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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. (MONTICELLO) 
LICENSE NO. Pending 
Date of sit: 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 no 
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: 

A. G. Smith, Vice President, Southeast Operations 
A. J. Larson, Birmingham Plant Manager 
E. E. Varnum, Manager, Quality Control (Monticello job) 
Q. W. Kneen, Quality Control Coordinator (Monticello job) 
R. E. Clotfelter, Regional Welding Engineer 
E. Ripley, Production Control Engineer (Monticello job) 
H. Stiles, Test Engineer 
C. D. Pugh, Test Engineer 
A. Parker, Nondestructive Testing Supervisor

(continued)
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II. Results of Visit 

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 date.  

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. Observations of Work in Progress 

1. Welding 

Observation of the welding process employed on the two Z 
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 3-4000F 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. Fit-up 

Fit-up of the bottom knuckle section was being per
formed through use of a circular forming and support
ing jig. At the 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 k" 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 the template and the 
work are greater than k" on a six-foot chord; 
however, 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 Testing 

A demonstration of the normal UT techniques used by i/ 
CB&I was performed on one of the bottom knuckle sec
tions. The procedure employs manual manipulation of 
the detector transducer 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 couplaht 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 standard. 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 

Since cold forming of the plate after quench and temper is one 
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.toreceipt.of the production material. Similar tests were also 
conducted on a portion of the A533 Gr. B. production material, during the 
welding procedure qualification tests as required.by code and G-E. All 
information provided in Addendums I, II and III should be treated as 
proprietary.  

The principal results demonstrated by these tests are: 

1. Significant variation in both tensile and impact 
properties occurs across the thickness of a plate.  
Plate surfaces show better properties than the 
center.  

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. Longitudinal test specimens (parallel to direction 
of plate rolling) show significantly better impact 
properties than transverse test specimens (900 
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 tests 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 0F is also employed. No diffi
culty has been experienced to date in cold forming the thicknesses used 
in the Monticello vessel (6k" on bottom dollar plate and 5k" on shell 
plates).  

E. Welder Qualifications 

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)
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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 A533. 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. 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 diligent 
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-IV

4



4VDENDUM 
1 

COMPANY CONFIDENTIAL~ 

CHICAGO BRIDGE & IRON COMPANY 
BIEMINGHAM WIELDING 

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 54-" thick A533 
Grade B. This material has been ordered Q & T at the mill and will 
be cold formed at the Birmingham plant. The shell material will be 

deformed approximately 21%.  

Since impact properties are critical 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 21%, but it was decided to use 4% 
deformation in this test.  

Since A5_33 Grade B was not 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.  

Material: 

A plate 16" x 51-" x 45" of A302-B was used in this investi
gation. This plate had been quenched from 1625-16750 P and tempered 
at 1200-1250 0 F for 5- hours by the mill. Mill test report showed 
the following: 

Heat # C Mn P S Si Mo 

A8049 .19 1.25 .011 .017 .22 .'4b 

Heat # Yield Texnsile Elong .2 nctch +10 0 F 

A8049 64.0 81.7 
88.2 29 86-68-78 

64.3 86.7 
86.7 34 G6-66-84
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Equipment: COMPANYCONFIDENTIA' 

The test plate was formed on the 3,000 ton press. Heat 
treattihg was done in the Lindberg electric furnace. Machining 
and testing was done with equipment in the Birmingham laboratory.  

Procedure: 

After removing one test sample 7" x 51" x 16", (125A) the 
remainder of the P thick test plate (125B) was cold formed in one 
direction to a 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 11500F ± 250F for 20 hours.  

Tensile and impact specimens from these samples were taken 
at the top, 1/4T, 1/2T, 3/4T and bottom as shown in Fig. 1.  

Results: 

All results are given in Tables I and II.  

Discussion: 

A. Tensile Strength - From the data given in Table I it may be 
noted that tensile properties are not detrimentally affected 
by cold forming to 4% stretch. The only real change was an 
increase in strength in the center of tne 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 a major effect on impact properties as may be 
noted in FigureTE6, 7, 8 and 9. This is probably the reason 
for the nickel addition in A533 Gr. B.  

Conclusions: 

1) Cold deformation of 4 stretch in 52" thick A302-B does not 
adversely affect tensile properties.  

2) acld defcrmation of 4% stretch in 5-2 thick A302-B does not
adversely affect impact properties.  

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

C. D. P gh 
Birmingham Welding 

mij



-- ---

-I --I ~ 

A l I 

I 1 

I I 

II 

I I 

I I

174I 

A. I

L I 
1 _ I

ToP

I.

aT 4T

/%~4F~:4~- I. A. T97o < /A--c /2 s-7--

Tr ~ V~r -e 7 9 7 "r 
7:--v.Ss o4 7 9'77 

7-AJ5Id-, I9

7k-A/ S / 4 .

OOPAY COFo

'I'

,SoTTOM

/p#tc>e er

1

119z- 5.pt-7 oo /3 I



Table I - Tensile Data of Samples 125A & 125BO0AAy b

Temp.
Tensile 
X1000 psi

Q & T & S.R.- Flat Plate 
-Top ROT.  

