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ABSTRACT

This document contains FTI's best estimate of the initial RT,\or initial Charpy V-notch upper-
shelf energy (CVUSE), and chémical composition (copper, nickel and phosphorus) values for
the longitudinal electroslag welds within the core region of Quad Cities Units 1 and 2. Based
on a review of existing weld procedure qualifications (PQs) and surveillance weld data, initial
RT,or is estimated to be 23.1°F, with a standard deviation of 13.0°F. The initial CVUSE for
the electroslag welds is estimated to be 105.4 ft-lbs, with a standard deviation of 16.1 ft-lbs.
The electroslag welds are estimated to contain 0.190 weight percent (w/o0) copper, 0.311 w/o
nickel, and 0.013 w/o phosphorus (with standard deviations of 0.048, 0.051, and 0.003 w/o,
respectively). A chemistry factor of 114.43 is calculated based on the copper and nickel
contents for the electroslag welds at Quad Cities Units 1 and 2.
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1. INTRODUCTION

This document presents FTI's (Framatome Technologies, Inc.) best assessment of the initial

(i.e., beginning of life) reference temperature (RT,,,;) value, the initial Charpy V-notch upper-
shelf energy (CvUSE) value, and the chemical composition of electroslag welds in the Quad
Cities Units 1 and 2 reactor.vessels. . In particular, the electroslag welds of interest are
longitudinal welds among the plates comprising the Mark 57 (Mk-57) and Mk-58 shell
courses. The Mk-57 and Mk-58 shell courses are within the core region. Figure 1-1
illustrates the arrangement of these shell courses in the reactor vessels of Quad Cities Units
1 and 2.

This assessment is a result of the collection and compilation of weld PQs and other data
pertinent to the fabrication of the Quad Cities reactor vessels, as well as other boiling water
reactor (BWR) vessels fabricated in the same time frame. This document does not include
information with regard to chemical composition or Charpy impact data on specific shell

courses or non-electroslag welds.

The following list identifies the number of electroslag (ES) welds in each of the two shell
courses of the Quad Cities Units 1 and 2 reactor vessels. |

Unit ID Shell Course No. of ES welds
Quad Cities 1 Mk-57 4

Mk-58 . 4
Quad Cities 2 Mk-57 3

Mk-58 3

All longitudinal welds within the individual shell courses of Units 1 and 2 are electroslag
welds. [Note: The Mk-57 and Mk-58 shell courses of the Quad Cities Unit 1 reactor vessel
were fabricated using three individual plates, one of which was initially in two sections; thus,
each of these two shell courses has four longitudinal welds.)
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FIGURE 1-1.

QUAD CITIES REACTOR VESSEL
SHELL COURSE ARRANGEMENT IN CORE REGION

T T,

Mark 60 (Course 4)

Mark 59 (Course 3)

Core Mark 58 (Course 2) °
Regiong
Area
m
L

Mark 57 (Course 1)
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2. FABRICATION HISTORY

The plate material supplied for fabrication of the Quad Cities Units 1 and 2 reactor vessels
was ASME SA-302, Grade B’ high strength alloy carbon steel (modified to Code Case 1339?)
provided by Lukens Steel. During fabrication, the individual plates in each shell course were
rolled to contour; then, the plates were welded together with longitudinal seams using
electroslag and submerged arc welding processes. Figures 2-1 and 2-2 and Figures 2-3 and
2-4 illustrate the plate and weld layouts for the Mk-57 and Mk-58 shell courses of Quad Cities
Units 1 and 2, respectively. All electroslag welds of interest were made using Hi-Mn-Mo filler
wire with Linde #124 flux. |

Following assembly of each shell section, the following heat treatment was performed:

- Heat to 1675-1725°F, hold for 6.5 hours; brine quench

- Heat to 1600-1650°F, hold for 6.5 hours; brine quench

- Heat to 1175-1225°F, hold for 6.5 hours; liquid quench
The two core region shell courses (Mk-57 and -58) were fabricated by Babcock & Wilcox
(B&W) for Quad Cities Unit 1 and Unit 2. The circumferential weld joining the Mk-57 shell
course to the Mk-58 shell course of the Quad Cities Unit 1 reactor vessel was completed by
B&W; the circumferential weld for the Quad Cities Unit 2 reactor vessel was completed by
Chicago Bridge & Iron, Company (CB&l).

Although an extensive records search was completed,® very little information could be located
with regard to either the specific weld materials or test results for the ES weld consumables
used on the longitudinal weld seams of the core region shell courses of the Quad Cities
reactor vessels. Therefore, applicable test data for weld PQs - performed in the general time

frame that the electroslag longitudinal welds in both Quad Cities units were fabricated -- have

Records were searched at the FTI facilities in Lynchburg, Virginia, as well as the Babcock
& Wilcox facilities in Mt. Vernon, Indiana, and Barberton, Ohio, to locate all available
documentation.
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been included as one source of typical RT,,; data for this type of weld. Copies of the weld
PQs of interest are included in the Appendix. It is believed that the weld PQs included in the
Appendix are the only weld PQs that are applicable to the core region shell courses welded
by the electroslag welding process for the two Quad Cities units.



FIGURE 2-1.

QUAD CITIES UNIT 1
PLATE AND WELD LAYOUT FOR MK-57 SHELL COURSE

w +CW
4
1
2
z + X
Plate arrangement unknown
3
Y
TABLE 2-1.

QUAD CITIES UNIT 1
PLATE AND WELD IDENTIFICATION FOR MK-57 SHELL COURSE

| Wire or Plate Flux Fab.'d
Long. seam 1 (ES) 55° U ) B&W
Long. seam 2 (ES) 77° U v B&W
Long. seam 3 (ES) 197° u v B&W
Long. seam 4 (ES) 317° U V) B&W
6-122-1 - B5524-1 - -
6-122-2 - A0610-1 - -—-
6-122-11 - C1485-2 - -
Mk-57 to Mk-58 -- 72445 8688 B&W
circ. weld (SA) 406L44 8688
ES: Electroslag weld SA: Submerged arc weld U: Unidentified
* Records indicated that the electroslag welds for Mk-57 were performed using the

following weld wire/flux lot combinations: 0L0794/8467, 37C065/8445, 35A320/3496,
and 36A168/3496. However, data for specific longitudinal seams are not identified.
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FIGURE 2-2.

QUAD CITIES UNIT 1
PLATE AND WELD LAYOUT FOR MK-58 SHELL COURSE

QUAD CITIES UNIT 1

N
Ve

TABLE 2-2.

Plate arrangement unknown

PLATE AND WELD IDENTIFICATION FOR MK-58 SHELL COURSE

Wire or Plate Flux Fab.'d
S | N Location _HeatNo, Lot No, by
Long. seam 1 (ES) 22° V) V) B&W
Long. seam 2 (ES) 141° U V) B&W
Long. seam 3 (ES) 261° U U B&W
Long. seam 4 (ES) 323° U U B&W
6-122-4 - C1505-2 - ---
6-122-6 - C1498-2 - ---
6-122-13 - A0931-1 - -—
Mk-57 to Mk-58 - 72445 8688 B&W
circ. weld (SA) 406L44 8688
ES: Electroslag weld SA: Submerged arc weld U: Unidentified
" Records indicated that the electroslag welds for Mk-57 were performed using the

following weld wire/flux lot combinations: 0L0794/8467, 37C065/8445, 35A320/3496,
and 36A168/3496. However, data for specific longitudinal seams are not identified.

2-4



FIGURE 2-3.

QUAD CITIES UNIT 2
PLATE AND WELD LAYOUT FOR MK-57 SHELL COURSE

Plate arrangement unknown

TABLE 2-3.

QUAD CITIES UNIT 2
PLATE AND WELD IDENTIFICATION FOR MK-57 SHELL COURSE

Wire or Plate Flux Fab.'d
D Location —Heat No, LotNo. -~ _by
Long. seam 1 (ES) 77° U U B&W
Long. seam 2 (ES) 197° U U B&W
Long. seam 3 (ES) 317° U U B&W
6-122-8 - C1516-2 - -
6-122-10 - C1501-2 - -
6-122-14 - C1722-2 - -—
Mk-57 to Mk-58 - - S$-3986 3870 cBa&li
circ. weld (SA)
ES: Electroslag weld SA: Submerged arc weld U: Unidentified

2-5



FIGURE 2-4.

- QUAD CITIES UNIT 2
PLATE AND WELD LAYOUT FOR MK-58 SHELL COURSE

W +CW

Plate arrangement unknown
2

TABLE 2-4.

QUAD CITIES UNIT 2
PLATE AND WELD IDENTIFICATION FOR MK-58 SHELL COURSE

Wire or Plate Flux Fab.'d

Long. seam 1 (ES) 22° U U B&W
Long. seam 2 (ES) 142° U U B&W
Long. seam 3 (ES) 262° U U B&W

- 6-139-16 - C2753-2 - -
6-139-22 - C2868-1 - -
6-139-25 - C3307-2 - _ -
Mk-57 to Mk-58 - S-3986 3870 CB&l
circ. weld (SA) '
ES: Electroslag weld SA: Submerged arc weld U: Unidentified
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3. RT,py, CVUSE, AND CHEMICAL COMPOSITION

Both mechanical property and chemical composition data are lacking on electroslag welds for

" Quad Cities Units 1 and 2. For this reason, the available data discussed in this report are

based primarily on weld PQs and known weld wire chemistry data. Weld PQs contain
mechanical properties and, usually, chemical composition data as well. While this data
cannot represent actual reactor vessel welds exactly, the procedures, consumables (i.e., weld
wire and flux), and thickness of the welded plates are similar to the actual welds. Generally,
weld amperage, voltage, and oscillation speeds are equivalent or similar for the PQs.
Although the welding procedures are similar, an accumulated thermal history is not available
for the beltline reactor vessel welds at Quad Cities Unit 1. For Unit 2, however, CB&l has
reported that the Mk-57 and Mk-58 shell courses received the following accumulated post
weld heat treatment:®

Mk-57 27 hours, 56 minutes

Mk-58 44 hours, 22 minutes. ,
Stress relief heat treatments were completed at temperatures in the range of 1100 to 1150°F.

3.1 RT,r_Determination

The electroslag weld PQs included in this document contain Charpy impact data as well as'
respective stress relief times implemented for each weld PQ. As shown by the data in Table
| below, stress relief heat treatments were typically performed for either 18 or 30 hours; one

weld PQ had a stress relief time of 42 hours. The weld PQs for the electroslag welds in

~ Quad Cities Units 1 and 2 used a RACO (Reid Avery Company) Hi-Mn-Mo weld wire and a

Linde #124 flux; therefore, only data from weld PQs using this same RACO wire/flux
combination are included. The Charpy V-notch impact data are reported for tests completed

. at 10°F using a load of 240 ft-Ibs.

® Asreported in Attachment B to the CECo response to Generic Letter 92-01 for Dresden
Units 2 and 3 and Quad Cities Units 1 and 2.2
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TABLE |

Charpy V-Notch Impact Data for Electroslag Weld PQs

Stress
Drop WA. Relief
Weld PQ_ Charpy Data Lo CE) Time_
PQ-1092-C . 38 33 41 - 18
PQ-1138-A 52 30 50 (Surf) - 18
30 53 36 (1/4T) 10
PQ-1300 39 42 43 - 30
PQ-1309-A 60 50 35 - 18
PQ-1309-B 58 36 44 - 18
PQ-1667 47 39 27 - 30
PQ-1822 36 70 42 30 30
64 45 A
PQ-1851 84 71 57 10 30
PQ-1928 : 30 33 33 25 30
PQ-1929 80 40 55 50 30
PQ-1930 10 72 70 30 30
75 16 14
- 39
PQ-1931 47 24 33 20 30
" 57 50
PQ-2563 59 47 49 (Surf) - 42
27 34 32 (1/47) 10 ‘

From a statistical standpoint, the above Charpy data are sufficiently close with regard to
Charpy impact behavior that the values can be considered as one group of data. Therefore,
all drop weight data identified above are equally weighted in the calculation for initial RTy;;

discussed below.

