July 29, 1981
EF2 - 54,193

Mr, L. L. Kintner

Division of Project Management
Office of Nuclear Regulation

U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Kintner:

Reference: Enrico Fermi Atomic Power Plant, Urit 2
NRC Docket No. 50-341

Subject: 10CFR50, Appendix G & H
Information Transmittal

Please find attached five (5) copies of information
requested in Questions 121,16 through 121.27. The
information addresses the ferritic materials used in
pressiure retaining components of the RCPB within

Generc«l Electric's scope of supply as well as additional
information concerning the materials surveillance
program,

This is essentially the same as that Emery Fxpressed
to your attention on July 24, 1981, with the following
e..ceptions:

1. The response to Appendix H questions has been
reorganized.

2. A response to Questions 121.24 f and g is included

3. The response to Questions 121.26 is given in the
response to Question 121.24c which now provides a
statement that the program will be updated to
include a total of 108 Charpy V-notch specimens.

}3c>cﬂ
Sincerely,
£108030285 817729 S

PDR ADOCK 0500034 i e togr
” PR S Z4 S I/

W. F, Colbert
WFC/AAS:j1 Technical Director
Attachments Fermi 2 Project

cc: Mr, B, Tittle
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Fermi 2 Reactor Vesse'
Beltline Plate and weld
Information

Available Charpy V-notch and drop-weight NDT toughness data are
presentec in Tables 1, 2 and 4 for Fermi 2 beltline plates ac
welds. Table 2 gives supplementary transverse Charpy results whi
were determined for one of the Fermi 2 surveillance plates. Tat’
shows a typical Test Certificate for a Fermi 2 beltline plate

m N
)

The beltline layout is shown in Figure 1. This gives plate heat
numbers and locations, as well as weld seam locations anc identifi-
cations.

Copper and phosphorous values, to estimate the effects of radiatic
on toughness, are presented in Table 5. It can be seen in Tanle 5
that the analysis for Cu and P was not done for the fina)l weld
wire/flux combinatior weld deposit for one set of longitudina’ welo
seams.

Estimated starting (unirradiated) RTN . v-lues are given in Tahle ©
They are estimated by using the data Qh Tables ) and 4 in accordence
with GE procedure Y1006A006 which meets the intent of ASML Coce
paragraph NE-2300. This proceduref is explained in paragrap’

5 2. 4.2.2 (Attachment A) of the Fermi 2 FSAR, Amendment 23. Tne
data base for this procedure is further clarified in response tc

Zimmer (2PS-1) Q 121.15

For the Fermi 2 beltline plates, longitudinal Charpy V-notch transitior
curve data are available (Table 1). Thus, the 50 ft-1b transitic-
temperature can be determinec by interpolation of these values, anc

by adding 30°F to the result to correct for orientation effects

These Charpy transitior temperatures can then be used with the
corresponding NDT data (Table 1) to determine RTNDT in accordance

with ASME NB-2300.

For the beltline welds all Charpy values (Table 4) are in excess of
50 ft-1b at +10°¢, except for one value of 47 ft-1b. The 50 ft-1t
transition temperature was taken as +10°F for those welds exceeding
50 ft-1b. The 50 ft-1b temperature for the weld with the 47 ft-1b
value was estimated as +16°F by adding the correction factor cf
2°¢/f1-1b (Y1006A006). Since NDT data are not available for these
welds, an assumption of -50°F for NDT was made. Justificaticr for
this assumption is given in IteziThis NDT value was used with the
Charpy transition temperatures to determine RTNDT in accordance
with ASME NB-2300.

Estimated end-of-1ife (EOL) RT .y vaiuves (for % thickness locatior
from the vessel inside diametevg are given in Table 5. These

values are slight) lower than those previously reported in Amenc-
ment 23 of the FSAk, because of 2 correction to the predicted fluence.
The estimations are in accordance with NRC Regulatory Guide 1.99

kev. 1. Where Cu and P content analyses were not available for th

NSS: ggt/5Al
7/24/81



deposited wire/flux combination, the maximum RT . shift (AR7 ..)
- : - - NOT.. al. " s
is conservatively assumed in accordance with Reg” Gude 1.95 Re. 1

6. Charpy V-notch upper shelf toughness was not a requirement when the
Fermi 2 vesse! was manufactured. Thus, such data is not availab '«
for the Fermi 2 beltline welds, but is available for the plate: ac
shown in Tables 1 and 2.

A very conservative assumption of 65% factor on longitudinal uppe-
shelf can be applied to the results of Table 1 in order tc estimate
transverse orientation upper shelf. (Table 2 shows that a highe-
factor may be justified.) The factor of 65% (from MTEB 5-2) wollc
result in a longitudinal requirement of 115 ft-1b in order to mee!
the 10CFRS0 Appendix G value of 75 ft-1b upper shelf. This value

is met by al) plates in Table 1 except (4564-1, which very narrowl,
misses. However, since the Cu content of this plate is only C.C¢
(Table 5) a reduction of upper shelf of only 10% at EOL s conser.za-
tively predicted by Reg. Guide 1.99 Rev. 1. Combining these ?
conservative factors of 65% and 10% results in an initial longitudinal
uoper shelf value of only 85 ft-1b to meet the goal of 50 ft-1t
gransverse upper shelf at EOL. This value of 85 ft-1b, as calculatec
in the following equation, is exceeded by plate C4564-1.

50 = .65(L) = (.10) [.65 (L)]

(where L is the longitudinal upper
shelf value at start of life)

As seen in Table 4, upper shelf toughness values are not availatle

for Fermi 2 welds. However, all Charpy results at the test temie--
ature of +10°F are in excess of 75 ft-1b except for one weld materia’
(Heat 12008/Lot 3833). It is expected that further testing at

higher temperatures would have revealed an upper shelf in excess cf

75 ft-1b for this material als>. Evidence in this respect is
presented in Tables 6 through 15 which show weld procedures «iC

upper shelf toughness results for similar submerged arc weld materials.
A1l upper shelf (~ 100% shear results in Tables 12 through 15) are

in excess of 75 ft-1t. These welds are considered to be representative
of the Fermi 2 weld in question (seams 2-307 A, B, C) since the
welding processes (generally tandem wire submerged arc for the bulk

of the weld), post weld heat treatment, and weld materials are

similar (as shown in Tables 8 through 11). Particular attention
should be given to the LaSalle 1 results, since these welds were

made by the same vendor (Combustion Engineering) and with the exact
same weld procedure (Tables 8 and 9) as for the Fermi 2 weld. Tne
LaSalle 1 surveillance program weld material 1P3571/395€ in Table 12
gave values less than 75 ft-1b at +10°F, but further testing at

+200°F revealed an upper shelf of 110 ft-lb.

7. Drop-weight NDT values for the Fermi 2 weld materials were not
determined by testing. However, evidence for a conservative assumptio”
of -50°F is found in Table 12, based on the LaSalle 1 result. AY)
values of NDT are -50°F or lower. Further results in this respect
are also shown in Tables 13, 14 and 15 (CBIN welds) and verify NCT

NSS: ggt/5A2
7/24/81



values of -50°F and lower, except for cne case. This case
(1P6484/0156 for Laguna Verde 2) is considered to be no:-repre-
sentative of Fermi 2, because of the relatively low Charpy te:t
value (17 ft-1b) at +10 and 0°F for this material.

The RTND values for weld heat affected zones (HAZ) ave assumec the
same as }or the base material. Weld procedure ouadlificatior test
requirements for HAZ toughness indicate this assumption is valic
This is also s.nported by the folluwing technical publications,
which conclude tha: the HAZ wouyoness for *hese materials is
actually superio. to that of the base material: (a) T. U. Marster
and W. Server, "Assessment of Weld Heat-Affected Zoies in a Reactcr
Vesse)l daterial” Journal of Engineering Materials and Technolog: .
July 1976, Vol. 100, page 267, (b) D. A. Canonico, "Significance of
Reheat Cracks to the Integrity of Pressure Vessels for Light-water
Reactors," Suppleme 1t to the Welding Journal, May 1979, page 137-5

Refer to Fermi 2 FSAR Table 5.2-9, Amendment 23 for justifications
regarJding toughness testing calibration and gqualification of testing
personnel.

weld material toughness test coupons were made with the exact same
weld filler metal and procedure as in the actual vesse! welc
However, these weld deposits were not necessarily made on the exict
same heat of pase plate 2s in the vessel. Base plate of the same
specification was employed for this purpose. This small difference
in base plate would not effect the testing of the weld metal since
the Charpy specimen would be in the weld metal. Toughness testing
of the exact base plates in the vessel was done separately

Cross-Reference of paragraphs for resolution of open items

10CFR Part 50

EFe2 This Appendix
Questior Submitta) G
121.16(b) 8 1.8
121.17 7 I11.A
121.18 1-6 L5, VR
121.19 10 11).8.2
121.22 6 IV.B
> E) 111.8 4

NSS: ggt/5A3
1/24/81
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FERMI 2 REACTOR VESSEL

NON-BELTLINE INFORMATION

Limiting RTynr values which affect vessel testing and operation are
shown in the FSAR (paragraphs shown on Attachment A). A sentence
has been added in paragraph 5.2.4.2.2 of Attachment A toO fu' cher
clarify that these are the RTypr values for the limiting v ssel
locat jons and materials that affect tasting and operatir 1iimits.
The other materials in the vessel, which meet specifi- coughness
requirements, do not affect the ,ressure-temperature curves.

The estimation procedures for these RTypr values are in accordance
with GE procedure Y1006A006, and are also explained in paragraph
5.2.4.2.2 of the FSAR. As with the beltline, the data base for
this procedure is further clarified in response to Zimmer (ZPS-1)
Q121.15. A more specific explanation follows:

a) Non-beltline Plates - Both longitudinal Charpy values over
the full temperature range and NDT values are available.
RINpT was evaluated the same as for the beltline plates.

The limiting plate (highest RINpT) is in the bottom head
(Heat No. C4504-2) with an NDT of +10°F and lowest Charpy
values of 40 ft-1b. at +40°F and 76 ft-1lb at +110°F.

Linear interpolation estimates the longitudinal 50 ft-1b.
temperature as +60°F. Adding 30°F for orientation correction
and subtracting 60°F (N&-2300) gives an RINDT of +30°F.

b) Vessel and head clusure flange materials had NDI values of
+10°F (or possibly lower - no break at +20°F) and lowest
Charpy values of 95 ft-1b. at +40°F and 167 ft-1b. at +40°F.
The correction of 30°F was added to +40°F for orientation
and 60°F was subtracted to give an RTNpr of +10°F.

