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Memorandum

TO : R. S. Boyd, Assistant Director DATE: May 4, 1967
for Reactor Projects :
Division of Reactor Licensing

'
FROM '@ B. H. Grier, Senior Reactor Inspector f%???ﬁ#%wﬁd/
Division of Compliance _ )

SUBJECT: NORTHERN STATES POWER COMPANY (MONTICELLO)
DOCKET NO, 50-263 :

The attached report by our inspector of a visit to the Chicago
Bridge and Iron Company plant in Birmingham, Alabama, on March 8-9,
19677 is forwarded for information. Based on the results of this
visit, we are of the opinion that CB&l's effort on the Monticello
vessel, both with respect to work being performed and the management
of the job, is entirely satisfactory and the quality being achieved
is equal to that of the other two pressure vessel fabricators.

You will note that Addendums I, II and I11 of the report contain

proprietary information.
. Attachment:

CO Rpt No. 263/67-1
by G. W. Reinmuth
ded 4/27/67

Distribution:

L. Kornblith, Jr., CO

S, Levine, DRL

D. J. Skovholt, DRL (2)
R. Handler, CO

Senior Reactor Inspectors
éCO:HQ File

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan ‘;/‘/Q
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U. S. ATOMIC ENERGY COMMISSION

HEADQUARTERS
DIVISION OF COMPLIANCE

April 27, 1967

CO Report No. 263/67-1

TITLE: NORTHERN STATES POWER co. (MONT ICELLO)
LICENSE NO. Pending

%t‘;’?fﬁsm March 8-9, 1967

By: G. W. Reinmuth, Reactor Inspector (Prog. Stnds.)

SUMMARY

The Chicago Bridge and Iron Company (CB&I) plant in Birmingham, Alabama,
was visited to review fabrication progress of the reactor vessel for the.
Northern States Power Company Monticello reactor.

Results of the visit disclosed that fabrication of the bottom head and
lower shell section is in progress. Fabrication and testing procedures

in use were observed to be those described in Amendment No. 2 to the
application. Based on observations of the work and review of the records,
work quality and management of the program were found to be satisfactory
and comparable with other pressure vessel vendors.

Test data demonstrating the effects of cold forming upon the properties
of A302-B and A533 material was provided and is included in this report
as Addendums I and II. Results of these tests indicate there are mno
adverse effects upon the material due to cold forming.

DETAILS

- I. Scope of Visit

A visit was made to the Chicago Bridge and Iron Company fabrication
plant in Birmingham, Alabama, for the purpose of reviewing the progress
of the pressure vessel for the Northern States Power Company Monticello
reactor project.

The principal persons contacted during the visit were the following:

G. Smith, Vice President, Southeast Operations

J. Larson, Birmingham Plant Manager

E. Varnum, Manager, Quality Control (Monticello job)
W. Kneen, Quality Control Coordinator (Monticello job)
E. Clotfelter, Regional Welding Engineer

Ripley, Production Control Engineer (Monticello job)
Stiles, Test Engineer

D. Pugh, Test Engineer

Parker, Nondestructive Testing Supervisor

. ° °
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1I1. Resulte of’Vieit»

A. - Status- of Vessel

Nine plates for the Monticello reactor vessel were on site at
the Birmingham plant. Physical and chemical test data from this material
were provided as shown by Addendum IV.

Welding of the three formed segments for the bottom dollar
plate was in progress and was approximately 70% complete. -Fit-up of the
eight formed pieces which make up the knuckle section between the bottom
dollar plate and the first ring section was also in progress. All of the

above pieces had been cold formed according to procedures described in
the application (Amendment No. 2). Cold ultrasonic tests (UT) by the
plate supplier in the flat condition and by CB&I after forming disclosed
no imperfection in the material used. Two doubtful areas were found,
however, in locations which could be discarded as scrap. No repairs,
except for minor surface indentations, were needed on any of the material
received to dateo" :

Two of the larger plates to be used for the ring shell sections
had been cold formed. Magnetic particle (MP) and UT tests of these two
pieces were pending at the time of the visit.

B. Schedule

Completion of work on the bottom dollar plate at the Birmingham
plant is scheduled in June at which time the piece will be shipped to the
CB&I Greenville, Pennsylvania, plant for rough machining of the rod drive
‘holes. - Initial work at the Monticello site is not expected before November
1967 and is more dependent upon other facility work than shop progress of
the pressure vessel components. "

C. Obsexrvations of Work in Progress L/////

1. Welding /

Obbervation of the welding process employed on the two V///
main welds of the bottom dollar plate indicated the pro-
cedure in use followed that described in the application.
Three welders were working on. the piece applying weld

metal by the manual electrode process. They were under
the direct supervision of a supervisor who remained with
the welders and had no other assigned duties. CB&I
personnel stated all welding on the Monticello vessel

both in the shop and field would be performed by the

manual method.

(continued)



"Results of Visit (continued)

Preheat to the work was being applied by gas jets
to maintain temperatures within the 3-400CF range.
While the quality of the welds must ultimately be
determined by radiographic testing, visual observa-
tions appeared to indicate the high quality claimed
by CB&I.

2. Flt-ug ~

'Fit-up of the bottom knuckle section was being per-
‘formed through use of a circular forming and -support-
ing jig. At thé top and bottom of the jig were
circular rings fabricated to the final outside dimen-
‘sions against which the work was fitted. Gaps between
the work and the jig at these two.circumferential
‘reference surfaces were no greater than %" at any
point.

The knuckle section of eight individual pieces was
to .be welded together in halves of four pieces each.
Preparation and sizing of the two final weld Joints_
between the halves'were left until last to compensate
for any expansion or distortion resulting from the
welds in the half sections.

Out of roundness is checked by use of templates.
Allowable variation between thé template: and the
work are greater than %" on a six-foot chord;
howéver, CB&I personnel state they are able to
achieve variations in the. neighborhood of 1/8" by
use of the cold forming process.

3. Ultrasonic Testing4 .

A demonstration of the normal UT techniques used by b////
CB&I was performed on one of the bottom knuckle sec-
tions. The procedure employs manual manipulation of

the detector tramsducer over the surface in both the
longitudinal and transverse directions giving 100%
volumetric coverage. Longitudinal wave inspection

'only on the formed plates is required. A hydroxy

ethyl cellulose couplant is used.

(continued)
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Results of Visit (continued)

Adjustment of the scope readout against a drilled
flat bottom hole in a test block is used as the
calibration and acceptance standaxd. See Appendix F,
Amendment No. 2 to the Application for the detailed
uT procedure. Compliance with the approved proce-
dure was demonstrated in all respects. To aid in
initial detection of potential flaw areas, the scope
gain was routinely set up by a factor of ten by the
operator. Upon detection of a suspect area, the
gain is reset to the normal range, the instrument
recalibrated, and the area scrutinized in detail to
determine size and acceptability.

D. Cold Forming Considerations A////

Since cold forming of the plate after quench and temper is omne
of the principal differences in method used by CB&I as compared to other
fabricators, CB&I -conducted a series of tests to demonstrate the effects
upon the physical and impact properties of the material.