No drop weight specimens were tested for the Quad Cities Unifs 1 and 2 surveillance
electroslag weld metals, nor were any tested for the electroslag welds at other plants
fabricated using the same RACO weld/flux combination as the Quad Cities units. The
surveillance electroslag weld Charpy irhpact data that are available, however, are shown
below in Table lIA.
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TABLE lIA
Charpy V-Noteh Data for Surveilance Electroslag Weld Metal*"

Plant ID Tevao Tevso Tosme USE
Quad Cities Unit 1 10°F 35°F 25°F >100 ft-lbs
Quad Cities Unit 2 -30°F 20°F - 5°F 125 ft-lbs
Browns Ferry Unit 1 8°F 33°F 20°F 93 ft-lbs
Browns Ferry Unit 2 - -10°F 10°F - 2°F 116 ft-lbs
Browns Ferry Unit 3 -31°F -21°F -27°F 124 ft-lbs
Dresden Unit 2 -10°F 40°F 5°F 101 ft-lbs
Dresden Unit 3 40°F 110°F 65°F 70 ft-lbs
Peach Bottom Unit 2 4°F 43°F 27°F 110 ft-lbs
Peach Bottom Unit 3 2°F 47°F 34°F 110 ft-lbs

[* Conservatively estimated based on data from Capsule No. 8,° since value was not

determined for unirradiated ESW surveillance material.]

The following Charpy impact data are also available for electroslag welds tested for the Peach
Bottom Unit 2 surveillance program to determine an initial RT,,; value representative of the

electroslag welds:

TABLE IIB
Electroslag Weld Test Data'

Test Weld ID Tewso : Test Weld ID Tevso
1 18.8 6 -20.7
2 3.0 7 15.9
3 31.7 8 125
4 32.1 9 18.9
5 26.7

As defined in the ASME Code, Paragraph NB-2331,'"? the RT,,; is established in accordance

with the following requirements:

1. Determine a temperature, T, that is at or above the nil-ductility transition
temperature by drop weight tests.
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2. At a temperature not greater than Ty, + 60°F, each Charpy specimen shall
exhibit at least 50 ft-lbs absorbed energy and at least 35 mils lateral
expansion. If these requirements are met, Ty, is the RTy;.

3. If the requirements of 2. are not met, additional Chéfpy tests shall be
performed (iri groups of three spécimens) to determine the temperature, T, at
which they are met. Then, RTyy; is (T, - 60°F). RTy,, is the greater of T,y
and (T, - 60°F).

4. | When a Charpy test has not been performed at T,,; + 60°F, or when a Charpy
test is performed at T,,; + 60°F and the specimens do not exhibit a minimum
of 50 ft-lb absorbed energy and 35 mils lateral expansion, a temperature
representing these minimum requirements may be obtained from a full Charpy

“curve developed from the minimum of Charpy data of all tests performed.

Using the weld PQ T,,; data and the available surveillance Charpy impact data for the
electroslag welds, the RTy,, is controlled by the Ty, requirement. Based on these data, the
initial RTy,r for the electroslag welds in Quad Cities Units 1 and 2 is calculated using the Twor
data reported in the weld PQs. The T,,; values range from 10 to 50°F. Taking the mean of
these values results in an estimated initial RTy,; value of 23.1°F for the electroslag welds,
with a standard deviation (o0,) of 13.0°F.

3.2 CvUSE Determination

The initial CYUSE data for electroslag welds were obtained from available surveillance data
and are presented in Table {IA. The unirradiated CvUSE values range from 70 to 125 ft-lbs.
Taking the mean of these values results in an estimated initial CYUSE value of 105.4 ft-lbs

for the electrosiag welds, with a standard deviation of 16.1 ft-lbs.

3.3 Weld Compositions (Cu, Ni, and P)

Electroslag weld chemical composition data (in weight percent [w/0]) are available from three
different sources: weld PQs, weld wire compositions, and surveillance capsule specimens.
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{
As shown in Tables |l through VI, each group is similar in its own respect. In evaluating the

data, the average weld compositions (and standard deviations) were calculated using only
the data from the weld PQs and surveillance capsule specimens since this weld data is
believed to be more representative of the actual (longitudinal) electroslag welds located in the
reactor vessel shell courses. The weld wire composition data were not included in these

calculations.
TABLE Il
Procedure Qualification Chemical Composition Data
. Weld PQ C Mn P S Si Cr Ni Mo Cu
PQ-1092-C 020 1.28 0.017 0.018 0.18 0.08 0.31 053 0.24
PQ-1138-A 0.19 150 0.017 0.027 0.19 0.08 0.35 055 0.25
PQ-1300 0.18 126 0.015 0.017 0.16 0.11 - 033 051 0.30
PQ-1309-A 0.18 1.34 0.012 0.017 0.14 0.10 0.30 047 0.22
PQ-1309-B 0.17 1.31 0.015 0.015 0.14 0.12 029 051 023
PQ-1667 019 1.41 0.019 0.015 0.07 0.06 0.25 057 0.20
PQ-1822 0.19 140 0.015 0.015 0.14 0.09 0.27 054 0.23
PQ-1851 018 149 0014 0.011 0.15 0.06 0.36 049 0.18
PQ-1928 019 149 0.016 0.014 0.16 0.06 0.38 055 0.19
PQ-1929 018 150 0.016 0.013 0.17 0.08 0.30 048 0.20
PQ-1930 0.16 152 0.012 0.014 0.15 0.07 - 0.26 051 0.20
PQ-1931 020 152 0.015 0.021 0.12 0.05 0.38 059 0.19
TABLE IV

Weld Consumables Chemical Composition Data

Wire ID C Mn P S Si Cr Ni_ Mo Cu
W-8349 014 179 0.010 0.012 0.04 - - 047 -
34A167 014 176 0.010 0.014 0.04 - - 049 -

36A168 012 170 0.010 0.019 0.03 - - 052 -
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Specimen &
Plant ID

Surveillance and Beltline Weld Chemical Composition Data

Cc

Mn

P

TABLE V

MA1 QC1>"** 0.17

TD1 QCc2*"
MA4 QC1*"

MAD QC1**

M7L QC1**
MBU QC1*"*
MeD QC1*™
MDC QCc1**
MD4 QC1**
MBY QC1*"
TAE QC2™'®

TAT QC2°*®

TBP QC2>%
TB1 QC2>"
T6K Qc2""*
TBM QC2>'
172 QCc2>%
TAP QC2°%

0.18
0.158

0.236

1.56
1.75

0.011
0.011
0.012

0.012

Si Cr

0.19 0.06
0.17  0.09
0.05 0.063
0.08 0.063
0.115 0.079
0.126 0.091

* Number designates reference from which data was taken.
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0.28
0.20
0.25
0.26
0.26
0.38
0.30
0.33
0.39
0.40
0.33
0.40
0.313
0.32
0.359
0.33

0.34

0.37
0.39
0.37
0.41
0.32

Mo Cu

0.17
0.18
0.136
0.19
0.138
- 0.19
- 0.20
- 0.24
- 0.16
- 0.21
- 0.19
- 0.21
0.503 0.129
0.14
0.522 0.122
0.16
- . 0.16
- 0.17
- 0.17
- 0.17
- 0.20
- 0.12



TABLE V (cont.)

Specimen &

Plant ID C Mn P S Si Cr Ni Mo Cu
ESWWeld 021 1.78 0.011 0.015 0.32 0.07 030 051 020
D3c.18
KAE D3%'7  0.220 -- 0.009 0.016 0.176 0.064 0.332 0.550 0.191

- - - - - - - - 029
KAL D3%" 0.197 - 0.008 0.019 0.144 0.056 0.282 0.5200.171
- - - - - = 0.33 - 0.18
KeL D3 - - - - - - 0.41 - 024

K6A D3%" - - - - - - 0.38 - 023
KBM D3%" - - - - - - 0.36 - 022
K6T D3%" - - - - - - 0.38 - 019
KAJ D35V - - - - - - 0.34 - 0.21
KAD D3%"7 - - - - - - 0.34 - 02
Peach 0.17 1.41 0.015 0.013 0.09 0.05 021 053 0.21

Bottom 2,3%°

* Quad Cities Unit 1
® Quad Cities Unit 2
¢ Dresden Unit 3.

¢ Beltline weld data

° Based on nine electroslag weld prolongations from the Peach Bottom Unit 2 reactor
vessel; all were made from the same weld heat.

It should be noted that the data taken from References 14, 15, and 17 were not included in
these calculations as individual data points; instead, the mean values of these data were
determined and included in the calculations for Quad Cities Units 1 and 2. Additional data is
listed below for the surveillance electroslag welds for Browns Ferry Units 1, 2, and 3 and
Peach Bottom Units 2 and 3.
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TABLE VI

Surveillance Electroslag Weld Data®'""

Plant ID C Mn P S Si_ Cr Ni_ Mo Cu
Browns - - 0.012 - - - 0.30 - 0.10
Ferry 1

Browns - - 0.010 - - - - 0.33 - 0.20
Ferry 2

Browns - - 0.011 - - - 0.28 - 0.11
Ferry 3 ’ '

Peach - 143 0.010 - - 0.08 0.32 049 0.09
Bottom 2 - 146 0.012 - - 0.08 032 049 0.10
Peach - 1.65 0.009 = - 0.19 - 040 050 0.11
Bottom 3 - 1.57 0.009 - 0.19 - 041 051 0.11

The compositional data for the weld PQs; the surveillance weld data for Dresden Unit 3 and
Quad Cities Units 1 and 2; and the beltline and surveillance weld data for the Browns Ferry
and Peach Bottom units were averaged to determine estimated values for cobper, nickel, and
phosphorus contents for the ES welds at Quad Cities Units 1 and 2. The results are as

follows:

Content Std. Deviation
Element (w/o) w/o
Copper 0.190 0.048
Nickel : 0.311 0.051
Phosphorus 0.013 0.003

Applying these best estimate chemistry values to the Position C.1 procedures of Regulatory
Guide 1.99, Revision 2,'® a chemistry factor of 114.43 is calculated for the Quad Cities Units
1 and 2 longitudinal electroslag welds.
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4. CERTIFICATION

This report provides justifiable estimates for initial RT,,; and chemical composition (copper,

nicke!, and phosphorus) for the longitudinal electroslag welds in the core region of the Quad

Cities Units 1 and 2 reactor vessels.

@&W Y
C.A. Campbéill /" Date

Materials and Structural Analysis

This report was reviewed and was found to be an accurate assessment of the work reported.

Verification of independent review.

The document has been approved for release.
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K.E. Moore, Manager Date
Materials and Structural Analysis
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D.L. Howell, Program Manager Date
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. W 801-2 . THE BABCOCK & WILCOX COMPANY
BAROIRTN OH10

'RD OF PROCEDURE OR OPERATOR QUALIFICATION TEST QCD 2eu-|22

s - “JOB NO. DAT® . PROC!DUR( NO. 'w_laz_s
610-v098 Initial Application - - 10-14-45 PQ-1092C=2 - WS40
10ING PROCESS : SINGLE Pass MULT| PASS LY ARC
"~ Electrosleg {xIouls Electrede
TERTAL SPECIFICATIQN 7
P=3 (A-302-B Mod) : )
3 "METAU THICKNESS FILLER METAL GROUP WO. WELD CLASSIFICATION NG.
ix ‘ VL Reid Avery Hi=Mn-Mo Pressure
i BACKING STRIP USED . PRE MEAT TEMPERATURE INTER PASS TEMPERATURE FLUX NAME OR COMPOSIT ION
0 ves ~ Kl 70°F Min, - - . Not Applicable - Linde 124 20 X 150

XY CHARACTERISTICS (VaA) ‘(A.C. OR D.C.)

