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Conventional Welding Procedure Specification

* KEPIC : Korea Electric Power Industry Code
- Welding Procedure Specification shall satisfy;
ASME Sec. IX(KEPIC MQ)+Construction Code+Other requirements
- Each manufacturer has to perform discrete qualification tests
- Use of the WPS developed by other manufacturers is prohibited
- The materials and welding methods of pressure vessels and pipings,
In nuclear industries, were usually limited to a few cases

A lot of WPSs and PQRs which contained nearly identical
technical contents have been developed over and over again.
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Conventional Welding Procedure Specification
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Standard Welding Procedure Specification, SWPS

the welding procedure specification which can be used
for production weld without any specific procedure

gualification test performed by manufacturers

Pretested WPS which
Satisfy technical requirements performed by designated
of related Construction Code organization and approved by

adequate test results
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Conventional WPS and Standard WPS

(Conventional WPS) (Standard WPS)

nstallation

A
(WPS/PQR)

ABCD,EFGH

Each manufacturer or
e Al (Demor?sttarg(tji::?* \ssll::iquired)
WPS/PQR

* to verify the manufacturer's ability
and knowledge required to perform a
welding with using a SWPS.



Analyses of Conventional WPS of NPP in Korea

O The scope was mainly focused on WPSs applied to pipe welding
on nuclear power industries.

d About 490 kinds of WPSs were reviewed.
=» Material : Carbon steel, Austenitic stainless steel
=» Welding process : GTAW, FCAW and SMAW

Material P-No.1(Carbon steel) P-No.8(Austenitic stainless steel)
Welding Process GTAW FCAW SMAW GTAW FCAW SMAW
Preheat Temp.(TC) Less 19mm T: 10T Less 19mm T: 10C
/ Over 19mm T :93~120T /Over 1I9mm T :93~120TC
Interpass Temp.(C) Max.250~300 Max. 177
Backing gas (first layer) N/A Ar(99.99%)
Ampere range(A) 80~200 160~300 70~200 60~170 120~300 60~120
Voltage range(V) 10~16 10~16 22~30 11~19 11~19 20~30
Speed(CPM) 6~15 10~50 8~15 8~12 12~45 6~12

/ﬂg‘l/‘vi‘;::i“g}/;ﬁin) Ar/8~15 | €O,/20~25 N/A Ar/8~15 | €O,/20~25 N/A

O The welding variables and qualification test conditions in most
WPSs and PQRs used in electrical power industries were nearly

identical.
=» there is not a clear difference between manufactures.




Analyses of Technical Requirements of NPP in Korea

[ Various technical requirements for construction of
components and pipings in Korea nuclear power plants
were reviewed.

=» Construction Codes, design specifications, construction
package, safety analysis report (SAR) and regulatory
guide

=» For piping application of PWR

O These requirements were classified as welding related items.
=» general limitations, welding materials, heat treatments
and austenitic stainless steels



Analyses of Technical Requirements of NPP in Korea

O General limitations
= GTAW shall be used for the root pass of all circumferential butt
welds, accessible from one side only
=> Multiple layers (more than 2 layers) shall be required
=>» In case of fit-up of socket welding, the gap distance shall be limited
to the range of 1.6~3.2mm
O Welding materials
=» For SMAW, low hydrogen type electrode shall be used.
=>» 309 or 309L electrode shall be used for dissimilar metal welding
=» Maximum bead width should not exceed that of 6 times the core
diameter of filler metal for carbon steel. (stainless steel : 4 times ~)
O Heat treatments
=» The minimum preheat temperature is 10°C (50°F).
= Maximum PWHT temperature shall not exceed the specified
minimum temperature by more than 83 °C (150 °F)



Analyses of Technical Requirements of NPP in Korea

O Austenitic stainless steels
=» Mainly focused on the prevention of sensitization and control of
heat input.
= IGC tests shall be performed in accordance with ASTM A262
Practice A or E when the carbon content of material exceeds 0.03%.
= For GTAW process, the allowed maximum heat input and
maximum bead width shall be limited to 60 kJ/inch (23.6 kJ/cm)
and less than 4 times the core diameter of filler metal respectively.
= Maximum carbon content and interpass temperature should be
limited to 0.065% and 170 °C respectively.
=» The weld materials with 5~20 FN (Ferrite No.) should be used in
order to prevent from hot cracking.
O Construction Code Requirements
= ASME Section Il and KEPIC MN require impact tests for the
thickness exceeding 5/8 inch of ferritic steels.