- 3/4T 
- Bottom

Sample 

125A 
A-3 
A-3 
A-3 
A-3 
A-3 

A-4 
A-4 
A-4 
A-4 
A-4 

A-8 
A-8 
A-8 
A-8 
A-8 

A-l 
A-i 
A-1 
A-1 
A-1 

A-2 
A-2 
A-2 
A-2 
A-2 

A-7 
A-7 
A-7 
A-7 
A-7

125B- Q & T - C 
B-3 - Top 
B-3 - -W 
B-3 - T 
B-3 - 3/hT 
B-3 - Bottom 

B-4 - Top 
B-4 
B-4 
B-4 - 3/4T 
B-4 - Bottom

R,1T.  

It 

R,1T.  

I' 

It 
' 

57poPF 
" 

I' 

572 0F 
"I 

'I 

It 

57povF 
"

86.8 
84.1 
80.5 
84.0 
84.5 

86.0 
84.1 
80.7 
83.7 
84.8 

87.5 
84.4 
81.1 
83.5 
83.4

82.1 
78.7 
77.5 
(8.6 
79.0

Top 

24T 

3/4T 
Bottom 

Top 

Tp 
3/4T 
Bottom 

Top 

3/4T4 
Bottom 

Top 

3 ./4T 
Bottom 

Top 

3/4T 
Bottom

old Formed & S.R.  
R T. 88.2 

84.0 
85.8 
84.0 
84.1

RAT.  

"

87.5 
84.0 
85.8 
84.2 
84.6.

Yield 
X1000 psi

82.4 
79.0 
78.4 
78.2 
79.1 

80.5 
78.7 
77.5 
78.7 
78.6

R/A %

65.5 
62.2 
58.6 
62.2 
63.2 

65.0 
62.2 
59.4 
62.2 
63.2 

65.8 
62.4 
59.3 
61.6 
62.6.  

57.2 
57.9 
57.4 
56.0 
56.3 

56.8 
57.6 
58.5 
53.8 
55.5 

55.5 
54.9 
56.8 
55.6 
53.7 

67.5 
61.5 
61.9 
62.9 
63.7 

66.5 
62.7 
63.0 
63.2 
64.0

E (2")

73.3 
69.8 
67.8 
69.8 
71.1 

72.4 
69 
65.6 
70.4 
72 

62.4 
59 
61.1 
59 
61.6 

67.9 
44.4 
57.1 
64.9 
68 

69.5 
64.8 
56.5 
64.1 
68.0 

58.5 
49.7 
45.5 
51.2 
36.5 

73.8 
69.8 
67 
69.5 
71.6 

74.4 
71 
68.2 
70.3 
71.9

27.0 
27.5 
26.5 
26.5 
28.0 

27.0 
28.0 
27.0 
27.0 
27.0

27.0 
28.0 
27.5 
27.5 
27.5 

26.5 
27.0 
26.5 
28.9 
28.0 

25.0 
25.0 
24.5 
25.5 
25.0 

25.0 

20.5 
23.5 
23.5 

24.0 
24.0 
20.0 
22.5 
24.5 

21.0 
20.5 
18.5 
20.0



Table I (Cont'd 9

Temp.  

Q & T - Cold Formed & 
-Top R,1T.  

- 3/4T " 
- Bottom

Sample 

125B 
B-8 
B-8 
B-8 
B-8 
B-8 

B-1 
B-1 
B-1 
B-1 
B-1 

B-2 
B-2 
B-2 
B-2 
B-2 

B-7 
B-7 
B-7 
B-7 
B-7

575 0 F 

" 

" 

" 57'5OF 
515O

Tensile 
X1000 psi 

S.R.  
85.5 
83.2 
85.5 
84.1 
84.4 

81.8 
78.3 
79.7 
78.2 
78.9 

78.1 
82.1 
78.6 
80.4 
78.8 

82.0 
78.4 
80.5 
78.6 
78.4

Yield 
X1000 p 

64.5 
61.1 
61.6 
62.4 
62.7 

57.8 
54.2 
58.4 
58.0 
59.4 

58.5 

54.5 
56.5 
59.4 

60.6 
57.0 
59.6 
54.5 
54.5

COMPANY 

si, ALj 

64 
58.7 
57.1 
54.8 
62.4 

69.5 
65.1 
59.9 
65.6 
67.4 

68 
65.8 
60.5 
61 
68.3 

58.8 
39.3 
50.7 
51.7 
58.4

Top 

3/4T 
Bottom 

Top 

3/4T 
Bottom 

Top 

3/4T 
Bottom

E(2" 

26.5 
25.5 
26.0 
24.5 
26.5 

23.0 
23.0 
21.0 
22.5 
23.0 

25.0 
23.0 
21.5 
22.0 
23.0 

24.0 

21.0 
20.0 
20.5



COPANY CoNIDETable II - Impact Data of Samples 125A & 125B

Sample Temp.

125A - Flat Plate 
5-1 - Top +50 

" +50 
"I +10 
"I +10 

"I -50 

-50 
-100 
-100 

5-2 -+50 
+50 

"t +10 

"I +10 

-50 
"I -50 

-100 
"I -100 

5-3 -+50 
+50 
+10 
+10 

-50 

-50 
-100 

-100 

5-4 - 3/4T +50 
of +50 

I" +10 
"I +10 

-50 
"I -50 

-100 

-100 

5-5 - Bottom +50 
+50 
+10 
+10 

II 5 
-50 

"I -50 
-100 

-100 

125A - 6-1w Top +50 
+50 
+10 

"I +10 

"t +10 

0 
"I 0 

"I -50 

-50 
-100 
-100

Ft.Lbs.  