Alternating Current 48-52 Volts 600 Amps

\S FLOW RATE POSITION OF PLATE OR PIPE ULTRASONIC TEST LIOUTD PENLTRANT
lot Applicable Verticgl able/No Defect t_Applicabl
\GNETIC PART ICLE RADIOGRAPH N MACRO EXAMINATION | MICRO EXAMINATION  |POST HEAT TREATMENT
weeptable/No Defects Accegtable[Defggg Not Required Not Required See Attached Sketch
{ZE OF ELECTROOE INERT GAS COMPOSIT ION. TRAVEL SPEED INCHES PER MIN.

-1/8" Dia, igabl scillation Speed 48" /Min. Dwell Time 5 Sec.
ILDERS NAME : ' CLOCK NO. sSneoL

‘R. Reese 6136 ‘ " - None

%cedure quolification for welding P=-3 material in the vertical position by electrosl! ass usin
) %.""Rb‘isa. ACO) Hi-Mn-Mo filler wire with Lindo ux.
A ‘ nfigurction Attached

) WELD CHEMICAL ANALYSIS
” MN st [ s. | cr Nl wo . cu

@ Nof Required

- REDUCED SECTION TENSILE (TRANSVERSE TO WELD

SPEC IVMEN O IMENS | ONS AREA S0. | ULT IMATE ULT. TENSILE FRACTURE
No. VIDTH THICK. . IN. LOAD L8S. STRENGTH PS1 OR LOCAT |ON
:{See Attached Skmtch ' .
]
SIDE _BEND TEST FREE BEND TEST

ur Side Bends - Acceptab focts) - Not Required

ALL WELD METAL TENSILE

"‘::’".‘ . DIA. AREA 50. IN.  |YIELD POINT Ps1. | TENS. STR. P31 fLonc.> RED AREA &
Not Kequired.
SPECIMEN NO. FT. LBS. SPECIMEN NO. FT. LBS.
. See - Attached | Sket

WE CERTIFY THMAT THE STATEMENTS MADE IN THIS RECORD ARE CORRECT AND THAT THE
TEST WELDS WERE PREPARED VWELDED, AND TESTED IN ACCORDANCE WITH THE REQUIRE.

MENTS .or ASME, U.8.C.G. ABS: USN MIL-STD-278 OR iuv;run tsf.tsoo.l. | pQ_ ’O.92C"2

~. 1o-28 ‘ $ 1GNED

-‘mz?s-:o. C.rZenon,-D.C.A.S.O | 2 ;Oc;;.nu:u caﬂy -
. : "A-Z__.. COOLL #;35-'

. Mem, - wa .

T



P

e o — e

ELECTRODLAG DousiLe ELECTRODE \wELD Ac. v i
4B -52 VoLTs Goo AMPS OSCILLATION SPEED 48 i DUBWL Tine B S

Vel O, (RACE) Hi-Mma-Mo Fiuea WIRE « LinpePies Frux

)

i %&&mm_w;m) . '
SpeCimen | Dimensions AREA uUltnmate [uur, TeEuswe] FRACTURE
NR wihored Thex SQ, 0. LoaD LBS :
PaicAec-2| \.Ccoo0" 040" 20607 | 286,300 | Q60 | WELD |
- [pareaec-2] |.000" 2.732" | 27222 291,000 1. 880 | wWeLD |
PQwac-2| .,007" 2.829" 2.848 | (2]e.2) 00 | WEID | -
PQicdec-2| I 00d" | 3 o0agY 3,092 28%,000 qz&ﬂo WELD |

CHARPY V-noven mPacTa @+\S°F 240 Fr LS

LocaTion FTies Fr L2 . FrLe2

BAasE MeTAaL &Oo. 0 70.0 - 3.0

HEAT AFegcTED Zone 40, © 52,0 70.0
3800 : 33'0

w/erD Mera 4, ok

HEaT TREATMENT

PreLimmwsRy Quenen 6% Hovas @178 1725°% Baine Quence
FiuAaL QuencH &8 Houas @ | 600%1690°F BRINE QueneH
TEMPER &@/2 Hours @ NTIR°F - 1228°%F \WATER QuENCH
STREDSS RELIEF |18 HAS @ 1100%=1150°% Furnace Cool.

QL 1092.C-2 - )
WELDED N VERTICAL PDeIiTIoNn. )
DATE |I=-2-0L5 :

A-3



"on- ]0}%6

?E‘D OF TEST RESULTS

BARBERTON OH IO

.\'

B

JBJECT

Mii Code Weld Te:‘ Plate (Electro-SIaé)
: ' ASSOCIATED PhOC:SSfougulslcarloy NO.

C-2

PQ 1092

-|aw cournAcr_,’l{o K

610-0098"

Postweld - Hz=at Trestment - Prellainary Quench :1750- 1800°F. '

:SCRIPTION OF TESIO

- Quench 10 w_400°F. Final Quench 160C-16500F.

HOLD 6-1/2 hours.

Brinn Querc

Tomeer 1175-1225°F.  EOLD 6-1/2 hours. .

Water Quench to below~40ﬁ°“

L2098, HOLD 13 hours. Furnace cool 1o telow -600°F.

WELD CHBWICAL ANALYSIS

= My . St - S R 3 ' CR L
i.30 .19 L0017 - 097 i uv ;35"
L. B BASE METAL CHBWICAL ANALYSIS ST
c MN St P - T T CR . N : o
L 23 1.37 .28 - .015 1 ~.020 - vulé" . 69 -

.Ef

END TEST: TYPE Side

-:Z:c SECTION TENSILE {TRANSVERSE TO WELD).

PR RSP U

wecomn | wom | wciess | ania sa. . | vsTieate o rensic
AR 1.00in 2.934" 4 2.€36 s 252 ,000° 85,820 -, i P
ot 1.001". 2.944" 2.947 sg ! 2¢2 ,000 _,88,900 Veld.
ey 1.02Q" 2.682" 2.662 sa " 244 500 91,160 - '
- 1.COoo" 2.850" 2.850 sg " 2350 .000 87,700
Sl WELD METAL TENSILE - -

g | oweren Tameeso e VSR Tt | SEES
f&—lia{-" . 505". .2 sQ.in.. = 66 500 ~A8 ,yOO:u 25,0 «1 -
D 504" .2 scin . | " 66,500 |  87.000 25.5 -

CHA"“Y IVPACT TESTS

Typg NoMoteh - a7 o +1C - Of 340 FT. LBS. "

LCCATION C : "FT. LBES. - LATKRAL BEY2ANSION - -
d»l Surfece 2.0, 30.6, 5C.0" L0464, L08L, (041
g L/A T so.o,-ss.o, gc.0 .023, .U46, .0=¢
--/a © Baue Meial 64.0, 38.0. 70.0 . .042 . .Q41, .053
IVESN H-f. 76,0, 65.0, 7€.0 n%( 047 ;(‘.51

DRGY WEICGHT IMPACT TESTS

. TEMPERATURE °F

ENERGY:LOAD.

LOCATION HEIGHT WE1GHT S .
) +20 +10 0 -20 -40- =50 =70 -
Wl 1/47 5 804 FHNF] F- F_| F- 1 R s
. Fe vl /0T ! 02 & N PP HNRINE,F| F
‘ s/ 4 ooF B -NF L NF B LNF
= FAILURE ~ NE @ NO FAILURE ; %5
oare iy 2, 1966 '!ITNESS'E,U'-':-' » Oml./{,/a-mpér

N A I R

A8

BT nanrnen A w||r0\ Crosm Ay




80M 501-2 THE BABCOCK & W[LCOX COMPANY
Q BARBERTON, OHIO
~T “ORD OF PROCEDURE OR OPERATOR QUALIFICATION TEST QCD 2Eu-122 *
. TEo JoB NO. DATE PROCEDURE NO. :
610-0111 INITIAL APPLICATION 5-26-66 PQ-1300 WS-40
WELD ING PROCESS . 3 £ Pass MULT PASS MULT ARC
Electroslag . X| Double Arc ﬁ !

MATERIAL SPECIFICATIQN

P-3 (SA-302, Grade B)

p;aﬁs p

METAL THICKNESS

FILLER METAL GROUP NO.

WELD CLASSIFICATION NO.

6-3/8" RACO Hi-Mn-Mo Pressure

1S BACKING STRIP USED PRE HEAT TEMPERATURE INTER PASS TEMPERATURE ]nux NAME OR COMPOS [T ION

G ves NO 70°F. MIN. Not Apvlicable LINDE #124
WELD CHARACTERISTICS (VBA) (A.C. OR D.C.) i

Alternating Current 48-52 Volts 575-625 Amps
GAS FLOW RATE POSITION OF PLATE OR PIPE ULTRASONIC TEST LIQUID PENETRANT
Not Applicable Vertical Acceptable/No fects ot licable
‘MAGNET1C PART ICLE RAD | OGRAPH No MACRO EXAMINATION MICRO EXAMINAT LON POST HEAT TREATMENT
Acceptable/No Defects Mcceptable/Defectd Acceptable Not Required See Reverse Side
SIZE OF ELECTROOE INERT GAS COMPOSIT ION. ) TRAVEL SPEED INCHES PER MIN. Not Applicabl:
1/8" Diameter Not Applicable Oscillation 48"/MIN. Dwell Time 5 sec
WELDERS NAME CLOCK NO. SYMBOL
R. Reese |} cemdmm== ) acecacaeaa

remarxsErocedure quelificetion for welding P-3 material in the vertical position by Electrosla
process using 128" Die. (RACO Hi-Mn-Mo Filler Wire with LINDE #124 Flux. See Reverse Side for

Groove Configuration.

]

! ’
.

WELD CHEMICAL ANALYSIS

MN S P S cr Ni Mo Cu
1.26 .16 .015 .017 .11 .33 .51 . 30
REDUCED SECTION TENSILE (TRANSVERSE TO WELD)
SPEC IMEN D IMENS | ONS ULT IMATE ULT. TENSILE FRACTURE
NO. WioTH THICK. AREA 5Q. IN. LOAD LBS. STRENGTH PS1 OR LOCATIOt
Seel Reverse Side
SIDE BEND TEST FREE BEND TEST
Four Side Bends - Accepteble/No Defects Not Apnlicable
ALL WELD METAL TENSILE
SPE::‘" DIA. - AREA-SQ. IN. |YIELD POINT PSI.| TENS. STR. PSI iy RED AREA %
Not Required N
CHARPY IMPACT TESTS [ Tvpe V-NOTCO LY of &3V FT. LBS. ENERGY LOAD
LOCATION FT. LBS. LOCATION FT, LBS.
Heat Affeced Zone 104.0, 76.0, 114.0 Weld Metal 39.0, 42.0, 43.0
Base Metal 94.0, 76.0, 82.0

e

WE CERTIFY THAT THE STATEMENTS MADE IN THIS RECORD ARE CORRECT AND THAT THE
TEST WELDS WERE PREPARED WELDED. AND TESTED IN ACCORDANCE WITH THE REQUIRE-
MENTS OF ASME, U.S5.C.G.: ABS; USN MIL-STD-278 OR NAVSHIPS 250.1500-1,

Jctober 17, 1966 S IGNED
wITNESSED R. Remark, D. C, A, S8, O.