Standard WPSs in AWS

¢ The History of Standard WPS

U The Beginning of 1980s : American Welding Society (AWS) cooperated
with Welding Research Council (WRC) started to issue the SWPS

0 1991 : A Task Group was formed in ASME
= Determine adequacy for the technical requirements of construction Code
= Determine usability within the Code from an administrative standpoint
— They were technically adequate and there were no administrative
barriers
— But only two SWPSs were available

U 1995 ~ : Asufficient number of SWPSs were developed

0 ASME Sec. I X 2000 Addenda, KEPIC MQW 2003 Addenda
=» 17 SWPSs were adopted (Now, ASME Sec. IX 2013 Edition: 33)
=» ASME Sec. IX : Article V, Appendix E
= KEPIC MQW : MQW-2900, Appendix |



Standard WPSs in AWS

¢ Classifications of SWPS adopted by ASME/KEPIC
- The permitted SWPSs are listed in Appendix E of Sec. IX and
Appendix | of KEPIC MQ
- 33 SWPSs are adopted in 2007 edition of ASME Sec. IX

Welding Method GTAW, SMAW, FCAW, GTAW+SMAW

Material - Carbon steel (P-No.1)
- Austenitic stainless steel (P-No0.8)

- Carbon steel + Austenitic stainless steel
(P-No.1 + P-No.8)

Typical Thickness - Base metal: 1/8 ~ 1-1/2 inch
Range - Weld metal: Max. 1-1/2 inch
Heat Treatment As-Welded or PWHT

Fracture Toughness Not qualified



Technical Conflicts of SWPS in AWS

s Some conflicts related to applying SWPSs in AWS to the
Nuclear Power Plant in Korea.

O Unsatisfaction of the construction Code requirements
=>» should not be used for the thickness exceeding 5/8 inch(16mm) of ferritic steels
because of fracture toughness requirements.
O The discrepancy between technical requirements in plant specifications and SWPS

=>» |GC test requirements in austenitic stainless steel : there is no SWPS for P-No0.8

material qualified with IGC Test

=>» heat input control of sensitization : welding voltage, amperes, speeds and etc.
were not specified in the SWPS

= many SWPSs were developed with non-low hydrogen type
welding materials such as E6010.

= Maximum bead width, ferrite No., min. preheat temperature requirement, etc.

Consequently, most of SWPSs in AWS allowed by ASME and
KEPIC were not possible to use directly in the field of plants.



Scheme for the Development of New SWPS

Standard Construction Code
KEPIC MQ(ASME Sec.I1X) KEPIC MN(ASME Sec.l11)

Standard WPS
Designated Organization

Regulation
SAR, Regulatory Guide,
Notice

Owner’s Requirement
CP Spec., Design Spec.

KEPIC MQ

Production Welding
(ASME Sec.1X)



Scheme for the Development of New SWPS

Item
Applicable Code
Material

Welding Method
Weld Configuration

Number of
Qualification Test

Code, Specification
Requirement

Others

Manufacture/construction and repair/replacement
of nuclear and thermal power plants

KEPIC MQ 2010Ed. ~ 2014 Add.

Carbon steel & austenitic stainless steel
(P-No.1 & 8) preferentially

GTAW, FCAW, SMAW or its combination

Single side weld of butt joint

- Perform at least 2 PQ tests
(Perform PQ test at both minimum and maximum
heat inputs)

Qualifying with IGC test and fracture toughness
requirement etc.

