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ABSTRACT

This document contains FTI's best estimate of the initial RT,;, initial Ci’\arpy V-notch upper-
shelf energy (CvUSE), and chemical composition (copper, nickel and phosphorus) values for
the longitudinal electroslag welds within the core region of Dresden Units 2 and 3. 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/o) 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 e|ectrosl'ag welds at Dresden Units 2 and 3.
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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 Opper—
shelf energy (CvUSE) value, and the chemical composition of electroslag welds in the
Dresden Units 2 and 3 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 Dresden Units 2
and 3.

This assessment is a result of the collection and compilation of weld PQs and other data
pertinent to the fabrication of the Dresden reactor vessels, as well as other boiling water
reactor (BWR) vessels fabricated in the same time frame. This document does not include
infoﬁnation 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 the two shell courses of

the Dresden Units 2 and 3 reactor vessels.

Unit ID Shell Course " No. of ES welds
Dresden 2 Mk-57 3

Mk-58 2
Dresden 3 Mk-57 3

Mk-58 3

Dresden Unit 2 contains at least one submerged arc (SA) longitudinal weid in each of the two
shell courses identified above. [Note: The Mk-58 shell course of the Dresden Unit 2 reactor

. vessel was fabricated from four individual plates. Also, the Mk-57 shell course of the

Dresden Unit 2 reactor vessel includes two plate sections of the same heat, resulting in four

longitudinal welds for this shell course.]
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FIGURE 1-1.

DRESDEN REACTOR VESSEL

SHELL COURSE ARRANGEMENT IN CORE REGION
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2. FABRICATION HISTORY

The plate material supplied for fabrication of the Dresden Units 2 and 3 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
244 illustrate the plate and weld layouts for the Mk-57 and Mk-58 shell courses of Dresden
Units 2 and 3, 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 Dresden Units 2 and 3. The circumferential weld joining the Mk-57 shell course to
the Mk-58 shell course of the reactor vessels of both Dresden Unit 2 and Unit 3 were ’

completed by B&W as well.

Although an extensive records search was compléted," very little information could be located
with regard to either the spéciﬁc weld materials or test results for the ES weld consumables
used on the longitudinal weld seams of the core region shell courses of the Dresden reactor
vessels. Therefore, applicable test data for weld PQs - performed in the general time frame
that the electroslag longitudinal in both Dresden units were fabricated -- have been included
as one source of typical RT,,, data for this type of weld. Copies of the weld PQs of interest

® 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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‘ . are included in the Appendix. It is believed that the weld PQs included in the Appendix are
R the only weld PQs that are applicable to the core region shell courses welded by the
electroslag welding process for the two Dresden units.
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FIGURE 2-1.

DRESDEN UNIT 2

PLATE AND WELD LAYOUT FOR MK-57 SHELL COURSE
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4
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6-198-1
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TABLE 2-1.

DRESDEN UNIT 2

PLATE AND WELD IDENTIFICATION FOR MK-57 SHELL COURSE

, Wire or Plate
1D Location —Heat No.
Long. seam 1 (ES) U 34A167
Long. seam 2 (SA) 110° 1P0815
Long. seam 3 (ES) U W8349
Long. seam 4 (ES) U w8349
6-198-1 - A9128-1
6-198-2 - A9128-2
6-198-3 - B3990-2
Mk-57 to Mk-58 -- 71249

circ. weld (SA)
ES: Electroslag weld SA: Submerged arc weld

2-3

Flux Fab.'d
Lot No, _by
3496 B&W
8304 B&W
518 B&W
518 B&W
8504 B&W

U: Unidentified



PLATE AND WELD

FIGURE 2-2.

DRESDEN UNIT 2

LAYOUT FOR MK-58 SHELL COURSE
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TABLE 2-2.

- DRESDEN UNIT 2

PLATE AND WELD IDENTIFICATION FOR MK-58 SHELL COURSE

D

Long. seam 1 (SA)
Long. seam 2 (SA)
Long. seam 3 (ES)

Long. seam 4 (ES)
6-198-9

'6-198-11

6-198-12
6-198-13

Mk-57 to Mk-58
circ. weld (SA)

ES: Electroslag weld

SA: Submerged arc weld

2-4

Wire or Plate Flux Fab.'d
Location _Heat No, Lot No, _by
97° 1P0661 8304 B&W
1P0815 8350
200° 1P0661 8304 B&W
1P0815 8350
227° 34A167 3496 B&W
347° 34A167 3496 B&W
- B4030-2 -- -
- B4030-1 - -
- B4065-1 - -
- B5764-1 -- -—
- 71249 8504 B&W

U: Unidentified



@ FIGURE 2-3.

- DRESDEN UNIT 3
PLATE AND WELD LAYOUT FOR MK-57 SHELL COURSE
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- ' TABLE 2-3.

DRESDEN UNIT 3
PLATE AND WELD IDENTIFICATION FOR MK-57 SHELL COURSE

Wire or Plate Flux Fab.'d
1D Location —Heat No. Lot No. _by
Long. seam 1 (ES) | 77° U U B&W
Long. seam 2 (ES) 197° V) i) B&W

~Long. seam 3 (ES) 317° V) U B&W
6-111-1 - B5159-1 - -
6-111-8 - B5144-2 - -
6-122-7 - C1516-1 - -
Mk-57 to Mk-58 - 299144 8650 B&W
circ. weld (SA) :

ES: Electroslag weld SA: Submerged arc weld U: Unidentified
*: Records indicate that the electroslag welds for MK-57 were performed using the

following weld wire/flux lot combinations: 34A167/3496 and 36A168/3496. However,
data for specific longitudinal seams are.not identified.
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FIGURE 2-4.

DRESDEN UNIT 3

PLATE AND WELD LAYOUT FOR MK-58 SHELL COURSE

6-111-11
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6-111-3

TABLE 24.

DRESDEN UNIT 3

PLATE AND WELD IDENTIFICATION FOR MK-58 SHELL COURSE

S | o E

Long. seam 1 (ES)
Long. seam 2 (ES)
Long. seam 3 (ES)
6-111-3

6-111-10

6-111-11

Mk-57 to Mk-58
circ. weld (SA)

ES: Electroslag weld

Wire or Plate Flux - Fab.d
Location —Heat No, Lot No, _by
22° 37A334 3496 B&W -
142° 37A334 3496 B&W
262° 37A334 3496 B&W
- A0237-1 - -
- B5118-1 - -
- C1290-2 .- -
- 299144 8650 B&W

SA: Submeréed arc weld
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3. RTyor, CVUSE, AND CHEMICAL COMPOSITION

Both mechanical property and chemical composition data are lacking on electroslag welds for
Dresden Units 2 and 3. For this reason, the available data discussed in this report are based
primarily on weld PQs and known weld wire chemical composition 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 Dresden Units 2 and 3.° 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

Dresden Units 2 and 3 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-lbs. '

® As reported 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.
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TABLE |
Charpy V-Notch Impact Data for Electroslag Weld PQs

Stress
Drop Wt. Relief
Weld PQ_ Charpy Data LiorLF) Jime_
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
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 (1/47T) 10

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

discussed below.

No drop weight specimens were tested for the Dresden Units 2 and 3 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 Dresden units. The surveillance electroslag weld
Charpy impact data that are available, however, are éhown below in Table lIA.

3-2



TABLE lIA
-II | E [ s “ EI I l !M I;! ndita|4-11

Plant ID Tevso Tevso Tasme USE
Dresden Unit 2 -10°F 40°F 5°F° 101 ft-lbs
Dresden Unit 3 40°F - 110°F 65°F 70 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-ibs
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
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

[* 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 Teuso Test Weld ID Teuso
1 18.8 6 -20.7
2 3.0 . 7 15.9
3 31.7 8 12.5
4 321 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, Ty, that is at or above the nil-ductility transition
temperature by drop weight tests.

2. At a temperature not greater than T,,; + 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, T,y is the RT.
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3. If the requirements of 2. are not met, additional Charpy tests shall be
performed (in groups of three specimens) to determine the temperature, T, at
which they are met. Then, RT,,; is (T, - 60°F). RTyo; is the greater of Ty,
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,y + 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 RT,,; is controlled by the T,,; requirement. Based on these data, the
initial RT,; for the electroslag welds in Dresden Units 2 and 3 is calculated using the Ty,
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 RT,,; value of 23.1°F for the electroslag welds,
with a standard deviation (o;) of 13.0°F. |

3.2 CvUSE Determination

The initial CvUSE data for electroslag welds were obtained from available surveillance data
and are presented in Table lIA. The unirradiated CvUSE values range from 70 to 125 ft-lbs.
Taking the mean of these values results in an estimated initial CVUSE value of 105.4 ft-lbs
for the electroslag welds, with a standard deviation of 16.1 ft-Ibs. '

3.3 Weld Compositions (Cu, Ni, and P)

Electroslag weld chemical composition data (in weight percent [w/o]) are available from three
different sources: weld PQs, weld wire compositions, and surveillance capsule specimens.
As shown in Tables il 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

34
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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 0017 0.027 0.19 0.09 0.35 055 0.25
PQ-1300 0.18 126 0015 0.017 0.16 0.11 0.33 051 0.30
PQ-1309-A 0.18 134 0.012 0.017 0.14 0.10 0.30 047 0.22
PQ-1309-B 0.17 131 0.015 0.015 0.14 0.12 029 051 0.23
PQ-1667 0.19 141 0019 0.015 0.07 0.06 0.25 057 0.20
PQ-1822 0.19 140 0.015 0.015 0.14 0.09 027 054 0.23
PQ-1851 0.18 149 0.014 0.011 0.15 0.06 036 049 0.18
PQ-1928 0.19 149 0016 0.014 0.16 0.06 0.38 055 0.19
PQ-1929 0.18 150 0.016 0.013 0.17 0.08 0.30 048 0.20
PQ-1930 0.16 152 0012 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 0.59 0.19
TABLE IV
Weld Consumables Chemical Composition Data

Wire ID Cc Mn P S Si_ Cr Ni_ Mo Cu
W-8349 0.14 179 0010 0.012 0.04 - - 047 -
34A167 014 176 0.010 0.014 ‘0.04 - - 049 -
36A168 0.12 170 0.010 0.019 0.03 - - 052 -
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TABLE V

13-17

Surveillance and Beltline Weld Chemical Composition Data

Specimen &
Plant ID c Mn P S Si Cr Ni Mo Cu
ESVYS*WeId 0.21 1.78 0.011 0.015 0.32 0.07 0.30 0.51 0.20
D3*
KAE D3*"*  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 0.520 0.171
- - - - - - 0.33 - 0.18
K6L D3*" - - - - - - 0.41 - 024
K6A D3*' - - - - - - 0.38 - 023
KBM D3*" - - - - - - 036 - 022
K6T D3*" - - - - - - 0.38 - 019
KAJ D3*" . -~ - - R - - 0.34 - 0.21
KAD D3*" - - - - - - 0.34 - 021
MA1 QC1>' 0.17 156 0.011 0.017 019  0.06 028 045 0.17
TD1 QC2%* 0.18 1.75 0.011 0.013 0.17  0.09 020 049 0.18
MA4 QC1>'® 0.158 - 0.012 0.006 0.05 0.063 025 045 0.136
- - - - - - 026 -  0.19
MAD QC1®>" 0.236 - — 0.012 0.004 0.08 0.063 026 045 0.138
- - - - - - 038 - 0.19
M7L QC1®'® - - - - - - 030 - 0.20
MBU QC1>" - - - - - - 0.33 - 0.24
MeD QC1>'® - - - - - - 039 - 0.6
MDC QC1>'®  — - - - - - 040 -  0.21
MD4 QC1®'® - - - - - - 033 - 0.19

MBY QC1>'¢ - - - - - - 040 - 0.21

* Number designates reference from which data was taken.
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TABLE V (cont.)