-1300
5

PG

2

BABCOCK & WILCOX COMPANY




Ny

P-3 MATERIAL

(%
¢
——f ﬁ? _
4
g

ELE/C.TROSLAG WELD  A.C.48-S2VOLTS S575-625 AMPS

487MIN OSCILLATION SPEED

P-3 MATERIAL
SA-302 GRB

L/

S SEC DWELL TIME 4
Y8 DIA(RACO) HI-MN-MO FILLER WIRE WITH LINDE ¥124 FLUX

REDUCED SECTION TENSILE z (TRANSVERSE TO WELD)

HEAT TREATMENT

G2 HRS @ 167S°~172S°F
G2 HRS@ IGO0 -1GSO°F
G2 HRS@ | 175°-1225°F
30 HRS@ 1100°-V \SO°F

PQ 1300

WELD INVERTICAL POSITION
10-

A-6

22-GG

= BRINE QUENCH
- BRINE QUENCH
- LIQUID QUENCH
- FURNACE COOL .

SPECIMEN DIMENSIONS AREA UTIMATE VULT. TENSILE| FRACTURE
NO. WIDTH THICK. SQ N, LOAD LBS. STR. £.S.\.

PQ 1300 1.007" 3475 a7 2GG,000 83,200 WELD

PQ 1300 .00t " 2.78s" 2.788" 237,000 84,980 WELD

Q1300 Aa92" 2.956¢" 2.932" zac, 000 80 S00 WELD

PQ 1300 1.008" 3.437" 3Aaecs" 332,000 83’CCO WELD




_. sou 501-2 THE BABCOCK & WILCOX COMPANY
Q, BARBERTON., OH10
. ~“70RD OF PROCEDURE OR OPERATOR QUALIFICATION TEST QCD 2EY-1i22
ASSO. .TED JOB NO. DAT® PROCEDURE NO.
610-0098 INITIAL APPLICATION 6-7-66 FQ-1309-A
WELDING PROCESS Electroslag and £ rass MULT PASS MOLT ARC
Automatic Submerged Arc Double Arc rﬂﬁ Efi

MATERIAL SPECIFICATIQN

P-3 (A-302-B)

FILLER METAL GROUP NO.

WELD CLASSIFICATION NO.

PLATE PE METAL THICKNESS
|X l 6-1/4v RACO Hi-Mn-Mo & ASW Mn-Mo-Ni Pressure
IS BACKING STRIP USED PRE HEAT TEMPERATURE ER PASS ATURE LUX NAME OR COMPOSITION
(s [T

3 ves

o [ES 7T0°F MIN-ASA 300°F MIN.

Electroslag LINDE #

WELD CHARACTERISTICS

(VeA)
Alternating Current

Automati

GAS FLOW RATE

POSITION OF PLATE OR PIPE

(A.C. OR D.C.) Electroslag 48- 52 Volts

=3

600 Amps

ULTRASONIC TEST

Auto Sub Arc LINDE #

LIGUID PENETRANT

Not Applicable ES-Vertical  ASA-Flat |[Acceptable/No Defects Not Applicable

MAGNET IC PART ICLE RAD | OGRAPH No . | MACRO EXAMINATION | MICRO EXAMINATION [POST HEAT TREATMENT

Acceptable/No Defects Acceptable/Defeotl Not Required Not Required See Reverse Side
ASA - 10" - 12" /MIN.

SIZE OF ELECTROOE

Not Applicabl

INERT GAS COMPOSITION.

e

Travel Speed lnohes Per
ES Osoillation 48"/MIN.

n.

Dwell Time 5 sec.

1/8" Diameter
WELDERS NAME CLOCK NO. SYMBOL
‘R. Reese - T. Starnes - V. Clonts 6136 - 6376 - 6149 None - ¥S - U-11

g frocedure qualification for welding P-3 material by Combination Electroslag arnd Automatic

mergea Arc prooess. Eleotroslag weld in the vertical position using 1/8"Dis. (RACO)Hi-Mn-Mo Fille

re with LINDE #124 Flux Auto Sub Arc in the flat position using [8" ia.

l
\h;; E;;b—ﬁ ;;5 Flux,

SW)Mn- ille

WELD CHEMICAL ANALYSIS See Reverse S‘Lde-Groove Configurat

‘ _c MN S| [ s cr Nl Mo cu
A See |Reverse Shde
- REDUCED SECTION TENSILE (TRANSVERSE TQ WELD
SPEC IMEN D IMENS | ONS AR ULT IMATE ULT. TENSILE FRACTURI
"N, VIOTH TRICK, AREA SQ. IN. LOAD LBS. STRENGTH PS1 OR LOCATI|
See Reverse Slde
SIDE BEND TEST FREE BEND TEST
‘Four Side Bends - Acceptable/No Defects Not Required
ALL WELD METAL TENSILE
SPEC IMEN - ELONG %
NO. DIA. AREA SQ. IN. |YIELD POINT PSI.| TENS. STR. PS1 IN 2- RED AREA
Not Required
CHARPY IMPACT TESTS | vvee _V-Notch _ o +10 op 40 FT. LBS. ENERGY LOAD
SPECIMEN NO. FT. LES. SPECIMEN NO. FT. LBS.
. See Rejerse Side

WE CERTIFY THMAT THE STATEMENTS MADE IN THIS RECORD ARE CORRECT AND THAT THE
TEST WELDS WERE PREPARED WELDED, AND TESTED IN ACCORDANCE WITH THE REQUIRE-

MENTS OF ASME, U.S.C.G.: ABS; USN M1L-STD-278 OR NAVSHIPS 250.1S00.1,

S IGNED

. . _June 23, 1966
R. Y. Brown, G. E. APED

WITNESSED

PQ-1309-A

275

f BABCWK & WILCOX COMPANY /
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LINDE *124 FLUX

COMBINATION ELECTROSLAG £ AUTO SUB ARC WELD

DOUBLE ARC ELECTROSLAG WELD

A.C. 48-32VOLTS GOOAMPS

OSCILLATION SPEED 48"/MIN DWELL TIME S SEC
' DIA (RACO) HI-MN-MO FILLER WIRE

) 4s

ELECTROSLA

N
7%

WELD :

. AUTOMATIC SUBMERGED ARC WELD

A.C. 30-34 VOLTS 4S50-SO0AMPS 10"-12"/MIN TRAVELSPEED - )
/8" DIA (AMERICAN STEEL ¢ WIRE) MN-MO-NI FILLER WIRE-LINDE¥80FLUX )
- REDUCED SECTION TENSILE (TRANSVERSE TOWELD) -
SPECIMEN DIMENSIONS : AREA ULTIMATE |uULT TENSILE | FRACTURE
_NO. WIDTH TITHICK SQ. IN. LOAD LBS. ISTRENGTHRSM __ . . _
PQI1303A 1.oo0o" 2.980" 2980 253,000 84,900 SLAG WELD
PQ1309A i Keololy 2.510" 2.510 217,500 86,660 | SLAG WELD
PQ1303A 1.001" 3.00%" 3.010 255,000 84,720 SLAG WELD
PQIB09A _,998" 2.50¢" 2.501 220.000 87,9¢0 SLAGWELD
CHARPY LI-NOTCH IMPACTS ®+1Q°F 240 FT. L BS. ENERGY LOAD _ -
[Location . . . ET.LBS. __FTLBS. . |  FT.LBS... _._
AUTO SUB ARC WELD 33.0 42.0 | 34.0
N LS CTROSLAG WELD .~ BARe 93.0 90.0 . 87.0
BASE METAL 89.0 80.0 ' 9s5.0
ELECTROSLAG WELD 60.0 9S00 oo 350 .
CHEMICAL ANALYSIS
€ MN. B 3. SL ¢cR. NI. MO cu.
ELECTROSLAG WELD .18 134 .02 .017 .14 .0 .30 .47 .22
BASE METAL .18 1.14 012 018 .25 .S .S7 .48 .20
AUTO SUBARCWELD .08 1.65 ,0i1S5.016 46 .07 .48 .43 .19

HEAT TREATMENT PRIOR TO SUB ARC WELD
HEAT TREATMENT PRIOR TO SUBARC WELD

HEAT TREATMENT PRIOR TO SUBARC WELD | HR/IN @1175°-1200°F
FINAL STRESS RELIEF  AFTELk WeLDING

PQ1309A

IHR/IN@1675°-172S°F
tHR/IN @1600°- IGSO°F

1I8HRS @1100°-1150°F

ELECTROSLAG WELDIN VERTICAL POSITION
AUTOSUB ARC WELD IN FLAT POSITION

OATE &-29-66
A-8

CHEMISTRY REVISED 7-22-66
. .

BRINE QUENCH
BRINE QUENCH
LIQUID QUENCH
FURNACE COOL



80M 501-2 THE BABCOCK & WILCOX COMPANY

Q BARBERTON, OHIO
,_ IRD OF PROCEDURE OR OPERATOR QUALIFICATION TEST QCD 2EY-122

ASSC .TED JOB NO. DATE PROCEDURE NO.
610-0098 INITIAL APPLICATION 6-8-66 PQ-1305-E .
WELDING PROCESS Eiectroslag and S £ MULTLPLE PASS MULT! ARC
Manual Metal Arc H ‘ m ﬁ
MATERIAL SPECIFICATIQN ' :
: P-3 (A~-302-B) ,
PLATE p METAL THICKNESS FILLER AL GROUP NO. WELD CULASSIFICATION NO.
JLJ?I] 6-1/4" . RACO Hi-Mn-Mo & BaW 8015 Eroun, o
R N A e e R R T Rt
WELD CHARACTERISTICS Electroslag-Alternating Current 48-52 Volts 00 Amps ) '_._
Manual Metal Aro-Direct Current Reverse Polarity 22-26 Volts 185-265 Amps (Sse Revers: 71d:)
GAS FLOW RATE POSITION OF PLATE OR PIPE ULTRASONIC TEST LIQUID PENETRANT
Not Appliceble Vertical Acceptable/No Defects Not Azsilicakie
MAGNET IC PARTICLE RAD | OGRAPH No - | MACRO EXAMINAT!ION MICRO EXAMINATION POST HEAT TREATMENT
Acceptable/No Defeots |Acceptable/Defecty Not Required Not Required |See Reverse 3ide
SIZE OF ELECTROOE INERT GAS COMPOSITION. TRAVEL SPEED INCHES PER MIN.
1/8", 5/32", & 3/16"Dia Not Applicable E.S. Oscillation 48"/MIN [mwll Tims §
WELDERS NAME R. Reese - E. Sylvester CLOCK NO. 6136 - 6188 SYMBOL None - )
D. Sinnett - U. Palinkas - G. Thompson 6125 - 6092 - 6276 B - BZ - Un

remarxs Erocedure qualification for welding P-3 material by combination Blectroslag and Marual M-*

Arc process in the vertical position. . Electroslag using 1/8"Dia, (RACO)Hi-Mn-Mo Filler Wirs wiih
LINDE #124 Flux. Manual Metal Arc using 5/32" & 3/16"Dia. (B&W)8015 Electrodes. See Reverze lide

‘ “ove Configuration, WELD CHEMICAL ANALYSIS
MN St P S ] cr Ni MO Cu
. See Revérse Side
REDUCED SECTION TENSILE (TRANSVERSE TO _WELD
SPEC IMEN D IMENS | ONS AR ULT IMATE ULT. TENSILE FRACTURE
NO. WiDTH THICK. EA SQ. IN. LOAD LBS. STRENGTH PS1 OR LOCAT 10
See |Reverse Side

SIDE BEND TEST . FREE BENO TEST
‘Four 3ide Bends - Acceptable/No Defects ' Not Rejuired
ALL WELD' METAL TENSILE
SPEC IMEN
O , DIA. AREA SQ. IN. |YIELD POINT PSI.| TENS. STR. PSI ‘%3“‘;.' RED AREA °
21 Reguired
CHARPY IMPACT TESTS | wpewhﬁ o  +1U OF &L FT. LBS. ENERGY LOAD.
SPECIMEN NO. FT. LBS. . SPECIMEN NO. FT. LBS.