- Narrowing the range of welding variables
compared with conventional WPS

- Making it available for welder to use the SWPS
directly without any specific guides



Scheme for the Development of New SWPS

P No.1

Carbon

L GTAW+FCAW |

Stainless
steel

No. Material Welding method _ Qualified PWHT Other tests
thickness range(mm)
1 P-No.1-1 GTAW 1.5~38 - Charpy impact test
2 P-No.1-1 SMAW 1.5~38 - Charpy impact test
3 P-No.1-1 GTAW+FCAW 1.5~38 - Charpy impact test
4 P-No.1-1 GTAW+SMAW 1.5~38 - Charpy impact test
5 P-No.8 -8 GTAW 1.5~55 - IGC test
6 P-No.8-8 SMAW 1.5~55 - IGC test
7 P-No.8-8 GTAW+FCAW 1.5~55 - IGC test




Base metal Qualified
. ualifie
No. PQR No. vrx(;ltctj::g o Outside Thickness thickness Remarks
Specification dlqmeter (mm) range(mm)
(inch)
1 Q-SWPS-0101-GT-01 Min. Heat input
Ao ors o 8 8.2 16~15.9 P
2 Q-SWPS-0101-GT-02 r. Max. Heat input
= GTAW Y :
Q-SWPS-0101-GT-03 In. Heat Input
Ao o 8 18.3 16.0~36.6 P
4 Q-SWPS-0101-GT-04 r.C Max. Heat input
5 Q-SWPS-0101-GF-01 Min. Heat input
Ao o 8 8.2 16~15.9 ik
6 Q-SWPS-0101-GF-02 GTAW+ I Max. Heat input
7 Q-SWPS-0101-GF-03 FCAW A106 GrB to Min. Heat input
1 : 8 18.3 16.0~36.6 -
8 Q-SWPS-0101-GF-04 A106 Gr.C Max. Heat input
9 Q-SWPS-0101-GS-01 Min. Heat input
Ao ors o 8 8.2 16~15.9 P
10 Q-SWPS-0101-GS-02 GTAW+ . Max. Heat input
11 Q-SWPS-0101-GS-03 SMAW A106 GrB to Min. Heat input
i 8 18.3 16.0~36.6
12 Q-SWPS-0101-GS-04 A106 Gr.C Max. Heat input
13 Q-SWPS-0101-SM-01 Min. Heat input
A106 Gr.8 to 8 82 16~159 i
14 Q-SWPS-0101-SM-02 A106 Gr.B Max. Heat input
15 SMAW Min. Heat i
Q-SWPS-0101-SM-03 In. Heat Input
A106 Gr.8 to 8 18.3 16.0~36.6 i
16 Q-SWPS-0101-SM-04 A106 Gr.C Max. Heat input

s Conducted tests : Tensile, Bending, Charpy Impact(T:18.3mm)




SWPS PQ Test for Stainless Steel

Base metal
. Qualified
Welding -
No. PQR No. method < ecifiat Cogpon Thickness thickness Remarks
pecification (S|ze) (mm) range(mm)
mm
-SWPS-0808-GT-01 in. [
1 Q A240 ©00v00 : 10 Min. Heat input
TP304 ' .
2 Q-SWPS-0808-GT-02 Max. Heat input
GTAW
-SWPS-0808-GT-03 in. [
3 Q A240 Min. Heat input
TP304 300x400 55 5~55
4 Q-SWPS-0808-GT-04 Max. Heat input
5 Q-SWPS-0808-GS-01 A240 Min. Heat input
6 Q-SWPS-0808-GS-02 TP304 20000 ’ o1 Max. Heat input
GTAW+ : P
7 Q-SWPS-0808-GS-03 SMAW A240 Min. Heat input
P304 300x400 55 5~55
8 Q-SWPS-0808-GS-04 Max. Heat input
9 Q-SWPS-0808-SM-01 A240 Min. Heat input
300x400 5 1.5~ 10
10 Q-SWPS-0808-SM-02 TP304 Max. Heat input
11 Q-SWPS-0808-SM-03 SMAW A240 Min. Heat input
P304 300x400 55 5~55
12 Q-SWPS-0808-SM-04 Max. Heat input