Specimen &
Piant ID (o} Mn P S Si Cr. Ni Mo Cu
TAE QC2%'" 0.209 -- 0.008 0.017 0.115 0.079 0.313 0.503 0.129
0.32 0.14
TAT QC2*7 0.216 - 0.008 0.018 0.126 0.091 0.359 0.522 0.122
0.33 0.16
TBP QC2%" - - - - - - 034 - 0.16
TB1 QC2*7 -~ = - - - - - 037 -~ 017
TeK Qc2¢'" - - - - - -- 039 - 0.17
TBM QC2°"7 - - - - - - 037 - 0.17
T72 QC2*" - - - - - - 041 - 0.20
TAP QC2%' - - - - - 032 - 0.12
Peach 0.17 1.41 0.015 0.013 009 0.05 021 053 0.21
Bottom 2,3%¢ -

? Dresden Unit 3

® Quad Cities Unit 1
¢ Quad Cities Unit 2
¢ 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, 16, 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 Dresden Units 2 and 3. 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. |



TABLE VI

Surveillance Electroslag Weld Data’®®

Plant ID c Mn P S Si Lr N 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 - 0.1
Ferry 3 '
Peach - 143 0.010 - - 0.08 032 049 0.09
Bottom 2 - 146 0.012 - - 0.08 032 049 0.10
Peach - 1.55 0.009 - 0.19 - 040 050 0.1
Bottom 3 - 1.57 0.009 - 0.19 - 041 051 0.1

- 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 copper, nickel, and
phosphorus contents for the ES welds at Dresden Units 2 and 3. The results are as follows:

Content Std. Deviation
Element w/o (wlo)
Copper 0.190 - 0.048
Nickel 10.311 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 Dresden Units 2 -
and 3 longitudinal electroslag welds. ‘
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4. CERTIFICATION
This report provides justifiable estimates for initial RT,,; and chemical composition (copper,

nickel, and phosphorus) for the longitudinal electroslag welds in the core region of the

Dresden Units 2 and 3 reactor vessels.

(O Gowpdell  dintoe

CA. Campéell / Date
Materials and Structural Analysis

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

208 1= 1[5 /76

M.J. Bevan Date
Materials and Structural Analysis

Verification of independent review.

A /Zé}@ﬁ { Y4 5*%

"K.E. Moore, Manager Date
Materials and Structural Analysis

The document has been approved for release.

TSNeweld il f

D.L. Howell, Program Manager Date
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" 501-2

THE BABCOCK & WILCOX COMPANY
BARBERTON. OW10

‘RD OFf PROCEDURE OR OPERATOR QUALIFICATION TEST QCD 2EU-1R2

“JO8 NO.

610-v098 Initial Application -

DATS

10=14-45

PROCEDURE NO.

ADING PROCESS
El

JERIAL SPECIFICATIOQN

_P=3 (A-302-

-W=-182-3

H.1 ARC

PQ-1092C-2 - ws-40

sinGLE Pass MULTY PASS WLTY
ﬁhﬂuum H
P -

: M METAL THICKNESS FTLLER WEYAL GROUP NG, WELD CUASSIFICATION NG.

. ix i b b=1/4Y Reid Avery Hi=Mn-Mo Pressure

T BACKING STRIP USED : PRE WEAT TEMPERATURE INTER PASS TEMPERATURE FLUX NAME OR COMPOS TT 10N
0 ves : No 70°F Min, _Not Applicable - Linde #124 20 X 150

LD CHARACTERISTICS

(VeA) (A.C. OR D.C.)
600

Alternating Current 48-52 Volts Amps

\S FLOW RATE POSITION OF PLATE OR PIPE ULTRASONIC TEST L1QUID PENETRANT
ot icable ; Vartical abl o Defect t licable
\GNET IC PARTICLE RADIOGRAPH  No MACRO EXAMINATION | MICRO EXAMINATION  |POST HEAT TREATMENT
wceptable/No Defects |Acceptable/Defects! Not Required Not Required See Attached Sketch
 1ZE OF ELECTRODE INERT GAS COMPOSIT | ON. TRAVEL SPEED INCRES PER MIN.
1/8" Dia, | scillotlon Speed 48"/Min. Dwell Time 5 Sec.
ILDERS NAME ‘ CLOCK NO. S8 OL
‘R. Reese 6136 ' None

jcatio

i
Spss PR us

1-Mo

<

n for welding E-Lg material in the vertical pesition by electroslag pracess using
filler wire wit igi UX.

( -Configuration Attached)
WELD CHEMICAL ANALYSIS
~ uN $1 » S . cr Nl o cu
. - Nof Required
- » REDUCED SECTION TENSILE (TRANSVERSE TO WELD
SPEC IMEN D IMENS | ONS AREA Q. IN ULT IMATE ULT. TENSILE _ FRACTURE
NO. WIOTH THICK. * . LOAD LBS. STRENGTH PS8 OR LOCATION
|See Attached Skiptch i
1
_ . SIDE BEND TEST FREE BEND TEST
ide Bends - Acceptab tects) yir
ALL WELD' METAL TENSILE
’"2{".‘ DIA. AREA SQ. IN. |viEw poinT psi.| TEns. sTr. psy E',':":.' RED AREA %
Ngtkrggui_rgd
SPECIMEN NO. FT. LBS. SPECIMEN NO. FT. LBS.
_See . Attached]| Sket

WE CENTIFY TMAY THE

STATEMENTS MADE IN THIS RECORD ARE CORRECT AND THAT THE

- YEST WELDS WERE PREPARED WELDED, AND TESTED IN ACCORDANCK ®ITM THE REQUIRE.
MENTS OF ASME, U.5.C.G.: ABS, USN M1L-STD-278 OR NAVSHIPS 280.1800.1,

- 10-28-65

D.CA.S.O

Qtusuo C. Zenon,.

-

N .A ;A'DC? : II.I.COX G"A’/V'

PO-1092C-2

Code 2

35

PYr S LN d
I



.,
—

i -

ELECTRO‘.’:LAG. DousLE ELECTRODE. vels A.C
48 =52 VoLTs Goo AMPS OSCILLATION SPEED 46/r»\w D.«D.:.T..;'Sal

Vd' O, (RACS) Hi-Mn-Mo Fu.._ea.wnne.-uuoe.*uu FLox

)

: 'M@QMMMM@) 3
SpeECimey | Dimensionsd AReA | utnmaTe [uLr. TEwsLe] FRACTURE

NS whoreed TS Sa, 1N, LoaD LBS

PQICALC-2 \O00" 2060 3060 284,500 92,969" WELD )

Paoagc-2| 1.000" 2.732" 27228 |251.,000191.880 | WweLn |

PQwac-2| ,007" | 2.829" aﬁﬁb_rwoﬁ__a&,ﬁ_o_c_qam_; -
28%,000

T R Y

. em e ————e

i
i

PQucdec-2| 1. 00o* 3.092" 3,092 _| 92,170 | WELD |-

CHARF’Y. V-NoTeH  IMPACTS @+\0°F 240 Fr \BS

LocaTion  Fries Fr LB2 . Frie9o
BAsE MeTAL 7To N o) ‘ 70.0 - 3.0
HEAT AFeecTED Zowe 40, © 52,0 70.0

wWeLn Meral 38. 33.© 41,0

r-IEA'T TREATMENT

PRC.L!MqunRY Quensen &% Hovre @1678%- 1725 Brive QuencH
FivAaL QuencH &2 Houas @ 1 600°1630°F BRINE Quencv
TEMPER ©/2 Hivre @ N118°% - 1225°% \WwATER QUENCH
STRES2S RELIEF |18 HRS @ Hhoo?—i150°% Furnace CooL.

& 1092.C-2 - )
WELDED N VERTICAL ﬂ:sm ou ‘
Dave |I-2.- 05

A-3



nn-}O}»ﬁ

IEWD OF TEST RESULTS

CUSTOMER

uehCral Laec

om1cg

JBJECT L R Pover. Loulnmnnt Depeartiie
ACHI Code Weld Test Plate  (Electro Slag) . CUSTOMER ORDER NO 205 53‘3654
ST NO.. '

Tu-1138-A

PQ- 1002 'c-2_

ASSOC!ATED PROCESS OUAL!FlCATION NO.

.| BAW CONTRACT ‘NO

Posuweld - Heat Treatment - Drnlrmﬂnarv Quench :1750- 1800°F.

ISCRIPTION OF 'Tesl'
S U‘e””’ 1o btelo

Final Quench: 1600 16509F,

HOLD 6-1/2 hours.

Br1n° Querch

w_400°F.
‘. Tepuer 1175-1225°
L= L LOGOR . HOLD 138

hours.

LD 6-1/2 hours.
Furnace cool 1o btelow 600°F;

- Water Ouench to below 4000F.