158 
138 
122 
118 
114 
92 
60 
15 

94 
130 
78 
64 
20 
47 
8 
6 

48 
39 
19 
20 
7 
6 
3 
3 

106 
112 
120 

88 
40 
52 
10 
11 

128 
142 
106 
104 
72 
60 
24 
16

64 
68 
60 
46 
57 
48 
54 
34 
38 
28 
28

L.E. mils.  

97 
90 
79' 
82 
79 
65 
45 
14 

70 
85 
62 
52 
18 
37 
5 
5 
44 
37 
20 
23 
9 
5 
1 
3 

77 
83 
84 
70 
44 
33 
12 
8 

88 
91 
76 
76 
52 
47 
20 

8

58 
62 
49 
43 
50 
46 
47.  
30 
34 
22 
23

%Shear 

100 
100 
80 
75
65 
50 
20 
2 

50 
75 
40 
40 
0 
10 
0 
0 
30 
30 
5 
5 
2 
2 
0 
0 

70 
75 
90 
40 

5 
8 
0 
0 

80 
100 

70 
70 
20 
10 
0 
0

80 
75 
55 
50 
60 
50 
60 
15 
20 
5 
5



COMPANY CONFIDENTIAL 

Table II (Cont d 

Sample Temp. Ft.Lbs. L.E. mils LSh 

125A -6-2 -h1T +50 52 48 50 
+50 48 48 50 
+10 37. 37 30.  

" +10 33 34 30 

+10 38 40 35 
0 32 32 30 
0 33 32 30 

" -50 18 26 2 

" -50 24 20 

-100 8 5 0 
-100 6 3 0 

6-3 -41T +50 33 33 30 
+50 28 30 30 

" +10 20 30 20 

+10 8 9 10 
+10 22 14 25 

0 10 12 10 
0 17 18 15 

-50 6 7 2 
-50 4 3 0 
-100 2 2 0 

-100 3 2 0 

6-4 - 3/4T +50 56 53 50 
+50 54 51 50 
+10 RQ 39 40 
+10 36 36 35 
+10 38 39 40 

0 33 34 35 
" 0 33 36 35 

-50 28 24 5 
-50 22 18 5 
-100 12 21 10 
-100 8 5 0 

6-5 - Bottom+50 70 59 75 
+50 70 58 75 
+10 54 46 45 

" +10 52 47 45 
+10 56 49 50 

" 0 50 44 50 
0 53 46 50 

-50 37 33 30 

-50 38 34 30 
-100 26 23 5 
-100 28 15 5 

125B (Cold Formed) 
5-1 - Top +50 157 93 100 

+50 150 94 100 
" 10+100 

+10 15 i 95 100



Table II .(Cont'* 

Sample 

125B (Cold Formed) 
5-1 - Top

125B 
5-2 -kT 

" 

" 

" 

" 

5-3 -T 

ST " 
" 

5-4 - 4/4T 

" 

. " 

"t 

" 

"

5-5 - Bottom 

it 

it 
" 

"t 

125B (Cold Formed) 
6 op 
11 

it 

it 

it 

it 

11 " "t 
"

Temp.  

-50 
-50 
-100 

+50 
+50 
+10 
+10 
-50 
-50 
-100 
-100 

+50 
+50 
+10 
+10 
-50 
-50 
-100 
-100 

+50 
+50 
+10 
+10 
-50 
-50 
-100 
-100 

+50 
+50 
+10 
+10 
-50 
-50 
-100 
-100 

+50 
+50 
+10 
+10 
+10 
+10 

0 
-50 

-50 
-500 
-100 
-loo0

Ft. Lbs.  

116 
129 
120

106 
80 
97 
94 
84 
76 

8 
10 

60 
68 
50 
64 
44 
46 
13 
8 

82 
116 

96 
85 
60 
50 
14 
9 

120 
130 
118 

98 
62 
90 
52 
33 

78 
82 
65 
66 
56 
62 
59 
56 
31 
41 
28 
33

W AcoPANY COINfDEgrer
L.E. Mils % Shear

79 
86 
22 

80' 
66 
70 
67 
57 
62 
5 
6 

53 
57 
42 

38 
8 
7 

68 
84 
70 
79 
48 
40 
11 
6 

84 
89 
84 
73 
48 
69 
39 
24 

64 
67 
58 
56 
51 
57 
54 
47 
41 
38 
22 
26

75 
80 
35 

75 
70 
50 
55 
20 
20 
0 
2 

50 
50 
15 
20 
10 
10 
0 
0

55 
75 
55 
55 
20 
10 
0 
0 

85 
100 
80 
70 
20 
40 
10 

5 

100 
100 
7o 
70 
50 
65 
55 
55 
30 
30 
2 
5



w CiMPANY tONpADENTflIt 
Table II (Cont'd.) 