"Addendum I is a detailed report of the tests conducted on -A302-B
steel prior to receipt of the: productlon material, ~Similar tests were also
conducted on a portlon of the A533 Gr. B. production materlal during the’
welding procedure quallflcatxon tests as required by ‘code.and G-E. All
information provided in Addendums I, IT and III should be treated as
proprietary. : '

‘ The princ1pa1 results demonstrated by these tests are:

i. Significant variation in both temsile and impact
properties occurs across the thickness of a plate.
Plate surfaces show better properties than the
center. ‘' . y , B I S

2. Cold forming does not significantly affect properties
at the surface of a plate but does result in some '
improvement internally with the maximum improvement
-at the mid-plane.

3. Llongitudinal test specimens (parallel to direction
of plate rolling) show significantly better impact
properties than transverse test specimens (90°
orientation to direction of plate rolling) taken at
comparable locations.

4. Test results between A302-B and A533 Gr. B. material
were consistent as to the effects of cold forming.

(continued)
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Results of Visit (continued)

5. All data indicate the production material exceeds
the minimum requirements for use. in a nuclear-
pressure vessel,

Impact tes;s were conducted on a new, charpy test apparatus
installed and calibrated within the past six months. Calibration of
the machine was checked by standard samples supplied by the U. S. Army
‘Materials Research Agency (Watertown Arsenal). A new. automated drop
weight test apparatus had also been installed. Impact, drop weight.
and tensile tests on material from plates 1-16 and 1-17 (see Addendum
IV) were observed. Standard procedures were employed.

Test samples of all types for the material received .to date
‘had been taken from the top end of the billet which presumably represents
the worst part of a plate. CB&I indicated, however, they would not
necessarily follow this procedure on subsequent tests.

' One advantage noted in using cold forming techniques was the
improved surface conditions of the plates. With hot forming, followed
by .quench and temper operations, a heavy scale is left on the plate
which has to be removed by sand blasting prior to cladding. Only minor
- touch up work is required on the cold formed plates. :

A precaution practiced by CB&I was the preliminary machining
or rounding-off of the edges of a'plate on the tension side prior to
cold forming. This procedure is intended to eliminate possible "crack
starter" imperfections. Preheat to- 100°F is also employed. . No diffi-
culty has been experienced to date in cold forming the thicknesses used
in the Monticello vessel (6%" on bottom dollar plate and 5%" on shell

plates)
o E. Welder Qualifications Z///////

CB&I classify their permanent employee welders at Montgomery
into Class I, II or III categories., Pay scales are based upon these
classifications. The conditions of qualification tests for Class II
and III.welders are arranged and agreed to by both CB&I-and the union™
‘local, For Class I welders, the company has sole authority for estab-.
lishing and controlling qualifications. CB&I personnel stated that the
work of Class I welders is matched against radiographic results and
that 70% of the Class I welders consistently demonstrate 100% work accept-
ability. The remaining 30% score above 90%. ‘For the Monticello work only
Class I welders will be used and those only on a selected basis.'

(continued)



* Results of Visit (continued)

In reviewing records of welder qualification tests, it was
noted that no recent qualification records existed. Those that were
examined indicated that the welders were qualified primarily on A387-D
material. CB&I stated that the welding of A387-D was considerably
more difficult than the A533 material used in the Monticello vessel.
‘Their position was that if a welder were qualified to weld A387-D
material, he was automatically qualified on AS533. - CB&I further -pointed
out that their shop employees are permanent employees who are welding
day after day, under supervision and are continuously demonstrating '
their competency. To require periodic welding of test plates only for
the purpose of updating a record is in their opinion meaningless. CB&I
emphasizes, however, that this applies only to permanent shop employees
and not to temporary field employees.

CB&I recognized that the lack of up to date records was a
technical violation of code and indicated that steps would be taken
to comply with the requirements. The G-E-quality control representa-
tive also indicated he would insist that formal qualification of
welders be conducted and that the records be updated. Follow-up on :.
this particular item will be accomplished during the next visit.l No.
further effort is considered necessary at this time. '

F. Record System

G-E has required CB&I to establish a record system similar
to that in use by other fabricators. While this type of comprehensive
system is new to CB&I and minor difficulties are being experienced in
orienting personnel in its use, CB&I management is making a dlligent
effort to make the system work. From observation of the work to date,
the system is proving to be effective in providing a record of and
controlling the work in progress. Some future difficulty is anticipated
when simultaneous work is in progress on several pieces of the vessel
at three different locations.

G. Exit Interview

Discussions were held periodically during.the visit with
Mr. Varnum and a short final one at the conclusion of the visit.
Updating of welder qualification records was agreed upon. Since in
the inspector's judgment, progress of the work was satisfactory, no
further items of significance were discussed.

- Attachments:
Addendums I-1IV
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COMPANY CONFIDENTIAL
CHICAGO BRILGE % IHON COMPANY

BIFRMINGHEM WELDING

Experiment No. L 125
Repcrted- Sept.- 20, 1966

" Title:

Effects of Forming A302-B - 4% Deformation

Introduction: -

The plate material for Contract 9-5624 is 5%” thick A533
Grade B. This material has been ordered Q & T at the mill znd will
he cold formed at the Birmingham plant. The shell material will be
deformed approximately 23%. o

-Since impact properties are eritical with Nuclear Power Plant -
work, this investigation was made to determine the effects of cold -
deformation on this type of material. The shell material on 9-5624
will be deformed approximately 23%, but it was decided to use g -
deformation in this test. ‘ o i )

Since A533 Grade B was noct available, A302-B was substituted
in this experiment. The alloys are the same except for .5% Ni which
is added to improve impacts in A533-B. This evaluation was made to
determine -the relative effects of cold deformation, therefore this
substitution of similar materials should have no bearing on~the. -~
results. o : :

Material: - _ . -

—

A plate 16" x 53" x 45" of A302-B was used in this investi-
gation. This plate had been quenched from 1625-1675°F and tempered -
at 1200-12500F for 5% hours by the mill. Mill test report showed
the follcwing: , ~

(@
.

Heat # ) Mn P s Ssi Mo
£8049 - .19 1.25 .011 017 . .22 4
.~ Heat #_ = Yleld  Tensile Blong .2 Futnoteh +10CF
A8049 o4.0 81.7 . _
_ o _ 88.2 29 8o-68-78
6.3 86.7 o
» 86.7 34 G6-66-84



Equipment:

Frocedure:

- COMPANY.CONHDENTME

The test plate was formed on tne 3,000 ton press. Heat%
treating was done in the Lildberg electric furnace. Machining

and testing wes done- with equipment in the B*rmingham laboratcry.

—

\- —

After removing one test sample 7" x 51" x 16", (125A) the
remainder of the f; thick test plate (125B) was cold formed in one
direction to & 66 radius which is equivalent to 4% stretch. Forming
was done perpendicular to the mill rolling direction After cold
forming on the 3,000 ton press both samples, 125A & 125B, were
stress relieved at 1150C0F ¢ 25°F for 20 hours.

_ Tensile and impact specimens from these samples were taken
at the top, 1/4T, 1/2T, 3/4T and bottom as shcwn in Fig. 1. '

Results:
All results are given in Tables T and IT.

Discussion

A. Tensile Strength - Prom the data given in Table I it may be
noted that tensille properties are not detrimentally affected
== by cold forming to 4% stretch. The only real change was an
" increase in strength in the center of the plate which was
~beneficial. This is shown in Figures 2 and 3. This change
may be due to some cold work the center of the plate received
during the cold pressing operation.

B. Impact Properties - Impact properties are not adversely affected.
by cold deformation as shown by the data of Table II and Figures
4 & 5. These properties appear to have been enhanced as may be
noted in Figures 4 & 5.