WELD CHEMJCAL ANALYSIS

B My St GRS IR IR IRy NI - | - Mo -
i.50 19 017 - 097 - us L 39 - o958 -
i BASE METAL “CREMI CAL ANALYSIS. ,
C MN S P [ EERtE CR L NV MO ¢
z 1.37 28 - .015° '} - .020 “:14"' - .69
END TEST: TYPE Slde 4
Et.; SECTION TENSILE { TRANSVERSE ‘7O WELD). . A
Cwecwe | o | wowess | wesso i | USIBIE |SbhentutiiE
.- 1.001n 2.934n 2.836 sg " 252,000 - .85.,820
- 1.001" 2.964" 2.947 sg " 2¢2 ,000 .MSS,QQO
<- 1.020" 2.682% 2,662 sg 244,500 91 .160 °
- 1.Co0" 2.850" 2.850 sg " 250 .,000 87 700
Ll WELD METAL TENSILE S : :
SEECIMAN ‘ o STIN. ] YLELD PO T} . TENSILE ©ELONG % - i
A DIAMETER AREA SO.IN. e LPsr”.\ . srks§étuj95}j AN 2t
o=l .505". .2 sg.in.. .'66.500 - 87,800 - 28.0 -t
PR . 504" .2 sc'in - i1 66,500 7,000 - 29,5
CHARSY INPACT TESTS . S e S T N
) . Type N-Notch a7 o +1C O __ 49 FT. LBS. ENERGY.LOAD.
LCCATION e . FT. LRES&. LACL%AL EY2ANSION - T
.ﬁﬂl* Sursece 82.0, 30.0, 8C.0- 084, 08, .0414
S1C 172 T 30.0, 52.0, 3¢.0 023, .046, .0
‘/2 © Buuse Metal 64.0, 38.C. 70.0 .042, 0“14#.053
o /48 T RKEZ - 78.0, 85.0, 7€.0 .052 nul : 051
DRGY WEIGHT IMPACT TESTS R RN -
LOCATION MEIGHT WEIGHT = e TE“PERATURE
T +20 +i0 =] O - | -20 -40 -50
P 1747 ' 607 FHF| F | F T 3
L el af vl i G0 i N= F NP | NF, = R
TIS .'./-l':' T4t OO e NF + NP [ LNF F

ARUR LSV TR S

DAY

WITNESSED ¢

SR S PR A B R &

F = FAILURE °

NE = NO FAlLURE

A-4
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804 501-2 THE BABCOCK & WILCOX COMPANY

BARBERTON, OHIO

. “ORD OF PROCEDURE OR OPERATOR QUALIFICATION TEST QCD 2EY-122

DATE PROCEDURE NO.

5-26-66 PQ-1300

SINGIE Pess MULT PASS
‘.XI Double Arc 1 I

A TED Jos No.
610-0111 INITIAL APPLICATION
WELD ING PROCESS ]
Electroslag
MATERIAL SPECIFICATIQN B

WS-40

MULT ﬁ ARC

P-3 (SA-302, Grade B)

=

METAL THICKNESS

FILLER METAL GROUP NO.

WELD CLASSIFICATION NO.

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

IS BACKING STRIP USED . PRE HEAT TEMPERATURE INTER PASS TEMPERATURE FLUX NAME OR COMPOS IT ION

G ves EJ No 70°F. MIN. Not Appliceble LINDE _#124
WELD CHARACTERISTICS (V8A)} (A.C. OR D.C.) —

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 Defects ot licable
MAGNET IC PARTICLE RAD { OGRAPH No | MACRO EXAMINATION | MICRO EXAMINATION  |POST HEAT TREATMENT
Acceptable/No Defects JAcceptablé/Defectqd Acceptable Not Required See Reverse Side
SIZE OF ELECTRODE INERT GAS COMPOSITION. TRAVEL SPEED INCHES PER MIN. Not Applicable
1/8" Diemeter Not Applicable | Oscillation 48"/MIN. Dwell Time 5 sec.
WELDERS NAME CLOCK NO. Syme oL
R. Reese —emmmmee | ceemcccee=

remapxsErocedure quaelificetion for weldi P-3 material in the vertical position by Electrosla
process using_]JB" Diae. (RACO Hi-Mn-Mo Filler Wire with LINDE #124 Flux. See Reverse Side for
Groove Configuration. .

-

WELD CHEMICAL ANALYSIS

‘-- N MN S| P S cr Ni Mo Cu
. 1.26 .16 .01%5 017 .11 .33 .51 .30
REDUCED SECTION TENSILE (TRANSVERSE TO WELD)
SPEC INEN D IMENS | ONS ULT IMATE ULT. TENSILE FRACTURE
NO. WioTH THICK. AREA SQ. IN. LOAD L8S. STRENGTH PS 1 OR LOCAT{ON
See| Reverse Side
SIDE BEND TEST FREE BEND TEST
Tour Side Bends - Acceptable/No Defects Not Apniicable
ALL WELD METAL TENSILE
srsz:’wu DIA. AREA-SQ. IN. |YIELD POINT PSI.| TENS. STR. PSI Ry RED AREA %
Not HRequired )
CHARPY IMPACT TESTS [ _Tvee V_NOLCH — o _IU OF 2 o 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 1 94.0, 76.0, 82.0

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,

P®-1300
235

BABCOCK & WILCOX COMPANY

v 2l £ Coplel/

70

o

wITNESSED R. Remark, D, C, A, S, O.

Jctober 17, 1966 S IGNED

A-5



T

ELE/CTROSLAG WELD A.C.48-S2VOLTS S75-625AMPS

P-3 MATERIAL

SA-302 GRp

4@" MIN OSCILLATION SPEED :
Y8 DIA(RACO) HI-MN-MO FILLER WIRE WITH LINDE ¥124 FLUX

P-3 MATERIAL

SA-302 GRrg

QS SECOWELLTME

REDUCED SECTION TENSILE (TRANSVERSE TO WELD) A

SPECIMEN [ _DIMENSIONS ___ | AREA UTIMATE ULT. TENSILE| FRACTURE
NO. WIOTH THICK. SQ, IN. LOAD L BS. STR. £8.1.

PQ 1300 1.007" 347" 3.q7" 2GG,000 83,200 WELD

PQ 1300 1.oot" 2.785" 2.788" 237,000 84,980 WELD

fQ 1300 Q9" 2.45¢" _2.932" 236,000 80,500 WELD

PQ1300 1.008" 3.a37" 3Aacs" 332,000 83'GCO WELD

. HEAT TREATMENT
GC2HRS @ 167S°~-1725°F
G2 HRS @ 1GO0°-1GSO°F
GCZ2HRS@ | 1 75°-1225°F -
30 HRS@ 1100°-11SO°F

BRINE QUENCH
BRINE QUENCH
LIQUID QUENCH
FURNACE COOL

A-b

PQ 1300

WELD INVERTICAL POStTlON

10-22-6GGC

) )



" bow 301-2

THE BABCOCK & WILCOX COMPANY

BARBERTON. OHIO

\. ""7ORD OF PROCEDURE OR OPERATOR QUALIFICATION TEST QCD 2EN-122

ASSO. JTED JOB NO. DATE PROCEDURE NO.
610-0098 INITIAL APPLICATION 6-7-66 FQ-1309-A
WELD ING PROCESS Electroslag and s g rass MULT PASS MOLT ARC
Automatic Submerged Arc Double Arc tﬂJl r*i
MATERIAL SPECIFICATIQN
P-3 (A-302-B)
PE METAL THICKNESS ILLER AL GROUP NO. WELD CLASSIFICATION NO.

o

6-1/4"

RACO Hi-Mn-Mo & ASW Mn-Mo-Ni

Pressure

IS BACKING STRIP USED

PRE HEAT TEMPERATURE

A -

£ 5
85088P

EWEggaltﬂlE

[F LUX NAME OR CmPOSITION
Electroslag LINDE #

[ ves [X] wo [ES 70°F MIN-ASA 300°F MIN.

WELD CHARACTERISTICS (VaA)
Alternating Current
GAS FLOW RATE

Automati -
POSITION OF PLATE OR PIPE

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

ULTRASONIC TEST

600 Amps

Auto Sub Arc LINDE # ¢

LIQUID PENETRANT

Not Aoplicable ES-Vertical ASA-Flat Acoeptable/No Defects Not Applicable
MAGNET IC PART ICLE RAD | OGRAPH No . | MACRO EXAMINATION - | MICRO EXAMINATION POST HEAT TREATMENT
- Acceptable/No Defects AcceptablejDefeotl Not Required Not Required See Reverse Side

S1ZE OF ELECTROOE INERT GAS COMPOSITION.

Travel 8peed lnohes Per

MIN.

1/8" Diameter Not Applicable ES Oscillation 48"/MIN. Dwell Time 5 sec.
WELDERS NAME , CLOCK NO. SYMBOL
“R. Reese - T. Starnes - V. Clonts 6136 - 6376 - 6149 None - Y5 - U-11

Procedure qualification for welding P-3 material by Combination Electrosla&and Automatic

i mergea Arc prooess. Eleotrosl&g weld in the vertical position using 1/8"Dia. (RACO)ﬂi Mn- Mo Fllle
Wire with LINDE #124 Flux. Auto Sub Arc in the flat position using 1/8"Dia. -Mo-Ni
. Flux. WELD CHEMICAL ANALYSIS See Reverse S‘Lde-groove Confi ura.t
‘ e MN KX P s —cr N1 Mo cu
. See |Reverse Slde
REDUCED SECTION TENSILE (TRANSVERSE TQO WELD
SPEC IMEN 0 IMENS | ONS " AREA S ULT IMATE WT. TENSILE FRACTURE
o, WIOTH THICK, Q. In. LOAD LBS. STRENGTH PS| OR LOCATI
See Reverse Shde
SIDE BEND TEST FREE BEND TEST
Four Side Bends - AcceptableZNo Defects Not Required
ALL WELD METAL TENSILE
SPEC IME
m'a. N DIA. AREA SQ. IN. {YIELD POINT PSI,| TENS. STR. PS1 E%:mz;" RED AREA

Not Required

+10

CHARPY IMPACT TESTS | tveg_V-Notch o

op_ 240 FT. LBS.

ENERGY LOAD

SPECIMEN NO. FT. LBS,

SPECIMEN NO.

FT. LBS.

See Reyjerse Side

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.S.C.G.» ABS; USN MIL-STD-278 OR NAVSHIPS 250.