Sample Temp. Ft.Lbs. L.E. mile % Shear 
125B (Cold Formed) 

6-2 - .+50 49 48 55 
,, +50 52 51 60 
, +10 32 39 35 .1 -O 34 36 35 

+10 32 33 35 
+10 31 34 30 
0 34 32 35 
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 
,- +50 48 48 45 
, +10 32 30 35 
I +10 26 26 30 

+10 36 38 30 
+10 30 32 30 

0 32 20 25 
0 32 30 20 

-50 29 23 2 
-50 20 17 0 
-100 7 L 

-100 7 4 0 

6-4 -/4T +50 50 51 50 
ft +50 43 45 50 

+10 43 39 45 
+10 46 42 45 
+10 43 41 35 
+10 36 39 35 
0 41 40 35 
0 30 31 30 

-50 26 24 2 
-50 27 22 2 
-100 8 9 0 
-100 8 8 0 

6-5 - pottom +50 73 69 98 
+50 72 67 95 
+10 55 50 60 
+10 62 53 60 
+10 57 50 60 
+10 64 56 55 0 49 44 50 0 50 48 50 
-50 44 38 35 
-50 38 31 
-100 30 26 10 
-100 22 8 8
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ADDENDUM II ,

CHICAGO BRIDGE & IRON COMPANY 
1500 N. 50TH ST P.0- b30X 277, BIRMINGHAM, ALABAMA 35202 

Experiment PT 64 COMPANY CONRoNTIAt 
Reported Feb. 6, 1967CMNCFNT 

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 tensile and impact properties are not adversely 
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 is encluded in this report as Figure 1. Test coupons 
were taken from the top of the plate. Location of Sample D is shown in C.B.& I. Drawing T3, Rev. 7 of this contract.  
Equipment & Prou,.ure: 

A copy of CFE-1, 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 weight tests for comparison.  
Since there was not enough material for IT samples they were taken 
adjacent to the center line as shown in 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 
Dl, Al and Bl.  

Discussion: 

A. Tensile Strength - Normally tensile and yield 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 tT location after cold forming and stress relieving. Results 
given in Enclosure toshow that strength levels decreased approximately

Area Code: 205 595-1191 TWX 205 * 328-.3851Western Union - WUX



COMPANY CONF!OENTIAL 
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. Impact Properties - Data shown in Enclosures II and III show 
that impact propertiCs are not adversely-affected by cold 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, and the plate was qualified for use in this vessel after 
forming.  

Conclusions: 

1. Cold deformation of 4% stretch and stress relief of 6-1" 
thick A533 Gr. B does not adversely affect the tensile 
and yield strengths at the surface and 1T 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 relief in 6-41% 
thick A533 Gr. B improves the impact-properties at the 
surface and 4T levels.  

C. D. Pugh 
Birmingham Welding 

mj

-v -



9OMPANY CONFtDENTIA1U 

Figure 1 - CTR of Heat A0998.  

N(7TE: Corrected mill CTR will show second temper @ 10000 F + 20 0 F 
for 4 hours and air cool. Performed after burning plate to 
size.
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Enclosure #1 - Procedure CFE-1



9-5624 MONTICELLO, MINN. O"At Y CON 
* '-1" IA.X63'-l2" INS. OA REACTOR VES 

NORTHERN STATES POWER COMPANY 
GEIAPED P. 0. 205 - 55582- 1 - REACTOR

GeneaL..ifl~riC ompay 'I

Boiling Watpr Nuclear Reactor

0.1 Scope: 

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

0.2 Specificat.i.an and Code Reference: 

ASTM E23 (Type A longitudinal), ASTM A370 and Pai 
Section III, ASME Code, Nuclear Vessels, Class A 
Cold Forming Procedure CFP-1, Ultrasonic Examina 
UTP-1, Magnetic Particle Examination Procedure .M 
Penetrant Procedure PTP-1.  

1.0 Apparatus:

1.1 
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

ii

;2.0 Procedure:

2.1 

2.2 

S2.3.

90F I F'ormin g EU f 
on A533 Material 

PROCEDURE 
NUMBER CFFa.-1 

PAGE NO. OF4 

DATE 9-19-66 
RE4 SIOh Q.

ATOMIC I'OYLR EQUIPMENT DEPT, 
SAN JOSE, CALIfORNIA 

tion upffROVED 

to thM )BELOW 

y De con
[bqttwe d. Revise and resubm 

No lurlher action required. Proceed 
1w labrealon.  

O As nolh't Hovie, procwed with tab 
?: It inal ce1lilied 

ag I a5, 111s.  
Vessels.  
;f64 *Pits aura.  

.1 jbi d 
TP t tients. Prneed with 

labricalion and submit Iaml ceil.  
tihe jiasparency and pluts.

AY7db ;~L iz ~ //1

Approval is an regCard to) Venieal desai'n 
and contrilling dannicans. This does 
not constitute acceptan(ce of any de
signs, materials or equipment which 
will not fullill the fun.iounal or per 
lairmance reqIlrneins established by 
he purchwvie f'ontrac.

Inspect -lio plate prior to forming in order to determine 
(and accurately record) all defects present in the plate 
as received from the mill. Perform 100% volumetric UT 
examination (Procedure UTP-1), 100% Magnetic particle 
examination of all surfaces (Procedure MTP-1), and 100% 
liquid penetr nt examination on all surfaces (Procedure 
PTP-1). Desig ate plate surface to be brought into tension.  

Pieces D, E, & F shall be removed prior to the forming 
operation using burning methods for rough cutting.  

Piece D shall be post heat treated for 50 hours at 1150OF 
(-50OF/+25oF).