¢) Feedwater nozzles had a maximum specified NDT value of +40°F,
and Quality Assurance records show no deviations in this respect.
The lowest Charpy value for these forgings is 38 ft-1b. at
+10°F. Adding 2°F/ft-1b. gives an estimated 50 ft-lb. tempera-
ture of +34°F. Adding 30°F for orientation and subtracting
60°F (NB-2300) gives an RIypr of +4°F, as determined by Charpy.
Thus, the RIypr is set equal to the NDT value of +40°F.

d) Closure Studs - The lowest Charpy values at +10°F are 50 ft-1b.
and 33 mils lateral expansion. Thus, in accordance with NB-2300
the lowest service temperature is +10°F.



e) Non-beltline Welds - The purchase specification .eauired
Charpy tests at +10°F or drop-weight NDT of +10°F or lower.
Quality Assurance records show no deviations in this
respect. Charpy requirements at +10°F were for 30 ft-1b.
averap: with no single value less than 25 ft-1b. Assumi-g
25 ft-1b. at +10°F as the limiting case, and adding 2°F/ft-1b.
gives an estimated 50 ft-1b. temperature of +60°F. Subtract-
in; 60°F (NB-2300) gives an RTypr of 0°F. Data presented
in support of the beltline welds indicate NDT values much belcw
0°F. Thus, the RTNpT value is taken as 0°F.

3. Refer also to paragraphs 7 through 10 of the Beltline section of this
submittal, since they also apply to non-beltline materiazls and testing.

4. Cross-reference of paragrap.; for resolu.ion of open items:

EF-2 This 10CFR Part 50
Question Submittal Appendix G
121.16 (a) 2.e 1.B
121.16 (b) 3 1.B
121.17 2 I1..A
121.18 IV.A.l
121.21 2.d IV.A.3



FERMI 2 MAIN STEAM
PIPING AND FERRITIC VALVES

(MSIV AND SRV)

The Fermi 2 main steam piping was procured to the USAS B31.7,

Class I, 1969 Code, which did not require toughness testing.
However, data are supplied in Tables 16 through 21 to show that

the Fermi 2 NSSS supply steam pipe materials would possess adequate
tough..ess. This is concluded from available toughness information
for Fermi 2 in Tables 16, 17, and 18, and from the fact that similar
materials (as shown in Tables 19, 20, and 21) have data showing
adequate toughness per more current 10CFRS50 Appendix G Main Steam
Pipe requirements.

No toughness results are available for the 26" pipe. Jcwever, the
material is pipe fabricated from A516 Grade 70 plate which is a
tough carbon steel melted to fine-grain practice for low tempera-
ture service. Charpy V-notch data for this waterial in Tcbles 17
and 19 verify this toughness. Furthermore, Charpy keyhole data are
available at -50°F for the Fermi 2 26" elbows fabricated from

A516 Grade 70. A Charpy transition curve shift of about 60°F
increase should give an estimation of Charpy V-notch results for
these elbows (Reference: W. S. Pellini, ASTM Spec. Tech. Publ. 158
page 222, 1954). Thus, they should have adequate toughness at about
+#10% even better toughress at il= more current test temperature
of .able 19). This transition temperature shift and argument

also -aould apply to the Sweepolet Charpy keyhole results in Table 16,

Note that the materia! 2nd pipe suppliers in Table 19 are the same as
for the Fermi 2 26" pipe (Table 16).

Fermi 2 Safety Relief Valves (SRV) are in compliace with 10CFR50
Appendix G since they are exempted by the ASME Code from toughness
testing because of their 6-inch size.

Fermi 2 Main Steam Isolation Valves (MSIV) were exempt from toughness
testing at the time of purchase. They do not see significant pres-
sures at temperatures below that of steam.

Typical information is giver in Table 22 for Fermi 2 MSIV's.
Toughness data on similar materials for MSIV's on other projects,
where toughness testing was done, is attached on Tables 23 and 24.

In fact, Table 23 gives A216 WCB base metal, weld metal, and HAZ
toughness results from the Weld Procedure Qualification used for
Fermi 2. 1In some cases (Table 24), the materials and valves vendor
are the same as for Fermi 2. These data demonstrate the capability
of the Fermi 2 MSIV materials to meet current toughness requirements.



Further evidence of toughness for SA-105 forgings (MSIV bonncft.
or cover, material) can be found in the July 1978 issue of

Metal Progress, pag's 35-39. This article shows Charpy V-notch
toughness in excess of 25 mils at +40°F and ND” values no greater
than ~10°F for SA-105 material normalized at :565°F for 4 hr. and

air cooled after forging.

Cross-reference of paragraphs for resolutior of open items:

EF-2 This 10CFR Part 50
Question Submittal Appendix G

121.20 1, 2; 3 1V.A.3



Compliance With Appendix H, 10 CFR Pact 50

Question 121.23

Response:

A sketzh of the beltline of the reactor vessel showing the location
of all of the beltline plates and welds is shown in Figure 1. The
azimuth angle giving the location of the capsules is given in the
response to Question 121-24(c).

Question 121.24

.

Response:

The weld material has a Cu content of 0.32 wt. % (Tadble 2) and is
very close to being the limiting material in the vess ' beltline.
(It may actually be limiting since the Cu for the limiting material
in seams 2-307 is not known, but is probably lower than 0.32.) he
plate materia.s are very close to being the limiting beltline plates
(only 8 to 10°F lower EOL RT . tnan the limiting plate).

The surveillance specimens were not taken from alongside the ASME
NE-2300 specimens. This is not considered critical since they are

just as representative of the material in the vessel as the NB-2300
specizens. This requirement has been dropped from the current proposed
revision (Nov. 1980).

(asb) Fermi 2 surveilla.ce specimen plate »nd weld materials are
identified, with properties and predicted radiation effects,
in Tables 1 through 5. The weld procedure is given in
Tables 6 and 7 and represents weld seam 15-308.

(¢) The actual specimens in each capsule are the following:
Present
Program
ISE&&!E Charpy V-notch
Capsule 1 2 2 BM Long 8 BM, Long
(Azimuth 3007) 2 WM 8 WM
2 HAZ 8 HAZ
Capsule 2 " 3 BM Long 8 BM, Long
(Azimuth 1207) 3 WM 8 WM
2 HAZ 8 HAZ
Capsule 3 3 3 BM Long 12 BM, Trans.
(Azimuth 307) 2 WM 12 ¥4
J HAZ 12 WAZ

Ty Y PN S S, S O T e R R Ry 2 ey



(d)

(e)

The specimens indicated above are as the program is presently
constituted. Capsules 1 and 2 will be updated to include 12
each of Charpy V-notch specimens of base metal (longitudinal),
weld metal and heat-affected zone.

Location given in response to Question 121.24(c).

The attachment method of the capsules is in accordance with
GF. Drawing 922D218. The assembly is attached to mount ing
brackets (upper and lower) and a bolt at approximately the
center of the assembly can be adjusted to secure the holder
firmly against the top and bettom brackets.

The lead factor is the ratio of the flux greater than 1 MeV

at the surveillance sample, divided by the flux greater than

1 MeV at the point of greatest flux in the vessel. For

Fermi 2 this value is 1.4, This lead factor has arbitrarily
been reduced “y a factor of 2 in order to improve the
probability that vessel fluxes estimated from surveillance
data will be underestimated. The lead factor then becomes U.7.

Note

The lead factor is the relationship between the measured flux/
fluence at the surveillance sample and the peak flux/fluence
at 1/4 depth into the vessel wall. This relationship has two
variations. One variation is the rsiial variation from &
position inside the reactor pressure .essel wall to a racial
positicn at 1/4 thickness ~f the vessel wall. The second
variation is the variation of the flux as a function orf angle
from a position adjacent to the surveillance sample to the
position of the pzak flux.

The peak fluence at 1/4 t was calculated using a one-dimensicaal
program and applying a peaking factor to adjust for the maximum
poiat in the angular direction. In addition to the peaking
factor, a safety factor is appliea to the analysis to insure
that the calculated peak 1s a maximum. Attached is an updated
sheet for Table 4.3-2 for the FSAR Chapter 4 that provides the
current 251-764 neutron fluence calculations including the

data at 1/4 t in the vessel.

Not all of the analysis required 1s available to define the
fluence at the surveillance sample. The radial vaiue can be
selected from the one-dimensional analysis. However, the
angular variation from the surveillance sample at 307 to the
peak is not well defined.




Yz

(f) The materials surveillance capsules will be loaded prior
to fuel loading.

(g) The material surveillance program assumes a «U-year li‘e
and B0Z capacity factor, thus the capsules withdrawal
will be:

Withdrawval
Capsule #1 8 full-power years
Capsule #2 24 fuli-power years
- Capsule #3 Standby

Due to uncertainftyv in canacity factor, the raleéndar
withdrawal schedule cannot be stated with any confidence.

Question 121.25
Response:
See response to Question 121.24.

Qpestion 121.26

Respense:
See response to Question 121.24(c)

Question 121.27

Response:

Each capsule also includes a Fe, Ni, and Cuoflux wire. A separate
neutron dosimeter is attached at Azimuth 30  and contains J Cu and
3 Fe flux wires, at Capsule 3.

AAS/br
7/29/81




Lower
Intermediaie
Shell

Plate

Heat No.

C4So0b-1

BR614~1
(Also in
surveillance
program)

C4574-2
(Also in
survelillance
rrogram)

__N©

Dropweight

Table 1
FERMI 2, BELTLINE PLATE TOUCHNESS DATA

(5A-533 GRADE B, CIASS | - LUKENS)

CHARPY V-NOTCH TOUCHNESS

Orientation
(Lor 1)

-20°F

-20°F

-30"F

L

Charpy
_Temp
-80"F
-40"F
+107F
+40°F
+110"F
+160°F

-80°F
-40"F
+10%F
+40°F
+110°F
+100°F
80°F
-40°F
+10"F
+40°F
£110°F
+160°F

Fnergy
—(fe-1bs)
11, 10
30, 36, 23
60, 45, 59
86, 74, K3
104, 95
113, 116

5, 10

&3, 5% 27
62, 64, 56
8¢, 75, 70
112, 110
125, 135

%, 16

Y, 32, 27
48, 49, K0
76, 63, A9
g, 101}
12¢, 119

Lat.