See gﬁ!erse Side

WE CERTIFY THAT THE STATEMENTS MADE IN THIS RECORD ARE CORRECT AND THAT THME

TEST WELDS WERE PREPARED WELDED, AND TESTED IN ACCORDANCE WITH THE REQUIRE- PQ- ,309-5

MENTS OF ASME, U.5.C.G.: ABS; USN M1L-STD-278 OR NAYSHIPS 250.18500.1.

June 30, 1966 S 1GNED —21—5

BABCOCK & WILCOX COMPANY

wiTNessed  W. J. Titterington, Sr., G.E. M
w Pl E Lo plel]

A-9




COMBINATION ELECTROSLAG % MANUAL METAL ARC WELD

DOUBLE ARC ELECTROSLAG WELD
A.C.48-82 vOLTS GOOAMPS
OSCILLATION SPEED4-8"/MIN OWEL_TIME S SEC
38 DIA(RACO) HI-MN-MO FILLER WIRE
LINDE¥F 124 FLUX

-

(-
MANUAL METAL ARC——-X__ )

—

s
I
I
I
{
\

o I——Bf—q

‘ELECTROSLAG WELD —-/
METAL ARC OCRP

1

MANLIA
$52" DIA (B4W)80IS ELECTRODES 22-24 VOLTS 18S-19SAMPS
ANe" onA(B¢w) 80IS ELECTRODES 24-2GVOLTS 2S0-265AMPS

REDUCED SECTION TENSILE (TRANSVERSE TO WELD)

SPECIMEN | DIMENSIONS AREA ULTIMATE ULT "TENSILE FRACTURE
L NO, WIDTH ek, 1 sa-m. | LOADLBS. | STRENGTHP.S.L
PQIB0AB 1.000" 3.010" 3.010 249,000 82,720 MM.A WELD
PQI309B 1.002" 2.7183" 2.788 ~ 230,000 82,500 SLAG WELD
PQIS0AB i.002" 2.7136" 2.742 228,000 83,150 SLAG WELD
pPQ13098 1.003" 2,784"% 2793 _228,000 B1,640 SLAG WELD
CHARPY V-NOTCH IMPAGTS ® +)0°F 240 FT LBS. ENERGY LOAD
LOCATION FY\BS. FT LBS. FT. LBS.
MANIAL METALARC WELDL. 37.0 2.0 6.0
1N ELECTROSLAG 417.0 95.0 74.0
BASE METAL 8.0 $3.0 95.0
| ELECTROSLAG WELD S8.0 36.0 44.0
' CHEMICAL ANALYSIS '
S M. B =t S1 cR. Nt Mo. (181
ELECTROSLAG WELD A7 131 0SS .0IS 44 g2 29 .SI .23
MANUALMETALARCWELD .06 94 011 020 .27 .04 .13 .S9 .0l
BASE PLATE 49 12 o1 06 23 .I1s .57 .48 .20

HEAT TREATMENT PRIOR TOMMA.WELD tHR/IN @ 1675°-1725°F BRINC QUENCH
HEAT TREATMENT PRIOR TO M.M.A.WELD I1HR/IN @1G00°-16SO°F BRINE QUENCYH
HEAT TREATMENT PRIOR TOMMA. WELD I1HR/IN @1175°-1200°F LIQUID QUENCH ).'
FINALSTRESS RELIEF 18HRS @ {{00°-11S0°F FURNACE COOL.
(AFTER WELDING)

PQ 13093
WELDED IN VERT!CAL POSITION

CHEMISTRY REVISED 7-22-GG OATE 7-8-66

A-10



v Y 8

™ HE BABCOCK & WILCOX COMPANY -

BARBERTON, OH!0

+ CONTRACT NO.
SPECIFICATION NO.

A, S M.E

B OF PROCEDURE AND/OR OPERATOR QUALIFICATION TEST-QC 2Eu4-122
ST AsMt Asug ‘ oTHER . |
" 232.1300-1 O] seerion s E sEcTioN 1 8 o

0 0 o

MULTIP E ¢

WE.DING PAOCESS

>c.ble Electroslag

QUALIFICATION POBITION

Vertical

METAL THICKNESS
63 .

SINGL

N,

€ LAYCR MULTI®L T

] N, b

MATERIAL SPECIFICATION

-3 (SA-302-B) and electroslag weld metal

zMn-Mo base materla
plus Mn-Mo filler metal

MULTIPLE 4
-

WCAT TACATMENT MACRO, KXAM. | MiCRO. EX.
See reverse slide -~ N,R, M.R.
FLUX NAME OR COMPOSITION PRENEAT TEMPERATURE| INTEAPASS TEMPERATURL vicotr C1SSna McrFarlana
‘Linde #124 NONE % -] NONE  ‘rwax. | OW- 1071 1072
TYPE OI_IACKUP (STRIP OR QAS) AND COMPOSITION FILLER METAL GROUP NO., . SHICLOING GAS cur 811t TORCH GAS

N.A.

4

RACO - Hi-Mn-Mo

N.A.

rLow u‘“ L

AMPS, VOLTS,

CUAREINT, POLARITY
Alternating current -

e —————————— e
SIZE OF ELECTRODE, IN.
S1ZE OF FILLER WIRE, [N,

OlA,

0“'1-/8 .

48-52 Volts

ELECTRODE EXT,

BEYOND CuP Iﬁ;A,

PJ.A.

0-600 Amps

TRAVEL SPLEID IPM

WIRE FEED IPM

SCILLATION | OWELL
TIME

NQAM IJAAA u8 11”“1!::'
LIQUID PENETRANT MAGNETIC PARTICLE RADIOGRAPH ULTRASONIC TEST
N.A, Acceptable Acceptable Accentable
REMARK S Procedure Q _____. on for weld ing P- 1t e a N he = 2 ne s D
5y _the electiroslag proce .using 1/8° dia (RACO) =Mn=NMO S a1 th e
#1Z- flux. See reverse side for groove configuration.
- CHEMICAL ANALYSIS - § & no. 53703
%?Lon ¢ uN » s 3] gn N] M0 re sy T 14 1
. J19 11,.411,019],0158,07 1,06 1,25 |,587 .20

!

REDUCED SECTION TENSILE (TRANSVERSE TO WELD)

DIMENSIONS, INCHED ULTIMATE TENSILE
SPECIMEN NO. A.IIA 99, IN, ULTIMATE LOAD L8S. STRENGTR P8I PRACTURE LOCAT!
. . w|DTH Inicautss — : —
ru-LQBI L9335 5 5% 2.56? 22 90,100 Weld
2q=1667 1.000 2.342 2.342 208,500 89,020 Weld
54-1667 . 995 2.590 2,577 228,000 8&.‘&70 Weld
PL-1667 1,000 2,660 233,000 87,600 Weld
SEND TEST :
Four side bends - Acceptable (No defects)
ALL WELD METAL TENSILE
SPLCIMEN NO. OIAMETER, IN, ARLZA $Q. IN, YIELD POINT PSI TINSILE STR. P! ELONG & (N 2 REC ARLA s
N.BR.
TYPE manPW-NOTCk IMPACT TEST AT +10 OF Sl FT. L83, ENERQY LOAD
ASE METAL 57) 69: 77 FT.L8S. . £1.1
ELI METAL 47: 39: 27 FT,LBS. FY. L
EAT AFFECTED ZONE 4L, 0n, 35 FY.L8S. (AN

WE CERTIFY THAT TO THE BESY OF OUR KNOWLEDGE TWE STATEMENTS MADE IN

AND TESTED IN ACCOROANCE WITH THL APPLICABLE SPECIFICATIONS,

ys RECORD ARE CORRECY AND THAT THE TEST WELDS WERE PREPARED,
3

Wi TNESSED.

A-11

pate Sept, 22, 1967

N.R.== NOT REQUIRED

f.A. = NOT APPLICAFR

MTV.-9

Po_l667

o ) ¢ Complell]

BABCOCK & WILCOX COMPANY al ?3»6



DOUBLE ELECTROSLAG (A.C)

4% -
3
Ry
Sa M < ELECTROSLAG
A, A}.
302 ‘é WeLD METAL
»
119 ‘
preeant”
of N

%-Dm (RACO) HI-MN-MO FiLLER WIRE.

Linoe Y124 FLUX
48-52 VoLTs
48 1IPM OSCILLATION
HEAT TREATMENMT AFTER WELDING
GE HRS @ 1675°-1725°F - BRInge: QUERCH
% HRS @ 'laoo°—|@50°= -BRine QUENCH
6% Hre @ 1180°-1200°F -'\WaTeR QUENCH
30 HrRs @ \\od°-\\5o°r - Furnce Coou

590 -0 O0 AMPS
D Sec. Dwell Time

PQ 1667
MTV -9

WeLDeD INVERTICAL PoSi\TioN
EDATE 10-18-67 S A-l2



THE BABCOCK & WILCOX COMPANY
BARBERTON, OHIO

< .
4 conTract no, S47-008136-02
. % SPECIFICATION No._WS=-40
ZCORD OF PROCEDURE AND/OR OPERATOR QUALIFICATION TEST-QC 2EM-122
IAVSHIPS ASME ASME OTHER ) PLATE PIPE SINGLE PASS MULTIPLE PASS
'!50-1500-1 D SECTION 3 m SECTION 8 @ D @ D D
VELDING PROCESS . QUALIFICATION POSITION METAL THICKNESS SINGLE LAYER MULTIPLE LAYE
Electroslag Vertical 6-3/8 .| NA [] NA
{ATERIAL SPECIFICATION . SINGLE ARC MULTIPLE ARC
P-3 (SA-302-B) L *
{EAT TREATMENT . MACRO. EXAM, NlCRO.‘EXAM.
See reverse .side ** NR
SLUX NAME OR COMPOSITION PREHEAT TEMPERATURE} INTERPASS TEMPERATURE WELDER Pierson Miller
Linde 124 60 o v NA ‘ruax. | oo wo, 5702 5701
TYPE OF BACKUP (STRIP OR GAS) AND COMPOSITION FILLER METAL GROUP NO. SHIELDING GAS "CUP S)ZE TORCH GAS
None A-2 NA NA | PO FATE NA crm
AMPS, VOLTS, CURRENT, POLARITY g
Alternating current L4L6-48 volts, 550-600 amps
S512E OF ELECTRODE, IN. DIA, . ) ELECTRODE EXT. TRAVEL SPEED IPM WIRE FEED IPM 71 8"1 DWELL
512E OF FILLER WIRE, IN. DIA. 1/8 BEYOND CUP IN-NA NA NA )_L_i:’cv/m;'izz L
-1QUID PENETRANT i MAGNETIC PARTICLE RADIOGRAPH ULTRASONIC TEST
NA Acceptable Acceptable Acceptable

REMARK S Procedure qualification for welding P-3 material in the vertical position
by the electroslag process using 1/8" dia. (RACO) Hi-Mn-Mo fillerwire with
Linde 124 flux. = See reverse for additional information & groove configuration.