Thickness does have & maJor effect on impact properties as may be
noted in Figures &, 7, 8 and 9. This is probably the reason
- for the nickel addition in A533 Gr. B _

Conclusions

Do
e

1) Cecld deformation of 4% stretch in 53" thick A302-B does not -

adversely affect tenslle prcperties.

AV}

~s

Jold deformaticn of 4% stretch in Q%” thick A302-B does not,ﬂv
aﬁve:sely affect impect propertles

o
~

Impact properties of Q & T A302-B are adversely affected by *
plate thickness. )
2. DY

C. D. PUgh :
" Birmingham Welding

mj
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Table I (Cont'd’ . CoMpany CONFIpEyyy
AC

: . Tensile Yield .

Sample Temp. X1000 psi ~ X1000 psi R/A% E(2")

125B - Q & T - Cold Formed & S.R.
B-8 - Top R,T. 85.5 - 64.5 64 26.5
B-8 - %T ) _ 83.2 61.1 58.7 - 25.5
B-8 - 3T o 85.5 61.6 57.1 26.0
B-8 - 3/4T | 84.1 62.4 54.8 24,5
B-8 - Bottom 84.4 62.7 62.4 26.5
B-1 - Top 575°F 81.8 57.8 69.5 23.0
B-1 - ¢T | 78.3 54,2 65.1 23.0
B-1 - {1 " 79.7 58.4 59.9  21.0
B-1 - 3/4T , 78.2 58.0 . 65.6 22,5
B-1 - Bottom " _ 78.9 59,4 67.4 23.0.
B-2 - Top 575°F 78.1 58.5 .68 - 25.0
B-2 - | . 82.1 ~ 65.8 23.0
B-2 - . 78.6 54.5 60.5 = 21.5
B-2 - 3/4T W . 80.4 56.5 61 = 22.0
B-2 - Bottom 78.8 59.4 68.3 23.0
B-7 - Top  575°F 82.0 60.6 58.8 24.0
B-7 - ¢ " 78.4 57.0 39.3 -
B-7 - . - 80.5 59.6 50.7 21.0
B-7 - 3/4T L 78.6 54,5 51.7 20.0
B-7 - Bottom 78.4 54.5 58.4 20.5
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Table II - Impact Data of Samples 125A & 125B PANY CONFIDENTIN

. Sample Temp. Ft.Lbs. L.E. mils. %Shear
125A - Flat Plate '
5-1 - Top +50 158 97 ’ 100
' . +50 138 : 90 o 100
-" +10 122 79 80
| +10 © 118 82 75
" -50 114 ; 79 ' 65
N -50 92 65 50
Ny -100 60 4s .20
: -100 . 15 14 2
5-2 - 4 +50 9l 70 50
_T 450 130 85 75
' +10 .78 62 - 4o
| +10 ol 52 ’ 40
" -50 20 18 0
) -50 hy 37 10
iy =100 8 5 0
-100 6 5 0
5-3 - 47 450 48 4l 30
" +50 : 39 37 30
" . 410 19 20 5
. - +10 20 23 5
‘ ) ~50 7 9 2
X : S - 7100 3 1 0
| -100 3 - 3 - 0
5-4 - 34{4T +50 106 - . 77 70
_ N +50 S112 . .83 75
) ©+10 120 8h 90
" +10 88 70 4o
" -50 40 by 5
" -50 52 33 8
iy -100 10 _ 12 0
-100 11 8 ) 0
5-5 - Bottom +50 128 88 80
, +50 142 91 100
. +10 106 76 ‘ 70
| +10 104 76 70
' -50 72 52 - 20
-50 60 g 10
y -100 24 20 0
' -100. 16 8 0 -
125A - 6-1 Top +50 64 58 ‘ 80
_ " , +50 68 62 , 75
C ' Ny +10 60 49 . 55
. " : +10 46 43 50
- +10 57 , 50 60-
s ) 0 48 46 50
| 0 54 47 ‘ 60 -
" -50 34 . 30 15
; -50 38 34 20
-100 28 22 5

Rt e,



| Table II ,’(Cont'd, |

Sam

Sample

12548 - 6-2

125

6-5 -

Temp.

%T +50
* +50
1" +lo
i +lo
1" +lo
11 o
1 O
n -50
1] -50
n 90
-100
+50
+10
+10
+10
0
0
-50
-50

-100

it +50
1"
1
11
it
4]
"
1"
]
"

-100

/4T +50
+50
+10
+10

0

0
-50
-50
-100

N -100

Bottom+50
+50
+10
+10
+10
1M o
o
-50
-50
-100

B (Cold Formed)

5-1 - TQp

1"

. 450
+50
+10
+10

»+10‘

21066

52
ug
37.
33
38
32
33
18
24
8
6

33
28

20

8
22
10
17

COMPANY CONF!DENT!AL’

48
48
37
34
40
32
um32
26
20

# Shear

100
100
100
100

@
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rable IT (Cont'(@ | - o D
: ( Q . CoMPAnyY CONF’DENTM‘['

Sample Temp. ~ Ft.Lbs. L.E, mils % Shear
125B (Cold Formed) | , ‘
5-1 - Top -50 116 79 : 75
" ~50 129 - 86 80
N -100 . 120 22 35
125B . . . .
5-2 - #T . +50 106 ' 80 - 15 -
" +10 87 - T0 50
" +10 94 ‘ 67 , 55
" -50 84 57 20
n -50 ‘ 76 62 20
" -100 8 . 5 0
-100 10 6 2
5-3 =~ %’T +50 ~ 60 53 50
" +50 - 68 57 50
" +10 28 42 15
" +10 20
, -50 4y 2% 10
. -50 46 38 10
. -100 13 8 0
' -100 8 T 0
5-4 - 3/47 +50 82 68 | 55
" +50 116 - 8l 75
" +10 96 70 55
N +10 - 85 70 56
: : =50 60 ., 48 20.
N -50 50 16 10
i -100 s 11 0
‘ -100 ' 9 6 0
5-5 - Bottom  +50 120 8 85
. +50 130 ‘ 89 | 100
" +10 118 8l 80
) +10 98 73 . 70
-50 62 48 ' 20
n -50 90 69 40
y -100 52 39 10
-100 33 24 5
1258 (Cold Formed) :
-1 - Top +50 78 64 100
, +50 82 67 100
y +10 66 56 70
+10 56 . 51 5Q
) +10 62 . 57 65
" 0 59 54 55
. 0 56 L7 55
-50 31 4] 30
N -50 Ly - 38 30
! -100 28 o2 2

