
ATS 140, Rev 1
@BRY M.T. EQUIP. _Em\«er Pro\oe, DA 200
OwET - PARTICLE MFG. Paoker Resemre
O RECTIFIED © ' PARTICLE BATCH NO. 38 %4
®DC o ' T e PARTICLE COLOR _Rc.é» S
#AC . ., .PROD SPACING __& - &"
O CENTRAL CON. (AMPS) - AmPeraGe My, SRECRLE
O HEAD (AMPS) ‘ - METER CAL DATE AVF\ —
O COIL (AMPS) T YOKE CAL DATE j// /8? e
O DEMAG Woe S
INSPECTION RESULTS SRS
IDENTIFICATION ACCEPT‘ REJECT QUANTITY S . - REMARKS - .

Eﬂp&& BcAd Qual. / 1 '.T::Mpe;& ,@eﬂ'd“: GTAW

. RQ~C(‘°R&4JC.€ COCLC_: C»ASC

Nt N ,
Acqsmo)
. .MT.
Linean LroicATION % %"
WAS “Removeo By GrRINDIN G
. A — —
WL Treed oy A7 [Svpoe, [ 7P=2,
. . ’ (/ ,\.'A . S‘:.yﬁ-‘/._(/?—/s‘e. / ...Q

A'?’m Inspection Performed By: LY. _ LéVel_;.-.Ll_—M.T.
Client : ‘ _ - Q )(Q% ' L »
Approval _ (é)f')f e L M J. il S poye) ZIL py 7.
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APPLIED TECHNICAL SERVICES, lNCORPORATED ‘Fief. . Ao -0394

Branch Office Main Office - Branch Office ' P.O. No. 207 593
Ovee':wzll‘loa D;::Ld;:rl‘o?:\:dzms 1:«1?”::!‘:" :;olc:\r:‘l': l:&;!:' M“:ﬂ:': 2’-:;':'“(:'2:7“ Date v r{ - 8 - ﬂq

{803} 299-0525 (404) 423-1400 (205) 837-1777 .

Fax e2t-o1s RAD[OGRAPHIC INSPECTION REPORT
1 - |
e \d, WY Sex Vices 1&C \ - '_Part No.. ___N/a , -
: ' . Part Name: i
| Material: -3
At ot a VG Thickness: 7.25"

L

I Type Weld:

Temdey Read, GTAW
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Set-
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h]‘l(' HORTTTRLIES o 3 JOWapyr, Uy

D, BWE

~ Radiographic lnspectlon Techmque L N
Specification(s) RSNE ¥ _ XTI NBR 2480, NB‘%QOO S AT V2000 e
Isotope Co o Film Size ____14a.""" x\'7" R DU
Curies SR £ i 12.Film Type -. AN
KV N /A - ‘Sensitivity'__ 2= 2 T “LMAcseng,.

MA N /A - Penetrameter - YOy v a e i
Time Y Y voz-Shim(s) _Bare . i
“FD SRR Yo N v Develop: Temp: B Time: _&m :
‘0D S z2z72.75" " Séreen(s) 1| EiB: ~O\D as?
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APPLIED TECHNICAL SERVICES, INCORPORATED Purchase Order # 207593

Branch Oftice Main Office Branch Oflice . - -
1218 Donaidson Roed 1100 Atianta Indusirial Drive 108-A Caslle Drive Date 5 3 Bq
Greenvike, South Caroling 29003 Marletla, Georgla 30066 Maglson, Alabama 25758
. (lOJ] 299-0525 404) 423-1400 (205) 8-

FAX ¥ (404) 424-8415

, ULTRASONIC INSPECTION REPORT
WELDING Sves., TNC.. . T mateRiaL: steer. / P-3

L | -
INSPECTION PROCEDURE

Specmcatlon(s) LASMk; secTiod X TieLe 5 A/R 1AW Meu: s:cmoum:c_
NB 5330. DAL REG - 4sz=cmous STRAIGHT BREAM , 45° 4 (bo°