Expansion
__Mils % _Shear
7, 7 0, G

25, 26 17 10, 10, 10
&4, 32, 42 25, 15, 25
59, S2, 45 40, 30, 30
0, 72 95, 90
85, 83 100, 100
5 7 0, 0

32, 20, 21 5S¢ 5. S
41, 45, 40 20, 25, 20
62, 54, S50 40, 135, 30
81, 79 95, 90
86, 90 100, 100
6, 13 0, 0
25, 24, 20 10, 10, 5
36, 37, &3 15, 15, 20
56, 47, 5! 30, 20, 25
72, 76 95, 95
85, 82 100, 100



Table 1 (Continued)

Plate Dropw -ight Orientation

Heat No. NDT (L or T)
Lower C4568-2 -30°F L
Intermediate
Shell
Lower C4540-2 -10°F L
Shei:l

C4560-1 -10"F L

Charpy
_Temp
-80°F
-40°F
+10°F
+40°F
+110F
+160°F

-80°F
-40°F
+10°F
+40°F
+110°F
+160°F
-80"F
-46°F
+10°F
+40°F
+110%F
+160°F

-0 F
-40°F
+107F
+40°F
0
+110°F
1160°F

FERMI 2, BELTLINE PLATE TOUCHNESS DATA

Lat. :

Energy Expansion

(ft-1bs) Miis % _Shear
10, 18 5, 13 0, 0
30, 38, 30 22, 27, 23 '+ 5 5
46, 67, 63 37, 54, 47 15, 30, 25
76, B85, 61 58, 61, 45 40, 50, 35
106, 102 75, 72 9, 9
116, 122 89, 87 100, 100
7, 9 6, B 0, 0
30, 44, 30 23 %, 5 5, 10, 5
64, 76, 74 49, S8, 56 3o, 30, I
87, B4, 97 69, 63, 72 40, 40, 50
115, 119 85, 84 85, 85
Tak, 146 90, 92 100, 100
14, 11 52 § 0, 0
59, 53, 38 45, <1, 30 20, 20, 15
85, 79, 99 62, 60, 72 30, 30, 35
90, 121, 109 69, 78, 74 50, 65, 60
160, 144 88, 88 100, 90
158, 153 a0, 88 100, 100
13, 25 8, 18 0, 1
35, 40, 42 27, 30, 2 20, 20, 20
59, 65, 68 45, 49, 51 0, 30, 30
790, 77, 87 59, K1, K4 5 5. 5
111: 118 88, 89 100, 90
137, 127 90, A7 100, 100

»



METALLURCY LABORATORY Table 2
CHARPY IMPA DATA TRANSVERSE RESULTS
L i s (SURVEILLANCE PLATE)
Requestor: /:v R Responsible Engineer:
Charge No.: P 2830 Date: 5f/3__/71
ORF ¥o.: EWA No.: _ER Bo2-0/

vaterial Condition: 53 63313 79/‘4;-, LT & C4574-2

Speci=en Bath Test Energy Lateral
[dentification “ediun TenE;ruun ::fzgted Exa??:ion j‘f:em;_kz aca
63 B \Mepw | —20° | 22.0 | /2.5 |

¢3 U ' 12’ 32.0 | 22.§ e 7
43 L | (0° 1360 | 275 5 7

£3 J ( 40° | so.o 3.5 18 7

¢3 P Z e | §2.5 dl. & 10 7

3D a2 | ¢z5° G4.0 470 30 2

¢3 7 i ¢s° 5% 0 42 5 302 _
€7 M Heo | joa” 25.0 Pi-1% so 7

¢35 C 1 [12° (o0 R 75, o (co 7
63 /1 il A g¢ Gé.2 ¥5 %
|62 T 20/1° 112 4§ S3.5 oo 7s

§£35 % 7202° | (08.8| 79 o log 7t

r-m_ﬁiﬂiﬁz_ﬁ ngLJQ:_ﬁAbJL&QZ#LJ&i_ X2
 dare lasi ¢l | -_7/26/7 g |
(e ¥ 2.1 72 R~2|_ Temp Lonirof - ——

Test Prazadure No. OVM53 2.1.7.2 Rev O Specizen Siz2 [/ Cm,t [/ Com

S/N Tester 11,073 Specinen Jrientation S AANSY ElS €

Calidration File No. 309-1

$/N Laterial Expansion 313e 15602

Perfor=ed by 4 //,{ 2 ety Level 3
wr ‘.

/




. - Table !
FERMI 2 TYPICAL BELFLINE PLATE (SURVEILLANCE PLATE Cl574-2).

—— — — — — — —— - — — — — — — — — — — — - — — — — — — — — ———— — —— — — —— —— . ——

s, T T . 1968 v 1T
10 Coatudtion Ln:r Iuc. | TEST CLATIFICATE S
Cnatianzela Piv, ‘ OO O 1 (Ultomte £ O V 70 7”W
¥ o, Jack Mlchadld, Yarch Dzpt - >
25720-2 LE-31317 ¥B 62998 FJ
: ! g e v T'.(.U 7 PC&M 411;‘:‘-/)(‘ 5
IO Calng / // /
Combustion Spcc P]FR(C) 9/25/51 (SA-§"3-65 Gr. 1) Clase 1) ASME Sec 3 Clace A FiX CON00  Req.f 2557
-.s:‘_'__.-f‘... :.-.x__-_ - i T ciieioabn <SSl ol E S - R e
o LN HI- _]M’ s CN(MICA(_ANA\IV\IS__'_____'___‘__ 5 —
T C | LA i T L L S A = -
AR T A AR G Dt
ab .
Y4568 237 1.32/ o1/ 016 24 '4 61{ 56/ e Bl »
sleb 2 :o/ 11;2/01210:2 :!},’gg/ :/ T”c” o
. CHST4 2 1 o1 06 . ~
Slab 2 o8/ 1,34 o1k’ o6 26! 55/ 52/
FESEE T St RS P £
AL " PHYSICAL PROPERTIES
oLl MO s ! "ot i:' *T aea | e L OESCRIPTION
s el ALkl | ”
c4578 1 960 - ‘ 3 Ve | 1-291-7/16 x 133-1/2 x 7-3/8",
: 1728/ 939/ /| O 7 :
b |
z : P R 1-231-516 x 172¥3/4 = 7-3/8*
cus568 2 ] &9‘ wsd G137 5 :3 i 31-5 72/3/4 = 73
] ‘ 'v | L
' !
| AR

Tepts heated 1?50—1650'? held 4 ;e mex| ond m;n‘molc per £, E. coolihg
rate for 7-3,/8 Cauge plate. | 'Iten Ltemperea 1 OO-IJPO ¥, ‘1( . ‘ hre max

and alr cooled, . L I |

‘ .
Tests stress xelxeved 125- lh‘ls F.| hela !40 hrr and *urme‘b cooled within
a rate of 4 hrs min ¢ to 600°F. - |
_Plates furnished  in se| rolled tewmper, - _J___-l l

? .
Ve berely condy e CLove bgurcs coe vt os contawed i the records ol the compony. : P e @




‘Table 3 (contjnued)

& & = Ga FOMZUSTICN ENCINEERING, INC.
METALLURGILAL RESEARCH AND DEVELOF'EN, DEPT
MATERIALS CERTIFICATION REPORT

MATERIAL SPECIFICATON_PIFi2(¢c) CONTRACT nO, 26682
VENDOR _lukzng Steel Co-neny 08 No. V-72537.232
HEAT NO.C 4574.2 CODE NJ. G-13725.2
MATERIAL DCSCRIPTION 231-5/16" x 172.3/4" x 7.3/9" Lower Interrediate S-211
MILL CHEw JAL ANaLYSIS
er | ¢ vy o 1 s 1o T w1 e v, | £y ..
22 11,341 .91 013 .26 1.55 .52 1 e
MECHAN Zal T578 ,
TEST O, CALSE TESTY viEW U;}Y»."'.-‘(t r [ IR l [ T8 Sl
TEwPgaaT 2E % STEINCTm, 3 32 FENATEN L NI adta o,
vit-A | (518 37 71.6 95.0 | 25.0  73.2
YLT-B | .35 | 21 /1.6 | 3.9 | 5.9 | I
- IMPACT AND/OR FRACTURE TESTS
TYPE L TEmp % VAW Nile [TEw *¢ vALKS | =D
Charpy Ft/'bs RShear lot. Exp. —1 Droa “2i2-ts
v
Natch -39 3.0 ¢ 5
-20 16.0 0 13 -40 1.F .
-40 14,0 10 25 =30 1-F -30°'r
-40 32.0 10 24 =29 2-NF
-40 27.9 5 20 0 1-NF
+10 ¢8.0 1§ 16
+10 43.0 15 37
+10 §2.0 20 43
+4) 26.9 0 56
+20 €3.0 20 47
+42 $9.0 2$ 51
+110 98.0 35 72
+110 ,123.0 95 76
+160 121.9 129 35
1+160 | 119.0 159 22
;- B -
ADOITIONAL DATA INCLUD MG KEAT TREATMENT
(a) 1550-1650° 4 hours vater quenched.
(5)  1225" * 25°F 4 bours.
(e) 11S0°F + 25°F 40 towrs furnace ceoled to 600°T.
The CVN impac:® spacimens were tokan parallel to the mejor rolling direction
of the plate oc the |/4T level, and were notched perpendicular to the plote
surface.
The tensile specimens were taken in eccordance with ASTM A-20-68.
The obove tests vare vitnessed by G. €. Representative, 5. G Holl

R

Fam £ .
(44 8. Tty (Z)V Vo baretycrr "y i e we, v el e o taae i) e e
J. Bresfield LV ELTY R TR DEORELT IR P RISl SRR R AL
T. B, Curtea fowod it Som3.0 s 8y egaal Latirwtaee -

T M. Cull:n .
K, E. Lorente, Jr. )

4



Table 4

FERMI 2 BELTLINE WELD TOUCHNESS DATA, POST WELD 1150°F FOR 40 HR. TYPICAL,
SUBMERGED ARC WELDINC - B-4 MODIFIED WIRE WITH LINDE FLUX

Charpy Toughness

Drop-Weight Charpy Charpy Lat .
lot # cor NDT Temp Fnergy Lxpansion
Weld Seam Type Heat # _Flux # "F R ft-1bs __ Mils % Shear
2-307 B-4 Mod. 13253 RLER] _g: NA +10 M, 7" 9 NA NA
A, B, C £
12008 3833 2 ~ NA +10 62, 47, 62 NA NA

55
15-308 B-4 Mod. *33A277 *3878 & NA +10 83, 94, 87 NA NA
A, B, C, D o

S o
1-313 B-4 Mod. 10137 3999 £ NA +10 101, 108, 107 NA NA

- O

NA = Not Availabie

*This material i{s also n the survelllance program.

a/




Table 5

FERMI 2

BELTLINE RADIATION ART & EOL (END-OF-LIFE) RTN

NDT

T

Peak EOL Fluence = 1.1 x 10'% n/ca® (%T wall)

A. Plates - Beltline

16

* This material is also in the surveillance program.
** Bare wire analysis only; as deposited wire/flux combination analysis not done.

Therefore, maximum ARTNDT is assumed.