! -100 33 26 5



@ | @ oy CONFIDENTIAL
Table II (Cont'd.) : ' A

Sample Temp. Ft.Lbs. L.E, mils % Shear
125B (Cold Formed) o _

6-2 - Ir - +50 49 48 55
) +50 52 51 60

" +10 32 39 35

1" -+10 - 34 ' 36 R 35

) 410 32 33 35 -

" +10 31 34 30

. 0 34 32 35

n 0 : 32 35 | 35

) -50 24 27 5

! -50 29 30 5

. -100 10 8 ‘ 0

-100 14 12 .0

6-3 - +50 36 37 50
%T +50 48 48 45

) +10 32 30 35

" +10 26 26 30

t +10 36 38 - 30

o +10 30 32 30
A 0 : 32 20 25

" A . 0 ' 32 30. 20

) . -50 29 23 . 2

. -50 , 20 17 ‘ 0

. , -100 7 a._ Q

-10Q 7 4 0

6-4 - 3/Ur 450 50 51 - 50 -
. ‘ +50 43 4s . 50

. +10 43 - 9 © s

" +10 L6 2 4s -

. +10 43 41 : 35

) +10 36 39 35

iy 0 L 4o 35

' 0 30 31 30
) -50 26 24 . 5
; -50 27 22 2

: -100 : 8 9 0

! -100 8 8 Y

6-5 - Bottom +50 73 69 : 98
. +50 72 67 95

! +10 55 50 60

| - 410 62 53 60

. +10 57 : 50 - 60

| 0 49 .44 50
N : 0 50 48 , 50

; - -50 Ly 38 35"
-50 38 35 15
" -100 30 26 | 10

! ' -100 : 22 8 | B



.70‘

77

&7

b:42

9

73

2.8

-4

‘26

79

7%

77

7¢

75

/%y,gg 2 —lensice ST A7 foom Jermp

NREA - 2T SLemTE
A3 - ﬂﬂﬂﬁ&&é‘a -~ o
A-é‘-' PrRrrice &l — o &
- - e,
H-¥ - IRAnvsIERSE — X Wy
‘ /2.8 3 told Foewm gy 00/%2/)
S,
*® 8B~ PrenccEr - o
— B-4 — Lagpirbr— o
\\ | (B8 = TRAwSVERSE Q
°\ N\ , | b
) L P = A
N\ o E\\ N\
\ 3\. v \ & Q .
' C
¥
Y
N\
A\
Y
d
/4T }‘/-T . /%T AoTITom
g
« PLaTE TR KM ETS : ){

s/



20

79

144

71

¥l

v

7¢

22

72

&i

.so'

79

7%

77

7e

| J2 5 M — a7 Pem TE GQ'MP){ _
H-7/ - PRrAL 5L - o Aﬁy}dmpm&’ﬂ&(
) Vv W DR -~ o : ' : -
AT~ JRAWSYERSE — X
/258 -0DeD cormeD q
A - PARA e £ - . ‘4
B-Z “SaAKAaLEL - - N
B-7 = 7krINSVECSE — cy N _
¥
Q .
g
3
{
W
Qe
N
\.‘
N
RN
Q
e e -
1
7'5)? AT &T. - 3/17'_ " Bo7T7om
? g r  TMICENENE :
}“__ SR ..._.../.)Lﬁ g—,,/g_\“ ——e e L.




'.-97 A _Jaw/u/» '

— e

/6o

130

/>0

A

/o0

70

<0

7o

Lo

50

g0
a0

/o

it Iemer Evensy

ro rarF

O Lows TVIPrI ‘5,—0£6/me

/257 —
/253 —

o © o (/-‘Air AnTE)

X X x A(:‘oa Fo-‘?mro)

. w X i :
NP CONFr ey
STy

)

OUVFsS/IOe& fr@65KR Lo /258

PR [ UL + P

7o0P,

™

47 At

Pem7eE TH/CKIESS

N
-

Borrom

7
s A



TR

cor Py — Lswzrey Lowasd)

/40

Jso

/40
/30
/20

o
00

90

60

#9

30

20

/90

Wmm CONRDENTYIY

o5 5 Jhwacr Laeney Hr 1107
o RS veERSE  SPEC/MIENS |
| J25H4 -~ e e ° (Fm T mrE)

/58 - X x = fc'a:.o F;em,g’g)

Ovrsioe Frocr For /A58

l




/76 b /v (W/MP)/ V-NGEEH  ThrwssTron)
A . CemvEs For 2:0 Crrvomae
’ o ' _I/’Eé’/mé'/«/s (F_quT ,D;.AT&-)

oo
s5o "ONPNY EoRFisEi
e
/20
/20
/70

/00

'_ \\\. 50
e
N
Alh‘éo-
N
A
A
X 40
.
\]'_
N 2
N
& o
..... \LA\-

A100

JEmr —



ey 2L .

-t

%2

U Sey Ly - LT

169

/5o

740
/3°

120

- /10

. '/o,

70

70

')

po 7 Qroe mery VWurs Temorrrinn

»C‘V:Q ves Lo W LONE)OOIN A
SPEEC) MENS Ccm-b 'Foe_me'o)

7o P

X ,
OMPANY.CDNF!DENTIA['




so7 Uz — K aw.wv’ e Y

J0

)50

1Yo
/3?
/20
/10
J00

20

40

fo

a0

-4

Eomea Ny CONF!DENTIA['

FiGS /a5 s = Cowmnry VeNorow TawsiTiod

CvrvES  FOR T7RANSVEXSE
SpECIMENS (FemT  PeaTE)

ToP -

o O o
'/4T’ - X X ¥
AT — o o
%r - Q0P
Bothwm — ©® ®© @

.//-4 g
y~
///”‘ °
o g g h
- ® :
® : .
o * / -
rd - ?/ ) e g
/"ﬁ" 9""1. ke
- 8 -
@ . .
*x .
t i [ -
e
- | . |
r I + I , |
~709 ~50 o 450 S+ /00

TErme, — S<




S (on
b ~ Aowzny _z.w/!/

740

—— ,".

129

Jio

/.pﬂ

7o

2

/0

Corves
N SPEC/rm NS
rom - o :
aT - N
DA
B 74T~ B ;
oTrTowan— @& ®

‘

’5@7 258 - & » -
of 7 N R
) Morew Trawss |
/RANSIT 70

V7.3
RN S Y ER e

(coz.o ~ |
oﬂme’p) '

o

x oy

, Pa -

. " Conppg,
B Nriay:

@ -

"'/o
[} r v
-5 o
o ¥
+$v 7*' |
V /7020
.
FEnrs — /



SO

[Eap—

Area Code: 205 596-1191 : o Western Union - WUX

o A o @ | wwmwomu

CHICAGO BRrIiIDGE & IRoN COMPANY

1600 N. 50TH ST. P.Oo. BaX 277, BIRMINGHAM, ALABAMA 35202

Experiment PT 64 B
Reported Feb. 6, 1967 COMPANY CONf!DENTlAt
Title:

Cold Forming Effect on.A533 Material
(contract 9-5624, Procedure No. CFE-1)

Introduction:

The A533 Gr. B material for Contract 9-5624 has been ordered
Q & T at the mill and will be cold formed at the Birmingham plant.
To insure that tenslle and impact propertles are not adversel
affected by cold forming this investigation (Procedure #CFE-1) was
made.

Material:

Heat #A0998, Slab #2 was used in this investigation. A copy
of the CTR 1s encluded in this report as Figure 1. Test coupons
were taken from the top of the plate., Locatlon of Sample D 1s
shown in C,.,B.& I. Drawing T3, Rev. 7 of this contract.

Equipment & Procedure:

A copy of CFE-1l, which covers Equipment & Procedures, is included
in this report as Enclosure #1. After the samples had been heat
treated it was decided to include drop welght tests for comparison.
Since there was not enough material for iT samples they were taken
adjacent to the center line as shown 1n Figure 2. Later new samples
were taken so that T drop weight specimens could be used to actually
qualify the plate.

Results:

: Copies of all test results are included as Enclosure II. Test
Data for Samples D, A and B and Enclosure III -~ Test Data for Samples
D1, Al and Bl.