2.3.1 Remo, 
MONTICE. O-NSP impac 

____ ____ ____ __-.treal 

ENERAL ELECTRIC CO. the 
Rw APED - SAN JOGr e 

VPFe a1 #92 
CUSTOMER APPROVAL 

IEP

ve 32 full size longitudinal Charpy Vee notch 
ct specimens from Piece D ifter post heat 
ting. Sixteen specimens shall be removed from 
/4T location and sixteen from 1/8 inch below 

surface.

REVIEVIALS 
F.E M_ T.PZ..  
WAD AGS 
PCA WHS

.A.TT. PREPA~to OGS l-,-f 

CSS CHECKED. *EEILM,.1-965.  

_______________

CUSTOMER 

PRODUCT

P

ASSEMeLY Test Plate 
DESCRIPTION

RIL A&%'6A1CLg61nj%



CON rT 9.5624 MONTICELLO, MINN.  
1-17--t" DIA.X63'.1V2" INS. OA REACTOR VESSEL 
NORT I4RN STATES POWER COMPANY 
GEIAPE P. 0. 205 - 55682 -1 - REACTOR
-~ I _________ ± 69#~P.I IJUR~-

VI IS TOMLR (,I I rI1 L. -'J ee L ,i -1c QCjj-I,ri y 
r14O1IUcT Ho I.ing Wator Nucicar Reacgor 
ASSEMOLY Tntf P1n f. n
DESCRIPTION

'ANY OFWk 

r j I

NUMsan C""E-1 
PAGE NO. 2 OF_ __ 

DATE 9-19-66 
REVISION NO. 1 (10-18-66)

'I

'2.3.2 Remove four (4) .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.

2.5 The remaining test plate is to be cold formed * with the 
aid of a 3000 ton press to cause a permanent strain = 3.9% 

t = Plate thickness (6j inches) 
R = Final Spherical radius (103 inches) 

The cold forming shall be performed in two steps. The 
initial forming operation shall be to a radius approximately 
two times the final radius (206 inches). Post heat treat 
the t3st pab at 11500 F (-500F; +250 F), for l- hours. Final 
form the test plate to a 103 inch radius before again post 
heat treating at 1150OF (-50oF; +250F) for l1 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.

2.6 

ti2.7

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. Piece C is to remain attached for back-up purposes in case heat treatment for development of 
roperties is required. Final heat treat Piece B only for 7 hours at 11500F (-500F/+250 F). Piece A does not receive 

heat treatment specified for Piece B.

2.8 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 fullisuze longitudinal Charpy Vee notch impact 
specimens from Piece B ?cold formed material after final 
post heat treating). Sixteen specimens shall be removed 
from the 1AT location and sixteen from 1/8 inch below the surface.

2.9

, 2.4 1

1 0



ANY CONMDI 
CONTRACT 9-5624 MONTICELLO. MINN.  
1 17f l" D .X63'. 12" INS. OA REACTOR VESSEL 
NORTHERNSIATES POWER COMPANY on A 3 Mabortl 
GElAP D P. 0. 2j - 55582 -1 - REACTOR 

CUSTOMER General ectric COpyc
PRODUCT Boiling ter Nuclear Beac tor PAGE NO. 3 __ 
ASSEMBLY Test Plat6 DATE 9-19-66 
DESCRIPTION 

REVISKON NO. 1 (10-18-66) 

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

2.10 Al-l specimen cutting shall be done by machining methods.  Removal shall be made by the same methods, except burning methods may be used for rough cutting.  

2.11 All depth locations are to be measured from the tensile surface.  

3.0 Testing: 

3.1 Six impact-transition curves, 2 each from Pieces A,B and D representing breaking energy (energy absorbed) in ft. lbs.  vs. temperatu'e shall be made. The temperature range of testing shall establish an upper plateau. Each plateau shall be determined by at least one but not more than two points.  j The values at 100 F and 400 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 transitio7 region. The lower plateau need not be developed if -.t occurs below -800F. (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 coid forming upon the tensile strength shall be determined by comparing the sets of test results from Pieces B and P. (ASTM A533 Grade B, Class I tensile requirements shall be met).  

3*3 The results for Piece D and Piece B shall be compared to determine if they meet the requirements of Section III of ASME Code,.



# TRACT 9-5624 MONTICELLO, MINN.  
1Wit1"DIA.X63'*1'/a" INS. OA REACTOR VESSEL 

NOR1tIERN STATES POWER COMPANY 
GEIAP(D P. 0. 205 55582 1 - REACTOR

Goneral Eloctric Company
Boiling Water Nuclear Reactor
Test Plate

Cold Forming Ef fo t 
on A533 Matoria =1

""sot"."unaCFEF-1I 
PAGE NO. _ OF_ _ 

DATE 9-19-66 
REVISION NO. .1 (1..1

.0wCM, 0' rawos 4-g wMsrE A/or r ScmAe

m m m - - -, 

L.~ ml

- - - ~

01) 

14

PLA w W Or "/.  

S'IZE FOR TEST &46C&
PORA46r D PL/97K fp ' 4ffe reio o.#7 

la/#orrmmny atlade.  SpLA7e* ori' Typ/ciiL PLAen' o-rE S/N'G 
I)Layou/' srown sJro460 'les p/ale. OMer p/ok ees ma 

be /e l vF aval/abele malerk/.  ) and locale les 6locks iv dorowvde suff lccn6 ma/ario/.so 
Mho/ reqred *ens~We a-nd4 npodC spNcwes can 6C CdA.  No ks/ scc/m; sha//6e Arken fm moderial c/osers Mo 

7" #o Md/eo a formed ede o0* a swenched /kMpered ed4'.  4) rtd deA 4ocs*/ p ,;vens woibAh~pd4P 
4 Haukin idendily of 9cns)/e sv#,4,c, 4M Oh for-end st' o nsfAored i's/ Uocks.  *~~At * , qp 6.