Y1006A006 REG. GL DE
R START 1.99 EXTRAP. EOL
HEAT NO. Cu P RTypy O°F) LRTipr OF) RTypr OF)
C4564-1 .09 .010 -12 20 8
B8614-1% 12 .011 -20 32 12
C4574-2% .10 014 -16 30 14
C4568-2 12 012 -12 13 21
C4560-2 .08 .010 -10 17 7
C4560-1 11 .010 -10 27 17
C4554-1 12 011 -10 32 22 Linmiting
Plate
B. Welds - Beltline
Y1006A006 REG. GUIDE
. START  1.99 EXTRAP. EOL
WT. % WT. % ° ° op
SEAM HEAT/LOT Cu P RTypr(F) &Ry (") Ry €6
* * R
2-307A,8,C 13253/3833 (.07 .013) ~50 ( 110 ) 60
12008/3833 13 .010 44 110 66 Limiting
Weld
15-308A,8,C,D 33A277/3878% .32 .016 -50 106 56 -
1-313 10137/3999 .23 .016 -50 76 26



fable 6
BELTLINE WELD PROCEDURE FOR FERMI 2 SURVEILLANCE PROGRAM

CC'@USTION ENSIIELAINS, INC.
: NUCLEAR SUALITY L¥S1NERALNS
- SURVZILL:ICE PRCCRY 1257 AEFCAT
Castozer Ccnersl Electric Cozpary Contract 2657
Materfel SA-533Cr.3,Cl.1 Job No. V-707:1
Dvg. No. E-232-502 ‘Seea No. 15-208
Detoil Weld Procedure No. SAA-L-0 . 7-3/3"
Code No. G-31705-1 end C-3705-2
Filler Metal (Type, H:. and Size) S&, 33A277, 1/8"
Mux {Type 224 lot) Linde 124 Lot # 3878
Post Weld Eeat Treatmect: Temp. 1150°F T 25° Zours  0-3/b

Veld Dept. or Shep  HNuclear Shop

Welders Symbals

WP -YY -MJ-TV - TN

Non-Destructive Tests

N MEP 2.4.2.4(d) AMdd. L(a) , 3la)

PT
RT M&P 2.4.1

3(6) Add. 1(a) , 2(a), W(a)

UT

Date;

We certify that the stalements 'n this
Repor'. are correc: as contained ia the
Records of the company.

CMUS"' mGINEER[NC ,/ ?

5-_7_7-._____
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Table 7
DETAIL WELD PROCEDURE FOR FERMI 2 SURVEILLANCE PROGRAM

COBUSTION EUGLMNEZRING, INC.
NUCLEAR COMPCAINTS DEPARTICNT
CHATTANCCGA, TENNZISSZE

1] CONTRACT NQ.:

.= DPA'TING NO.:

‘¢ WELD NO.:

'S REFERENCES: M&P 6.1.1.2(c),

S MSP 4.3.R.5(b)

SAA-33-29

SAA-11A(1), QMA-11A(L)F4

Non-de~atructiva Testinz:

s 2 u oL )T

{

t
'

‘e

e Neay o

P.
r M.
R.
u.

i

DING COMDITIONS :

—

Electrode Type & Stze

Filler Matsl Type B Sice
Flux Type & Size
‘Welding Current & Polarity
.'Arc Voltage
*Travel Spead (in/mir.)
| Shield Gas Type & Plow
Gas Cup Size
GCas Cup to Work Distanca
Othar

'+ 10% ‘of Value or Range

DETAIL VEZLDING PRCCECURE
NO.: SAA- &4 Rev. O
DATE:

1/8"¢@ Mil. B-4

Linde 124, 20 X 150

550 AC

a3

12-13 | *

VELDING POSITION: Flat (Vertical Progressio:)

Preheat: 250 °r. Hold

Interpass:_ _ 500 °F.

Nny.. xhedd, Until P.N.H.T.

Post-weld heat treatmant: 1150 *+ 25 °F hold one hour/inch

thicknass of weld

Intermed(ate PW.H.T. 1100 *+ S0 °F, hold __15_ minutes



Table 8

DETAIL WELD FROCEDURE FOR FERMI 2 BELTLINE SEAMS 2-307A,8,C

CRBUSTION ENGLNEZRING, INC.
WOCLZAR COIPUNINTS DEPARTIEXT
CYHATTANCCGA, TENNESSRE

CONTRACT NO.:
DRAWING NO.:
WELD NO.:

PEFERENCES: M&P 6.1.1.2(¢).
M&P 4.3.8.5(t), SAA-33-27

Non-Destructive Testing:

P.T.
M.T.
R.T. E
U.T.

WELDTI'C COLDITIONS:

Electrode Type & size
Filler M2tal Type & Size
Flux Types & Size
*Welding Current & Polarity
®Arc Voltage
*Travel Speed (in'~in.)
Shield Cas Type & Flov
" Cas Cup Size
Cas Cup to ''ork Distznce
Other
*+ 10% of Vzlue or Ranze

WILDING POSITICNS:  Flat

Preheat: 250 °F. Hold

Interpass: 500  °F.

DEYAIL WELDING PROCEDURE

NO.: TSAA-2(A) Rev. 0
DATE:

See attached shezt.

(5,79 pLoih DLV N4 Until 2.U.H.T.

Post-weld haat etreatmant:_ 1150 °+ 25 °F hold en2 hour/inzh

thicknass of wald.
Iﬂtetc-diatQ Pn’n’. H-T'

SO °F, hold 15 cinutes.




- — L — -

Table 8 continued

WELDING SEQUENCE

*lst Pass - 0.D. 3/16"7F Mil.B4 Mod.

NOTE:
lst Increment - O0.D. 3/16"% Mil.B4 Mod.

(L)

(2)

(3)

(4)

(3)

Use coppe

0.D. "o ly"

3/16" , Mil.

T.D. to 1"
3/16"2 Mil.

*Remiinder
3/16"2 Mil.

0.D. to 3"
3/16"Z Mil.

*Remainder
3/16"C Mil.

Backwcid if

1/4"2 E-801
or
3/16"¢ E-80

*Flux Linde 1092

r backing bar

Level
B4 Mod.

Level
B4 Mod.

- I.D.
B4 Mod.
Level

B4 Mod.

0.D.
B4 Mod.

required
8 C-3 (Flat Only)

18 C-3

65 x 200

— -

DETAIL WELDING PROCEDURE

TSAA-2(A) Rev.0
2 of 2

Sheet:

TRAVEL

13
13

13

22

22

22

22

IPM

IPM

IPM

IPM

IPM

IPM

IPM

PS*

700 AC
Single Arc
650 AC
Single Arc

650 AC
Single Arc

600/550 AC
Tandem Arc

600/550 AC
Tandem Arc

600/530 AC
Tandem Arc

600/530 AC
Tandem Arc

VOLTS *
31
3l

3l

3l

31

31

il

325-375 DC-RP 25

210-260 DC-RP*25

v

20



Table 9

21

DETAIL WELD PROCEDURE FOR LA SALLE 1 SURVEILLANCE PROGRAM

COMBUSTION ENGINEZERING, INC.

NUCLEAR CONPONENTS DLPAI L ENT
Chattanocogza, Tennessce

CONTRACT NO.:

DILAIING NO.

VELD NO.:

REFERENCES: M&P 6.1.1.2(c),
M&P 4.3.8.5(), SAA-13-27
 QSAA-11A(3), QMA-11A(1)F4

Non-Destructive Testing:
P’1‘.

M.T.

R.T. E

U.T.

UEIniiG COUNITIOIS:

Elcctrode Type & Size
Filler M:xtal Type & Size
Flux Types & Size

*Welcding “urrent & Polavity
*Arc Voltage

*Tzavel Spe2d (in/nin.)
Shicld Cors Type & Flov
Gas Cup Size

Gas Cup :5 ‘lork Distconce

Oches

‘+ 10% of Value or Range

DETAIL WELDING PROCEDURE

NO.: TSAA-2(A) Rev.1
o ol S Dot i+t 1. st s ain
— @
u. QSL
6
7 3 P 3
/« e

i\.\ N 4

DR S e Y

g//

W STamy e gan v

Se2 z2ttached sheet.

WELDING POSLTIONS:  Plat

Preheat: 250  “F. Hold DUINIET Untii P.W.2.T.
Interpass: 500 _°P.

Post -we!d heat treatment:  1150% __ 25 °F hold one hovur/inch

thickness of weld.

Intarmediate P.W.W.T._ __ ]100_*+

____” -_?o ho“__ )

IS mind es.



JELDING SEQUENCE

Table 9 continued

DETAIL WELDINC PROCETURE

No.: TSAA-2(A) Rev. !
2 of 2

Sheet:

TRAVEL

*lst Pass - 0.D. 3/16"4 Mi1.B4& Mod.

lst Increment - 0.D. 3/16"7 MLi1.B4 Mnd.

(1) 0.D. to 1%" Level
3/16"9g Mil. B4 Med.

(2) I.D. to 1" Level
3/16'# Mil. B4 Mod.

(3) ‘'Remainder - 1.D.
3/16"¢# Mil. B4 Mod.

(4) uv.D. to J" Level
3/16"# Mil. B% Mod.

(5) *Remaincer 0.D.
3/16"# Mil. B& Mod.

Root or Backweld ,

1/4"¢ E-8U18 C-3 (Flat Only)
or

3/.6"¢ E-8018 C-3

‘Flux Lin4¢ 1092 65 x 200

13
13

13

22

22

22

22

IPM

IPM

IPM

IPM

IPM

IPM

I[PM

AMPS* VOIL.TS*

550 AC 3l
Single Arc

650 AC 3l
Single Arc

650 AC 3l
Single Arc

600/550 AC 3l
Tandem Arc

600/550 AC 31
Tanden Arc

600/550 AC J1
Tandem Arc

600/550 A 31
Tancem /7.
325-375 DC-RP 25

210-260 DC-RP 25

22

.



. .Q. .
. o = C3I WOCLEZAR COMPAN, wEILD PROCEDURE
. . ¢ & SPECIFICATION
- Low Alloy §
) CAIDE0 DAIDCE 4 IMOW CO. Crooves i:?l:u;.
caromes COneral Clectric € e -
FROOCT '.‘l'.n1i % .
o P e Metsl Arc and Su pary 17= 9"""_
nml 37 uwbqrew ateria -M‘l’7-21341 P-".
- |
.. | nereaincs Diciricaticns POLIIZAT PESUIZIVENTS
- Gencral WPS 100 Latest Ravision -9
. Gareral WPS 520 Latest Ravision Winisam preheat of J00°F shall de
i aaiionl Boas pdarite spplied uniformly to the full
L% = = thickress of the weld joint and
»o. [ taate] T™ICKWILS KawcE | Adjacent Dase -nsosux !.t & nini-
1890 (SHA) v VI e B [ e e T o
jom - [18911SMA) . 37167 2 87 aacerjal thickness.
“=" (1892 (SMA) on,p 3/16° to 0°
- 1893 (SA=1] I 4 3/16"° o #* Maintain JO0O°'F min. preheat temp.
g’ 9 2200 (SA=2] r 3/16° to #* witil start of postveld heet trest-
H ; - ment except for longitudinal and
. POST WIAT TRLATMINT = circumfarential shell and head
~+ lprocedure qualified with 30 hrs. at [feams, prehest miy be dropped to
1150°F «2%°/-50°r. 250°F min. § heurs aftear completion
ostveld heat treatment of the veld- (of welding. All runoff tabs and
g”® t ahall e in accordance vith a lux dams must Be rcmoved prior te
.7 [cBaT approved procedure. - |dropping preheat telw 300°F.
", T T INTERPASS TEMPERATURE REQUI REMENTS :
\'\ ASME SA=%3) Gr B Class 1 or T™he interpass tepperature shall
et SA-508 Class 2 2 ke _|not excesd S00°'T maxisus.
... [ASMZ Group No. P123 Subgroue I FILLER METAL:
C TILLER H‘ ?L ; K . [ vtmerged Are
Shialde HO‘__1L§5 . tpecification =~ N.A.
Laks Specification = §FA-3. ’ Classificacicn = M. A.
Ay Classification - ZJ018C i Walysis = AJ (except Ni 0.50 te
b Analysis = A) (except Wi 4.50 tol.23 1.29%)
: Usabalicy = P4 D.ability - T6
« . | Trade Name - Alloy Rods 010NN Trade Name = C3I INMM (IV Nickel) |
t . Subtmarqed Are . or equal -
s | SO NSRS NI PLICTIICAL CHARACTERI®TICS:
- .
i SLECTRICAL CHARACTIRSTICE - SHA - DCRP
el 1 .
v B Submerged Are'
e ML DING CAS = None Tandbs Vire
J Lasd Vire C?2?
e Luk- Liade 124 Single Wire = DCAP o !
o CUSTOmMIA APPROVAL ’ ) .
A 1 00".‘11
. _— o=z —— T T ST
E'E:;-i':.iifl'i":.*.'.'?":!;.‘:‘z’ 'j“’.| G | :'?:‘ ‘.;.T}"': R e L o W TN
S ‘\--‘-.‘,‘—_-':'_c"!“..di).‘ ‘| = ! | s Ll h-«.:;i" X ""_'f'?:._-