Discussion:

A. Tensile Strength - Normally tenslile and yleld strength levels
of heavy plate could be expected to decrease slightly at the surface,.
increase markedly at the center and remain approximately the same
at the %T location after cold forming and stress relieving. Results
given in Enclosure toshow that strength levels decreased approximately

~ TWX 205 + 328-3851



o COMPANY CONFIDENTIAC
Page 2
2000 psi at the'surface and approximately 1000 pSi at the {T level
after cold forming and stress relieving. Final values are well
above ASTM minimum requirements.

B.'ImpactTProperiiéé,f-DatajShown in Enclosures II and III show
that impact propertics are not adversely affected by colé work of

this degree and stress relief.- In fact, it may be noted in Figures -

3 through 8 that the impact properties, which are so important in
a nuclear reactor, are actually improved.

C. Drop Weight Tests - There were not enough samples to actually
determine the NDT for each condition, therefore a good comparison
could not be made. Results do indicate that effects may be bene-
ficial, ané the plate was qualified for use in this vessel after
forming.

Conclusions:

1. Cold deformation of 4% stretch and stress relief of 63"
thick A533 Gr. B does not adversely affect the tenslle
and yield strengths at the surface and #1 levels. These
results show a minor decrease in strength levels, but
final values are well above ASTM requirements.

2. Cold deformation of 4% stretch and stress rellef in 6+%
thick A533 Gr. B improves the impact-properties at the
surface and T levels. ‘

£

C. D. Pugh
" Birmingham Welding
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Figure 1 - CTR of Heat A0998.

NOTE: Corrected mill CTR will show second temper @ 1000CF + 20°F
for 4 hours and alr cool. Performed after burning plate to

size.



Enclosure #1 - Procedure CFE-1
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NTRACT 95624 MONTICELLO, MINN.  CERANY CONFIOENIV jiorming Efrect
X

U-1" DIA.X63'-112"" INS. OA REACTOR VESSS
NORTHERM: STATES. POWER COMPANY \

. GE/APED P. 0. 205555821 - REACTOR
Lmnn-i-_

on A533 Material 3

4

e

PROCEDURE
NUMBE R

CrE-1

CUSTOMER General FElectiric Company
proouct _ Boiling Water Nuclear Reactor paceENo. _ L or U
asseMeLY Test Plate DATE 9-19-66 _
" DESCRIPTION REVSTON RO T 11 O=18=G6—
’ o} ATOMIC POCR EQUIPMENT DEPT,
0.1  Scope: . i SAN JOSE, CALIFORNIA

P

0.2
1.0
2,0

b

To determine the effect of the cold forming opera
ASTM A533 Grade B, Class I material with respect
tensile and impact properties. This procedure m
ducted using either a separate plate or the first
head plate received for the contract.

Speciflication and Code Reference:

ASTM E23 (Type A longitudinal), ASTM A370 and Pax
Section III, ASME Code, Nuclear Vessels, Class A

 Cold Forming Procedure CFP-1, Ultrasonic Examinapiéf'Proedure
UTP-1, Magnetic Particle Examination ProcedureAMﬁ%i

Penetrant Procedure PTP-1.
Apparalus:
l.1

1.2
1.3

3000 Ton Press .

Various Machiring Equipment
Calibrated Testing Machines

1.3.1 Tensile Testing Machine

1.3.2 Charpy Impact Testing Machine

N

Procedure:

LT )

tion updffroved
to th&s CHECKED BELOW

y be con-
B

ﬁﬁtmw\,d. Revise and n.rsubmil

ot apprnval
\No turther action required. Proceed
with labtication,

{0 As notedt. Revise, pinceed with lab-

agf AR T T

a
Vesselm. ‘

LT uid

v?houl cofmments. Proceed  with
febricalion  and subout il cert-
thed Waus:arency and prints,

Approval is in tegatd to generdl desipn
and controlhing dimentions. This does
not constitute acceptsnce of any de-
signs, . materials o1 equipment which
wilt not fullitt the funchunat or per
lormance  tequiements estabhished by
the purchase contrast,

2.1

Inspect ‘Lhe plate prior to forming in order to determine

(and accurately record) all defects present in the plate

as received from the mill.
examination (Procedure UTP-1), 100%

Perform 100% volumetric UT
Magnetic particle

examination of all surfaces (Procedure MTP-1), and 100%
liquid penetr%ﬁt examination on all surfaces (Procedure

PTP'l) .

2.2 Pieces Dy E, & F shall be removed prior to

Desighate plate surface to be brought into tension.

the forming

operation using burning methods for rough cutting.

2.3'
(-500g/+25°F). |

Piece D shall be post heat treated for 50 hours at 1150°F

P
2.3.1

| MONTICELPO-N,_S,P

E

ENERALELECTRK:CO.&
APED -~ SAN JOGLE
f

1811- 2-%&

F#

. Remove 32 full size longitudinal Charpy Vee notch

impact specimens from Piece D after post heat

treating.

Sixteen specimens shall be removed from

the 1/4T location and sixteen from 1/8 inch below

the surface.

CUSTOMER APPROVAL !

P #

2-(~( |

REVIEV/ALS
FEM

LPZ_

AIL

n WAD AGS .
PCA WS

CSS

10-18-6

preparen OGS

CHECKED

(€ ANOTY

APPROVED EEV

EEV/DLM..10-19-36"
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CONV%T 9.5624  MONTICELLO, MINN. t,’mw CONF(l'.’ i

1-17"-§" DIA. X63'-1%2" INS. OA REACTOR VESSEL BTSN N 1
NORTHERN- STATES PQWER COMPANY Cn by s valorial.
GE/APEQ P. 0. 205.55682 -1 - REACTOR e
customer __Goneral, lilocbzle Company MNUmeeR __Cl -1
PRONUCT Hol lLlng Waler Nuclear Reacgor _ leace no. 2 oF I
ASSEMOLY _ Tnat PJ f]tq loate 9-19-66
DESCRIPTION x revision no. 1 (10-18-66)

Lt

b 2.4

2.5

2.8

“two times the

2.3.2 Remove four (&) .505"¢ Tensile specimens. Two (2)
. are to,be removed from the 1/4T location and two
(2) from 1/8 inch below the surface.

Pieces'E-& F shall be set aside for "back-up" purposes
if required. _

The reméining test plate is to be cold formed * with the
ald of a 3000 ton press to cause a permanent strain = 3.9%
%, = 65t

R

Plate thickness (6} inches)
Final Spherical radius (103} inches)

t
R

[I I

The cold forming shall be performed in two steps. The
initial forming operation shall be to a radius approximately

%inal radius, (206 inches). Post heat treat
the st date at 11509F (-500F; +259F), for 1} hours. Final
form the test plate to a 103 inch radius before again post
heat treating at 11500F (-500F; +259F) for 14 hours. (The
amount of strain on the test plate will be approximately
the same amount of strain as the dollar portion of the
bottom head in the Reactor at the Monticello location).
*If bottom head plate is.used, forming radii are to be as
shown. on the contract drawings.

Inspect the plate after final forming and second post heat
treatment to determine (and accurately record) all defects
present in the plate after forming. Duplicate the UT, MT,
and PT requirements of Paragraph 2.1.