0O SHEAR - D SURFACE A CONTACT . TRANSDUCER FREOUEN‘CY- ~2.25
.. . . L . [} .
B LONGITUDINAL O THICKNESS O IMMERSION TRANSDUCER SIZE /2" DIA.
OSKETCHATTACHED . - o . TRANSDUCER ANGLE _STRAIG HT
SCANNING METHOD ___MANUAL : REFERENCE STD.:S/N - Ao3n437,
SURFACE CONDITION _SMooTH A " MATERIAL SIZE: THICK/DIA. 2oz KT IR
U.T. EQUIPMENT NoRTeC. NDT (A1 s/N 4!9 ,COUPLANT/BATCH NO. _LILTRAGEL
TRANSDUCER: MFG. S/N-LA&MZQB_ DAC METHOD " on’ sepeeal
INSPECTION RESULTS o e
: ) INDICATION REFERENCE R S - ’
IDENTIFICATION . ACCEPT REJECT LEVEL LEVEL S Tl " REMARKS
MULTIGLE RAnDom)s LiIEAR ndt)t&ﬂ_rrrous RANG LG FroM 207. To 100 %0r
SKETCH AND TECHNIQUE DESCRIPTION:
TRANSDULED : ' lq, | : ToP. .
. T . STRAIGHT
: . A - WE-L[S- T e BEeAM.
DIRELTION OF | / : _ '. 100% 24
SounD 2eAM | - PLATE / SinE view : - |Top
o . - SUAFACE.
A-3

THICKNESS MEASUREMENTS N/A.

MIN. THICKNESS REQUIRED _ — AccePTO. -
MIN. THICKNESSRECORDED ' S REJECTD

. o . lnspectlon Performed By: Level Z U.T.
Client 3(
* Approval _ Wy 1M ) WS evel TIE T
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Page 4 of _9
Ref. _AD-0394
Purchase Order # _ 207592
Date _D-&-89

ULTRASONIC INSPECTION REPORT

-
WEL.DWG SEefvICES, Iuc

L

maTeriAL: STeec / P-3

-

INSPECTION PROCEDURE

Specification(s):

ASHE SecTiod X artiers 5 A/R

IAW ASME sectiod TIT

NBS5330. DAC ReEQ.

4 DIRECTIONS BYRAIGHT BE‘AM V45 %4 Lo e

®l SHEAR 'O SURFACE
O LONGITUDINAL
0 SKETCH ATTACHED

SCANNING METHOD MANuAL

® CONTACT

O THICKNESS 0O IMMERSION

SURFACE CONDITION _SMooTH

U.T. EQUIPMENT _NORTEC. NDT 131 8/ 4H9

TRANSDUCER: MFG. SN KB acroreen SAl B21s2)

TRANSDUCER FREQUENCY - 2.25
TRANSDUCER SIze __ ¥4+" x 54"
TRANSDUCER ANGLE __ 45°
REFERENCE STD.: S/N _AOB3N432

.MATERIAL SIZE: THICK/DIABO*X 12."x 7/a8"T
COUPLANT/BATCH NO. ULTRAGEL
DAC METHOD _oal_seREEd

INSPECTION RESULTS

] |NDICAT|ON REFERENCE
- IDENTIFICATION ACCEPT REJECT | LEVEL.- LEVEL REMARKS
MucraLe Ranpom ¥ LINEAR INDleATIONS RAMG-(MC: FRovl 20% T0 707 oF
' _ DAC,
SKETCH AND TECHNIQUE DESCRIPTION: 45 °
TRANSDUCER 81 L]
DiRgensal WELD I ' I > &3 S4€—>
.52:.”__” | . _ B . Sean:
. - R
BEAM PLATE /ToP VIEw | [#] =2 1001,
SQRFACE
A-3 : S :
| THICKNESS MEASUREMENTS Al/A
MIN. THICKNESS REQUIRED ACCEPTO .~
MIN. THICKNESS RECORDED ‘. REJECTD
Client Inspection Performed By: d ﬁa//"ﬂ/J i Level J—(— u.T.
Approval : . — Oy A"’)’,T JQ‘-QOO J”"\J HILS | evel ZIL U7,
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Ref. ___AO-03G4
" Purchase Order # 207593
Date 5-8- 87

ULTRASONIC INSPECTION REPORT

" welbiwe svee. Iuc.