Ly CHEMICAL ANALYSIS — 8 € no. Q2L (9 _
Lo N c MN ' p s S| CR N MO FE cu co co TA T4 AL
d .19 |1.40] .015f .015} .14 | .09 | .27 | .54 .23
Base .24 11.26] .0l6] .O19 .23 | .14 |1 .69 ].51 .16
REDUCED SECTION TENSILE (TRANSVERSE TO WELD) -
] DIMENSIONS, INCHES : ULTIMATE TENSILE
SPECIMEN NO. — Trieeare AREA SQ. IN, ULTIMATE LOAD LBS. | (oo oo oo FRACTURE LOCATION
PQ-1022 993 2.095 2.875 255,000 88,690 __Weld
PQ-1822 L9973 2.802 2.782 249,000 89,510 Weld
BEND TEST

Tour side bends (split into 20) - Acceptable (No defects)

ALL WELD METAL TENSILE

SPECIMEN NO. DIAMETER, IN. AREA SQ. IN. YIELD POINT PSI | TENSILE STR. PSI ELONG % IN 2* ‘ RED AREA %
>Q-1822 (4T 504 66,000 88,000 25,0 L. 6
EQ;lﬁzz_%%I% 504 66,000 85,500 26,5 6L, 1
PQ-1822 (LT 508 ' 65,000 85,500 27.0 67.0
PQ-1820 (&7 508 63,750 85.500 29,0 67.9

TYPE CHARPY IMPACT TEST AT Of FT. LBS, ENERGY LOAD
ASE METAL FT.LBS. ET.LBS
ELD METAL - See _Reverse Sidecrr.ies. : FT.LBS
EAT AFFECTED 20NE FY.LBS. : FT.1LBS

wE TIFY THAT TO THE BEST OF OUR KNOWLEDGE THE STATEMENTS MADE N N.R.== NOT REQUIRED N.A.= NOT APPLICABLE"

v‘scoan ARE CORRECT AND THAT THE TEST WELDS WERE PREPARED, v

w AND TESTED IN ACCORDANCE WITH THE APPLICABLE SPECIFICATIONS.

* Electrode spacing 4" PQ_ 1822
#%* One transverse & one longitudinal macro - Acceptable —

W1 TNESSED. :
A1 A Itti 4
By

s 7 L
pate_July 30, 1968 BABCOCK & HVLCOX com‘rdi’_’l—“’_




P-3 MAT'L.
6A-302-8)

P-3 MATL.
(A-302-8)

HEAT TREATMENT

6% HRS. @ 16 75°—1725 °F — BRINE QUENCH
6% HRS. @ 1600°—1650°F — BRINE QUENCH
6% HRS. @ 1175°—1225°F —LIQUID QUENCH
30 HRS. @ 1/100°—1150°F — FURANCE COOL

DROP WEIGHTS

"WELD

TEMR BASE HEAT AFFECTED ZONE
+50° NF NF

+40° NF NF

+30° NF F F NF _NF

+20° F NE NF F__NF

-10° | NF  NF

-20° NF F

-30° F

-40° F

CHARPY V-NOTCH IMPACTS — #T

TEMP WELD BASE HEAT AFFECTED ZONE
FT. LBS. F7T. LBS. . FT. LBS.
<10 | 36 70,42, 64, 45 56,56,56 | 66 77 60
+40 66, 56, 65
-20 25, 36,43
-50 8, 35 32

A
PQ 1822

- s mma e o~ -~ o~

-14




THE BASCOCK & ANILCUR COMPANY
BARBERTON, OHIO

‘ : CONTRACT NO. 610-0127
A B SPECIFICATION NO. _W-57

3 [
IECC___OF PROCEDURE AND/OR OPERATOR QUALIFICATION TEST-QC 2EN-!

NAVSHIPS ASME ASME OTHER 'LA1E SINGLE _PASS IUL?;PLK PAS
230-1500.1 D SECTioN 3 E SEcTION s . D D D D
WELDING PROCESS N GUALIFICATION POSITION METAL THICKNESS SINGLE LAYER | MULTIPLE LAY
Electroslag Vertical 6-3/8 ,u4 NA 'NA [}
MATERIAL SPECIFICATION SINGLE ARC MULTIPLE ARC
P-3 (SA-302-B) , O ﬁ
WEAT TREATMENT ; : MACRO. EXAM, | MICRO, EXAM.
See reverse side E-Acceptahlﬁ NR
FLUX NAME OR COMPOSITION PREMEAT TEMPERATUSRE] INTERPASS TEMPERATURE wELOER Pieraon‘ Miller -
Linde 124 7O s, wn. NA °ruax. | 27000 02 570
TYPE OF GACKUP (STRIP ON GAS) AND COMPOSITION FILLER METAL GROUP NO. SHIELOING GAS ] CUP SIZE | TORCH GAS
None A-2 NA NA PLOY AATE NA crw
TAMPS, VOLTS, CURRENT, POLARITY
Alternating current 48 volts, 550-600 amps . .
SIZE OF ELECTRODE, IN. OlA. ELECTROOT EXT. TRAVEL SPCEO IPM | WIRE FEED 19w PSCILLATION JOWELL
$12€ of FILLER winE, In. DIA.  1/8 SEYOND CUP INorA | . NA - NA ] 40" sew |IINE Y
LIOUID PENCTRANT MAGNETIC PARTICLE RADIOGRAPN ~Y ULTRASONIC TEST
NA Acceptable * Acceptable- Acceptable
REMARK S .

by the electros agprocess using : filler wire with
Linde féﬁ?lux eé reverse side for groove configuration.' '

CHEMICAL ARALYSIS - 8 € mo, 02700

R

‘1’ I.ON [ (L] L4 ] SL_ CR N Q F€ Sl TA hd | A‘L
.5 s

Fa__ [.18 [1.459 .018] .011] .15 ] .06 | .36 ] -1
Base .23 {1.35 .013|.019__._25 209 | .62 | .51 ,08

REDUCED SECTION TENSILE (TRANSVERSE TO WELD)
DIMENSIONS, INCHES ULTIMATE TENSILE
SPECIMEN NO. A AREA Q. IN. JULTIMATE LOAD L8S. FRACTURE LOCATION
wioTH THICRUESS : STRENGTH P81
P

on '%?5 2’{2 ; 19 2 50(0L iso geic
.871 .122 i 22 ' eld
8’5 I 1000 S T2 251,000 B3.780 Weld
PQ- 185 —1.006 2.852 —__X.850 240,000 83,9540 Weld

0 TEST
Four side bends (split into 16) -~ Acceptable (No def s )

ALL WELD METAL TENSILE

SPECIMEN NO. OI1AMETER, N, AREA SQ. 1IN, YIELD POINTY S| TENSILE STR. PSSt ELONG % IN 2 RED AREA 3

—Fatmt——28 R0 — 3‘0880 — R —

- 5_65 60,000 2,000 29.0 9.0
PQ-1851 .505 ggegcﬁ 81,250 29.0 87.9
TYPE CHARPY INPACTY TEST AT F FT. LBS. ENERGY LOAD :
ASE METAL FT.LAS, ANTT)
:—E%ETAL See reverse S1d€yy.ies, ARLY
(EAT AFFECTED 20NE . [ANYTR _FT.10¢
WE CERTIFY THAT TO THE DEST OF OUR XKNOWLEDGE THE STATEMENTS MAGE IN 8.0, = NOT REQUIRED N.A. == ROT APPLICABLE

LS RECORD ARE CORRECT AND THAT THE TEST WELDS WERE PREPARED,
‘ "N ANDO TESTED IN ACCORDANCE WITH THE APPLICABLE SPECIFICATIONS,

* Final surfaces
PQ__1851

W1 TNESSED ' |
A-15 o /)
: oare _Oct. 15, 1968 BASCOCK & WILCOX COMPANY C/V 25‘

el it St mAY SRt BT BN gem g - s L pme - - + we . memismancce cemm e ene —— = = oo -




HEAT TREATMENT AFTER WELDING
6LHRS. @ 1675°—1725°F —BRINE QUENCH
6% HRS. @ 1600°— I650°F —BRINE QUENCH
63HAS, @ 1175°— 1225°F — LIQUID QUENCH
30 HRS. @ 1100°—II50°F —FURNACE COOL.

‘/ RPY V-NOT: IS @ FT. |
LOCATION . -~ | O°F | +I0°F | +40%F | -20°F | -30°F|-40°F
WELD METAL (%T) 55 |847,57|797281,83)39,39,35] 44 | 2/
BASE METAL (%T) . |748%8! . 55
HEAT AFF‘EC TED ZONE (fr} 70 96, 64 | ¢

DROP WEIGHTS @ 3FT./100LBS.

HEAT AFFECTED ZONE #7) | |WELD METAL (#T)| |BASE METAL (3T)
+20°F NF -20°F F O°F NF
O°F |  NF | -10°F F O°F NF
-20°F F. O°F F O°F NF
-10°F NP | [#0°F| - F O'F NE
|01  NF +20°F NF O°F F
-20°F F +20°F NF +20°F NF
20°F | - NF _ 1| =20°F - NF +/0°F NF
. | =20°F NF -80°F |  F, +O°F NF

| PQ 185/

DATE: |0-/5-68
.- A-16
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THE BABCOCK & WILCOX COMPANY
BARBERTON, OHIO

CONTRACT NO.

RS R4
H

SPECIFICATION NO

D OF PROCEDURE AND/OR OPERATOR QUALIFICATION TEST-QC 2EN-122

. Ve A5, Y-

© NAVSHIPS ASME ASME OTKER o PLATE PIPE 'F SINGLE Pass MULTIPLE P
. 250-1300+1 D SECTION 3 B - secTion 8 [ D D E]
" WELDING PROCESS QUALIFICATION POSITION METAL THICKNESS] SINGLE LAYER | MULTIPLE L
:  Electroslag Vertical g-3/8 w) xe OJ  fea
: MATEREIAL SPECIFICATION SINGLE ARC MULTLIPLE A
__P-3 (SA-302-B) O
. HEAT TREATMENT MACRO, EXxAM, MICRO, EXA
. See Reverse Side NR N®
< FLUX NAME OR COMPOSITION PREHEAT TEMPERATURE| INTERPASS TEMPERATURE WELOER [ 12I'EQ vllier -
. Linde 124 TOo, uin, N4 °r uax. :::::Lno. 702 5701
TYPE OF DACKUP (STRIP OR GAS) ANO COMPOSITION FILLER METAL Gaquv NO. SHIELOING GAS cur S1¢ TORCH GAS
None £-2 NE Na M e
AMPS, VOLTS, CURRENT, POLARITY
Alternating Current 46-48 Volts 590-600 Emps .
+ SIZE OF ELECTRODE, IN. OLA, ELECTRODE EXT. TRAVEL SPELD IPM SIRE FEED IPM pscnu.fnon OWELL
" s12e oF FiLLER WIRE, IN. O1A.]1 /8 BEYOND CUP 1N exrp ] N3 Na LR g |TIME
TTLIOULD PENETRANT MAGNETIC PARTICLE RADIOGRAPH ULTRASONIC TEST
NA Lcceptable ** Lcceptable l\cceptable

“Feuamks: Procedure gualiflcatlon for welding P-3 mat'l 1

n tre ve

the electroslag process using 1/5° Id1a (Raco) HiMnMo filler wire wi f;l' Linde 12
flux., See revercse side for groove confizuraticr,
CHEMICAL ANALYSIS - 8 e no. QUL
. LOTATION [ l_iN P S 11 ] CR N3 %O - FE SR co Ci T A hdl |
Q‘ 21d .1901,49] .0161 ,014] 161 .06 1.38 1.55 19
{ Base .2211.34}.013] .018] .24l ,07 | ,F2 | .83 i1
REDUCED SECTION TENSILE (TRANSVERSE TO WELD) -
DIMENSIONS, INCHES ULTIMATE TENSILE A
SPECIMEN NO. - THICRESS AREA SQ. IN, ULTIMATE LOAD LBS. STRENGTK PSt FRACTURE LOCATIO
PQ-1923 . 995 3. 1547 =175 250,500 33,300 Weld
PG-1928 . 995 3.150 3.134 25,000 g83.500 Weld
____PQ-1928 . 996 2 790 2.779 242,500 ," 270 Weld
‘ - o 1.005 2.0G7 2.713 235,50¢ 36, 200 Weld
3END TEST g

Four side bends (spllit into lo) - acceptable (No Defects)

ALL WELD METAL TEXSILE

SPECIMEN NO, DIAMETER, N, AREA ‘SQ. IN. YI1ELD POINT PS) | TENSILE STR. PSI ELONG % IN 2° RED AREA %
TYPE CHARPY IMPACY TEST AT O FT. LB8S. ENERGY LOAD
PASE METAL £Y.L8S. ‘ FIS
{ WELD METAL Qee Reverce Side -r.tes. FI.Lt
'HEAY AFFECTED 2ZONME FT.LBS. FY, Lt

WE CERTIFY TNAT TO THE BEST OF OUR KNOWLEDGE THE STATEMENTS MADE IN

N

THIS RECORD ARE CORRECT AND THAT THE TEST WELDS WERE PREPARED,

L " DED AND TESTED IN ACCORDANCE WITH THE APPLICADBLE SPECIFICATIONS,

. ~ 4" Electrode spacing

*% Final surface
WITNESSED.