CUSTOMER 

PROoUCT 

ASSEBLV 

oSCRIPTION
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Revised Co 12/20/66 Revised Cppy 1/9/67 Revised C -1-67 
-LUKENS ST OMPANY Aff : PURCHASER:CAE A AE FILE N 

10* Chicago Bridge & Iron Co. coNSIGNEE: 
Mr.G.1.Putman P.A. TEST CERTIFICATE
P.O. Box 277 
Birmingham, Ala. 35202 

SPECIFICATIONS:

MILL ORDER NO.  

43211-1

CUSTOMER P.O.

MB 112166 EM

Same 
Boyles, Ala.

A-53365 Gr.B Class 1
BEND TEST O.K. HOMOGENITY TEST

Mod, by C.B.&.I. Spec. MS-I.DTD SM 
O.K.

-~ CHEMICAL ANALYSIS

8/26/66 Tbx. 80000 Cont.# 9-5624

MELT NO. C MN P S Cu SI Ni CR Mo V Ti H g _Se 

c1946 22 1.35 010 015 2 50 47 V.I P.Stel Ter A0998 20 1.27 008 017 1 4 49 T#7 B#8 

- ----- PHYSICAL PROPERTIES 

SLAB YIELD TENSILE % ELONG. IMPACTS D MELT NO. P_ 
_ DESCRIPTION o._ _X1o X100 IN 2 N -otch +10*?.

32 

2

614 

687 
626; 1186 .

26 

27

:Two Surfan D.W. Tes @+1t 8tisfa tory
Iates & t4 

5007., thl
.sts he 
in temp

ated 650-1
oered- 12006.1

0O*F.  
>50P.

Tests streas relieved iy hea ing w 
1113-1187* hell 50 s. an uTura 
per hr. to 00t & at cool d.  

Mill inspe tion by Chigago B idge I

___________ t I ________________________________________________

held 1 hr, 
held 1 hr.  

Lthin a rat
Lce cooled 

Iron Co.

56 1 

51

55 

37

52 

45

per inch min.& 
per inch min.,& 

I I 
of 640F. pir hr.  

rithinla rati of 81 
- 1 . I1

r.S.Q. to 
tir cooled 

to

1-190 ix 86 x 6-14" 

1-300 x 120 x 6-i/'4"
-'I

Affirmed and subscribed before me 
this day ofFEB 1 196719 

Notary Public

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

01946



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 

Test Temp. Energy (Ft-lbs) Energy (Ft-lbs) Energy (Ft-lbs) 

+70 105 105 117 

+40 98 104 117 

+40 100 104 83 

+40 93 .68 88 

+10 70 75 81 

+10 68 47 70 

+10 82 82 117 

-20 44 19 21 

-50 35 14 16 

-80 7 10 11 

+100 140 122 129 

+130 146 138 130 

+160 --- 140 131 

+190 --- 149 126

Spec. No.  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14
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SHEET NO.1 (continued)

Tensile Test Results

Yield (psi) 

Ultimate (psi)

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



*PY V-NOTCH TRANSITION CURVES 

Effects of Cold Forming 
(Surface Specimens)
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DATA SHEET NO. 2 

Cold Forming Effect on A533 Material

Data from specimens at kT location (See Figure 2)

Impact Test Data

Test Temp.  

+70 

+40 

+40

+40 

+10 

+10 

+10 

-20 

-50 

-80 

+100 

+130 

+160

Piece A 
Cold Formed 
No stress relief 
Longitudinal Specimen 
Energy (Ft-lbs)

Piece B 
Cold Formed 
Stress relieved 
Longitudinal Specimen 
Energy (Ft-lbs)

92104 

88 

81 

102 

73 

57 

63 

69 

26

77

94 

61 

50 

30 

55 

18

6 

210

126.  

144

14 +190

100 

134 

132 

144

Piece D 
Before Forming 
Stress Relieved 
Longitudinal Specimen 
Energy (Ft-lbs)

91 

47 

49 

56 

26 

25 

28 

14

5 

6

98 

115 

134 

137

C Y1 P N CONVF!DtNTj

Spec. No.  
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A SHETNO.2 (continued)

Tensile Test Results

Yield (psi) 

Ultimate (psi)

Piece A Piece B Piece D 

Specimen 1 Specimen 2 Specimen 1 Specimen 2 Specimen 1 Specimen 2 
56390 57110 62810 62400 65160 65250 

81700 81980 86180 86190 87220 87000

Piece A 
Test 1 Temp. Test 2 

No break +10 Break 

Break +20 No break 

Break +20 Break 

+30 No break

Drop Weight Test Results 

Piece B 
Temp. Test 1 Temp. Test 2 

+10 Break +10 Break 

+10 No break +20 No break 

+10 Break +50 No break 

+50 No break

Piece D 
Temp. Test 1 

+10 Break 

+10 Break 

+10 No break 

+2e Break

Temp.  