L

material: Steec. / P-3

|

INSPECTION PROCEDURE

Specification(s): _ASME SeeTion v A?th_LE 5 A/R

IA\AI ASMt: SEC..TIDMID:_

NG 5330 . DA RE®. 4 D(Ru:nous

S‘I’F{AQLLT' E’>EAM LS °+ [

Kl SHEAR 0O SURFACE
O LONGITUDINAL
O SKETCH ATTACHED o
SCANNING METHOD __ MANUAL T
SURFACE CONDITION _SMooTH

" U.T. EQUIPMENT NoRree MoT 131 s/d 419

. M CONTACT .
0O THICKNESS DIMMERSION '

TRANSDUGER FREQUENCY LBR25
TRANSDUCER SIZE _ 4 "X S&”
TRANSDUCER ANGLE ! 60" -

REFERENCE STD.: S/N A0 3M 432
MATERIAL SIZE: THICK./DIA. S0'xIZ “x 7/8" T
COUPLANT/BATCH NO. _ULTRAGE L

TRANSDUCER: MFG. S/N KA Aeroreen SM B21521° - pAC METHOD " ON Sc_ﬂe: :J
INSPECTION RESULTS ” b "
| INDICATION REFERENCE -"' —y e
IDENTIFICATION ACCEPT REJECT © LEVEL’ ~LEVEL . s REMARKS
MULTIBLE RanDoM P LINEAR jupdaTions B NG ING FRDM ZD% To. loo‘7o oF

SKETCH AND TECHNIQUE DESCRIPTION: Seec 4x5° REFORT FoR

Sgs‘rc.H .

A-3

MIN. THICKNESS REQUIRED
MIN. THICKNESS RECORDED

Client
Approval

THICKNESS MEASUREMENTS A/A

ACCEPTO -
REJECTO

Inspection Performed By: Level Z_u.T,
: : d’%—? )Q\QQ@ AN D LS | gye) ZIC U.T.
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3 | Consulting Metallurgical Services, Inc.

April 27, 1989

-t

Welding ‘Services Inc. CMS 405-89
3276 Marjan Drive
Atlanta, Georgia 30340

Attn: Mr. Steve Burkhalter

Subject: Microhardness Testing of Various Welds Involved
' in Temper Bead Pass Welding.,

Dear Steve:

At your request we have performed microhardness surveys ‘
through the HAZ of various weld samples that you had

welded with different parameters in order to determine

the required technique for proper temper bead welding

of SA 302 grade A with ER 805-D2 filler metal.

We used a-Knoop indenter with a 500 gram load, observed
at 200 x magnification, in locations A, B, C, and D
as shown in the attached sketch.

In addition we performed microhardness surveys in locations
A, B, and C on P-2 and P-6 single bead weldments in

order to determine the highest hardness produced in

‘the HAZ without'tempering.

Photomacrographs and photomicfographé of the areas that
You requested are enclosed.

Respectfully submitted,

1700 CUMBERLAND POINT DRIVE, SUITE 10, MARIETTA, GA 30067 » (404) 052-0038
| Fax. (404) 9557310 o |
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Sketch of Microhardness Survey and Samplebecat‘
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ST St

P-2 Single Bead Weld

'DiS?izgiﬁiﬁsm Filars KHN; 40 Filars »gggsoo Filars RHN
0.005" 264 463 :
0.015" 248 525
0.025" 254 500 '
0.045" 254 500
0.0654 254 500
* 0.085" .254 500
0.105" 252 508

High Hardness

A - KHN

—555500

Rc (conv.)

49.0



P6 - Single Bead Weld

A - » £9
Distance from Filars KHN ' Filars KHN Filars KHN
fusion —500 —_— —500 500
0.005" 255 495
0.015" 257 486 !
0.025" 255 495 4 K
0.045" . 248 525
0.065" _ 252 508
0.085" 254 500
0.105" - 254 500
{
High Hardness
A - KEN ... Re (conv.)

525 49.0



st P=6-Weld
A i
.Distsggi%gggmn Filars KHN: 4, _Filars KHN: 00 Filars KHNc 40
0.005" 328 299
0.025" 348 265
0.045" 350 263
0.065" 354 256
. 0.085" 373 231
_0.105" 358 251
_0.145" 365 241
0.185" 368 237
0.225" 354 256
0.265" 358 251
0.345" 360 248

High Hardness

A - KHN

§§§500

Rc (conv.)