Dec.

DATE

A
10,

17
19€8

%.R, == BOT REQUIRED

..

A.= NOT APPLICABI

BABCOCK & WILCOX COMPANY

MZ.?f



P-3 MATL.
(§A-302-8)

P-3 MAT'L.
(SA-302-8)

RHEAT TREATMENT AFTER WELDING
6% HRS. @ 1675 - 1725 F—BRINE QUENCH
6% HRS. @ 1600°- |6 SOF —BRINE QUENCH
6ZHRS.@ 1175°~1225°F— LIQUID QUENCH

' BO HRS.@ 1/00°~1150°F—FURNACE COOL

DIRECTION OF
TRAVEL

_CHARPY V-NOTCH IMPACTS 240 FT LBS. ENERGY LOAD

WELD METAL (3T) BASE METAL (#7) HEAT AFFECTED ZONE,
+/0°F 30 =)0 F S7 +/0 °F 8/
+0°F 33 -10°F 39 +HO F 8l
+l0°F 33 -10 °F 27 +0 °F 62
0°F 18 20°F | &2 -20°F. 41
O°F 26 20F 30 20F )
-20°F 38 ~20°F 35

DROP _WEIGHTS

DATE : 12-/0-68

A-18

WELD METAL (47) BASE METAL (#T) WEAT AFFECTED ZONE §7)
+20 °F NF +20 °F NF +20 °F F
+20 °F F - +20 °F NF +30 F NF
+30 °F NF +10°F NF 30 °F NF-
+30 °F NF +10 °F NF +25%F | NF
425 °F F _=I0F | F R25°F | F
+25°F NF 0 °F NF -
+25F F 0°F NF
-10°F F
PQ 1928



THE BABCOCK & WILCOX COMPANY
BARBERTON, OHIO

R ' ysegs .
‘ ' CONTRACT NO. -“-fj'-"[é{' —
B on w010 SPECIFICATION NO.- " 37, -

{ N ‘0D .OF PROCEDURE AND/OR OPERATOR QUALIFICATION TEST-QC 2Eu- 122
¢ NAVSHIPS ASME AsSME OTHER PLATE PIPE SINGLE PASS MULTIPLE
. 230+1800-1 D SECTION 3 m SECTION o D B D D
. WELOING PROCESS . QUALIFICATION POSITION METAL THICKNESS SINGLE LAYER MULTIPLE
' Electroslag Vertical 6-3/58 w.N2 [ N"A! [
f MATERIAL SPECIFICATION SINGLE ARC MULTIPLE
i P-3 (SA-302-B) L)
THEAT TREATMENT MACRO. EXAM. [ MiCRO. €
: See reverse side NR NR
i FLUX NAME OR COMPOSITION PRENEAT TEMPERATUREf INTERPASS TEMPERATURE WELDER Pierson Iqlller "
. Linde 124 TO oy win. NA  Crwax | oroCRtee 5702 5701
'LTYP( OF BACKUP (STRIP OR.GAS) AND COMPOSITION " FILLER METAL GROUP NO. SHIELOING GAS- cur Si11¢ TORCH GAS
NA - A-2 NA NA TLOV BATENA
- AMPS, VOLTS, CURRENT, POLARITY — - -
: Alternating current 48 volts, €00-€50 amps -
i S1ZE OF ELECTRODE, IN. DIA, ELECTRODE EXT. TRAVEL SPEED i1rM wint FEEd ru JCILLATION | OWEL
© size o FiLLER wine, v, 01a. 1/8 SEYOND CUP WMyrr NL& MNA L8M e T
t LIQUID PENETRANT . MAGNETIC PARTICLE RADIOGRAPH ,ULT]ASONH; TEST
1 NA Lcceptable ## Acceptatle Acceptatble
" REMARKS: Procedure qualification for welding P-3 material in the vert;cgl pos 14;‘1:
i by the electroslag process using 1/3" dia. (Faco =Mn-N
Linde 124 flux. See reverse side for groove configuration,
CHENICAL MIALYSIS = 3 £ no._CCCHL
__LN"ATION [ _!N P S p1] CR NI ﬂ FE [41] [+ ] [«f+] T A T1
— ase |22 J1.37.013J.014].27 [ .11 ] .51 ] kg Log
(’ . Weld .18 1.50.0151.013 4,17 O31 .30 .43 0
' REDUCED SECTION TENSILE (TRANSVERSE TO WELD) .
DIMENSIONS, INCHMES ULTIMATE TENSILE
SPECIMEN NO. " oTn THICRMESS AREA SO-. IN. ULTIMATE LOAD LOS. STRENGTH PSI FRACTURE LOCA’
PQ-192Y . 990 4. 155 3.153 o974, 000 2~ 900 _Weld
PQ-1929 | 1.015 3.119 3. 165 275,000 84,890 Weld
PQ-1929 | ,99%9 2.721 2.707 232,500 _5557 8% Weld
PO-1029 | 1,002 2.735 2.741 237,500 ~,°70 1| Weld
BEND TEST
Four side tends (Split into 16) - Acceptacle (No defects)
ALL WELD METAL TENSILE
SPECIMEN NO., DIAMETER, IN. A‘REA $Q. N, YIELD POINT PS! TENSILE STR. PSI ELONG % IN l‘. L RED AREA
T
TYPE CHARPY o INPACT VEST AT °¢ FT. LBS. BREWGY LOAD
TBASE METAL ’ FT.LBS. . _ T
P WELD METAL See reverse side rr.ves. ' FT
"MEAY AFFECTED 20NE [ANYIN A
WE CERTIFY THAT TO TME BEST OF OUR KNOWLEDGE TRE STATEMENTS MAOE Iw N.R, = §OT SEQUIRED N.A.== HOT APPLIC
. THIS RECORD ARE CORRECT ANDO THAT THE TEST WELDS WERE PREPARED, .
_,r‘" e “+ DED AND 'Y'ESYED IN ACCORDANCE II_YN THE APPLICABLE SPECIFICATIONS,
. * 4" electrode spacing

ottt ** Final surface PQ_1929

, W1 TNESSED. : J
| 68 "_z&‘&%zt '
' oare__Dec. 10, 19 BABCOCK & SILEOX COMPANTY

- - . . L et A_19 - .- R o b Wgzﬁ'




DIRECTION
OF TRAVEL

CHARPY V-NOTCH

HEAT TREATMENT AFTER WELD/NG

64 HRS. @ 16775°=|725 °F— BRINE QUENCH
GZHRS. @ 1600°~1650°F — BRINE QUENCH
GAHRS. @ 1175%1225°F—LIQUID QUENCH
30 HRS. @ 1100°~ 1150 °F—FURNACE COOL

IMPACTS ® 240 FT.LBS. ENERGY LOAD

BASE METAL #T WELD METAL zT | |HEAT AFFECTED ZONE 4T
+10 °F /8 +10 °F 80 U 33
+10 °F 2/ +10 °F 40 . +10°F 4 r
+/0 °F 30 +10 F 55 +10 °F 3/
0 °F 24 O°F 36
O°F 25 O °F /3
o °F 20 O °F 25

DROP WEIGHTS

DATE: [2-]0-€8

A-20

BASE METAL T WELD METAL #T || HEAT AFFECTED ZONEZT
+20 °F F +20 °F F +20 °F F
+20 F F + 20 F F +20°F F
. +30 °F F +30 °F F +30 °F NF
+40 °F F +40 °F. F +30 °F NF
- +80 F NF +50 °F F +26°F | F
+70 °F NF +70F - NF +25 °F F
+60 °F NF +70 °F NF
+60°F | NF +60 °F NF
Pq 1929




7 wi
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THE BABCOCK & WILCOX .COMPANY
BARBERTON, OHIO.

CONTRACT NO.

LAY |

SPECIFICATION NO

-
- .
ot
I -3 3 - —
x4, ST

i ¥ 8019
“... AD OF PROCEDURE AND/OR OPERATOR:QUALIFICATION TEST-QC ZEN-122
. NAVSHIPS ASME ASME OIHER PLATE (4143 SINGLE PasS ) TIPLE Pass
V230130041 - D stction 3 m sgcrion ’ [ﬂ D D
’ T QUALITICATION POSITION METAL THICKNESS]| SINGLE LAVEA [ MuLTIPLL LAYE
: Electroslag Vertical £-3/8 w.]tin N
| MATCAIAL SPECIFIGATION SiNeLE ARC MULTIPLE ARC
. 3 '{SA-302-B)

. MEAY TREATMENT

* MACRO. EXAM,

MICRO., CXAM,

See reverse slde - MR NR
i FLUX NAME OR COMPOSITION PRENEAT TEMPERATURE] INTERPASS TEMPLRATURE vELOER rlerson “Miller -
i Linde 124 TO oy min. Ni  ®rowax. Svusot 702 5701 -
“TIVPL OF BACKUP (STRIP OR GAS) AND COMPOSITION FILLER METAL 6ROUP NO. SHICLDING GAF | CUP 8138 | TORCH oAs
: A NA 5aD : s we LOW mATE b ACTH
TTAMPS, VOLTS, CURACNT, POLARITY : g -
Alternating current 50 volts, 590-€00 amps
| s or TLICTROOE, IN. OlA. todcYnosd cxy, "TRAVEL SPELD IP WIRC FEED 174 PICILLATION JOWELL
szt oF FroLen wing, i, oia.  1/8 BEYOND CUP 1Mgp 5 ML A 2l , 5 | TINE
FLiouto PENETRANT MAGNETIC PARTICLE RXD10GRAPH j "ULTRASONIC TEST

NA

the electrosglas

Acceptatle hccept
Frocedure qualification for welding :-3 material in the vertical
Drocess using ' ) T
ee reverse sBlde for groove corfiguration,

able

Acceptable

CHENICAL ANALYSIS - § ¢ wo.GRIOL

144

gua  LOCATION £ . d ] 3l nl MO (] SS—- ] 1 Al
@ e 219 | 1.39.012 [.020] .28 LTl R .08 - 1
{ —ld .10 [%9.612 LY ECE BNTA LY RS 20 -
: AEDUCED STCTION TENSILE (TRANSVARSL T3 WELD) —
DIMENSIONS, INCNES ULTI.AW‘""L(':. : et
SPECIMEN NO. A it a8 ARCA 80, IN, ULTIMATE LOAD LBS. STRENSTH, P8I FRACTURT LOCATION
PR=1930 T.000 2.8 2. 302 ;%m:m;%
)~ 0 1.000 . 030 %0 0 2 O:EOC - g0 _ Weld
- PQ-1 1,000 L, 402 ' .4e2 } Q Weld
_— 1,000 3.230 1 3.230 271,000 | - el

rour side bends {Split into 16) - fcceptgble (Mo defects)

.y

ALL WELD METAL TENSILE

[ "
SPECIMEN KO, | ormsrrea, in. | anga se. in. YIELD POINT ps1 [ TENSILE sTr. 31 | Giowe & in f BED AREA 8
- e p——— —
NE -
.1 _TYPE GARPY WPACT TEST AT " T
_BASE METAL. rr.oos. [ . e AR T
I WELD METAL >ee reverse 8lde rsv.ies. o T T 77.L08
{MEAT APFECTED JONE AT i — NI RTTN

¥E CLATIFY THAT TO THNT SEST OF OOR KNOWLEDEL THE STATIMENTS MADL A
THIS RECORD ARL CORAREICT AND THMAY THE TLST VILOS WERI PREPARCD,
WEILOLD AND TLSTLO IN ACCORDANGE WITH THE APPLICABLL SPECIFICATIONS,

H
.f. é
' wITNESSED,

* 2-3/4" electrode spacirg
** Final surfaces

o
DATE " ‘..