Table 10

23

DETAIL WE! D PROCEDURE FOR LAGUNA VERDE 2 SURVEILLANCE PROGRAM
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Table 11

DETAIL WELD PROCEDURE FOR ZIMMER 1

& LA SALLE 2 SURVEILLANCE PROGRAM

K (B' ), CONTRACT NO. | BY | Dare FREISIC N :
. Lov Alloy Sra ¢ SA
-f Ll A WD4747 Crooves & 8,i14.p

asvowse__Cenersl Electric Company ) PAUSeis _MPS 32)-2F tg
noo:l: _n:f:uﬁamzu_.lnmm PaGE N0 ;_oc 1

.ue! .V'SGKJ of ASML 'Iﬁ%&uh]‘m-“r- group 1 Materia ::::‘.mgg ’.'l!z—.ﬁleg’Q]?}

REFERENCE SPECIFICATIONS Z

Cenezal WPS 800 Latest Revision
Ganeral ¥WPS 920 Latest Revision

PROCEDLURE QUALIFICATION

NO PCSITION THICKNESS RANCE
9€1(W) F(3uD Arc) 4§ 1/2° to 9.9"
PoV. H(SMA)
1261(7Y') L (S Are) |2 ¥/4° ¢t O°
yV(SMA)

POST MEAT TREATAENT -
Procedure qualified with 50 hrs.
1150°F «25°%/=%0°F.

Prst weld heat treatment: of the
weld=en® shall be in aceordance with
8 CB4! approved procedire, ‘

at

BASE METAL -

ASME SA-51) Gr 8 Class 1 or
SA-508 Class 2
:::;a No. Pl128 S>3ro

ASME 39 1

FILLERMETAL = AS ‘2

Bee Adjacent Colan

ELICTAICAL CHARACTERISTICS -
See Adjrzent Column

MELSING SAS - Ngnpe v
BACXLL SAS - done
WR - Linde 124

VPF* 28/2-73°%

e

PREMEAT REQUIREMENTS:

Minivum preheat of J023°F ghall be
spplied uriformly to the fyl)
thickness of the weld 3z:~: -4
adjacent base material fcr a
minimrus distanze of “T" er 67,
whichever is leas:, where *7°

is the material thickness.

Ma.ntain preheat temperatire
until start of post weld hea:
treatrent.

INTERPASS TEMPEAATUAE RESLISZVENTS

The interpass terperature shall
not exceed SO00°'F raximai-.

FXL':I NETAL:

Sus~ersed Arc
Specificasicn = N.A. .
Classificeation - N.A. |

Analysis = AJ (exscpt N1 0.50 to
1.23) 2

Usad:lity - Fé6 |

Trade Nare = Adcor INMM (1N Nickel

or e3.al
Shielded Mezal Arce
Specification - 3A-116
Classificaztion - E3213-C
Analysis = A) (exc2pt N1 0.50 %o
1.29)

Usadbilicty - Fd
Trade Name - Alloy Rods Z9013%™

MLECTRICAL CHAPASTEZ2ISTICS
IMA - QA2
bubrerjed Arc o
Tandem d4ire ¥
Lesd Aire - OCAP

Frail digre - AC
Bingle Wire - OCAP




Table 12

MILB-4 ELECTRODE, LINDE 1092 FLUX
SUBMERGED ARC
VESSEL WELD TOUGHNESS DATA

(LaSalle 1 - Combustion Engineering)

Single
or
Charpy Tandem Lateral
Heat No./ NDT T’mp Wire Energy Expansicn %

Lot No. (°F) 75 (S or T) (ft=1bs) (mils) Shear
21935/ 3889 +10 97, 90, 83 NA NA
12008, 3889 «10 97, 90, 83 N NA
30544/ 3947 +10 82, 66, 80 NA NA

92, 91, 92
12008/3947 +10 92, 91, 92 NA NA
3C5824/ 388" +10 82, 87, 92 NA NA
1P3571/3958# +10 s 40, 46, 46 N NA
T 79, BR, 64
+200 111,110,109 77,78,79.5 99, 99, 99
4P6519/0145 =60 +10 106,109,116 NA NA
4P6519/0842 -80 +10 110, 79,126 NA 80, 70, 90
4P6519/0653 «60 0 88, 94, 96 NA 60, 70, 70
+60 121,121,120 NA 100,100,100
+212 125,133,133 NA 100,100,100
10137/3999 +10 101,106,107 Na NA
63246137/3499 +10 . 101,108,103 NA NA
5P5622/0811 -80 +10 108,112,109 NA NA
2P5755/0831 -70 +10 109,104,114 NA NA
$329637/3458 +10 103, 65, 88 NA NA
5187473458 +10 89, 64, 87 NA NA

NA = Not Available
*This material (T) is in LaSalle 1 & Shoreham surveillance program.



Table 12

INMM ELECTRODE (TRADE NAME - RACO)
LINDE 124 FLUX, SUBMERGED ARC
POST WELD 1150°F for 50 HR TYPICAL

Plart C (Laguna Verde 2 - CBIN)

Single
or
Charpy Tandem Lateral
Heat No.' NOT  Temp Wire Energy Expansion %
Flux No. (*r) (°F) (S or T) (fe-1bs) (mils) _rear
5P7397/015¢0 =50 =70 25, 21 18, 15 5, 5
-50 42, 27, 19 33, 25, 20 10, 15, 10
+10 64, 67, 55 53, 53, 52 130, 35, «0
+10 64, 70 53, 54 40, &5
+40 91, 84, 85 78, 68, 79 B85, 90, 95
+212 103, 92, 94 59, 66, 59 100,100,100
3IP.366/0342 -80 -80 1, 27, 9 45, 25,12 5, 3, 5
=20 71, 66, 54 57, 57, &5 30, 25, 20
+10 85, 84, 71 68, 72, 61 70, BC, 65
+10 83, 76 67, 64 65, 55
+<0 87, 91 71, 60. 75, 80
+70 100,101, 97 82, 89, 71 90, 95. 90
*212 108,111,108 66, 84, 86 100,100,100
4P, +65/0751 -60 -80 27, 14 21, 12 5, 0
-70 48, 43, 26 42, 36, 22 15, 15, 5
0 63, 57, 68 54, 45, 63 30, 25, 35
+10 56, 58, 90 62, 6., 86 30, 25, 45
+10 87, 55 83, <2 0, 30
*40 67, 97 71, %0 45, 50
+212 118,102,112 88, 71, 72 100,100,100
176<84/0150 =20 -80 5 8 6, 11 ¥ 3
-60 22, 16, 12 23, 13, 10 19, 10, 10
0 17, 36, 30 20, 27, 28 25, 20, 25
+10 30, 38, 17, 25, 38, 12, 15, 15, 135,
34, 38 28, 30 15, 20
+30 3%, 46, 42 29, 37, 45 25, 50, 35
+49 72, 60, 72 54, 47, 49 50, <5, 50
+212 93, 81, 83 65, 66, 69 100,100,100
5P5657/0931 =60 -80 39, 3 27, W7 3, 3 ’
. -60 19, 20, 32 18, 22, 28 10, 10, 10
0 51, 55, 58 50, S0, €3 30, 30, 5%
+10 69, 69, 66 61, 65, 59 50, 50, 40
+10 62, 57 60, 63 60, 40
+0 17, 66 73, 72 70, 80

+212 88, 91, 85 86, 75, 83 100,100,100



Table 14

INMM ELECTRODE (TRADE NAME - TECHALLOY)
LINDE 124 FLUX, SUBMERGED ARC
POST WELD 1150°F FOR 50 HRS TYPICAL

Plant A (Zimmer RPV, CBIN)

Single
or
Charpy Tandem
Heat Nn,/ NDT Temp Wire Energy Expansion %
_Flux Lot (°F) (°F) (S orT) (fr-1bs) (wi s} Shear
Kn203/0171 -80 -130 S 7, 6 7, 7 3, 5
-80 3, 18, 22 32, 16, 21 40, 135, 4O
e 68, 70, €2 61, S57, S6 B8O, 70, 75
+10 75, 12 64, 64 90, 90
+40 94, 82 81, 71 100, 95
+212 9, 92, 86 76, 80, 80 100, 100, 100
-130 T 7y 5 6, 5 5 5
=100 25, 16 24, 19 10, 10
~80 26, 22, 25 21, 19, 25 25, 20, 230
-2 B, &9, 54 44, 42, 46 45, 45, o0
=10 59. 54, 54& 4B, 49, 46 60, 45, 60
+10 78, 67 65, 56 95, 80
+40 80, 79 68, 68 95, 93
+212 86, 89, 87 87, 86, 85 100, 100, 100



Table 15

LNMM ELECTRODE (TRADE NAME = RACO)

LINDE 124 FLUX, SUBMERCED ARC

POST WELD 1150°F FOR 50 HR TYPICAL

Plant B (La Salle 2 RPV, CBIN)

Single
or
Charpy Tandem Lateral
Heaz No./ NDT Temp. Wirs Energy Expansion 4
Flux Lot (°F) (°F) (S or T) (ft=1bs) (mils) Shear
SP7397/ =70 =70 T 22, 16, 36 22, is, 28 23 3 5
0342 -10 58, 68, 61 54, 50, 47 25, 20, 20
+10 76, 73, 75 60, 65 60 30, 45, 50
+10 75, 69 58, 56 35, 35
+40 91, B84 75, 63 80, B85
+70 79, 75, 77 73, 63, 7% 90, 95, 65
+212 84, 81, &7 69, 67, 75 100, 100, 100
=70 S 20, 34, i ie, 32, 12 . 2 3
-10 54, 50, S9 47, 47, 53 25, 20, 20
+10 65, 59, 69 60, 56, 65 50, 25, 75
+l0 0. 25 56 6l &5, 3
+.0 3; 18 65, 68 75, 90
+70 92, 101, 94 B2, 65, 69 95, 95, 100
+212 100, 95, 96 88, 58, 82 100, L00, 100