28.3




P-2 SINGLE BEAD

A
Distzﬁgfosrom Filars KHN; o Filars KEHSOO Fiiars VKEESOO
0.00 256 492 258 485 253 504
0.008 256 492 252 508 " 249 520
0.016 256 492 257 489 261 _ 473
0,024 258 485 258 485 270 - 443
0,032 258 485 258 485 248 525
0.040 284 400 264 463 297 365
0.048 290 384 270 443 281 418
0.056 302 353 263 466 285 396
0.072 363 244 286 396 369 236
0.080 365 241 370 234 341 277
Base Metal 374 229 375 228 371 234
High Hardness
A - KHN Rc (conv.)
492 46.8
B - KHN Rc (conv.)
508 47.9
C - KHN Rc (conv.)
525 49.0




P- 6 SINGLE BEAD

Dist;g:ioirom EilEEE §§§500 _Eilé£§_ Kﬁgsoo Filars EEHSOO
0.00 251 512 261 473 268 449
0.008 257 487 261 473 - 265 459
0.016 253 503 279 414 269 . 446
0.024 254 500 284 400 428 ‘176
0.032 253 503 292 . 378 278 417
10.040 253 503 316 322 318 319
0.048 295 370 283 - 403 346 269
0.056 284 400 356 254 365 241
0.064 356 254 370 234 367 239
0.072 357 253 372 232 376 228
0.080 361 247 358 251 385 217
Base Metal 367 239

"HIGH HARDNESS

A - KHN Rc (conv.)
512 T 48.1

B - KHN Rc(conv.)
473 45.4

C - KHN Rc (conv.)

459 44.5




"~ Distance

Inches . B K C o D_ .
X Filars 5@5500 Filars KHN500 Filars KHN500 Filars gggsoo'
.002 312 331 320 315 - 325 304 315 324
.004 304 348 310 335 326 303 298 363
.012 304 348 328 298 320 315 295 370
.020 298 %363 305 346 325 304 313 328
028 302 353 304 348 328 298 315 324
.036 305 346 315 324 328 298 320 315
.044 304 348 295 *370 351 262 328 298
.052 308 340 330 296 338 282 322 310
".060 304 348 332 292 323 308 313 328 -
.076 348 266 326 303 323 308 293 *380
.084 345 270 325 304 319 316 296 368
:108 343 273 314 326 329 297 310 335 |
.116 298 363 330 296 - 305 346
.132 295 370 320 315 310 335
.148 304 348 318 318 358 251
.164 304 348 314 *326
.180 306 344 325 304
.188 300 358 354 257
.196 323 308 )  Base Metal High Hargness
A — KHN RClconv) C=kRHN—Rc{conv:)
363 36.3 326 32.0
B - KHN Rc (conv) D- KHN Rc{conv.)

297nNn

7

n

9N

IR N




.Distance - .
Inches A B : c ' D_ '
Filars §§§500 Fila;s KHNSOO-Filars KHN500 Filars KHN500
.002 327 302 304 349 298 364 297 366
.004 325 305 293 375 296 368 296 368
.012 318 319 298 363 310 336 298 364
.020 302 354 314 327 310 336 304 349
©.028 324 308 319 317 304 349 312 332
.036 320 316 296 . 368 318 319 312 332
.044 327 | 302 296 368 330 296 327 302
.052 329 ! 298 - 315 325 318 319 368 238
" 060 34 | 327 345 271 310 336 367 239
076 313 ’ 329 376 228 300 359 356 254
.084 332 I 294 381 222 298 364
liog 374 , 231 355 256 365 242
Highest KHN500 ﬁc(conv.)

A-354
B-~-375
C-368

D-368

35.3
37.5

36.8

36.8



Distance . : . .
Inches A B ' c : i
Filars KHNc o Filars KHNg oo Filars KHN: ol Filars KHN: 0
.002 308 340 299 361 294 374 336 236
.004 310 336 295 371 295 371 322 312
.012 330 296 308 340 291 382 308 -~ 340
_‘»;620 324 308 308 340 274 430 318 319
.028 324 308 303 352 289 386 315 325 -
.036 319 317 302 354 291 381 322 312
- .044 320 317 312 332 297 366 304 349
»~;osz 209 361 305 347 287 393 297 366
060 322 i 312 325 305 307 343 310 336
.076 336 236 322 312 319 317 322 312
.084 350 264 320 317 319 317
1108 374 231 372 233 369 237

Highest KHN

A-361
B-371
C-430

D-366

500

Rc (conv.)