Remove Pieces A and B. Plece C is to remain attached for

‘back-up purposes in case heat treatment for development of

Eroperties is required. Final heat treat Piece B only for
7 hours at 11500F (-509F/+259F)., Piece A does not receive
heat treatment specified for Piece B. :

‘Remove 24 full size longitudinal Charpy Vee notch impact

specimens from Piece A (cold formed material before final

- post -heat treatment). Twelve specimens shall be removed

from the 1/4T location and twelve from 1/8 inch below the
surface, ' , . ‘ "

Remove 32 full:suze longitudinal Charpy Vee notch impact

specimens from Piece B (cold formed material after final
post heat treating). Sixteen specimens shall be removed

from the 1/4T location and sixteen from 1/8 inch below the
surface. , —



ANY CONFIDENTIAR

. o | CONTRACT 65624 MONTICELLO, MINN. Cold Forming Effeat
117517 DIFX 6312 INS. OA REAGTOR VESSEL . I
‘ | @x, NORTHLRN SIATES POWER COMPANY on A543 Materinly
‘. GEIAPED P. 0. 205 - 55582 .1 - REACTOR |
. customer _ General Blectric Company ' "mekR"_CFE-1
propuct  Bolling Water Nuclear Reactor PAGE NO. 3 or U
assemeLy Test Plate DATE 9-19-66

rRevision No. 1 (10-18-66)

DESCRIPTION

2.9.1 Remove four (4) .505"@ tensile specimens from
Plece B, Two specimens to be removed from the 1/4T
location and two from 1/8 inch below the surface.,

2,10 All specimen cutting shall be done by machining methods, -
B> Removal shall be made by the same methods, except burning
methods may be used for rough cutting.

2.11 All depth locations aré to be measured from the tensile
- surface, :

3.0 Testing:

q
4

)
3.1 Six impactetransition curves, 2 each from Pieces A,B and D
: representing breaking energy’ (energy absorbed) in ft. 1bs.
S Vs, temperature shall be made. The temperature range of
testing shall establish an upper plateau. Fach plateau shall
‘ be determined by at least one but not more than two points.
The values at 109F and Y40°F for Pieces B and D shall be
developed using six specimens. The remaining specimens in
each group of sixteen or twelve shall be used to develop
the transition regiorn. The lower plateau need not be
developed 1f -t occurs below -80OF, (The two curves developed
from Piece A are for information only). ~

3.2 Tensile strength of the unformed post heat treated material
' "~ shall be determined from Piece D by tests at the 1/4T
location and the 1/8 inch below the surface location. The
effects of cold forming upon the tensile strength shall be
determined by comparing the sets of test results from
Pieces B and I'. (ASTM A533 Grade B, Class I tensile require-
ments shall be met),

3:3 The results for Piece D and Piecé B shall be compared to
determine 1f they meet the requirements of Section IIT of
ABME Code. _ ‘




- i

. 3) No fest specimen shall be 42

- oh un-formeal te

COMPANY CONFIDENTIAL »_
». B
@77 9562 MoNTCeUo, MinN. ® | ‘ o
" 1""DIA. X63'+1%/2"" INS. OA REACTOR VESSER Cold Forming Fffogt
NORTHERN STATES POWER COMPANY on A5313 Mntorinf
GEIAP@D P. 0. 205.55582 -1 « REACTOR ‘ >
customen _Goneral FElectric Company AL Cl'ki-1
prooucy Doilling Water Nuclear Reactor " leaceno. +t of H
assemeLy _Test Plate DATE 9-19-66
DESCRIPTION REVISION NO. .1 (10-18B-44)
[ dy e ]

(qﬁuswcy,f TEMPER Wﬁsrs—\\ Mor TO SchLe

1 @ g I B N q
I [ I ly N ® Ll R N
y! = " i ‘
=B L £ =L
. et 2 Q BRIHIEE S
i | PrRD ¢ IR Y
A R @ [l ¥ @’ N
1) i\ 'k ——l
T D . Q I |
’ ;!i‘.:!f' '-'“.’."“ D {I [ g
;f:,‘;;;;} i b LN ! ™|
L] i @ ! BN e =
r‘ ” | ] ! [ = -
e N prav vew oF ruw,
UN- SIZE FOR TEST BLOCK
. FORIME D :
FORMED PLATE »PLATE | Affer rcmawb_y QI

. . ‘ : #/or formmy was:‘e.
TYPICAL PLATE for TESTING

) Layout shown 15 for 48% 60" best plate. Other ploke Sizes may
be vsedd fo fit avorlable material.

2) Size and Jocarte test blocks to provicle Sufficient material so
that reguired tensile and /bzbac‘i‘ specimens can be cut.

Taken from materval closer Yhar

7" fo cither a formed edge or a guenched ¢ fempercd edze,

4)Orient dest blocks ¢ specimens with respect fo PRD .

8§ Mamrtais /'a/en#/;fy gf fensile surface, both on Jormed

~..-"(‘».~u-oj N .- ' -

) o
[
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PURCHASER

10+ Chicego Bridge & Iron Co.

Mr.G.B.Putman, P. A
P.0O. Box 277

Birminghen, Ala. 35202 N

i

el FRAT T WSS SO e eIy T L

“Revieed Co ’12/20/66 Reviaed Cppy 1/9/67 Revisod CD2-1-67

LUKENS STEQESOMPANY ytiod -
COATES PA DATE: 11/26/ 66 tEN 51!»3
TEST CERTIFICATE CONSIGNEE:
rilt ORDER NO. CISTOMER P.O. Same ’
_ : , ‘ Boyles, Ala,
. 43211-1 5624 MB 112166 EM

SPECIFICATIONS:

A-533-65 Gr.B Class 1 Mod, by C.B.&.I. Spec. xs-l DTD Bm 8/26/66 ¥bx. 80000

Cont.# 9-5624

. BEND TEST 0.K. HomocentTy TesT 0. K
: CHEMICAL ANALYSIS
... __MELT NO. c MN P S Cu St Ni - Mo v T XK K Grm_m_‘
C1946 22 [1.35 |010 | 015 2 0 b7 V.I|P.Stesl 7
- K0998 20 |1:27 (008 | 017 B |28 49 J s AR
— — —— PHYSICAL PROPERTIES
. MELT NO. SLAB | TR L2 TN wra | een MPACTS - DESCRIPTION
g clgas 3NO- X100 im N 2 & V-Notcl:h +1°l'F- : '
; - ~ S . . 1-190 x 86 x 6-1/4" 3
/ - |61k g&8 26 56 { 55 ! 52 oy 9 1/4. }?’
A0908 2 Clery [ T 1300 x 120 x 6-3/4" A
| 626 808 | 27 51137 | s 300 x 120 x 6-3/4" 3
+ w0 Surfacz 'D.V.If?e? 8 @+10°F. Satisfagtory, } { | | =
“lates & tests heated 1650-1700°F., held|l hr| inch min.‘ & ¥.8.Q. to -
500°F., then temIered 1200-1250°7.] held|1 hr] per fach nin_,& $ir Scosea,  Affirmed a”dF E“b scribed bafare ms
- “ ’ this - d B 967
Tests stress relieved ﬁy heaging within a rate of 6k°F. pér hr. to ! % of 1 16hs
1113-1187°p hel? 50 hi furajce cooled within!a raté of 80°F, é =/ : R,
per hr. to 300’1? & at coolyd - : : : Z /Zﬁ"’”""/"w’/"'
111 inspegtion by Chidago Brid . - | Notary Public
pe é ‘Y Taa BT g & Iron|Co | | My Commission €amives Az 1, 152
| : | |
L L

We hereby certify the above figures are correct as contained in the records of the company.

yaw. s
. LJ .
sumvusoa»resnné 'i 'c i ¢ :‘-‘ E VL : e’