1963

A-21

T B.B.wp RO REQUINED  B.A.ws WOT APPLICASLE

w

'PQ_1930

e e

$4500CK 8 WILCOX CONP

oN 2. 3!



e g =

WELD/ING

T £
si HRS. @ 1675°-1725°F — BRINE QUENCH

6% HRS. & 1600°—1650° F — BRINE QUENCH
6% HRS.@ 1175°-1225° F— L/QUID QUENCH
30 HRS.® 1100°~1150* F—FURNACE COOL

A-22

DATE1/0-/0-68

- 0T :

BASE METAL (%T) | | WELD METAL (%7, HEAT AFFECTED ZONE (¥7) |
+0'F| 44 +O0°F | 10| +20°F | 78 +0°F | 65
+/10°F| $2 +0°F | 72| +40°F | é2 #0°F | 52
HO°F| 15 +10°F | 90 | +40°F | 9¢ +/0°F | 54
+10°F| 82 +0°F | 75| +30°F |89 -/0°F |10
_+O°F| S50 +O0'F | 16 | +20°F |72 -10°F | 65
+I0°F| 44 */10°F | 14+ | +/0°F |39 -10°F | 80

~ ~ +40°F | 90| 0°F |48
=20°F |31 |-10'F |67
LDROP WEIGHTS - -

- BASE METAL (%7) WELD METAL(T)| [HEAT AFFECTED ZONE(#7)|
+20°F| F ~20°F  F +20°F F |
+t20°F| F +20°F|  F +20°F F
+HO*F | F +/O°F F +O*F F
+30°F| NF +30°F F +30°F NF
+80°F| F +40°F| NF - +30°F F

| +40°F| NF . *40°F|  NF +40°F NF
+40°F| NF +t30°F| NF +40 °F . NF
+35°F| F _ 130°F] - F +40°F NF

PQ 1730



30-30356 - ' Base Metal: 6-3/8" thk
RECORD OF TEST RESULTS THE BABCOCK & WILCOX COMPANY SA-302-B

o
BARBERTON, OM10 gigzl:'r:il:ei?3§g%o§el/e
s ' apart
i ° T QUSTOMER General Electric _
ASME Code Weld Test Plate (Electroslag WS-40) CUSTOMER ORDER NO.
JEST RO. ASSOCIATED PROCESS QUALIFICATION NO. ] BaW CONTRACT NO. ,
PQ-1931 610-0111

DESCRIPTION OF TEST Heat treatment 6-1/2 hrs 1675-1725°F - Brine guench-

after welding:

30 hrs. @ 1] 50°F - Furnace cool _
. WELD CHEMICAL ANALYSIS E-0D031Y
C MN_ St P S Cr !lrl Mo Cu
.20 |1.52 .12 L0155 | .Oz1 .05 . 389 .59 | .10
~ BASE METAL CHBWICAL ANALYSIS E-B 319
c MN St P S cr N1 Mo Cu
21 1.32 .18 L0156 L 034 04 .60 255 $ 10
BEND TEST: TYPE _NUMBER RESULTS

Four side bends (split into 16) - Acceptable (No defects)

.oucso SECTION TENSILE (TRANSVERSE TO WELD)

R - wiom mooess | area so. n. | PeREMITE Bt R ETRCee T of CFRACTU RE
—Pe-1931 1.003 q 2. 794 236,000 | 84,570 [ weld
—P0-1931 53 ;zr._gsih 5550 511000 1 B3 740 Weld
PQ-1031 1.000 3.056 3.056 256,500 83,950 Weld
PO-1931 1,001 2,905 2. 947 243,500 0 Weld
L _WELD METAL TENSlLé |
SEECIMAN, D1 AMETER AREA S0, IN. | YIELD BOINT et ELONS ® RED AREA
< " NR
JARPY IMPACT TESTS
TYPE AT of — FT. LBS. ENERGY LOAD.
LOCATION FT. LBS. LOCATION FT. LBS.

See reverse side

OP WEIGHT IMPACT TESTS

LOCATION HEIGHT WE | GHT TEMPERATURE °F

See _reverse side

= . — —
3

’

Fw FAILURE . NF = NO FAILURE 2

Nov. 1, 1968 A-23 o (%,ZZ vy

Wi TNESSED
3 ) ;




CHARPY V-NGCTCH IMPACTS

ICATION | TEmP °F|FT. L8] [LocaTion Treme £ Fr 18s] [LocAaTion Tremr £|FT Las)
TWELD | +10 | 47 | | 2T HAZ | +10 36 27T BASE| +10 82
- +/0 24 .o +/0 30 . +10 56
" +10 33 T +10 75 - +10 74-
. +10 57 roo -20 29 oo -20 39
" $0_ | S50 - -20 24 .o~ -20 30
- -20 16 .o 20 | S0
DROP__WEIGHTS
LOCAT/ION| TEMPR °EIRESULTS| | LOCATION | TEMR °ERESULTS| |LOCATION |TEMR °F |RESULTS
FT WELD| +20 | F 47 HAZ | +20 | F (AT BASE| +20 | NF
- +20 F v +20 | F .o 20 | NF
“- - +36 | NF W +30 | NF .o o NF
» v | +30 | NS P +30 | NF . -20 | F
.o 20 | F noom 20 | F . oo -10 | NF
G -o__| NF
L -20 F
o " ._204 F- .'
P® 1931 :
DATE : |I-I-€8 WELDERS

PIERSON — 5702
MILLER — 5701

A-

24



THE BABCOCK & WILCOX ‘COMPANY

s MT. VERNON, INDIANA contaact no.__610-0122
}M . : ' SPECIFICATION No.__ WS=-40
W7 OF PROCEDURE AND/OR OPERATOR QUALIFICATION TEST-QC 2EM-122 code No. 236+%
NAVSH Asu ormgn A S, M, S, | raare 2 SINGLE PATS IwuuTiogs Pils
e, O e, ] s W W e | T O T I
wE . DING PROCESS QUALIFICATION POSITION METAL THICXNESS SINGLE LAYER MULYIP_';_E_'.“'-
Electroslag Vertical 6%" v |N.A N.A.LA
MATERC A, SPECIFIZATIOR SING RC MULTIWLE“A.C
P-3 (SA-302 Gr. B. od.) | S
KREAT TREATMENT MACRO., EXAM. [MICRO, Exawd.
See Reverse Side N.R. N.R.
FLUX MANE OR ccwos:nou PRENEAY TEMPERATURE} INTERPASS TEMPERATURE ?5 5: irvin
Linde ir 17/ 70 °F wIN, N.A. °r MAX, NO. 1068
TYPE OF RACKLP (STRIP 32 GAS) #NO COMPISITINN FILLER METAL GROUP NO. SHIELDING GAS cur SIZE ;Egsﬁﬁi;;
N.A. Raco Hi-Mn-MdAA-2) N.A. N.A. | N.a.
AMPS, VOLTS, CURRENT, POLARITY
Alternating Current 48-52 Volts 575-625 Amps
SIZE QF ELECTSODE, IN. Ol A, ELECTRODE ExT. TRAVEL SPEED 1Pm WIRE FEED IPM :CI T1ON C.EEf
| SIZE OF FILLER WIRE, IN. OIA, 1/8" TORK ' N.A. N.A. g?decy,m ,E'Séj :
LIQUIO PENETRANT VISUAL INSPECTION
N.A. Acceptable

MAGMETIC PARTICLE

Acceptable/No Defects

RADIOGARAPH

Acceptable/No Defect

Euusoulc TEST

Acceptable/No Defects

TREMARNG T

"Precedure Qualif

ication for weldinz P-3 material in the vertical

‘position by the

Electroslag Process using L/8" Dia. (RACO) Hi-Mn-Mo~

Filler Wire tith

Tinae #1124 Flux. See Reverse Side ror Groove ConrlaL*acx,.

. . CHEMICAL ANALYSIS - % & wno.
_ZQ WCATION C un » L3 St cn Ni UL ] Fe v cs ~n v \C L)
i N.R
REDUCED SECTION TENSILE (TRANSVERSE 10 WELD) —
SPECIMEN NO. ”0:-):::“,”0“' m:':f:‘““ AREA 30. IN. ULTIMATE LOAD L83, ‘;;:L:;:: :;v:su: FRACTYPE Lot
T1A ,962 2.895 2,/85 248,500 89,250 Weld
TL1B .978 3.193 3.123 278,250 89,100 ‘Weld
T10A .890 3.095 2.755 244,000 838,600 Weld
T10B ,965 2,969 865 255,250 89,100 Weld
BEND TEST
(4) SIde Bends Split Into [b - Acceptable/No Defects
ALL WELD METAL TENSILE
SPECIMEN NO. DIAMETER, [N, AREA SO, IN, YIELO POINT 351 | TINsiLE sTR. P ELONG % 0N 2 -
N-RJ '
TYPE CHARPY V-Notch IMPACT TEST AT +1U o (@ 240 FJ. L8S, ENERGY LOAD
9ASE METAL T 79, S4, cI F1. L0S) £, 5:
veeo nevacSurface 59, 4/, 49 FT. LES 1 @G¥T =127. 34 32 £7. L3
84, 80, 76 n.us.i * — PrT—

HEAT AFFECTED 20NE

-

¢

(

Wi TMESSED

CERTIFY TAAT TO THE 93T OF .-
$ RECOAD ARC CUPRECZT AND THA1 Tof TEST WELOS WERE PREPARED,
ICLDCD AND TESTED IN ACCORDANCE weTH THE APPLICABLE SPECIFICATIONS.

*Revised 1/26/7T1.W.L.W.
Hartford (ASME)

DATE

ANOWLEDGE THME STATEMENTS MADE N

5/22/70

A-25

N.8.= NOT RETUIRED

235

8ABCOCK & WILCOX

MR = NOT LPF L

Pa

2563




OSCILLATICON *
3 second traverse
5 second dwell -
(equivalent to a trav. .
sgeed of approximately i
4B1I.P.M.) -

DAL 2 ARV EL

\

.\_.

ZER

27 Sk :

EF S @ S5 /PRE S - BONE Doeners
CE AS & B~ MESDF - Sl ooty
GE MOS @ N5~ R BpiE Prsvers
FR 5 @ /" — 3D F - Fenies o

PP L[/ G 7T JLESTS AT S 7o~ 208

s 4t B 7 | (gl G| | 2 Z 7
- o | = AREFN 45 5 = 22X |\ 25
e i V2 2RO | £ -2 |\ A
Az : —p | £
—pe | & —For) £

A7 = el F O

. | -

: -0 F .)
. o . A2 - Fo * 0. 2563 x
v - R
Lo ' Revised 1/26/71 W.L.W, 7 - S22

\\' A-26