36.

1

37.1

42,

36.

3
6




Distance.
Inches , B - D
?ilars KHN_ o Filars KHN_, of Filars KHN. o Filars RHN.
.002 342 276 318 319 345 271 318 319
.004 330 296 300 358 316 324 296 368
.012 335 238 315 326 315 326 299 361
.020 321 314 297 ' 366 312 332 -} 307 340
.028 . 320 315 313 329 312 332 318" 319
036 332 293 316 323 | 308 340 304 349
.044 332 293 325 1305 308 340 304 349
.052 331 295 310 336 305 347 298 364
- 060 325 305 304 349 302 354 293 375
.076 334 289 295 371 297 366 294 373
.084 333 291 297 366 300 358
liog 365 238 1360 249 377 226

nghest KHNSOO

A-315

B-371

. Cc-366

C-375

Rc (conv.)

30.6
37.1
36.6

37.5



- Distance

c

Inches A : B - i —~———— —
| Filars KHN_ ol Filars KHN. o Filars " KHN: 0o Filars KHN: 0 o
. .002 351 262 316 324 305 347 315 325
.004 344 273 306 345 - 298 | 364 325 305
.012 329 298 304 349 303 352 322 312
- .020 325 305 321 313 302 355 310 336
.028 334 289 318 319 318 319 320 315
036 326 303 314 327 320 315 320 315
.044 328 300 318 319 303 352 315 325
.052 326 303 314 327 298 364 306 345
" .060 326 303 304 349 306 345 - 298 364
.076 376 228 326 304 304 349 297 366
.084 378 226 356 254 | 335 288
.108 366 241 350 263 364 243

H;ghest KHN500

A-305

B-349

' Cc-364

D-366

Rc (conv.)

29.1
34.8
36.4

36.6



Distance )
Inches B e c - :
| Filars KHN: 40 Filars KHN_ o of Filars KHN_ ol Filars KHN .06
.002 340 279 340 279 340 279 368 238
.004 352 260 333 291 326 | 303 353 258
o012 348 266 340 279 | 326 303 344 273
.020 348 266 347 268 324 307 332 293
.028 356 254 148 266 327 302 342 276
.036 346 269 329 208 | 326 303 344 273
.044 347 ] 268 336 286 334 289 338 282
.052 345 ! 271 337 284 328 300 | 333 291
* 060 348 j 266 337 284 329 298 328 300
.076 384 | 218 334 289 326 303 ! 330 296
.084 384 f 218 345 271 | 312 332
.108 365 ’ 242 325 305 380 223

Highest KHN

A-279
B-305

C-332

D-300

500

Rc(conv.)

25.2
0 29.1
32.8
28.4




Distance ' - .

Inches | A : ' — _ '

Filars RHN_ | Filars KHN o Filars KHN: 00 Filars KHN_ o
.002 347 268 338 282 336 286 338 282
.004 335 287 | 321 313 323 | 309 333 291
.012 345 271 331 | 294 323 309 322 | 312
.020 329 297 330 | 296 321 313 | 322 312
1,028 333 291 322 | 312 313 | 330 | 334 289
.036 | 336 286 329 | 298 309 338 348 266
.044 338 282 | 327 302 318 319 . | 350 263
052 - 335 287 337 | 284 | 322 312 342 276
©.060 346 269 | 338 282 320 315 342 276
.076 350 263 340 | 279 - | 329 298 338 282
.084 356 254 318 319 335 287
:iog o 352 260 354 257 1330 296

Highest KHNSOO Rc(conv.)

A-297 | 28.9

B-319 31.1 k

c-338 | 33.5 ' '

D-312 : 30.0




Distance :
Inches A B ] C _ _ _
Filars KHN o Filars KHN. ool Filars j' KHN_ Filars_ KHN_ oo

.002 337 284 339 281 343 | 271 341 277
.004 362 246 337 284 334 J 289 322 312
.012 345 271 335 287 ' 33? E 284 322 . 312
.020 351 261 322 312 328 300 1327 302
.028 384 218 330 296 327 302 333 291 -

.036 325 306 337 284 340 279 339 281
.044 340 279 328 300 323 309 372 233
.052 327 302 335 287 323 309 499 139
".060 332 293 330 296A 336 286 343 271
.076 328 300 337 284 344 1272 350 263
.084 328 300 335 287 328 300

lioa 351 261 322 312 388 214

Highest KHN500

A-302
B-311
C-309

D-311

Rc (conv.)