'2¢€



Table 16

FERMI 2 REACTOR COOLANT PRESSURE BOUNDARY NSSS SUPPLY MAIN STEAM PIPE DATA

(Pipe stress rellieveo YS°F, 2-1/2 e )

o.b.
Stze

26"

26"

26"
2 ‘l'

26"

26"

6"x8"

Min .
Wall

1 .0#8"

1.160"

1.140"

0.95"

1.140"

950"

Sch. 160

Heat No

B2RIS

EONU
BOJB10449

ECPY

80205429

ECNT
BOIBOBL20

ECPV
80209120

ECNW
B02C05820

MY
31890

wot No L

——- 26

(Materials normalized 1650°F, welds stress relieved 1175°F)

Hatertal
ntr. Supplier Materisl  Component
NABCO Lukens AlL5S Class | Pipe
Grade LCF10
from J
AS16-69 Gr. 7
Taylor Bethlehem  AL20 WPLI-W Elbows
Forge from )
SA-516 G.. 70
Elbows
Elbows
Elbows
L L] Elbovs
6 Crucible AISO Gr. LFl Expander
Flange
Bonney Staron AYS0 Gr. LFI
Forge
6 Bethlehem SA-105 Gr. 2 Socket/
Weld

Sweepolets 26"xR"

26" xt"

26"w2"

(Matertals normalized 16507F,

*Charpy Keyhole at -50°F
NA = Not Avallable

1 .08a"

1.088"

695"

219839

218543

218306

210608

Hh2U LGS

weld stress (rlieved 1175°F)

Q051 .26
Jom

Q1qQ20/ .29

69116694
Quie/ .29
6951

w2 24
¥ .30

.99

1.04

1.01

.83

.80

4

.69

A5

W

L0009

017

010

.010

010

010

-
-

Ts s Gratn Charpy Data*
S St kst kst Size fr-id
021 26 17.% 47 7-8 NA
.026 .26 6.4 W8 4 Flne 40-29-27
Crain
025 .25 78.2 $¥.7 18-33-39
020 .26 154 S0 4 21-56-42
.030 2% 17.2 52.8 45-41-32
.02% ) 1.2 S1.6 $ S0-40-54
025 .21 16.0 46.5 ? 33-15-16
.010 22 833 6.1 Fine 26-25-32
Crain
021 23 845 %) 13-16-17
01 cah é5.0 56.9 19-20-19
0 23 753 49 .4 23-23-2)
023 .22 B84 ST.e ] 15 (Spec.)

LT
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Table 18

FERMI 2 MAIN STEAM NSSS PIPE WELD FILLER METAL

AWS A5.1, E7018 -

AWS AS5.17, EH14 -

AWS A5.18, E70S2-

Meets charpy v-notch minimum requirment of 20ft-1b.
at -20 °F.

RACO 123/402B0451 heat no. used for elbows

reports charpy v-notch values at -50 F of
47-46-45 ft-1b.

Charpv v-notch minimum requirement of 20 ft-1b.

at -20 °F.

31
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Project

Valve

Component

Applicable Code

\'alve Vendor

Material Vendor
Material Specificaticn

Heat No.

Chermical Compcsition (Wt,
Grain Size (ASTM No.)

Heat Treatment

T

Table 22

Fermi 2

MSIV

Cover

1968 Pump & Valve Code (ASME)

Atwood & Morril Co.
Cann & Saul Steel Co.

ASTM A105 Grade 2

219222 (Typical)

C Mni Si P S

%) .30 .68 .19 .009 .014
NA

1650 °F (12 hr.) Air Coc!

Charpy V = Notch Impact Toughness

Test Temperature:

Ft-lbo

A

Mils NA

% Shear

RA = Not Available

/

Al
NA

(Typical)



Table 22

Project Ferm? 2
Valve MSIV
Component Body

Applicable Code 1968 Pump 3 Valve Code (ASME)

Valve Vendor Atwood & Morrill Cu.,
Material Vendor Quaker Alloy Casting Co.

Material Specification ASTM A216 WCB
Heat No. F7080 (Typical)
C Mn Si P S Al

Chemical Composition (Wet. %) 0.27 0.79 0.39 0.0019 0.0i2 N (Typical)

Grain Size (ASTM No.) NA
Heat Treatment 1700 L (8 hr. 30 min,) Air Co0l
+1320/1340°F (4 hr. 10 min.) Air Cool
+1245/1260°F (4 hr. 20 min.) Air Cool
*“006“5°°F (3 hr.) Air Cool
+1150°F (4 hr. 15 min.) Air Cool
3 h

;
+1150%F (3 hr. 10 min.) Air Cool

Charpy V = Notch Impact Toughness

Test Temperature:

Fr-lb.
Mils NA
% Shear
deld Filler Metal AWS A5.1-69 Type E7018

Tested by charpy v-notch at -20 % to
meet the requirement of at least 20 ft-1b.

NA - Not Available



RECOMMENDED Fh., o -1 MANUFACTURCR'S RECORD (. SELDING PROCEDLRE
QUALIFICATION TESTS

Specificaiion Ne _9_“-__2_9 Eg Ay | Mg‘l Date 10-26-71

% lding Process __9". k.‘__‘_';;i.ﬁ_g Manosl or Machise _ i 2nua)

Material Specilication, 020 1o AZ16 WCB of P-Ne. 1 o PNo. 1
Yiick.ess (if pipe, diamerr 3nd sall duckness) L Ip-hes

Thickness Pange this trar ualifies M’D Iach _to © I:-ches

Fitles Meral Group No F- L FLUX OR ATMOSPHERE
Weld Metal Analysis No. 4+ ! Flug 1rade Name or Compovition
Describe Filler Metal ./ rur included in Table Q11.2  Invet Cas Composition

or QN-11.2 Trade Name Flow Rate

For onyaceiylene weid ~o=Siaie of Fuller Meral s sils  Is Dacking Serip wed’ _Yes

icoo or sluminum killed Prehess Temperas.*: Moage 5o 'on. Zis
SELDING PROCLCDURE laterpass Temperature Kange .'.;_;:_;:_‘;.;___

Single or Viuliiple Pass Yalsiale Posthest Treatmene__ 11C5°F - 2.3

Single or Mulupie Are__ o712 AT Caol

Position of Croove _13_;_‘ :gal = Ui ore (See Pars. % Figs. O-2 & Q3. or QN-2 & QN-3)

(Flat, hosizanial, wertica,, o owtine8 ol weii. 8l 8 .al® whether eard or doanwerd!

FOR INFORMATION ONLY

Filler YVire-Diamerer —:/—-,-_ C‘/E:" = ’/ 6" - 1/, - TELDING TECH‘ "‘"ES
Teade Name AL TS _'13 - Jeint Dimensions Aczord wiy 371 AR 2se
Type of Daching -~ Cazoon _tesl amps " volts inches per min.
Forehand or Dackhand - 7. 1ane Cutresr DiZ8Ct  Polariey _8VEZSS
REDLL_ED SECTIJ\ TENSILE TCST (Figs. Q6 snd QN-G)
. D:mensions WATNELS Lltimare Unit | Character of Failice |
Spesinca Mo, % 1d:h Thickness AR |..'Tv,°$'..:b. r Siress, pyi and Locar 21
EZE Pavi = Top Torcems raouisd
STE P:.33_2 TR :3::.13 T w4 l3

GUIDLD BEND TCSTS(Figs. @7.1, 7.2, QN-7.1, QN-7.2, QN-7.3)

fype and Type and 7
Figuie No. Result Figwe No. Result

Q-7.1 Satisflactozy Q-7.1 Satisfaciery

Q-7.1 Satisfazsory Q=T.1 Satisfactory
Results of Fullermeld Tests, Fiz. Qt(2)
Celded's SName a1 Za.lecs _ Cleck No. 275 Swep Ve BE. RS .
Sho by virtwe of ¢ Ncu ety meery ne' der ppriomancerequirements.
Teot Conducred by —wnumr _-:'—.'.';:_-;__'- ekt :.:..a-s‘ Laborstury =Test No. =2 2%°971

per LRSI ot0da3

Ve cerrify that the scatenents i ro.s record are correct aad (hae the 23t welds were prepared, welded and

cested in sccordance with the requirements of Section IX of the ASML Code.
Sigaed STAFER ALLOY, C15TTIS €O, -

Date 10'26 71 .' /"\
(Detail of record of tests are slluscracive only on‘ may be mod. to conlardy to the c)pu
requircd by the Code. Recommended Form Q-1 1 svailable for purchase st A2GE Hesdquarters.)
NOTLC: Any exsencial vauialles in eddition 1o those above shall be recorded.

Lrbet of tests

$5

Re-typed March 20, 1973 Table 23

.Soe Par, .:1,‘}: 1‘.; ,.'P C.P-Lq F—R"I 2 mxv BODY w:LDSpgggf’E?gE




Pege 2 of 4 3R

.
QAP-L9,D, m~d.
Hn.mu.l'Shiolded Are 'Table o
Specicen Diazeter Arsa Ultimate Total Ultizate Unit Location of
No. load 1b, Stress, psi Failure
1 ’ .505 .2 15100 75500 Weld Metal
2 «505 ¥ 15000 75000 Weld Mstal
3 2 .505 2 14,300 7,500 Weld Metal
L .505 .2 15200 ‘16000 Weld i=tal
g .505 2 148¢0 7L0CO - weld Matal
6 .505 2 15100 75500 Weld !‘etal
1 .505 "2 14506 7L500 Weld ifetal
8 .505 .2 11,800 { LO00 weld Metal
Chasoy I=pact
R " Ne'sh 3 'enus 20°F
Base VMetal - -
Joot Lounds -31-34
Lateral Zxpansicn 2L-21-22
Percent Ductile-Tracture 2o=co=cd
Weld Metal -
Foot pounis 60-72-20
Lateral Zxpansisn LO-52-€6
Peicent Ductile Fracture LO-L0-52
Eeat Affccted Zone
Foot pounds 51-L5-57
Lateral Zxpansisn 23-21-28
Percert Ductile Fracture LC-L0-L0

Non-Destruztive Txazination of Cczgpleted Weld
1. Radiograzhic Exanination - Acceptaltle
2. Magnetic Particle Txazination =«  Acceptadle

3. Visual Exazination = Acceptabdle

e

John Ju ‘:e.':.(..:'. s
Quaker Alloy Castizg Co.

3-20-73



Table /4
Project Clinton 1
Valve MSIV
Component Body

Applicable Code ASME Sect, III, 1974

Valve Vendor Atwood & Morrill Co.

Material Vendor Quaker Alley Casting .o,

vMaterial Specification

ASME SA216 Grade WCB

Heat No. F7516

C

Chemical Composition (Wt, %} 0.23

Grain Size (ASTM No.) NA

Heat Treatme:l 1690/17)0°F (6 hr. S min) Air Cocl
+ Temper 1350/1360°F (6 hrs) 2ir Cool
+ Post weld 1200°F (6 hr, 5 min) Air Cool

Charpy V = Notch Impact Toughness
Test Temperature: +60°F
Fe-1b., 30,24,34
Mils 37,27,33

% Shear &0,40,40

SA = Not Availabdble

39



Project

Valve

Component

Applicable Code

Valve Vendor

Material Vendor
Material Specification

Heat No.