¢ Conducted tests : Tensile, Bending, IGC test(ASTM A262)




Development of SWPS

s P-1to P-1: 8 cases, P-8 to P-8 : 6 cases
- From autonomously conducted PQ test and PQRs donated from
nuclear industry

SWPS No. Material Welding method Qualified thickness range(mm)
SWPS-0101-GT-01 15 ~ 16
GTAW
SWPS-0101-GT-02 16 ~ 36.6
SWPS-0101-SM-01 15~ 16
SMAW
SWPS-0101-SM-02 16 ~ 36.6
P-1 to P-1
SWPS-0101-GF-01 1.5~ 16
GTAW+FCAW
SWPS-0101-GF-02 16 ~ 36.6
SWPS-0101-GS-01 15 ~ 16
GTAW+SMAW
SWPS-0101-GS-02 16 ~ 36.6
SWPS-0808-GT-01 15~ 10
GTAW
SWPS-0808-GT-02 5 ~ 55
SWPS-0808-SM-01 1.5 ~ 10
P-8 to P-8 SMAW
SWPS-0808-SM-02 5~55
SWPS-0808-GS-01 1.5 ~ 10
GTAW+SMAW
SWPS-0808-GS-02 5~ 55




The Flow of SWPS development and adoption Process
In Korea
(*Funded by Korea Institute of Energy Technology Evaluation and Planning)

SUNG IL (SIM) Co., Ltd. (Certificate Holder)

Development ofi Standard WPSs [y & KIMS (Government funded institute)

KEA (Korea Electric Association)

Review and approval of SWPS —— - KEPIC SWPS Committee
- KEPIC MQ Committee

Determination of suitability KEA (Korea Electric Association)
for its Section - KEPIC MN Committee



WPS Form (1/2)
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KEPIC #3284 AAAEA
KEPIC STANDARD WELDING PROCEDURE SPECIFICATION
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AEHE ;1
AL A ¢ 2018.02.20

FRAZHP-WE 1, OF WE 1 £ 2) 7hag 2o 283
Gas Tungsten Arc Welding of Carbon Steel(P-No.l, Group No. 1 ar 2)

A 16 - 36.6mm
Base Metal Thickness 16 ~ 36.6mm

LA -AAA (AR FAAE) AW LE  0T)
Qualified for Notch Toughness Applications(Test temperature : 0C)

BHFAA vy
Not Qualified for Post Weld Heat Treatment

HAQA 754 T
Supporting PQR No.
Q-SWPS-0101-GT-03, Q-SWPS-0101-GT-04, 0-070-D-422-326-0Q/028-Q, 0-076-D-422-082,

QA-TM-0101-65. 0QA-TM-0101-062, 9-070-D-422-301-Q, 9-070-D-422-312-Q,

9-070-D-422-355-Q/658-0Q
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KEPIC SWPS-0101-GT-02:Rev.1

KEPIC SWPS-0101-GT-02:Rev.1

WA 8, Backing material

B 24, O NEES4 O N34 O 2k
W Metal, OO Nenfusing metal, (I Nonmetallie, (I ete.

Preheat maintenance

28812 W8, None

4 ¥ 432, POST WELD HEAT TREATMENT

Page 4/8 Page 5/6
44 4, WELDING PROCESSES A4, POSITION
£ W, e allop a8, ) .
Welding Processes GTAW(Gas Tungsten Arc Welding) © [ A, postion ¥ : 2€ A4, Groove : Al
TR ey B |al 0 LE AA, Fillet @ All
A | | 2
Method of Manual L | A g 48, Uphill
o] &, JOINTS || Vertical progression
NHEATE FEes e W AeATA LdE wdse | o], PREHEAT
e E p-wlz I, 2§WE 1: 10
9 Greoe aesen e e moo e e ol @ aweso, PNo. L Gr. No, L+ : 10
:’q fications | Preneat temp. Min(T) P-WE 1, 2THWE 2 : t=25mm—10, >25mm—93
SE ZHAmm) g P-No. 1, Gr. No. 2 : t=25mm—10, t>25mm—93
Reot spaci L6 -3z SEFTE ) -
. e W e | Interpass temp. Max.(C)
W3], Backing | |
W Yes, B No | A R,
| |