S {GNED

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

WITNESSED
-2 4

A-7 b y

1800.1,

ol £0°

PQ-1309-A

275

BABCOCK & WILCOX COMPANY /




COMBINATION ELECTROSLAG £ AUTO SUB ARC WELD

DOUBLE ARC ELECTROSLAG WELD
A.C. 48-52VOLTS

00 AMPS

!
|
!
\
‘\

R

ELECTROSLAG”

WELD

%

. AUTOMATIC SUBMERGED ARC WELD

OSCILLATION SPEED 48"/MIN DWELL TIME S SEC
"' DIA (RACO) HI-MN-MO FILLER WIRE
LINDE *124 FLUX

A.C. 30-3¢ VOLTS 450-SO0AMPS 10"-12"/MIN TRAVELSPEED - )
/8" DIA (AMERICAN STEEL ¢ WIRE) MN-MO-NI FILLER WIRE-LINDE¥80FLUX )

HEAT TREATMENT PRIOR TO SUB ARC WELD
HEAT TREATMENT PRIOR TO SUBARC WELD
HEAT TREATMENT PRIOR TO SUBARC WELD
FINAL STRESS RELIEF , AFTER WELDING

PQI1309A

ELECTROSLAG WELDI

IHR/IN@ 1675°%-172S°F
{HR/IN @1600°- 16 S0°F
HR/IN @1175°-1200°F
1I8HRS @1100°-1150°F

REDUCED SECTION TENSILE (TRANSVERSE TOWELD) ..
SPECIMEN DIMENSIONS ; AREA ULTIMATE JuLT TENSILE { FRACTURE
NO. WIDTH THICK __SQ. N, LOAD LBS. ISTRENGTHRSM __ .. _
PQ 1309A 1.000" 2.980" 24980 253,000 84,900 SLAG WELD
PQ1309A 1.000" 2.510" 2.510 217,500 86,660 | SLAG WELD
PQ I30%A 1.001" 3.009" 3.010 255,000 84,720 SLAG WELD
L P@i303A 998" 2.506¢" 2.50i 220,000 87,960 SLAGWELD
CHARPY LI-NOTCH IMPACTS @+1Q°F 240F T LBS. ENERGY LOAD -
[ LOCATION _. .. . .. ET.LBS. . ETwes,. _ [ Fries. . _
AU';% SUBARCWELD 33.0 42.0 | 34.0
N ELECTROSLAG wELE | —o® 93.0 Q0.0 ! 87.0
BASE METAL 819.0 80.0 l 9S.0
L _ELECTROSLAG WELD ©0.0 800 ... 350 .
CHEMICAL ANALYSIS
C MN. B 3 S cR. NI MO cu.
ELECTROSLAG WELD .18 1.34 .0l2 .017 .4 .40 .30 .47 .22
BASE METAL .I8 114 .012.018 .25 .S .57 .48 .20
AUTO SUBARCWELD .08 1.65 ,01S.0I6 46 .07 48 .43 .19

BRINE QUENCH

BRINE QUENCH
LIQUID QUENCH

FURNACE COOL

N VERTICAL POSITION

AUTOSUB ARC WELD INFLAT POSITION
CHEMISTRY REVISED 7-22-66

OATE

G-29-66
A-8



208 501-2 THE BABCOCK & W(LCOX COMPANY
BARBERTON, OH1O

9RD OF PROCEDURE OR OPERATOR QUALIFICATION TEST QCD 2EM-122

ASSC .TED JOB NO. DATE PROCEDURE NO.
610-0098 INITIAL APPLICATION 6-8-66 PQ-1305-1
WELD ING PROCESS Electroslag and SINGLE MULT (PLE PASS MULTIELE ARC
Manual Metal Arc rmj ' rxﬁ ﬁ
MATER1AL SPECIFICATIQN - :
~ P-3 (4-302-B) .
® " BIP. METAL THICKNESS FILLER METAL GROUP NO. WELD CUASSIFICATION NO.
rﬁe 6- 1/4" . RACO Hi-Mn-Mo & B&W 8015 FPrewr s
1s am&"&;“" USED NO E&‘eé‘%ros‘fé‘&‘%ﬁ%‘m lfgg%r?)‘s?faéo g%‘ﬂ’c“ﬁic&‘q.{éut NA“::_:“‘:":%;:!P"

WELD CHARACTERISTICS Electrosla.g-Alterna.tmg Curre'xt 48-52 Volts 600 Amps
Manual Metal Arc-Direct Current Reverse Polarity 22-26 Volts 185-265 Amps (S:=e R""\v!i': Jian)

GAS FLOW RATE POSITION OF PLATE OR PIPE ULTRASONIC TEST LIQUTD PENETRANT
Not Applicable Vertical Acceptable/No Defects Not Az=iicallie
MAGNET IC PART ICLE RAD | OGRAPH No - | MACRO EXAMINATION MICRO EXAMINAT {ON POST HEAT TREATMENT
Acceptable/No Defects Aogptable[befeotl Not Required Not Required ‘| See Reverse 3ide
SIZE OF ELECTROOE INERT GAS COMPOSIT LON. TRAVEL SPEED INCHES PER MIN.
1/8", 5/32", & 3/16"Dia Not Applicable _____|E.s, Osoillation 48"/MIN {nell Tim: 5
WELDERS NAME R. Reese -~ E. Sylvester cLocK NO, 6136 - 6188 SYMBOL Norne - il
D. Sinnett - U. Palinkas - G. Thompson 6125 - 6092 - 6276 H - BZ - m
- REMARKS Procedure qualification for welding P-3 materiel by combination Eiectroclag and Marual M-t
Arc process in the vertical position. . Electroslag usi 1/8"Dia, (RACO)Hi-Mn-Mo Filler Wirs witih
LINDE #124 Flux. Manual Metal Arc using 5/e2" & o/16"Dia. (B&8W)BUL5 Electrodes. See Reverze nide
ove Configuration. : WELD CHEMICAL ANALYSIS
‘__ MN st ) s [ e¢r Nl Mo Cu
See Revérse Side
~ REDUCED SECTION TENSILE {TRANSVERSE YO WELD) .
SPEC IMEN O IMENS | ONS AREA 20. IN ULT IMATE ULT. TENSILE FRACTURE -
NO. WIDTH THICK. - IN. LOAD LBS. STRENGTH PS1 OR LOCAT10i
See |Reverse Side
SIDE_BEND TEST ‘ FREE BEND TEST
our Side Bends - A 8 (3 1:3 Not Required
ALL WELD METAL TENSILE -
SPECIMEN ELONG %
No. . DIA. AREA SQ. IN. |YIELD POINT PS1.| TENS. STR, PS! IN 2 RED AREA 9
i Not Reauired
CHARPY IMPACT TESTS | _tvee¥-Notoh o +1U OF o3y FT. LBS. ENERGY LOAD
SPECIMEN NO. FT. LBS. SPECIMEN NO. FT. LBS.
See Biverge Side

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- PQ- Iaog.B

WMENTS OF ASME. U.S5.C.G.: ABS;: USN MIL-STD-278 OR NAVYSHIPS 250.1500-1,

@ 0,166 S 1GNED - 275

BABCOCK & WILCOX COMPANY

WITNESSED - W. J. Titterington, Sr., G.E. M
ay Z —_

A-9




COMBINATION ELECTROSLAG % MANUAL METAL ARC WELD

DOUBLE ARC ELECTROSLAG WELD
A.C.48-32 vOLTS GOO AMPS
O$CILLATION SPEED4-8"/MIN OWELL_TIME S SET
28 DIA(RACO) HI-MN-MO FILLER WIRE
LINDE¥ 124 FLUX

) -
MANUAL METAL ARC —————y ,

~ 'ELECTROSLAG WELD
METAL ARC DCRP

'MANUA
%z"DlA B4Ww)80ISELECTRODES 22-24VOLTS 18S-1ASAMPS
A" D|A(B¢w) 80IS ELECTRODES 24-2GVOLTS 2S0-265AMPS

REDUCED SECTION TENSILE (TRANSVERSE TO WELD)

-

SPECMEN | DIMENSIONS = 1 AREA ULTIMATE ULT TENSILE FRACTURE
NO, WIDTH _TMICK, S4Q. N, LOAD LBS. STRENGTH P.S.1.

PQI309B 1.000" 3.010" 3.010 249,000 82,720 MM.A WELD

FPQI30NB 1.002" 2.783" 2.788 . 230,000 82,500 SLAG WELD

FPQIB0AB 1.002" 2.736" 2,742 228,000 83,150 SLAG WELD
_PQi3oas 1.003" 2.784" 2:.793 __228,000 81,640 SLAG WELD

' CHARPY V-NOTGH IMPACTS ® +)0°F 240 FT. LBS. ENERGY LOAD

[ LOCATION FLLBS. FT. LBS. FT.LB8S.

MANBLMETALARC WESDA. 37.0 Lo eo

1IN ELECTROSLAG W 41.0 93.0 74.0

B8ASE METAL 98.0 3.0 98.0

ELECTROSLAG WELD S8.0 36.0 44.0

CHEMICAL ANALYSIS

ELECTROSLAG WELD A7 131 OIS OIS 44 a2 29 .St .23
MANUALMETALARCWELD .06 94 011 020 .27 .04 .73 .89 .0l
BASE PLATE A9 112 o1 .06 .23 S ,S7 48 .20

HEAT TREATMENT PRIOR TOM.M.A.WELD IHR/IN @ |G75°-I7ZS°F BRINE QUENIH
HEAT TREATMENT PRIOR TOM.M.A.WELD IHR/IN @IG00°-IGSO°F BRINE QUENCYH
HEAT TREATMENT PRIOR TOMM.A. WELD 1HR/IN @1175°-1200°F LIQUID QUENCH
FINALSTRESS RELIEF 18 HRS @ 100°-1150°F FURNACE COOL

(RFTER WELDING) .