28.5

30.0
29.7
30.0



Distance.

Inches A B : :

. i;i:rs _ 3f§g§500 z;zars. .ziiNsoo zz;ars ? zszSOO §i;ars §2§500
'.004 302 354 340 279 358 ! 252 346 269

.012 312 332 337 284 349 ? 264 1341 2717
- .020 345 271 337 284 345 § 271 336 286
028 356 254 334 289 343 | 274 327 301

.036 350 263 332 293 335 i 287 330 296

.044 356 254 315 326 333 f 291 335 287
052 343 274 326 303 348 5 266 335 287
'-060 366 241 329 298 - 340 i 279 338 283"
.076 366 241 331 294 345 271 339 281
.084 367 239 330 296 337 284

.108 394 230 327 302 | 335 287

500

Highest KHN

A-354
B-326
C-291

D-301

Rc (conv.)

38.1

32.0

27.1

- 28.5°

. -
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(a)
(b)

(c)

Relief Request 29

Request for Which Relief is Requested
Name: Automatic Gas Tungsten Arc Velding (GTAV) Temperbead Process

Function: Facilitate repairs involving velding on ASME Section III
Class I Components

ASME Section XI Code Case N-432, Repair Welding Using Automatic or
Machine Gas Tungsten - Arc Welding (GTAV) Temperbead technique Section
XT, Division 1.

Reference Code Requirements That Have Been Determined to be Impractical

The Code case weld procedure qualification required the test material
be of the same specification type, grade, and class as the material to
be repaired. Indian Point 2 steam generators were built to the
requirements of ASME Section III 1965 edition including addenda through
summer 1966. The steam generators were fabricated from ASME Section
IIT SA 302 Grade B material which has an impact value requirement of 30
ft-1bs absorbed energy (N-330). The test specimen also used SA302
Grade B material and met the 1965 code edition of Section III impact
requirement of 30 ft-lbs. Hovever, the operative Section XI Code
edition is 1980; the corresponding ASME Section III (1980 edition)
imposes a 50 ft-1b requirement from which relief is requested.
Achievement of this impact strength in a thick test piece is
impractical.

Alternative proposal

It is proposed that Automatic Gas Tungsten Arc Welding (GTAW)
Temperbead Process be accepted on the premise that the qualification
procedure utilized test material whose properties correspond to the
original code, ASME Section ITI, 1965 edition. Furthermore, the test
results verify that the impact strength of the heat affected zone (HAZ)
of the base metal is enhanced, as illustrated by the following test
results:

WVeld Metal HAZ Base Metal
(40°F) (90°F) (90°F)
Ft-1bs 83 44 32
Lateral exp 65 39 31

Material records on file indicate that the impact strength of the
material actually used in steam generator construction corresponded to
values ranging from 55 ft-lbs to 105 ft-1bs. Based on the test
results, any repair using the GTAW method should result in improved
values.



It is understood that the difficulties presented by Code Case N-432 are
acknovledged by ASME personnel and that a Code change is currently
under way incorporating the current proposed code modification for
Shielded Metal Arc Welding (SMAVW). The proposed changes in the code,
as presently stated for SMAW, and as are to be proposed for GTAW,
include:

o The test assembly shall be of the same P number and Group number
as the component and will be post weld heat treated in a manner
vhich is similar to the component (on the order of 80% of the heat
treatment time at temperature).

0 The Charpy-v-notch impact requirements of the test assembly shall
meet the following:

- The base metal impact properties shall meet the design
specification.

- The impact properties of the heat affected zone shall be taken
at or below the lowest service temperature.

-~ The average of the three charpy-v-notch heat affected zone
results shall be equal or greater than the average of the three
base metal test results.