=3, BASE METALS

SHFAA,

. f_:: ; OFWUE L £ 2 ol P-YE L 2FWE | et weid Heat Treatment g5t %4, None
ificati |
Pace el Classification P-No. 1, Gr. No. L or 2 to P-No. 1, Gr. No. 1 or 2 L[
%016 - %66 | &5 SEIEWIC) | FFmin)
s - =
::‘?;";T ™ ‘;’;W: :f 2 :s.s || A7k, Shielding gas Ar 99.99 7-20
Ils\c‘.]il H -
Fillet - Unlimited || smmzslx Backing gas N/A NIA NJA
| |
7}, FILLER METALS Ed a7l Trailing gas N/A NiA NJA
F-UE, A-UE, o1 2713 54, ELECTRICAL CHARACTERISTICS
F-Number, A-Number '
. Ell
SHAE B MDW 5.18 42, Heat input ﬂ"(::;“ “?v'.)w Zi:;g ﬂ;ﬁ;§
Filler metal classification - ERT0S-2, ER70S-5, ERT0S-7, ET0C-6Y oy R | ] o T 530
B7hAe AE W, 238, bore (Filler_metal size : £2.4) 180 - 190 | 17 -10 -1 19.69
Filler metal product form A%, Fill (B7H4 AA - 024
00-240 | 9-20 10 -13 28.80
A 4=mm), Sizelmm) =24, 32 (Filler metal size : ©2.4)
PRETET oy AN AR D) o0 | wens | 5o 260
22245 imm), Groove : Max. 36.6 ML e e
C o=
Weld deposit thicknessimm) | €13 - Al A& AR =e 34, DCEN
Fillet © Unlimited Current or Polarity

E S L
- o

588t o
Not permitted

& 2Rl A=, Tungsten electrode

MDW 5.12 EWLa-1/15/2, EN'Th-1/2 @24, 32

KEPIC SWF5-0101-GT-02:Rev.1

Page 6l

214, TECHNIQUE

A4/ B, stringWeave

| ek LY
W String, W Weave

k=31 271 mm),
Gas cup size(mm)

8-15

A= W, Method cleaning

B2y, W, W o
B EBruzhing, @ Chipping, B Grinding

EL- e LB A= e A FA,
Method back gauge Mechanical or thermal
gl ajGad s Bdi2E, |0 ed, B o3P,
Multi to single pass/side O Single. M Multi
ATl A S5, W s, O g,
Single to multi electrodes B Single. O Multi

Y, Peening

3§32 o, Not permitted

7|}, OTHERS

2w Hol Hmm),

Max. width per pass(mm)}

A5, Certificate Holder's Name -

A7) dFdAe & BEFREAAYAL] Abgol qlo BE Mao| 9lgE Wyt

In the name of the Certificate Holder stated above. [ accept full responsibility
for the application of this Standard WPS for use with:
HE AT2AH1S20E A B RS B (EMYE EEE 95 F)

2at, Date :

24, Approved by :




Use of SVVPSS By manutacturer (1/2)
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VPSS g/ manutracturer (2/2)
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Conclusion

O SWPSs in AWS adopted by ASME/KEPIC have some
technical and administrative conflicts to apply to the
nuclear power industries in Korea.

O New 14 SWPSs related with P-No.1 and 8 are being
developed

A lot of economic effects by reducing the overall cost of
gualifying welding procedures in whole electrical power
Industries are anticipated.

O The new SWPS in KEPIC can improve the reliability of
the welding processes of manufacturing, construction,
repair and replacement industries.
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