PQ 13093
WELDED IN VERTICAL POSITION

CHEMISTRY REVISED 7-22-6G DATE 7-8-6G

A-10
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BABCOCK & WILCOX COMPANY -
BARBERTON, OHIO

CONTRACT No. A

-
o i g

S,M

SPECIFICATION NO.

d OF PROCEDURE AND/OR OPERATOR QUALIFICATION TEST-QC 2EU-122

NALSeIPS ASME ASME OTMER PLATE |11 3 : SING £ PASS MULTIP. T ¢

232130041 D SLCTION 3 E] SECTION 1 & 8 E E D D

“WE_DING PROCESS GUALITICATION POSITION . MITAL Tulcnnl:u SINGLE LAYCA | MULTI®LE |

Scudble Electroslag Vertical in.]  N.B. N L,

MATER(AL SPECIFICATION -Mo base materiaf BINGLE ARC MULTIOLE 4

-3 (SA-302-B) and electroslag weld metal(plus Mn-Mo filler metal I-X-_] )

WCAT TACATMENT MACRG. EXAM. | MicAO, EX.
See reverse side - N,R, N.R,

FLUX NAME OR COMPOSITION PACHCAT TEMPERATURE| INTERPASS TEMPERATURL weLotr Clssna Mchrarlana

‘Linde #124 . | NONE -~ *¢ ™| NONE  °rowax. | fvor = 9679 1072

TYPL OF BACKUP (STRIP OR GAS) AND COMPOSITION FILLER MITAL GRCUP NO., SHICLDING GAS Cur sizt TORCH GAS

N.A. ‘ RACO - Hi-Mn-Mo i N.A. N, A, '“"‘K.A_;

AMPS, VOLTS, CUNRENT, POLARITY

Alternating current - U48-52 Volts 5%0-600 Amos
S12E OF CELECTRODE, IN. OIlA, TLECTRODL €XT. ["TRAVEL SPLLD (PM WIRT FEE0 1Pw PsciiiATiON | owELs
S1ZE OF FILLEA WIRE, IN. DIA.] /8 . styoND cur 'ﬁ'.A, N.A, N.A. L8 1om, M
LIGUID PENETRANT MAGNETIC PARTICLE RADIOGRAPH ULTRASONIC TEST
_N.A, , Acceptable Accentahle tahle
REMARKS, roceure Qualification for welding P-3 materia n_the ve al _DOS O
Ky the el QS lag proce 1SINg gdla m =vn=-NMQ S 1l Lh 1 =
#1;- flux. See reverse side for groove configuration.
- . CHEMICAL ANALYSIS - § £ Nno. 53703
‘g‘vqou MN » 3 $} ch Nt MO re [ cs [ TA |
puiad .19 11.411.0191,.0151,07 1,06 25 A7 .20 o
REDUCED SECTION TEXSILE .('rwsvmt T0 WELD)
DIMENSIONS, INCHES ULTIMATE TENSILE PRACTURE LOCATI
' SPLCIMEN NO. - —— ARTA 80, IN.  JULTIMATE LOAD LOS. "“-,‘““ ’si i
’v.-L 66 92398 §.Eus z,Eza 221,000 3 Weld
2 3 -1667 1,000 2.342 2.342 208,500 9,020 fWeld
9=-1667 . 995 2.590 2.577 228,000 88.470 Weld
¢ -1§67 1,000 2,660 | 233,000 87 .600 eld
SEND TEST .
Four side bends - Acceptable (No defects)
ALL WELD METAL TENSILE
SPECIMEN NO. DIAMETER, IN, AREA 3Q. (N, YIELD POINT PSS | TENSILE STR, PSI. ELONG & IN 2° REC ARLA 3

N.R.
TYPE CHARPY V-NOTC IMPACT TEST AT __ +10Q °F oli) FT. LBS. ENERGY LOAD
ASE METAL 57: 69, 77 FT.L8S. - LIl
ELT METAL 47) 39, 27 FT.LBS. FT.1L
EAT AFFECTED ZONE 44 . 44, 35 FT.088. £Y.y

Wi CERTIFY THAT TO THE OLEST OF

OUR KNOWLEDGE THE STATEMENTS MADE IN

AND TESTED IN ACCORDANCE WITW THE APPLICABLE SPECIFICATIONS.,

.FIS RECORD ARE CORRECT AND THAT THE TEST WELDS WERE PREPARED,

Wi TNESSED,

DATE

A-11
BABCOCK

N.R.== NOT REQUIRED

N.A.

= NOT APPLICAE

MTV -9

Po_l66T

o Bu) & Comptied]

e w LCOx COMPANY

al 236



DOUBLE ELECTROSLAG (A.C)

»
PR3 ' —
S ELECTROSLAG
30{% WeLD METAL
119 \
| pxﬂf’?fﬂ" \
of N

I Dia (RACO) HI-MN-FIO FILLER WIRE

(=
Livpe Y124 FLUX
48-52 VoLuTs

48 1PM OSCILLATION
HeAT TReATMENT AFTER WELDING

590 -HO0O0 AMPS
5 Sec. Dwell Time

G HRes @ 1673°-1728°F - BRINE: QuUENCH
o5 HRS @ 'laoo°—|(psb°= -BRINE QUENCH
63 Hre @ 1180°-1200% -'\WaTeR QUUENCH
noo"—nso’r - Fumnace Coou

30 HrRs @
PQ o667
MTV -9

WELDED INVERTICAL PoSi\TiON

EIATE 10-18-67 - A-12



THE BABCOCK & WILCOX COMPANY

. BARBERTON, OHI0 ,
! : CoNTRACT o, OH7—-008136-02

SPECIFICATION NO. ws-uo

oM $

ECURD_OF PROCEDURE _AND/OR OPERATOR QUALIFICATION TEST-QC 2EY-122

IAVSHIPS ASME ASME OTHER ) PLATE PIPE SINGLE PASS MULTIPLE PAS!

250-1500-1 D SECTION 3 E SECTION -] E D @ D D

SELDING PROCESS . . QUALIFICATION POSITION . METAL THICKNESS SINGLE LAYER MULTIPLE LAYE
Electroslag Vertical 6-3/8 w.| NA[] [Na

MATERIAL SPECIFICATION SINGLE ARC MULTIPLE ARC
P-3 (SA-302-B) O *

HEAT TREATMENT

MACRO. EXAM, | MICRO. EXAM.

See reverse side *% NR
FLUX NAME OR COMPOSITION PREHEAT TEMPERATURE] INTERPASS TEMPERATURE WELDER Pierson Miller
Linde 12U . 60 o win. NA Crwax. | 0w, 5702 5701
TYPE OF BACKUP (STRIP OR GAS) AND COMPOSITION FILLER METAL GROUP NO. SHIELDING GAS CUP SIZE TORCH GAS
None A-2 NA NA FLOW RATE \4 crw
AMPS, VOLTS, CURRENT, POLARITY i )
Alternating current 46-48 volts, 550-600 amps
SIZE OF ELECTRODE, IN, DIA, ELECTRODE EXT. TRAVEL S'PEED 1PM WIRE FEED IPM DB?_I 8“] DWELL
SIZE OF FILLER WIRE, IN. DIA. 1/8 BEYOND CUP INvp NA NA u_‘qcv/m;'i'f L
LIQUID PENETRANT ) MAGNETIC PARTICLE RADI OGRAPH . 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 config;uration..‘

CHEMICAL ANALYSIS - % e no.__ QL9

L » ON [ MN Pi S S CR NI MO FE cu [of:] co TA T AL
?xd .19 11.40] .015] .015] .14 ] .09 | .27 | .54 23
ase .24 {1.26].019 .019 .23 | .14 | .69 [ .51 .10

REDUCED SECTION TENSILE (TRANSVERSE TO WELD)

DIMENSIONS, INCHES ULTIMATE TENSILE ,
SPECIMEN NO. — Eo—— AREA $Q. IN.  uLTimaTe Loao es. | oo FRACTURE LOCATION
PQ-1822 .993 __2.895 2.075 255,000 88,690 _ Weld
PQ-1822 993 2.802 - 2.782 249,000 89,510 _Weld
BEND TEST

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

ALL WELD METAL TENSILE

SPECIMEN NO. DIAMETER, (N, AREA'SO. IN. YIELD POINT PSi TENSILE STR. PSI ELONG % IN_Z' RED AREA %
PQ-1822 (+T)1  .504 66,000 88,000 25,0 4,6
PQ-1822 (&7 _ .504 » 66,000 85,500 26,5 64,1
PQ-1822 (i7] 508 65,000 -~ 85,500 27,0 67.0
PQ-1R22 (im _508 63,750 85,500 29,0 67.9

TYPE CHARPY IMPACT TEST AT 3 FT. LBS. ENERGY LOAD
_ASE METAL FT.LBS. FY.LBS
JELD METAL See Reverse Siderr.uss. FT.LBS
EAT AFFECTED ZONE FT.L8S. * FT.LBS

N.R.= NOT REQUIRED N.A.= NOT APPLICABLE

WE _CERTIFY THAT TO THE BEST OF OUR KNOWLEDGE THE STATEMENTS MADE IN
”~ RECORD ARE CORRECT AND THAT THE TEST WELDS WERE PREPARED,
D AND TESTED IN ACCORDANCE WITH THE APPLICABLE SPECIFICATIONS.

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

W1 TNESSED, : )
A-13 By {;Z 2211lekf£jﬂ

_ ; 7 I
pate_July 30, 1968 Bascocx & WfLcox comr(r&l’t“,




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

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

HEAT TREATMENT
6% HRS. @ 16 75°—1725°F — BRINE QUENCH
6% HRS. @ 1600°—1650°F — BRINE QUENCH
65 HRS. € 1175°—1225°F —LIQUID QUENCH
30 HRS. € 1100°—1150°F — FURANCE COOL

DROP WEIGHTS

TEMP WELD | BASE HEAT AFFECTED ZONE
+50° NF NF
+40° NF NF
+30° | NF F F NF  NF
+20° F NF NF F___NF
-10° NF NF
-20° NF F
-30° F
-40° F
CHARPY V-NOTCH IMPACTS — #£T |
TEMR WELD BASE HEAT AFFECTED ZONE
FT. LBS. FT. LBS. FT._LBS.
+10 | 36,70,42,64,45 56,5656 | 66,77 60
+40 66, 56, 65 -
-20 25, 36,43
-50 8, 35 32
A-14

PQ 1822

LA o S o]

AN




Qgr'u

THE ZASCUCK & NILCUx COMPANY
BARBERTON, OHI10Q

CONTRACT NO.