Chemical Composition (Wt,
Grain Size (ASTM No.)

Heat Ireatment

Charpy V = Notch Impact To
Test Temperatur

Fe~1b

Mils

% Shear

NA - Not Available

TABLE 24

Clinton 1

MEIV

Covar (Bonnet)

ASME Sect. I1I, 1974

&vsony & Morrill Co.,
-aan & Saul Steel Co,

ASME SA105 QT

2146834
o Mn Si P S
%) 0.28 0.7¢ 0,22 0,017 0,023
N/A

1600°F (12 hr) Quench, Water
4+ 1175°F (12 hr) Furnance Cool

ughness

e: + 60°F

. 62,60,55
48,45,50
30,30,30




Project

Valve

Component
Applicable Code

Valve Vendor
Material Vendor

Material Specification

Heat No.

Chezical Composition (Wt,
Grain Size (ASTM No.)

Heat Treatment

Table 24

Grand Gulf 1

ASME Sect, III, 1974

Atwood & Morrill, Co.,
Quaker Alloy Casting Co.

ASME SA216 Grade WCB

F6406
C Mn Si 4 S
%) 0.23 0.89 0.53 0.019 0,012
NA

1680/1710°F (5 hrs, 30 min) Air Cocl

Al
NA

4

+ Temper 1350°F (5 hr, 30 min) Air Cocl
+ Post Weld 1200°F (6 hr) Air Cool

Charpy V = Notch Impact Toughness

Test Temperature: +6C°F
Fe=-1b, 32,31,3.
Mils 33,32,31
% Shear 40,40,40

NA - Not Availcble



Table 24
Project Crand Gulf 1
Valve MSIV
Component Cover (Bonnet)

Applicable Code ASME Sect. III, 1974

Valve Vendor

Atwood & Morrill Co.,

Material Vendor Cann & Saul Steel Co.

Material Specification

Heat No.

Chemical Composition (Wt. %)
Grain Size (ASTM No.)

Heat Treatment

SA=-105 (NT)

632202

c Mn Si 3 3
0.26 0.94 0,20 0,023 5.015
NA

1550°F (12 hr) quench in water

+ 1175°F (12 hr) furnace cool

Charpy V = Notch Impact Toughness:

Test Temperature:
Ft‘lbo
Mils

% Shear

NA = Not Available

+60°F
66,74,65
58, 64,54

20,20,20

{2



Material

Heat No.

-~

Chemical

Project

Valve

Table 24

Riverbend 1

MSIV

Component

Cover (Bonnet)

Applicable Code

Valve Vendor

ASME Sect. III, 1974

Atwood & Morrill Co.,

Material Vendor

Cann & Saul Steel Co.

Specification

Composition (Wt.

Crain Size (ASTM No.)

Heat Treatment

ASME SAl105 QT

216149
C Mn Si P S
%) 0,30 0.88 0,16 0,006 0.014
NA

1550°F (12 hr) Quench in water

+ 1225°F (12 hr) Furnance cocl

Charpy V= Notch Impact Toughness

Test Temperature
Ft-lbO
Mils

% Shear

NA = Not Available

: +60°F
62,66 ,60
56,54,52

20,20,20

Al
NA

43



Table 24

Project Riverbend 1
Valve MSIV
Component Body

Applicable Code ASME Sect. III, 1974

Atwood & Morrill Co.,
Atwood & Morrill, Ltd.

Valve Vendor
Material Vendor

Material Specification SA216 Crade WCB

Heat No. 35

c Mn Si P s Al
Cremical Composition (wWt., %) 0.2+ 0.82 0.46 0,022 0.013 NA
Grain Size (ASTM Yo, NA

-g -

1650°F - 1800°F (B hrs.) air cool to <00°F
+ temper 1150°/1250°F (8 hrs) air cool

+ post weld 1005°/1195°F (18 hrs) furnace cool
to 800°F (100°F/hr) air cool

Heat Treatment

Charpy V = Notch Impact Toughnecs

Test Temperature: +60°F
Ft=1b, 31.5,32.5,.39:5
Mils  33,41,40
% Shear 10,10,10

NA = Not Available



Table 24
Project Laguna Verde 1
Valve MSIV
Component Body

Applicable Code ASME Sect. III, 1971 with Summer 1973 Addenca

Valve Vendor Rockwell Internaticnal
Material Vendor

Material Specification SA216 Crade WCC
Heat No. 1750262

C Mn Si P S AL
Chemical Composition (Wt. %) 0.21 1.19 0,43 0.011 0,009 0.0<3
Grain Size (ASTM No. NA
Heat Treatment 1700°F (10 hrs) normalize

+ 1225°F (7.5 hrs) Temp
+ 1100°F (6 hr) post weld

Charpy V = Notch Impact Toughness
Test Temperature: +&0°F
Ft-lb., 29.0,33.0,35.0
Mils 25.0,26.0,30.0

% Shear 15,15,15

NA - Not Available

45



Project

Valve

Component
Applicable Code

Valve Vendor
Material Vendor

Table 24

Laguna Verde 1
MSIV

Bonnet

de

ASME Sect., III, 1971 with Summer 1973 Addenda

Rockwell International

Cann & Saul Steel Co.

Material Specification

Heat No.

Chemical Composition (Wt. %)

Grain Size (ASTM No.)

Heat Treatment

SA1N5 Grade NUC

211971

C “n Si
0.27 1.03 0,22
NA

0.010

0.014 NA

1550°F (10 hr) Quench in water

+ 1175°F (10 hr) Furnace cool

Charpy U = Notch Impact Toughness

Test Tezperature:

Ft=lb  $5,47,43
Mils 66,64, 60
X Shear 20,15,15

NA = Not Availabie

Ft-lb.
Mils

% Shear

62,64,52
74,72,65

20,20,20

+40°F
35,45, 34
NA

30,40,30

58,62,72

70,68,75

31,34,35
NA
30,30, 30

39,44,38

56,60,57

15,15,15

45,38,48
64,57,65

15,15,13

40,45,50
58, 60,60

20,20,20



Table 24

Project TVA X20
Valve MSIV
Component Body

Applicable Code ASME Sect. III, 1974 with Summer 1975 Addenda

Valve Vendor Atwood & Morrill Co.,
Material Vendor Quaker Alloy Casting Co,

Material Specification ASME SA216 Grade WCB
Heat No. F3547
C Mn Si P

Chermical Composition (Wt. %) 0.23 0.88 0,38 0.016

Crain Size (ASTM Neo.) NA

Heat Treatzent 1700°/1725°F (6 hr, 20 min) air cool
+ temner 1345°F (6 hr, 45 min) air cool
+ post weld 1200°/1225°F (6 hrs, 30 min) air

Charpy V = liptch Impact Toughness
Test Temperature: +60°F
Ft-1b, 66,56,54
Mils 53,50,53

% Shear ~«0,40,40

NA = Nct Available



48

Table 24
Project TVA X 20
Valve MSTV
Component Cover (Bonnet)

Applicable Code ASME Sect, III, 1974 with Summer 1975 Addenda

Valve Vendor Atwood & Morrill Co.,
Material Vendor Cann & Saul Steel Co.

Material Specification ASME SAl05
Heat YNo. 217630
C Mn Si P S Al
hemical Composition (Wt. %) 0.23 0.92 0.19 0,013 0.013 NA
Grain Size (ASTM Nc.) #9
Heat Treatment 1650°F (6 hrs) air cool

+ 1550°F (6 hr, 30 min) water quench
+ Temper 1200°F (12 hr, 30 min)

Charpy V = Notzh Impact Toughness

Test Temperature: +60°F
Ft=1b. 90,89,77
Mils  71,67,59
% Shear 50,50,40

NA = Not Available



Project CNV
Valve MSIV
Component

Applicable Code

Table 24

ASME Sect., III, 1971 with S§73 Addenda

Valve Venidor

Rockwell Internationai,

Material Vendor

Rockwell International

Material Specification

Heat No.

Chemical Composition (We. %)

Grain Size (ASTM No.)

Heat Treatment

SA216 Grade WCC

3760171
C Mn Si P S Al
0,17 1:.09 0.5 0,008 0,011 0,060

NA
1700°F (8 hours) Normalize

1275°F (B hours) Teumper
1100°F (6 hours) Post Weld

Charpy V = Notch lmpact Toughness

Test Temperature:

Ft'lbo
Mils

% Shear

NA = Not Available

+40°F
35.0,38.0,29.0
32.0,36.0,29.0

20,20,20



Table 24
Project CNV
Valve MSIV
Component Bonnet

Applicable Code ASME Sect. III, 1971 with $73 Addenda

Valve Vendor Rockwell International,
Material Vendor Cann & Saul Steel Co.

Material Specification SAl105
Heat No, 214943
C Mn Si P

Chemical Composition (Wt. %) 0.35 0.78 0.25 0,014 0,023
Crain Size (ASTM No.) NA

Heat Treatment 1550°F (10 hours) watar gquench
1175°F (10 hours) furnace cool
1100°F (10 hours) post weld

Charpy V = Notch Izmpact Toughness

Test Temperature: +40°F
Ft=1b, 43,23:49 28,30,34
Mils 36,34,34 36,37,35
% Shear 20,20,20 20,20,20

NA = Not Available

e
s

; |



Figure 1
FERMI 2 BELTLINE PLATE AND WELD SEAM LOCATIONS
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ATTACHMENT A EF-2.FSAR

On the tasis of the last paragraph on page 19013 of the Julv 17,
1973 Peceral Register, the following subsection discusses what
is consijered to be an appropriate method of compliance,.

5.2.4.2.1 Method of Compliance

The intent of the proposed special method of compliance with
Appendix G for this vessel is to provide operating limitations
on pressure and temperature based on fracture toughness. These
operating limits assure that a margin of safety against a non-
ductile failure of this vessel is very nearly the same as that
for a vessel built to the Summer 1972 Addenda.

The specific temperature limits for operation when the core is
critical are based on a proposed modification to 10 CFR Part 50,
Appendix G, Paragraph IV.A.2.c. The proposed modification and
the justification for it are given in GE Licensing Topica. Report
NEDO-21778~A.

5.2.4.2.2 Method of Obtaining Operating Limits Based on Frac-ure
Toughness

Operating limits that define minimum reactor-vessel metal tem-
peratures versus reactor pressure during normal heatup, cool-
down, inservice aydrostatic testing, and anticipated operational
occurrences were established using the methods of Appendix G of
Section III of the ASME Boiler and Pressure Vessel Code, 1971
Edition (Appendix G first appeared in the Summer 1972 Addenda).
The results are shown in Figure 5,2-1.