+10 

+10 

0

COMPANY CONAIDENTIAU
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CHICAGO BRIDGE & IRON COMPANY 

WELDING PROCEDURE QUALIFICATION TESTS

Specification No. $ -9 . - G -H 
Welding Process &6sovAON1&
Material Specifidftion for .VT"3 3 
Thickness - C 
Thickness r ified AL/2 1' 
Filler Metal /Y 
Weld Metal Analysis Sa .a. .

Single 0 
Single 0 
Position.

Multiple (H Pass 
Multiple O Head 
VERZY* CAL

Date___________ 
Manual 0 Machine O / 

6;7- -3 in Group P No. 3 
Flux Trade Name or Composition 
Inert Gas Composition 
Trade Name - Flow Rate 
Backing Strip 
Type of Groove bee u'J 
Preheat s'o* 
Postheat L// *' OP for ..T .hr/tgag 
X-ray - OXL IN TP /ir 

EvE£L

srO_ _' S ____ _ Tensile Test 74i1A/s V-~es_ 

.5)60'ere CtOPePs&ons ota/ IA01, ZAS. ( Jj stesjj, LAs ip n. E /ngao 
^'"___ wo dph racines ;,. 14, ; £s/t v1itma te )aid 4 .. Whna &.* jv a,& &ce*K i, _ 

. L~r'- *SA..~AIM li2Q 1 L 0 *-- Ab4- oo I..A 'L. F th 
e - .0 2 - ,1" / 2 2.00 j107r 1700 175po e 7

ISoo .19 li *ro 14,3ro IrV.fo -07&2-00 .7? 1 y 4-f,y

.505__ag4MR Tensile Test /PI_ A -

N0 .01. mnsh,*
s9-~ ~.w &,*AI ~G1~ I*k' ~ 1 ~,maA IL. t

-~v Sa v 4fi AV Awe,, a -.

'2J3'~?~ I (~W.  
2
J~5T7 5~F

II~LE b-~ II I I -- 3

5'0 -vA~ a . 4.00 I F900 f
4'
i f., . .  

Guided Bend Test 

co bhe of Bend Re /7s I * _ _ _ _ _ 9 _ _ _ 

E4,Impact Test-Vwor /la. _

46NC, W, fdG~b 7Jipsm
jig'

,'?.Lk.
4ew~.iu..

eW1 be " 7k A4 VIP
r/ A45j4

AJEI.b .?I .31 7? + you , IM9& .3.- +i/ -_o 
-4 t H___ 0__ 51-C.Z 

V.1L -373 -u 8 2 + 1 410 4 L3, g317 f 4 -4o 0 T 
an 

httets

Operator's Name No.  
@ted By: 

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

In Charge Of Testing: . My2ch42
~rAI I"

7

and that the-test 
the requirements 

r> I OF2--

O

COMPANY CONFI*!AL4

)dl 
14J

W.SLD/Pja ALSORWC

4 - S.32o O

roa/loa 0 w.

TO)

0

L.- / 3 
ADDENDUM II

' -*

1/ml, Jjsls.s s. ogdonRe 6,hmr

1j)# ,A Ci) /-S- Ce)

I977 
Ilo570

y



a-

Specification No. .5B3 -P9 -4-M Date___________ 
Welding Process n' /Tad aManual P Machine 0 
Material Specifidation for --59 6Yr 7 in Group P No.  
Thickness G" Flux Trade Name or Composition 
Thickness Range Qualified ' 14/ L IJ Inert Gas Composition 
Filler Metal E - So16 NM - Trade Name Flow Rate 
Weld Metal Analysis , Backing Strip r 1 

Type of Groove 
Single O Multiple 1Z Pass Preheat_ 
Single 0 Multiple 0 Head Postheat OP for hr/inch 
Position Verfel X-ray 

41/imay RODS tT. ? 3-4. - .0-7 Cn .4ELt, co00 io0oz 

/T !470-a

mrA An84,VPTf;1 be'P..eurtse 
Reduced Section Tensile Test 

Spec'ner, JUreions ot' a 7/ L.ad, L4. (it Vsrc, LAs ipin. E /on2a Aio*, F i 
e w'<d M T hidnes I. 1 d./ Iis z/unt Aftl 14&hnesr .- COW I ecda a

2453 1,h'/ /O3,~oOI I~7,7OO

__ - -) 2-001 (.), .-9-74 L2, V 17, Z om' 114 i. 1.0 i; 14 ;,5Cc

*3
W -
?71 S

vEL9

1 12 1- I k)E-b

.505 All Weld Tensile Test

No
g~e.  

~L~J2! 'F 
~ 5.7gP/~

~ 1 ,~Lf ~

5.",. 06v&.4i adj wanA )dOW &va I /4wa r, 2. 1c

I .i ~ I /2.~'5e I/S~C6o I ~~Aco I ~6:Iil.,~

422551 A,55~ J ~' o ) V43~0~
11q~*~~

.Zig7

WL ~ 

~1~I ?~ -.

Guided Bend Test 

~ 7 be of Besed Rese/AsZ"" *b 9' A Anv7* 
____ 0/__ _ Ap j &%i~,aS 

3 __ o ma TrC9 0Kor "5 C_ _0 

f q SID O )*. oa . D F_ o 

4,4,Impact Test - v "m -e.