610-

0127

SPECIFICATION NO. ——H"SZ

REMARK S

ECC OF PROCEDURE AND/OR OPERATOR QUALIFICATION TEST-QC 2EN- 122
NAVSHIPS ASME h ASME OTHER PLATE PIPE SINGLE PASS MULTIPLE PA
250-1500-1 D SECTION 3 . E SECTION [ ) D- m
WELDING PROCESS il N QUALIFICATION POSITION METAL THICXNESS SINGLE LAYER MULTIPLE L4
Electroslag Vertical 6-3/8 w4 NA [ NA []
MATERIAL SPECIFICATION SINGLE ARC MULTIPLE AR
P-3 (SA-302-B) O
HEAT TREATMENT : .AC.JO._IIAH. MICRO. EXAM
See reverse side ' [5-Acceptabld - NR
FLUX NAME OR COMPOSITION PREHEAT TEMPERATURE] INTERPASS TEMPERATURE WELDER ﬁersori Mill s
Linde 124 CTO e, uin. NA  °r uax. :z:’:‘ 02 570 e_r
TYPE OF BACKQP (STRIP OR GAS) ANDQ COMPOSITION FILLER METAL GROUP NO. ]ﬁ?‘._mlﬂf cuP Si1t TORCH GAS
None A-2 NA NA ™" "™ Np e
AMPS, VOLTS, CURRENT, POLARSITY
Alternating current 48 volts, 550-600 amps . L
St 2E OF ELECTRODE, IN. ODIA. ELECTROOE EXT, TRAVEL SPEED i1PM ﬁl‘ FEED oM SCILLATION J DWELL
S1Z€ oF FILLER wire, In. O1A. 1 /8 SEYOND CUP INap NA A NA . r T
LIQUID PENETRANT MAGNETIC PARTICLE RADIOGRAPKH ) ULTRASONIC TEST
NA Acceptable *# Acceptable- Acceptable

by the electroslag process using l/ ia. co) Hi-Mn-Mo
Linde 12§ flux. eé reverse side for groove configuration.
CHEMICAL ANALYSIS - § ¢ wo. 00705 - f
CAT 10N c un ’ s s cn T 2 £e W ¢y co 1A 1 A
& d .18 ]1.49 .014 .OllLlﬁ .06 1.36 .f}LQ .18 .
base .23 11.35 .Olﬁ .019 .25 1.09 | .62 [ .51 .06 |
, REDUCED SECTION TENSILE (TRANSVERSE TO WELD)
OIMENSIONS, INCHES ULTIMATE TENSILE
SPECIMEN NO, -"OT” 1 CRuESS AREA $Q. IN.-. ULTII:T! LOAD LBS. STRENGTH PS1 FRACTURE LOCATIO!
PQ-1851 878 2.7 . 3, 428 2QE;5QO 50 _weld
PQ-1851 871 3.122 . 719 224,500 2,500 Weld
PQ-1851 1.004 2.995 3007 __ 251,000 83,460 Weld
PQ-1851 _1.006 2.852 \, 59 240,000 83,940 Weld
4 0 TEST
Four side bends (split into 16) .- Acceptable (No defe
ALL WELD WETAL TENSILE
SPECIMEN NO. OIAMETER, IN, AREA SQ. IN. YIELD POINT PS) TENSILE STR., PSI ELONG & IN 2° RED AREA &
28-1 51 5085 61,750 83,000 30.0 65.6
PQ-1851 .285 03,000 gg:goo 30.0 09.7
P%—1851 .. 505 50, 000 2,000 29.0 69.0
PQ-1551 .505 59,}55 81,250 239.0 07.9
TYPE CHARPY INPACT TEST AT f FT. L8S. ENERGY LOAD
IASE METAL FT.LOS. _FI. LB
NELD METAL oee reverse slde FT.LDS. FT.LB!
1EAT AFFECTED 20NE FT.L0S. FT, L8

WE CERTIFY THAT TO THE BEST OF OuR iNO'L!DG( TME STATEMENTS MADL IN
/"tnls RECORD ARE CORRECT AND THAT THE TEST WELDS WERE PREPARED,
‘ “n ANO TESTED IN ACCORDANCE WITH THE APPLICABLE SPECIFICATIONS,

- % Final surfaces

WITNESSED

DATE

VAN ceatE S BE BN st o g - . .-

_ A-15
Oct. 15, 1968

N.R. = NOT REQUIRED

8y
b

N.A. == NOT APPLICABLE

pQ _1851

14

.—uacocx 8 WILCOX COMPANY é” 35




HEAT TREATMENT AFTER WELDING
6L HRS. @ 1675 °—1725°F —BRINE QUENCH
6% HRS. & 1600°— 1650°F —BRINE QUENCH
63HRS, @ 1175°— |225°F —LIQUID QUENCH
30 HRS. @ 1100*—I1150°F — FURNACE COOL.

CHARPY V-NOTCH IMPACTS ® 240 FT. LBS |

LOCATION

O°F | +10°F | +40%F | -20°F

-30°F

~40°F

WELD METAL GT)

55 |647, 57179 7281,83}39,39,35

44

2/

BASE METAL (T)

74648 55

76 9%, 64 64

HEAT AFFEC TED ZONE (,l,--r)

DROP WEIGHTS @ BFT./100LBS.

DATE: |0~/5-68
s A-16

HEAT AFFECTED ZONE F7) | [WELD METAL (7)] [BASE METAL (3T)
+20°F _NF -20°F F O°F NF
O°F NF ‘ -10°F F O°F NF
-20°F F. 0°F F O°F NF
~10°F NF HOF | - F O°F NE
| ~10°F NF | +20°F NF O°F F
-20°F | F +20°F | NF +20°F NF
-20°F NF |- {-r0°F 1 NF +/0°F NF
-20°F NF -30°F F +HOF NF

PQ 185/




THE BABCOCK & WILCOX COMPANY
BARBERTON, QHIO

CONTRACT NO,

hine

SPECIFICATION NO.

71 eng #4014
_ D OF PROCEDURE AND/OR OPERATOR QUALIFICATION TEST-QC 2EY-122

- NAVSHIPS ASME ASME OTHER PLATE PIPE SINGLE Pass MULTIPLE P

. 230-1500-% D SECTION 3~ B section 8 ' D D D

. WELDING PROCELSS QUALIFICATION POSITION METAL THICKNESS SINGLE LAYER | MuULTIPLE L

. _Electroslag Vertical E=/8 w.} Ni i LY

. MATER(AL SPECIFICATION SINGLE_ArC MULTIPLE &

.~ P-3 (SA-302-B)

THEAT TREATMENT MACRO. EXAM, | MICRO, EXJ
See Reverse Side NR NI

© FLUX NAME OR COMPOSITION PREMEAT TEMPERATURE] INTERPASS TEMPERATURE weLoer S 12I'SQ: Mllier -

. Linde 124 700, uin. N&  rwax. ] 200 5702 5701

TTTYPC OF BACKUP (STRIP OR GAS] AND COMPOSITION FILLER METAL GROUP NO. SHIELDING GAS CUP Si11€ TORCN GAS

None £-D Na NA PLOY RATE N4 ¢
AMPS, VOLTS, CURRENT, POLARITY

Alternating Current 46-48 Volts 590-600 Amps .

.- SIZE OF ELECTRODE, IM. DIA. CLECTRODE EXT. TRAVEL SPEED IPM SIRE FEED IPM pscn.gfnou DWELL

_3tzt or riieer wine, . o1k 1/8 pevomd o Mwad  wa N3 43 Gopeu | 5ot

TTLIOQUID PENETRANT MAGNETIC PARTICLE RADIOGRAPH . ULTRASONIC TEST

‘NaA cceptable *¥ £cceptah1e Accep‘table

Jﬂﬂﬂﬂs-Procedure gualification for
e electroslag process using 1

Hi Mnﬂo filler ;1rg wjﬁr Linde 12

} flux. uee reverse side for groove configuratior.
' : CHENICAL ANALYSIS < 8 £ mo.—E700L
Al LOTATiON c______mn P 5 s cn T FE cy ce c A Ty
‘T‘ :1d 191 4ol o6l ,o1u] 16l .06 T 38 1.55 19
{ Base .2211.34}.013] .015) .24] , 07 |,F2 | .83 1]
' REDUCED SECTION TENSILE (TRANSVERSE YO WELD) -
ODIMENS|IONS, INCKHES ULTIMATE TENSILE .
SPECIMEN NO. — ;)l!jcgu:ss AREA S0, lﬂ. ULTIMATE LOAD L®S. STRENGTH PSt FRACTURE LOCATS
‘PQ 1928 L 995 3,141 1123 250,500 53,300 Weld
PG-1928 .995 3.150 3.134 252,000 83.£00 Weld
R%_ISES . 996 2.790 2.779 242,500 270 _Weld
o 1.006 2.097 2.713 £35,50¢ 486.800 Weld
BEND TESY '
Four side bendes (spllt into Io) - Aacceptabie (No Lefects)
" ALL. WELD METAL TENSILE
SPECIMEN NO, ODIAMETER, (N, AREA'SO. IN, YIELD POINY PSI TENSILE STR. PSS} ELONG & N 2° RED AREA %
TYPE_CHARPY INPACT TEST AT _ °F FY. L8S. EMERGY LOAD
BASE METAL FT.L08. . [ARE
I WELD METAL Qee Reverse Side :-.tes. FT.L
'MEAT AFFECTED I0ME FT.LBS. FY. L

WE CERTIFY THAT TO THE BEST OF OUR KNOWLEDGE THE STATEMENTS MADE In
THiS RECORD ARE CORRECT AND THAT THE TEST WELDS WERE PREPARED,
.DED AND TESTED IN ACCORDANCE WITH THE APPLICABLE SPECIFICATIONS,

‘ < 4" Electrode

*¥% Final surface

WITNESSED

gpacing

Dec.

DATE

A-17

10, 19€8

N.R. == ROT REQUIRED

BY

PQ

KA. =

NOT APPLICAR

1928

BABCOCK & WILCOX COMPANY

M235



DIRECTION OF
TRAVEL

P-3 MAT'L.
l (SA-302-58)

HEAT TREATMENT AFTER WELDING
6% HRS. @ 1675 *- )725 °'F—BRINE QUENCH
6% HRS. @ 1600°- 16 SO°F —BRINE QUENCH
63 HRS.@ 1175°~(225F— LIQUID QUENCH

' B0 HRS.@ 1100°~]150°F—FURNACE COOL

(8A-302-8)

_CHARPY V-NOTCH IMPACTS 240 FT. LBS. ENERSY LORD

WELD

BASE METAL (#7)

HEAT AFFECTED ZONE(R

DATE : 12-/0-68
A-18

METAL (4T)
+10°F 30 =10 F &7 +0 F .8/
+0°F 33 -/O°F 39 _ +HOF 8l
+10°F 33 -0 °F 27 +0 F 62
o0°F 18 ~20°F 52 -20 . 4/
o°F 26 20F 30 20°F &8
-20°F 38 ~20% 35
| DROP_WEIGHTS
WELD METAL (47) BASE METAL (47) WEAT AFFECTED ZONE §1)|
320 F NF +20 F NF 20 °F F
120 F F +20°F NF +30 F NF
+30 °F NF “1O°F NF +30 °F NF
+30 F NF +10 F NF +25%F | NF
T 425 oF F ~/0 °F° F 2257k | - F
+285°F NF 0 °F NF
P25 F F | _O°F NF
-10F F
PQ 1928




" ADM %01-4

( _ D OF PROCEDURE AND/OR OPERATOR QUALIFICATION TEST-QC 2EM- 122

THE BABCOCK & WILCOX COMPANY
BARBERTON, OHI10

CONTRACT NO.