B e e e

fiahle
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‘ DATA SHEET NO, 1
Cold Forming Effect on A533 Material
All.data from tension side surface specimens
Impact Test Data
Piece A Piece B Piece D
Cold Formed Cold Formed Before Forming
No stress relief Stress Relieved Stress Relieved
Longitudinal Specimen Longitudinal Specimen Longitudinal Specimen
Spec. No. Test Temp. Energy (Ft-1bs) Energy (Ft-1bs) Energy (Ft-1bs)
1 +70 105 105 117
2 +40 98 104 117
3 +40 100 104 83
4 +40 93 - .68 88
5 +10 70 75 81
‘ 6 +10 68 : 47 70
7 +10 82 82 117
8 =20 44 19 21
9 =50 35 14 16
10 -80 7 10 11
11 +100 ‘ 140 122 129
12 +130 146 138 130
13 +160 - 140 131
14 +190 -—- - 149 126



“Il’ CEMPENY CONFIOENRIRT
A SHEET NO.l (continued)

Yield (psi)

Ultimate (psi)

Tensile Test Results

Piece A Piece B Piece D
Specimen 1 Specimen 2 Specimen 1 Specimen 2 Specimen 1 Specimen 2
62180 65050 63640 63570 66080 66920
85280 85200 85860 85930 87940 87970

Drop Weight Test Results

(Test data incomplete on surface samples)

Piece D

Test Temp. Result

+10 Break
+20 Break
+30 No break
+30 No break
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DATA SHEET NO. 2 COMpaN

Y CONFIDEN T8y
Cold Forming Effect on A533 Material

Data from specimens at %T location (See Figure 2)

Impact Test Data

Piece A Piece B Piece D
Cold Formed Cold Formed Before Forming
No stress relief Stress relieved Stress Relieved
Longitudinal Specimen Longitudinal Specimen Longitudinal Specimen
Spec. No. Test Temp. Energy (Ft-1lbs) Energy (Ft-1bs) Energy (Ft-lbs)
1 +70 104 92 91
2 +40 88 77 47
3 +40 81 94 49
4 +40 102 61 56
5 +10 73 50 26
6 +10 57 30 25
‘ 7 +10 63 55 28
8 =20 69 18 14
9 =50 26 6 5
10 ~80 10 2 6
11 +100 126 100 98
12 +130 144 134 115
13 +160 - 132 134
14 +190 -——— 144 137



&\ SHEET NO. 2 (continued)

COMPANY CONFIDENTIAU

Tensile Test Results

Piece A Piece B Piece D
Specimen 1 Specimen 2 Specimen 1 Specimen 2 Specimen 1 Specimen 2
Yield (psi) 56390 57110 62810 62400 65160 65250
Ultimate (psi) 81700 81980 86180 86190 87220 87000
Drop Weight Test Results
Piece A Piece B Piece D.
Temp. Test 1 Temp. Test 2 Temp. Test 1 Temp. Test 2 Temp. Test 1
+10 No break +10 Break +10 Break +10 Break +10 Break
+10 Break +20 No break +10 No break +20 No break +10 Break
Break +20 Break +10 Break +50 No break +10 No break
. +30 No break +50 No break +20 Break
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CoOMPANY CONFI"[AU

CHICAGO BRIDGE & IRON COMPANY

WELDING PROCEDURE QUALIFICATION TESTS

ADDENDUM 111 '

Specification No,_$383 -P2-¢c-M Date J,o/é’/ééo
Welding Process AN VA Manual (3 Machine (J

Material Specifidation for 533 - Cr /3 in Group P No._ -3
Thickness Flux Trade Name or Composition
'rhickness %méitiedm Inert Gas Composition —
Filler Met Trade Name Flow Rate __—
Weld Metal Analysis_.ie.g. P%J— . Backing Strip YES

Type of QGroove

= Iaebbwi

Single TJ Multiple X Pass Preheat__3090°
Single (O Multiple [J Head Postheat OF for S0 _hr/ssmm
Position 2 - X-ray - @K LLTEAIONIC - (30c°E) = O
. A - ' %
>< T ”" BEV.‘EL
W.ELDIAIG .ngue:MC’G 3/R '
.S‘OS"@ reirign Tensile 'I‘est 7TRIN/S VERSE
Specmen| Dimensions d 75fa/ Load , Lbs. |Uhit Stress, Lhs spin.| £/longation ﬁ’%im
Ve Width | Thickness ’7:. Weld Rint |Ulmate | Yield Rwtl Ulmat Yn o m |RBrCodt| Rp Con Fracture :
r-RoemTernp Pl .. 25023 10879 13200 174,100 lee, 200 | 400 ] ,4¢ | 23 7L
2-RumTenp | — |.502 [,1999 12200 1/6,760 |L1, 7200 |B4000 | 52| 2¢ | 70./
3-575%F,  Br— 1410 _lasgliuzse 1/Seeo [sheoe |7¢)700 | 43 |ans | CZ7
§of . 500 9962 (1450 115350 |eg, 400 75,200 [ .38 |17 )
Q .505 23 4R Tensile Test SPLRATE
Yecimen | p, CEM| 110/ load , Lbs. |Unit Stress Lhssp in| Lrongation W _
wve | ‘ameler .'s;‘: Yook' Bt | U thimar |Yeid Pt | Uitmare 15 3 i R Corf | Rr Cent Frachure
/= ffoomTemplZr 50! 77} 113,050 1/7, 850 167 200 | 90,500 |45 122.8] ¢3,/
2= RopmTewf 499 2355 |)12,300 17,000 163,900] 97,0001, 47 235 | ¢o,!
ds S5 F 53 d922.UNH 3580 1(5,650 147 220 |2%,800 |, 4] 20,5 | s%.%®
2- §25°F %7, 3%, 11923 149 560 175,700 |63, 400 ﬂlfqno 4l 1205 60,5
Guic(ed Bend Test '
Pecimen | Te of Bend Feso s Peimer | Tie of Bud | Reshs
A 2,F Impact Test-\/~vore A&, %
#eamcn Drmen sions 7e Dimren Sions E"A l 5‘454(
TR po  [wrotn [rhvcknese | oo :?6 Wi Jowcknaa] L | of | 7 s
S wELD [,29 |35 | 7Y | #re 39 Lus lex | Ho | 76 985
‘5 WELY |3 136 | 79 [0 332 | s | 57/ | o) 50 8
75 wED 13723 lije | 2R [#/0 3981, 317 1 76 | 4O L8 g0

Operator's Name

@...

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

In Charge Of Testing: (. &7 Puql.

Bormin Dnam Woldvng

| oF 2.

"y

7

-



EL4

¢
o

COMPANY CO’\.‘NT!A U

CHICAGO BRIDGE & IRON COMPANY

WELDING PROCEDURE QUALIFICATION TESTS

Specification No, ~> 33 -P3-G-M

Manual

Welding Process /daxsval

Date.___/sz&(o
@ Machine []

in Group P No.