Eft,46e'me, AZmesions We , dg, 44b4
7 t

* IWd/7Adnes 'p F/. LAs,

ApvrE 1±U U± 37 4__ _ _ _ 

Pi~rA-E 1 3" LL 4-0___ 111111- -___ _____ ____: ___

jr PDLATF 'to q.7 
---~ I ~ L ~ L .J.~. 1S.... J LL. 

N 

I 

* 
-

0~*

Operator's Name 
Mated By: & /

k, L ampAl No. s

WM certify that the statements in this record are correct 
welds were prepared, welded and tested in accordance with 
of Section IX of the ASME Cole.  

In~ Char~ e f V0 T i

and that the test 
the requirements

6/

A

COMPANY COA#NTAL 

CHICAGO BRIDGE & IRON COMPANY 

WELDING PROCEDURE QUALIFICATION TESTS

I

T C, 0, 
, 

,

-A-

670 0 1 ff 11 6 a 4

., . . - - 47

;S"Tsi W 0;ge 0or too 0tie ,1o 0
<Te*d9 ILRW &1/ t/d-!* I1 911&ol/39. 70D0 1C4.' 000 11V+A- 400
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gn ghreO etn



CHARPY IMPACT TEST RESULTS 

Welding Procedure Qualification

Weld 
Ft-lbs

Heat Affected Zone 
Ft-lbs

Surface 
Specimens 
(Tension Side) 

k T 
Specimens 

T 

* 
cimens 

3/4 T 
Specimens 

Surface 
Specimens 

(Compression 
side)

-100 
- 50 

+ 10 
+ 50 
+100 

-100 
- 50 

+ 10 
+ 50 
+100 

-100 
- 50 

+ 10 
+ 50 
+100 

-100 
- 50 

+ 10 
+ 50 
+100 

-100 
- 50 

+ 10 
+ 50 

+100

I 1,PANy MX7AFI1E"Ap

Temp (OF)
Plate 
Ft-lbs

93 131

66 
85 

43 

3 
6 

22 
42 
79 

12 
18 
37 
54 
97 

32 
68 
91 
86

53 
98 

100 

17 
71 
90 
95 

109 

20 
68 
89 

108 
121 

29 
69 

100 
114

13 
22 
49 

123 
132 

30 
85 
89 
95 

108 

25 

62 

35



IMPACT TEST DATA eMPANY CONFIDENTIAC 

Welding Procedure Qualification Tests 

Ito
W 

/4/1J 
(es C e) 

elote (Co res$/n'S fce 
130 Weld ol / 

100, PR ( 

70-

-3 0/00 tIs 

Tea pe -,-tvY e(oF)



*IARPY V-NOTCH TRANSITION CURVES 

(A533 Material) 

Effects of Cold Forming 
(1/4 T Specimens)

, ce.
19-c 

130 

o 

'470 

20 /o

COMPANY CONIDENTIAP 

A 

pi i 0

/;/ 

- / 

e 

a / / w c 
* / e /-a ve (



PHYSICAL TEST RESULTS 

Monticello Pressure Vessel Plates

Pc. Heat Slab Yield 
Mark No. No. Psi x 103 

CTR/As Fab.  

1-28 A0998 2 62.6/62.-4

1-27 C2193 3 67.8/62.7

1-26 c1946 3 61./67.0

C1485

A1000

3 72.6/67.5 

2 65.2/62.0

1-17 C2193 1 66.0/63.5 

1-16 A0946 1 73.4/66.2 

1.15 02220 1 64.8/ 

1-14 C2220 2 65.2/

Tens ile 
Psi x 10" 
CTR/As Fab.  

87.3/86.4 
86.2/86.2 

90.8/89.9 
85.2/85.1 

91.4/84.8 
90.6/90.6 

94.9/95.5 
92.5/92.6 

87.4/86.9 
85.8/85.5 

89.5/87.5 
87.1/87.3 

91.5/91.5 
90.5/90.5 

90.0/880h' 

91.4/90.4

V-Notch Results 
F Ft.-Lbs.  

CTR/As Fab. CTR/As Fab.

+100 
+400

100 
ho0 

100 
ho0 

100 
400 

100 
400 

100 
400 

100 
ho0

100

51 
77

37 
94

55 
61

50 26 35 
86 124 113

65 
77

55 
70 

32 
94

67 
68

67 71 38 
123 105 118

37 
81 

53 
67

53 
88 

42 
64

37 
87 

47 
63

60 93 81 

81 33 61

Drop weight test results - no breaks in any sample 
+ 100F or 40oF.

from above plates at

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

* DENDUM IV

1-22 
27

^



CHEMICAL TEST RESULTS 

Monticello Pressure Vessel Plates 

Pc. Heat Slab 
Mark No. No. C Mn P S Si Ni Mo 

1-28 A0998 2 .20 1.27 .008 .017 .18 .48 .49 

1-27 C2193 3 .21 1.15 .010 .010 .24 .50 .48 

1-26 C1946 3 .22 1.35 .010 .015 .23 .50 .47 

1-18 c1485 3 .22 1.37 .010 .022 .22 .50 .48 
21 

1-22 A1000 2 .21 1.36 .013 .017 .18 .54 .h5 

1-17 C2193 1 .21 1.15 .010 .010 .24 .50 .48 

1-16 A0946 1 .21 1.41 .010 .016 .15 .56 .47 

1-15 C2220 1 .20 1.31 .010 .014 .22 .58 .h5

.010 .014 .22 .58 .h51-14 C2220 2 .20 1.31