LIME

A -

SPECIFICATION NO.. . 3_;‘: -

T NAVSHIPS ASME ASME OTHER PLACE PIPE SINGLE_PASS MULTIPL
. 2501500+ 1 D SECTION 3 m SECTION e E D D E
', WELDING PROCESS QUALIFICATION POSITION METAL THICKNESS] SIMGLE LAYER | MuLTIP
! Electroslag Vertical 6-3/5 .| NA WA!
) MATERTAL SPECIFICATION SINGLE ARC MULTH
i P-3 (SA-302-B) Ei
T HEAT TREATMENT MACRO. EXAM., | MiCRO.
See reverse side NR NR
i FLUX NAME OR COMPOSITION PREHEAT TEMPERATURE] INTERPASS TEMPERATURE WELOER Pierson Miller ..
:  Linde 124 70 op win. NA__ °rwax. | cloce'no, 5702 5701
TYPE OF BACKUP (STRIP OR GAS) AND COMPOSITION FILLER METAL GROUP NO. SHIELDING GAS cur szt TORCN GAS
. : . . r
NA A-2 NA NA oY MTENA
T AMPS, VOLTS, CURRENT, POLARITY v
Alternating current 48 volts, €00-€50 amps .
; SIZE OF ELECTRODE, IN. D14, ELECTRODE &XT, TRAVEL SPEED IPM WIRE FEED 4PM DPICILLATION | Owe
" SIZE OF FILLER WIRE, IN. DIA. 1/8 BEYOND CUP 1M p NL MNA r)_,'gu eu |11
T LIQUID PENETRANT MAGNETIC PARTICLE RADIOGRAPH . ULTRASONIC TEST
N4 Lecceptable #* | Acceptatle Acceptable

‘ REMARKS)

Procedure gqualification for welding P-3 material in the vertical positd

____by the electroslag process using 1/3" dia. (Faco) Hi-Ma-Mo fillerwire Kith

Linde 124 flux.

See reverse glde for groove configuratio“.

. CHEMICAL ANALYSIS - § ¢ no.__C_C_;"_l;_,
;__LF'TATION [ MN P S b1 ] CR N MO FE (VR [{ ] (-] TA Tl
.,____ ase .22 1.371.013{.014 |.27 111 .81 1 L9 09
(’ Weld .16 11.5d9.0151.0134,17 -] ,081} 301 413 =0
REDUCED SECTION TENSILE (TRANSVERSE TO WELD) .
DIMENSIONS, INCKHES ULTIMATE TENSILE
SPECII‘IZN NO. romm THICRuESS AREA 3Q. IN. ULTIMATE LOAD LBS. STRENGTH PSI FRACTURE LOCA.
Fo-1529 . 990 3.155 3.153 270,000 R~, 900 | eld
PQ-1929 1.015 3.119 3,165 275,000 85,8300 Weld
PQ-1929 995 2,721 2,707 232,500 85 880 | weld
PQ-1929 1,002 2.735 2. 741 237,500 | B¢ Weld
8END TEST

rour side btends (Split into 16) - Acceptacle (No defects)

ALL WELD METAL TENSILE

SPECIMEN NO, DIAMETER, IN, AREA SQ. IN, YIELD POINT PSI TENSILE STR. PSI ELONG & IN 2* ¢ RED AREA
IR
TYPE CHARPY . mm TEST AT OF FT. LBS. Get¥QY LOAD
DASE METAL Fr.Les. .
S WELD METAL See reverse side rr.ies. T
"HMEAT AFFECTED 20NE FY.LBS. _FT

WE CERTIFY THAT TO THE BEST OF OUR KNOWLEOGE THE STATEMENTS MADE IN

* 4" electrode s

** Final surface

.

Wi TNESSED

pacing

DATE

TNIS RECORD ARE CORRECT AND THAT THE TEST WELDS WERE PREPARED,
"OED AND TESTED IN ACCORDANCE WITH THE APPLICABLE SPECIFICATIONS,

Dec. 10, 1968

A-19 T o=

N.R. = BOT SEJUIRED

8y

f.A. = HOT APPLIC

PQ_1929

GABCOCK & SILLCOX- COMPAN

" e —— - e

ce veamnid

AA &35



CHARPY V-NOTCH

HEAT TREATMENT AFTER WELDING

64 HARS. @ 1675°—|725 °F— BRINE QUENCH
G2 HRS. @ 1600°—1650°F — BRINE QUENCH
G%HRS. @ 1175%/225°F—LIQUID QUENCH
30 HRS. ® 1100°-1/50°F—FURNACE COOL

IMPACTS ® 240 FT7.LBS. ENERGY LOAD

BASE METAL FT

WELD METAL zT

HEAT AFFECTED ZONE AT

+/0 °F /8 +10 °F 80 +/0°F 33
+/0 °F 2/ +/0 °F 40 +10°F 4/ T
+/0 *F 30 +/0 °F 55 +10°F 31

0 °F 24 0°F 36

O °F 25 O F 13

O °F 20 O °F a5

DROP WE|GHTS

BASE METAL F7

WELD METAL #T

HEAT AFFECTED ZONEZT

DATE:[12~)0-68

. A-20

+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
+*80F | 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
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2 THE BABCOCK & WILCOX COMPANY
BARBERTON, OHIO.

¢ roun
i CONTRACT NO. .o _To tio :
' SPECIFICATION no. =34, “-S7
i # K01-4

..« 3D OF PROCEDURE AND/OR OPERATOR:QUALIFICATION TEST-QC ZEN-122 . :
. MAVSHIP ASM OTIHELR PLATE [N d 3 SINGLE PASS mI_TIPLE PAS:
i ;,o.suo:,. : D s:c:lou s El '::::lou ' E ﬁ [j D E] [j

,' WILOING PAOCLSS O_U‘IJ'ICAY N POSITION “lf‘lt THICRNESS SINGLE LAYEA MULTERLL LAY
: Electroslag Verticul £-3/8 w.|ln N
- SiINOLE ARC MULTIPLE ARC

MATERIAL lPlCl'leIION

SA-302-B)

. MTAY TREATMENT " MACRO. EXAM, MICRO. EXAM.

! See reverse slde MR NR

i FLUX NAME OR COMPOSITION PREHEAT TEMPERATURE] INTEIRPASS TIMPERATURE wELOER 2‘1&1‘50.’: ‘ Mnler -

; Linde 124 7O oy s, N2 Cruwax, |2V 5702 5701

D TYPE OF BACKUP [STRIP OR GAS) AND CORPOSITION FILLER METAL SAOUP NO. OMICLOING GAS CU" [ TR *TORCH QAR

' ' 1y 4-2 T N T ppeen

TTAMPS, VOLTS, CURRENT, POLARITY

: Alternating current 50 volts, 590-€00 anmps ' -
S1I0 OF TLACTROOE, IN. OIA. - TLICYRooT €XY¥, | TAAvVIL lriio 1P% ] VINC FEED (PN ruu.unon owELL

b gt or fiiLan wing, n. 01a.  1/8 OEYOND CUP 10 p . NE. o ol , 5teu T1ue
P Lrouio pengTRANT WAGHLTIC PARTICLE RADIOGRAPH i " ULTRASONIC TEST .
: N4 : Acceptagle ¥ Leceptable Acceptable -
Twoaannsy  Procedure qualification for we ding -3 material in thé vertvical position
- by the electroslag process using 1/8" dia. Hi-Mri-Mo filler wire with .
T Linde 124 flux. gee reverse side for groove corfiguration, ’ B

. - . -
: . CHEMICAL ANALYSIS - § ¢ no.==m= R .

LOCATION ' [ [ 31 (1] T MO 5. [TIR S W— X Ja u AL
- “hse .L . o 012 ] 020 o Qg 1 15_0_ L 59 ] QS —— ) i . .
" 21d .54.012 §,01 151 ,07 e | 220 - —

REOUCED SECTION TENSILE (TRARSVERS 19 WiiD)

OIMENSIONS, INCHES

Lol o
N0

) uumm’ﬂmm‘m ' R
ARCA 80, IN, ULTIMATE LOAD LOS. STAENOTH P31 FRACTURT LOCATION

SPECIMEN NO.

WIOTH Yngbgzl_’ 7 &
ro-1Y<0 1,000 2. 2, 50 4 1 "Wel
-‘TFI%%G- 1.000 g__g.o 0 %10 o1 260:200 ' 5% 'd;ov 1_weld

3 L@imﬁf =

- PQ=1Y30 1,000 . 402 Luc2 Weld
PR —1.000 3,230 3,230 271,000 —eeld
. 0 -

TYour side bends (Split into - N 3 ) I

ALL WELD WETAL TENSILL

). " "
SPECIMEN NO. . ‘OLAMETER, N, - AREA 8Q. IN. YIELD POINT P8I ] TEnsILE sTR, P31 | LiLone 8 IN 2* RED AREA 3
St - e p———— : —
NE.
TIPE_Giarry “IWPACT TEST AY Oy (2l W
LDASE METAL. . 77.L08. - ) 21193
IMELD METAL See reverse 8lde rr..es. M FT.L8S
IMEAT APFECTED ZONE rT,L08 i ""ﬁ“ il  £1.108,
WE CERTIFY THAY TO THC SEST OF OUR KNOVLEIDEEL THE STATIMENTS MADL IN 8.0. 0 NOT REQUINED, N.A.x= WOT APPLICASLE

THIS RECOMD ARE COMRECT AND THAT THL VEIST WILOS WERL PREPARED,

é _ WELDED AND TESTEO IN ACCORDANCE WITH THE APPLICABLE SPALCIFICATIONS.