Material Specifidation for ~4-533 Gr &

4

Thickness

Flux Trade Name or Composition

Thickness Range Qualified

N%

Inert Gas Composition

Filler Metal _E - 80/8 Trade Name Flow Rate
Weld Metal Analysis - Backing Strip __<4es
Type of Groove
Single O Multiple Pass Preheat.
Single 0 Multiple (J Head Postheat OF for hr/inch
Position__Vertical X-ray
Atroy RODS HL.HF ¥SB3AL - ,.015 WELDING CGONB ITIONVY e
LoT MO, 1GATAZTA M~ a.o‘; S/zmE - q//g"@ 5722 @ B f
‘ Py D Al AmP3S  — Go-/35"  110-460 /§0-210
WELD METAL ANALY 51S = 4T - 4 ,”-;.,} PocARITY - De ReversE - -
Reduced Section Tensile Test _
Speciment Dimensions /| Tota/ Load , Lbs. |Uhit Stress, Lébs spin.| £Elongation f%im

Add Width | Thickness ?f: Weld Rint \Ulhmate | Yield Rt | Ulmak Un 2 in |Br Covtl Ry Con Fracture

/ 530 12:353 11,511 1703200 (22,700 &%, 300| 34400 | £f |33 - WwWELD

2 534 |2, 545 1)620/03,500]/)0,000| 6F; 100 | R4 500 60 30 | — WELD
. 3. L.swo (2,527 1,656 1/09,2001/37, 700] ¢6y000 8¢, 4D | 75 |25 1 — WEL
' 4 | srel2eg4¥]re#)(1)ljooolrIx,200]62,600]Bp200] (G¢] 32 — WECDH

Q .505 All Weld Tensile Test
Shecimen . O@r/\ 710/ load , Lbs. |Unit Stress LLs35p in. f/m;c"ioﬂ 7‘3&":’

N Diameter é&.‘ Voo Bt | U ira | Yeoid Tt | Uttmate 1 2w TG | Ao cond Fractre
wooemleme Lo S2L B 00 V%00 | 15,000 185000 |46 (A8 | 237 | o
2-RoomTamp 49 922 112,950 |)5C50 e, Spo|Flona |45 22,8 722.¢ -
1= ET50F 29| 1955]. % 550 15750, 148,200 | 76,500 |57 [22.5 1 61,2 -

2- 575°F | 500 3]0 450 1155450 20 0o | 41 {205 | 36 | -
Guided Bend Test
‘56;"/.:’”0' 7;/A¢ a/ &/pd RC.SU#J ; N.IMII 7;" ¢ Bornd M/b
I, 23 I10E ok 7% 9 SIPE Ok
5, ¢ SIDE oK 1o, 14, 1 SIDE oK
7o LEs Impact Test -v w~aTCH
Specimen | Dmensions 7 Soeomen Dvm en Sions Zrn W
A o Tt M8 | W |7 | TN Vs [etnaa| | |7
' PuaTE 1,392 2L | 37 [ 4/0 | 4 |
g pPateE |39y |2l et [4/0 | 4o
&~ PLATE |,293 [.31% | 40 [ 410 | 47
Operator' s Name K. L, Jounsonl  No, _ GSE

ted By: (2. T T

8
Q certify that the statements in this record are correct and that the test
welds were prepared, welded and tested in accordance with the requirements

of Section IX of the ASME Code

A2 jé’
: /} %«;@f&b A }f;&ﬁ/ﬂj

In Charge Of Testing:

R



Surface
Specimens
(Tension Side)

¥ T

Specimens

T

1‘IIfCimens

3/4 T
Specimens

Surface
Specimens
(Compression
side)

®

CHARPY IMPACT TEST RESULTS

Welding Procedure Qualification

Plate

Temp (°F) Ft-1lbs
-100

- 50 66
+ 10 85
+ 50

+100

-100

- 50

+ 10 43
+ 50

+100

-100 3
- 50 6
+ 10 22
+ 50 42
+100 79
-100 12
- 50 18
+ 10 37
+ 50 54
+100 97
-100 32
- 50 68
+ 10 91
+ 50 86
+100 93

100

17
71
90
95
109

20
68
89
108
121

29
69
100
114

131

‘MN 4 CONFHHWM

Heat Affected Zone

Ft-1bs

13
22
49
123
132

30
85
89
95
108

25

62

35



. IMPACT TEST DATA

Welding Procedure Qualification Tests

COMPANY CONPIDENTIA

190 1 — .
! HAZ (ﬁnJ/a,q 6%"'100.4LQ_)
130 | —V\/elol (&W\f}y\e.SS/ﬂn Surface)
, Weld 4(34 T)
120 2
- | Weld (/ﬂ)
Ko HAZ-( %)
oer Plate (27T)

P‘cd'& (COYY\).Dr‘eSS/oy\ Sur-f«ce,>

|
D
3 90
Q 8o Plate (4T)

’5 70
d ]
£ |

|

c r50 + 100 + |3’@ o

Tem pevatuve (°F)



140

130

120

O

F +- “’J?o

[o]o;

3

~4
N

Impact é‘x‘? y —
g

A
o

30
20

/0

IARPY V-NOTCH TRANSITION CURVE‘
(A533 Material)

Effects of Cold Forming
(1/L T Specimens) i

! P(lace; A /@ Fece B
' Lo
/// —X Pna'zé.. O

NN
N
AN
=X N O
xt

T R i

+r&5e +/00 +15¢
Tem pevatwre (°F)

INQH



Pc.
Mark

1-28
1-27
1-26
1-18

®

1-22

25
1-17
1-16

1-15

1-1h

Heat
No.

40998

2193

c19kLé

c1L85

A1000

€2193

A09L6

€2220

€2220

Slab
No,

2

PHYSICAL TEST RESULTS

‘iFENDUM v

Monticello PresSure Vessel Platés

Yield
Psi x 10

CTR/As Fab.

62,6/62.1

67.8/62.7

61,1/67.0

72.6/67.5

65.2/62,0

66.0/63.5

730h/66'2

6li.8/

65.2/

Tensile
Poi x 102

CTR/As Fab.

87.3/86.4
86.2/86.2

90.8/89.9
85.2/85.1

91.L/81.8
90.6/90.6

9h.9/95.5
92.5/92.5

87.1/86.9
85.8/85.5

89,5/87.5
87.1/87.3

91.5/91.5
90.5/90,5

90.0/883l

91.4/90.L

V-Notch Results

°F

CTR/As Fab.

+ 10°
+ koo

10°
L0°

10°
1,0°

10°
Lo°

10°
- Lo°

10°
10°

10°
1,0°

10°

10°

Ft . "LbS¢
CTR/As Fab,

51
17

50
86

56
L2

65
17

67
123

37
81

53
67

60

81

37
20

26
12l

55
70

32
oL

71
105

53
88

L2
6L

93

33

55
61

35
113

52
Ly

L7
68

38
118

37
87

L7
63

81

61

Drop weight test results - no breaks in any sample from above plates at
+ 10°F or LOOF,

. CTR - Certified Test Report (From Lukens Steel Co.)



Pc.
Mark

1-28
1-27
1-26
1-18

21

1-22

25
1-17
1-16

1-15

1-14

Heat
No.

A0998

C2193

Cc194L46

C1485

A1000

2193

A09L6

2220

C2220

Slab
No.

CHEMICAL TEST RESULTS

Monticello Pressure Vessel Plates

.20

.21

.22

.22

.21

.21

.21

.20

.20

1.27

1.15

1.35

1.37

1.36

1.15

1Ly

1.31

1.31

.008

.010

.010

.010

.013

.010

. Olo

.010

.010

017

.010

.015

.022

.017

.010

. 016

.01hL

.01l

Si

.18

2L

.23

.22

.18

.2l

.15

.22

.22

Ni

Mo

.18

L7

15

L5