Epymaxd KTwor sa/ups and wimperafare i s Are 9iven in This Sechon -
g O 3 #EAs T e et i : g A
iTi The Vessel shell and hea are!sﬂfiemote from discontinuities,

and the feedwater nozzles were evaluated, and the cperatirg limit
curves are based on the limiting location. The boltup limits

for the flange and adjacent shell region are based on a minimum
metal temperature of RTypr+60°F. The maximum through-wall tem-
perature gradient from continuous hea:ing or cooling at 100°F

per hour was considered., The safety factors applied were as spe-
citied in Appen.ix G of the ASME Code and in GE Licensing Topical
Report NEDO=-21778-A.

For the purpose of setting these operating limits, the reference
temperature, RTyp~, is determined from the toughness test 3Jata
taken in accordance with raquirements of the ASYE Code to which
this vessel is designed and nanufactured. This toughness test
data, CVN and/or drcp-weight NDTT, is analyzed to permit compli-
ance with the intent of 10 CFR Part S0, Appendix © Because not-

all toughness testing needed for strict compliance with Apoendix G

was required at the time of vessel procurement, some toughness .
results are not available, For example, longitudinal CVNs,
instead of transverse CVNs, were tested for plate and forging
materials., Also, at the time either CVN or NDT testing was per-
mitted; therefore, in many cases for welds, it is expected that
both tests were not performed as is currently required. To com-
pensate for this absence of certain data, toughness property
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ATTALHMENT A EF-2-FSAR

correlations were derived for the vessel materials in order to
Operate upon the available data to give a conservative estimate
©f RTypr., in order to comply with the intent of Appendixz G criteria. ’

These toughness correlations vary, deperding on the specific
material analyzed. They were derived from the results of WRB
Bulletin 217, "Properties of Heavy Section Nuclear Reactor Steels, "
and from touchness data from the Fermi 2 vessel and from other
reactors. In the case of vessel plate material (SA=-533, Grade B,
Class 1), the predicted limiting toughness property is either

NDT or transverse (CVN S0-ft-1b temperature minus §0°F). Longi-
tudinal CVN transition curve results and NDT values are avajilable
for all Fermi 2 vessel plates. The transverse CVUN S0-ft-1b tran-
sition temperature is estimated from longitudinal CVN data in

the following manner. The lowest longitudinal CVN foot-pound
value is adjusted to derive a longitudinal CVN SO0-ft-1b transi-
tion temperature by adding 2 OF/ft-1b to the test temperature,

If the actual data equal or exceed SO ft-lb, the test tempera-
ture is used, If sufficient data are available, as ir the case
of Fermi 2, the S0-ft-1b temperature is derived by interpolation,
Once the longitudinal SO0-ft-1b temperature is derived, 30°F is
adced to account for orientation effects and to estimate the
transverse CVN 50-ft-1b temperature minus 60°F, estimated in the
precedingopaaﬁﬁg. Using this general approach, an initial RTypT
cf -10°F,was established for plates in the core beltline region
of Fermi 2.

For forgincs (SA-S08 Class ), the predicted limiting property
is the came as for the vessel plates. Both TVN and NDT values
are avajlable for the vessel flange and clasure head flanges for
Fermi 2. Only CVN results at +10°F are available for feedwater-
nozzle forgings. For the flange forgings, RTypr is estimated

in the same way as for vesse. plate, and an RTypr value of 10°F
was obtaiaed,

For the feedwater-nozzle forgings, a maxium 409F-NDT value was
required by the purchase specification and there were no devia-
tions from this requirement. The CVN results indicate a max‘mnum

RTyny cf Therefore, an RTypr of 40°F was used for the
feecdwater nozzles: +4°F

For the vessel weld metal, the predicted limiting p. perty 1is

the CVN 50-ft-1b transition temperature minus 60°F, as the NDOT
values are -50°F or lcwer for these materials. This temperature
is derived in the same way as for the veszel plate material, ex-
cept that the 30OF addition for orientation effects is omit-ed
since there is no principal working direction. wWhen NDT values
are avajlable, they are 3lso considered and the RTypr is taken

as the higher of the NDT or the 50-ft-1b temperature minus 60°F. _
When the NDT is not available, the RTypr shall not be less than
-S0°F, because lower values are not supported by the correlation
data. The limiting beltline RTypr for Fermi 2, established from
CVN beltline weld metal values, was -44°F. No tougnness data were
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ATTACHMENT A EF-2-FEAR

available for nonbeltline welds; however, the purchase specifi-
cation required an average of 30 ft-1b and a minimum of 25 ft-lb
at +10°F, Quality assurance records show no deviations from these

rog:lrcmen:s. which produce an RTypr value of 09F for nonbeltline
welds.

For vessel weld heat-affected zcne (HAZ) material, the RTypr is
assumed to be the same as for the base material, as ASME Code
weld-procedure, gqualification test requirements indicate this

s ti is valid. g N
assumption is valid 41/43”!1«"

Toughness tes\. -equirements fo: closure-bolting material in
Fermi 2 were for 30 ft-1b at §0CF below the Boltup temperature,
Current ASME Code requirements are for 45 ft-lb and 25 mils lat-

eral expansion (MLE) at t reload or lowest service temperature,
The reactor-vesse 1 re studs have a minimum CVN impact energy
of 50 £t-1b and il lateral expansion at 10°F for Fermi 2.

Therefore, since TN values for Fermi 2 studs exceed current
requirements at 10°F, the lowest service temperature is +100F,

The effec: of the main closure flange discontinuity was con-
sidered by adding 60°F to the RTypr to establish the minimum
temperature for boltup and pressurization. The minimum boltup
temperature of 71°F for Fermi 2, which is shown on Figure 5.2-1,
is based on an initial ..I'ypr of +l1°F for the shell plate con-~
nected to the closure-flange forging.

The effect o. the feedwater-nozzle discontinuities was consic-
ered by adjusting the results of a BWR/6 reactor discontinuity
analysis to the Fermi 2 reactor. The adjustment was made by
increasing the minimum temperatures required by the difference
between the Fermi 2 and BWR/6. feedwater nozzle forging RTypr'Ss.
The feedwater nozzle adjustment was based on an RTypr of 40°F.

§.2.4.2.3 Temperature Limits for Preoperational System Hydro-
static Tests and IST Hydrostatic or Leak Pressure
Tests

Based on 10 CFR Part 50. ‘Appendix G, IV.A.2.d, which allovs a
reduced safety factor for tests prior to fuel loading, the pre-
ocerational system hydrostatic test at 1563 psig may Dbe performed
at a minimum temperature of 150°F, which is establisned Dy =Re
feedwater nozzle.

The fracture toughnes. analysis for system pressure tests result
in the curves labeled A snown in Figure 5.2-1. The curve lateled
faedwater nozzle is based on an initial RTypp of 40°F. The belt-
line weld material is expected to be more limiting at end-of-
service fluence levels, and this weld material has an initial -
RTypT ©of -44°F,
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ATTACKMENT R EF-2-FSAR 5F

The predicted shift in the RTypr from Figure 5.2-2 (based on
the neutron fluence at 1/4 of the vessel wall thickness) must

be added to the beltline curve to account for the effect of fast
neutrons.

5.2.4.2.4 Teperature Limits for Boltup

A minimum temperature of 10°P i{s required for the closure studs.
A sufficient number of studs may be tensioned at 70°F to seal

the closure flange O-:rings for the purpose of raising reactor
water level above the closure flanges in order to assist in warm-
ing them, The flanges and adjacent shell are required to be
warmed to minimum temperatures of 71°F before they are stressed
by the full intended bolt preload. The fully preloaded toltup
limits are shown on Figure 5.2-1.

5.2.4.3 Operating Limits During Heatup, Cooldown, and Core
Operation

The fracture toughness analysis was done for the normal heatup

or cooldown rate of 100°F per hour. The temperature gradients
and thermal stress effects corresponding to this rate were in-
cl.ided, The results of the analyses are a set of cperating lim-
its for non-nuclear heatup or cooldown shown as curves lateled

B on Figure 5,2-1, Curves labeled C on these figures apply when-
ever the core is critical. The basis for curves labeled C is
described in GE BWR Licensing Topical Report NEDO-21778-A.

5.2.4.4 Surveillarc-s Programs for the Reactor Pressure Vessel

A surveillance program will be carried out to menitor the nein-
tron radiation effects on the RFV base metal, the weld HAZ metal,
and the weld metal from a steel joint that simulates a relded
joint in the RPV beltline. For the extent of compliance to

10 CFR Part S0, Appendix H, se« Table 5.2-10.

5.2.4.4.1 Program Content

The program will consist of three baskets, each containing ten-
sile and CUN specimens hermetically sealed in an inert gas envi=-
ronment in thinwall austenitic stainle s steel capsules., The
capsules are not huoyant and thus present no handling problems,
The three baskets will be placed near core miiplane adjacent to
the RPV wall where the neutron flux and temperature will simulate
that of the RPV wall. The three baskets contain test speciTens
made from the original RPV beltline materi:l in accoriance with
the raquirements of ASTM FE185-66. 1In total, the program consists
of 84 impact and 19 tensile specimens. In additinn, there are 75
impact and 1° tensile baseline and spare specimens., The speci-
mens will include the following:

a. Base metal impact, transverse and longitudinal

b. Weld metal impact
€. HAZ impact
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ATTALHMENT A EF-2-FSAR

d. Base metal t sile
e, Weld metal t: sile
£. HAZ tensile

The following general stai '‘ments apply to these specimens:

a. Base metal impa. :nd tensile specimens are taken from
the 1/4 T planes of the specimen plate.

b. HAZ impact and tensile specimens are all oriented
parallel to the rolling direction.

C. Weld metal impact specimens are all transverse to the
axis of the weld; tensile sTecimens are parallel, The
fracture areas consist of a.. weld metal.

Details of the manufacture of these specimens are given in
Reference 6.

The specimens were taken from two plates trimmed [{rom the lower,
intermediate shell section of the reactor vessel. The plate
sections for the base material specimens were given a simulated
stress rclief for 40 hours at 1150°F to ensure that they repre-
sent the metallurgical condition of the lower, intermediate shell
plates of the reactor vessel after final fabrication.

The plate sections for the weld and RAZ specimens were joined
with a continuous central weld identical to the reactor vessel
longitudinal weld., Thr welded plate was then given a simulated
stress relief for 40 hours at 1150°F, similar to the base mate-
rial plate. The 2.d was X-rayed to ensure gquality; no repair
to the weld was allowed Dy the specifications.

§5.2.4.4.2 Withdrawal Schedule

The withdrawal schedule of the thre~ sets of specimens in the
reactor is planned as follows:

a. The first set will be withdrawn at 25 percent of the
reactor service life,

b. The second set will be withdrawn at 75 percent of the
reactor service life,

€. The third set will be a standby.

$.2.4.5 Reactor Vessel Annealing

Inplace annealing of the reactor vessel because of radiation -
embrittlement is unnecessary because the predicted end-of-life
value of adjusted reference temperature will not exceed 200°F
(see 10 CFR Part S0, Appendix G, Paracgraph IV.C).
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PRESSURE LIMIT IN HEACTOR VESSEL TOP HEAD (pug)

ATTACH /MENT A EF-2-FSAR
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