; * 2-3/4" electrode spacirg
“‘ ** Final surfaces - PQ_1930
WITNESSED____ A
: . , w i - -
i oare T3 2 1963 paRGOCK uZ|||,cqx wé !

- A-21

en a3



6
6

/

HEAT TREATMENT AFTER WELDING

HAS. @ 1675°~1725 *F — BRINE QUENCH

HRS. @ 1600°—1650°F — BRINE QUENCH

€3 HRS.@ 1175-1225° F— L/QUID QUENCH
30 HRS-® 1100°-|150°F—FURNACE COOL

-~V NOT :
BASE METAL (#T) | | WELD METAL (£T) HEAT AFFECTED ZONE (%

+0'Fl 44 +HO0'F | 10| +20°F | 78 *O0'F | 65
+O°F| $2 +10°F | 72 | +40°F | 62 #HO°F | 62
HO'F| 15 +10°F | 20| +40°F | 9¢ +/0°F |54
+0F| 32 +0°F | 75| +30°F |89 -10°F |10
+HOF| 50 +/0'F | 16 | +20°F |72 -10°F | 65
+I0°F| 44 +/0°F | 14 | +/0°F | 39 -10°F | 80

: +40°F| 90| O°F |48

~20°F | 3] |=10°F [€7]

. BASE METAL (T) WELD METAL(T)| [HEAT AFFECTED ZONE (¥7)]
120°F| F +20°F F +20°F F
t20°F| F +20°F F *20°F F
*0°F| F +OF 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 L t30°F| - F +40°F NF

PQ 1930

A-22

DATE 1/0-/0-68

ey
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iDUCED SECTION TENSILE (TRANSVERSE TO WELD)

80-303%6

RECORD OF TEST RESULTS

" Base Metal: 6-3/8" thk
SA-302-B

THE BABCOCK & WILCOX COMPANY

DARBERTON. OWIO

Parallel weld

groove

side walls 1-3/8" + 1/8

Fpart

- -CT

ASME Code Weld Test Plate (Electroslag WS-40)

CUSTOMER General Electric

CUSTOMER ORDER NO.

TEST NO.

PQ-1931

ASSOCIATED PROCESS QUALIFICATION NO.

8&W CONTRACT NO.

610-0111

DESCRIPTION OF TEST

Heat treatment 6-1/2 hrs @ ]
after welding: rs
' - rs

L1675~ g 5°
1600-16500F -

‘;z;;ig§EVF - Liquid guench
100-1150°F - Furnace cool

1725°F -~ Brine gquench-

rine quench

30 hrs.
WELD CHEMICAL ANALYSIS E—bb319
C My St P S Cu
.20 [Ll.57 . 12 L0155 LOe L .65 .38 759 .10
BASE METAL CHEMICAL ANALYSIS E-b 319
Cc St P S [of ] Nt Mo Cu
21 1,32 L,18 ,015 , 034 -, 04 .60 .55 .10
BEND TEST: TYPE NUMBER RESULTS

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

b |

- VR S na S e .

4

e -

i | won [ meowess [ wese oo | B0 SRRt | o RS
~PQ-193) 1.003 ?_%5 2.794 536,000 | B, h70 | Weld
-1931 .03 54 2.520 211,000 B3, 740 Weld
PQ-1931 1.000 3,056 3.056 256, 500 83,940 . Weld
—T—:PO- 931 1,001 NG 2.921 E 500 1 B2.520 Weld —
WELD METAL TENSILE . ,
i I L N P I
= NR )
JARPY IMPACT TESTS
TYPE AT of FT. LBS. ENERGY LOAD.
LOCATION FT. LBS. LOCATION FT. LBS.
“Tee reverse side
OP WEIGHT IMPACT TESTS S
LOCATION HELGHT WEIGHT TEMPERATURE “F
See reverse side ;
3 .
"!; —
i _ Fw FAILURE NF & NO FAILURE 2
. Nov. 1, 1968 . . A-23 i w



CHARPY V-NGTCH IMPACTS

)CATION

FTLES

TEME °FE|FT. LBS| |LOCATION |TEMR °E |FT LBS.| |LOCATION |TEMR °F
TWELD| +]0 | 47 | | 2T HAZ | +10 | 36 3T BASE| +10 | 82
” +/0 24 v o +/0 30 " " +10 56
" +10 33 - - +0 75 - +10 74
" +10 57 roo 20 | 29 “ooom -20 39
" +10 50 - -20 24 .o -20 30
- ~20 16 . -20 50
_DROP__WFEIGHTS
LOCATION| TEMR °EIRESULTS| | LOCATION | TEMR °EIRESULTS| |LOCATION |TEMR °F |RESULTS
+7 weLo| +2o F 47 HAZ | +20 F rﬁ? BASE| +20 | NF
. +20 F .o +20 F » v | 420 | NF
o ” +30 NF . © +30 NF v 0 NF
" +30 | NE o +30 | NF - -20 | F
oo +20 | F now 120 F - oo -10 | NF
I -lo__| NF
’ [ -20 F
v 20 | F
PR 1931 '
DATE : 1I-I-€8 WELDERS

PIERSON — 5702
MILLER — 5701

A-24
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THE BABCOCK & WILCOX ‘COMPANY

MT. VERNON, INDIANA conTRACT No._ 010-0122

SPECIFICATION No.__ WS=40

t‘ -6
R N OF PROCEDURE AND/OR OPERATOR OUALIFICATION TEST-QC 2EM-122 code No. 2363

R*
orugm A RO ATE SINGLE Pass [MuLTI2 7 P2
NAVSHIPS ASME ASME e atle ue
230-130G-! D SECTION 3 @ SECTION 1 & 8 @ SQ_CP‘IY-'-’- L‘Zl I ’ D f—}
wE.DING PROCESS QUALIFICATION POSITION METAL THICKNESS] SINGLE LAYERP |MULTIPLE -
Electroslag Vertical 6%" i |N.A N.A. L,
MATERt A, SPECIFIZATION ’ SINGY 13 uugrnpf_gAn.
P-3 (SA-302 Gr. B. Mod.) rj 1 -2
KEAT TREATMENT MACRO. EXAM, |MICRO. ixawd.
See Reverse Side N.R. N.R.
FLUX MAME OR CCMPOSITION PREMEAY TEMPERATURE| INTERPASS TEMPERATURE gshgg: rrvm_
Linde 117/ 70 °F win, N.A.°Fuu. NO. 1068
TYPE OF BACKL® (STR1® IR GAS) SNO COMPISITIAN FILLER METIL GROUP NO. SMIELDING GAS cup SiZE IESS"ai?f
N.A. Raco Hi-Mn-MdAA-2) N.A. N.A. N.4A,

AMP S, POLARLTY

Alternating Current

\OLTS, CURRENT,

48-52 Volts 575-625 Amps

SIZE OF ELECTAGOE, IN. DIA. TLECTAGDE T TRAVEL SPEED (7w |WIRC FEED 1PN gciliATo Tt
SIZE OF FILLER WIRE, IN. O1A. 1/8" LY. P ___N.A. N.A. b? ecv/tgsec :
TTOUTO PENETAANT VISUAL TNSFECTION

N.A. Acceptable

MAGNETIC PARTICLE RADIQGRAPH ULTRASONIC TEST
Acceptable/No Defects Acceptable/No, Defect Acceptable/No Defects
CROGSRTTT Prccedure Qualif ication for welding P-3 material in the vertical
position by the Electroslag Process using L/8" Dia. (RACO) Hi-)in-Mo
Filler Wire vith Lince #1Z4 bFlux. See Reverse Side ror Groove (onriguratl.:

ﬂ AT ION <

CHEMICAL ANALYSIS - % & No.__
N » £ St 4 Ni ) Fe 3] co ) v - )
1

REDUCED SECTION TENSILE (TRANSVERSE TO WELD)

SPZCIMEN NO. "u:umslous, mf:f:“‘” \REA 30, IN, ULTIMATE LOAD L8S. ';';:L:;:: ::"‘"L‘ TRACTUE Lot
TIA .962 7.895 7.783 758 500 89250 Weld
T1B .978 3.193 3.123 278,250 89,100 Weld
T10A .890 3.095 2.75) ZZI 000 38,600 Weld
T10B 965 2,969 2,865 [755.250 89,100 ~Weld
BEND TEST
(4) Side Bends Split Into Ib - Acceptable/No Defects
‘ ALL WELD METAL TENSILE
SPECIMEN NO, DIAMETER, 1IN, AREA SQ, 1IN, YIELD POINT 28i TINS!ILE STR, PSS} ELONG = N : =
N..R‘-. -
TYPE CHARPY V=-Notch INPACT TEST AT +10 o (@ 240 F1. LBS. ENERGY LOAD
SASE METAL +T 79, o4, c9 F1. Lus PRy
«tio nevacSurface 59, 4/, 49 rr.oslleld Metal @¥T =027 34, 32 Fr. L3
HEAT AFFeECTED 208¢ T 84, 80, 76 FT. LS, B T
CERTIFY THAT TO THE 36357 OF .© ANOWLEDGE THE STATEMENTS MADE IN N.R. = NOT RECUIRED VoA == NOT &8F 7L
$ RECORD ARE COPRELT AND THAG T-f TEST AELDS WERE PAEPARED,
<‘-u.oto AND TESTED IN ACCORDANCE wi TH THE APPLICABLE SPECIFICATIONS. 135 2563
*Revised 1/26/71.W.L.W, Pa —ET

w_d Z (otlro

8ABCOCK & wiLCOX

5/22/70
A-25
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OSCILLATION *

3 second traverse

5 second dwell )
(equivalent to a trav. -

geed of approximate;y
LBI.P.M.

DAY 2F JHVEL

(

.\

P

7 S5

CE AFS @ S675 /P25 - BONE D werS
GG A & B - EIDOS - Sl rrets
GE S & P - RS- B e
Rl N5 @ W° — NS0 —- FencsE cevie

PP WO E/FAT7 FEST S SEAT S TAD - F 28

LRSE a7 AT MEBL 47 A2 Z T
-2 | S FRCE 5 4~ = 225 | 5
- O F |\ F 2P| £ -2 |\ s £
- % | 1F ~ : -T2 | A~

2772 =

pte 7 F o

AR EZ —ROF ‘9
o L2 TFoF | P A5e3
- | v -/28
A ' Revised 1/26/71 W.L.W, . V- S2R

A-26