The results of the qualification process for the proposed GTAV in
general meet these requirements. '

Basis for Requesting Relief

Consolidated Edison has developed a temperbead weld qualification
program for the Indian Point Unit No. 2 Steam generator shell. The
shell material is Section III SA302 Grade B low alloy steel, designated
by the ASME Code as P-3 Group 3 material. The purpose of the
temperbead qualification is advance preparation for performing a cavity
veld repair to one or more of the IP-2 steam generator shells using
this welding approach. ASME Code Case N-432, issued on February 1986,
provided guidance for the temperbead qualification activity. Both weld
parameter trial tests (on a thinner plate of section II SA302 Grade B
material) and procedure qualification tests (on a thicker plate) were
performed in order to select a weld procedure and then to qualify it.
Although the thicker plate was not entirely representative in terms of
toughness, the results on the thinner and thicker plates, taken
together, demonstrate that the procedure is technically acceptable for
use on the 3.5 inch thick steam generator shell at IP-2.



The properties of the base metal used in the temperbead qualification
program did not meet all of the requirements of Code Case N-432 and the
Code of repair. However, application of these requirements in this
case would be overly restrictive and unnecessary. The plant was
constructed to ASME Section III, 1965 with addenda through 1966, a Code
vhich prescribed less in the vay of toughness requirements for this
material than either the Code of repair or Code Case N-432. The intent
of Code Case N-432 is to assure that the weld procedure is qualified as
a process on representative material which provides assurance that the
welding process will not degrade the base metal. The HAZ
Charpy-v-notch energy absorbed and lateral expansion were clearly
greater than those of the unaffected base metal in this test program.
The 7.125 inch thick SA302B plate used in this test program is
representative material in that section thickness. One characteristic
of this material is its poor through thickness hardenability, thereby
resulting in plate which, in this thickness, may have poor notch
toughness in the 1/4t to 3/4t region. In reduced section thicknesses,
this material is expected to have better toughness.

The steam generator shell at IP-2 is significantly thinner, 3.5 inches
thick, and has superior Charpy-v-notch impact properties compared to
the test plate, as would be expected for this grade of material. WVere
the test plate of a more representative thickness, it is believed that
the notch impact properties would have been significantly improved.
This observation is substantiated by the weld trial tests in the
thinner plate, 2.25 inches thick, where hardness measurements revealed
a softened HAZ consistent with increased toughness for a representative
material. The restrictions of code Case N-432 required a thicker plate
than is to be welded to in the field, thereby restricting the
qualification program to use of a base metal which c¢ould not be
reasonably expected to meet the notch toughness requirements in the
Code Case. Consequently, while all requirements of Code Case N-432
could not be literally adhered to in this instance, the trial weld

tests and the procedure qualification tests taken together demonstrate

that the HAZ properties have not been degraded in the SA302 Grade B
plate and that the temperbead process is technically qualified for use
at IP-2.

Enclosed are records pertaining to the test plate.
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4
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DATE_ 4-20- 29
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Weldmg -Services Inc. O PURCHASE ORDER NO.
Welding Services Inc. Mfg DIV. ‘0O PG c% (o
ﬁ:fuc.am';nm Accounts Peysbie 3
Telophors (40+) 452-0008 {404) 4220529
e i o | I
ENERGY STEEL & SUPPLY CO. : B WELDING SERVICES, INC. ,
2715 PALDEN DRIVE . ~ ) SHIPPING & RECEIEVING
AUBURN HILLS, ‘ 3202 MARJAN DRIVE
MICHIGAN b ATLANTA, GEORGIA
4Be57-0000 i . 3e3de-ecce _
e | TEAMS | roe | _ SHIP VIA JOB /PROJECT . }emnNo ] TAXRBLE o o
X . . YES ~O ws!
' NET 3@ DAYS . S/P AIR BEST " INDIAN POINT II/CON ED. ' 13735 _ VG W
WSI MFG PART NO. SPECVENDOR : ™
v, fwese MFG PART ECIVEND | | DESCRIPTION PRICE i | Xt ,
..00 I8 SA302/GR.B SA302/GR B STEEL | 3,900,000 EA 3,900.000 69041-1-1 -
- ‘l401-01-00 . PLATE, 7-1/8" X 12° . | .
: . [ ’ X 3e°. s - ;
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N
e e b
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ATTACHMENT 2

RELIEEWREQUEST 29

CONSOLIDATED EDISON COMPANY OF NEW YORK, INC.

INDIAN POINT UNIT NO. 2
DOCKET NO. 50-247
NOVEMBER, 1989




