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PREFACE

This report was revised to change the margin values for the upper shell forging and weld seams W05A and
WO5B. In addition, the maximum temperature difference between RCS flukl and reactor vesse! 1/4-T and
3/4-T locations for heatup and cooldown rates was added.
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1. INTRODUCTION

HummdcoddominitmosncdaﬁatodushgthemomﬁniﬁngvﬂueofRTNm(Meronca
nil-ductility temperature) corresponding to the limiting beltiine region material for the reactor vessel. The
mostlinitmgRT,,,,,dhmﬁdhmwormndmmvmhdﬂmbyudmm
mmmwremmmmummmmmmmmmm
ART, ... The unirradiated R, is designated as the higher of either the drop weight nil-ductility transition
tompamure(NDT‘I’)orthotwwmwelt\midmomatmlextibismloastwﬁ-lbofirnpactenwyw
35-mil lateral expansion (normal 1o the majcr working direction) minus 60°F.

AT, increases as the matenal is exposed to fast-neutron radiation. Therefore, to find the most limiting
RT.,D,ltnnyﬁrmporiodinlhoruaorsm,Amm,dmmmorﬁidionomunmodmedwmmmm
peniod must be added to the original uniradiated RT,,. The extent of the shift in RT,,,, is enhanced by
certain chenical elements (such as copper and nickel) present in reactor vessel steels. The Nuclear
Regulatory Commission (NRC) has published & method for predicting radiation embrittiernent in Reguiatory
Guide 1.99 Rev. 2 (Radiation Embritiement of Reactor Vessel Materials)'. Regulatory Guide 1.99,
Revision 2 is used for the calculation of ART values at 1/4-T and 3/4-T locations. T is the thickness of the
vessel at the beltline region measured from the cladbase metai interface.

The pressure-temperature limit curves in Figures 1 through 4 of this report correspond to allowable
pressure-temperature values at the limiting beltiine region of the reactor vessel and do not include margins
for instrumentation errors or for pressure differences between the wide-range pressure transmitter and the
limiting reactor vessel beltine region.

2. FRACTURE TOUGHNESS PROPERTIES

The fracture-toughness properties of the ferritic material in the reactor coolant pressure boundary are
determined in accordance with the NRC Regulatory Standard Review Plan®. The pre-irradiation
fracture-toughness properties of the Norih Anna Unit 1 reactor vessel are presented in Table 1. The post-
imadiation fracture toughness properties of the intermediate to lower shell circumferential weld and the
lower shell forging were obtained directly from the North Anna Unit 1 Reactor Vessel Radiation Surveillance
Program. Credible surveillance data are currently available for two capsules (Capsules U and V) for North
Anna Unit 1.



3. CRITERIA FOR ALLOWABLE PRESSURE-TEMFERATURE RELATIONSHIPS

The ASME approach for calculating the allowable limit curves for various heatup and cooldown rates
specilies that the total stress intensity factor, K, for the combined thermal and pressure stresses at any
time during heatup or coolkdown cannot be greater than the reference stress intensity factor, K, for the
metal temperature at that time. Ky ts obtained from the reference fracture toughness curve, defined in
Appendix G of the ASME Code™. The K, curve is given by the following equation:

an = 2678 + 1223 . e [0.G145 (T-ATNDT + 180)) (1)

where,
Kq = rd«mwmmmnyfmnuumnofthomtaltompomure‘rmdmemuw
reference nil-ductility temperature RT, ...

Therefore, the governing equation for the heatup-cooldown analysis 1s defined in Appendix G of the ASME
Code” as follows:

C.Kw*Kn.SKm (2)

where,
Ky =  stress intensity factor caused by membrane (pressure) stress
K, =  stress intensity factor caused by the thermal gradients
Ky =  tunction of temperature relative to the RT,: of the matenal
C= 20 for Level A and Level B service limits
Ce= 1.5 for hydrostatic and leak test conditions during which the reactor core is not critical

At any time during the heatup or cooldown transient, K.« is determined by the metal temperature &t the tip
of the postulated flaw, the appropriate value for RT.or, and the reference fracture toughness curve. The
thermal stresses resutting from the temperature gradients through the vessel wall are calculated and then
the corresponding (thermal) stress intensity factors, Kq. for the reference flaw are computed. From
Equation 2, the pressure stress intensity factors are obtained and, from these, the allowable pressures are
calculated

For the calculation of the allowable pressure versus coolant temperature during cooldown, the reference
llaon\oponditholMASMECodeismmodtooxistdthoimidooihevmelwdl. During
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cooldown, the controlling location of the flaw is always at the inside of the wall because the themmal
gradients produce tensile stresses at the inside, which increase with increasing cooldown rates  Allowable
pressure-temperature relations are generated for both steady-state and finite cooldown rate situations.
From these relations, composite limit curves are constructed for each cooldown rate of interest

mmmmmamommmmumhmmmamm
procodwoisbasodonmmsummofrm«ooolammm..whmmlimiﬁmprmois
actually dependent on the matenal temperature at the tip of the assumed flaw.

Muring cookdown, the 1/4-T vessel location is at a higher temperature than the fluid adjacent to the vessel
ID. This condition, of course, is not true for the steady-state situation. h follows that, at any given reactor
coolmtenwuuo.thoﬂdovdopodmmnrmw\lhioh«valuoo!K,,.nlho 1/4-T location
for finite cooldown rates than for steady-state operation. Furthermore, if conditions exist so that the
increase in K, exceeds K, the calculated allowable pressure during coolkdown will be greater than the
steacy-state value.

The above procedures are needed because there is no direct control on temperature at the 1/4-T location
and, therefore, allowable pressures may unknowingly be violated if the rate of cooling is decreased at
vanous intervals along a coolkdown ramp. The use of the composite curve eliminates this problem and
ensure« cniservative operation of the system for the entire cooldown period.

Three separate calculations are required to determine the limit curves for finite heatup rates. As is done
in the cooldown analysis, allowable pressure-temperature relationships are developed for steady-state
conditions as well as finite heatup rate conditions assuming the presence of a 1/4-T defect at the inside
of the wall. The heatup results in compressive stresses at the inside surface that alleviate the tensile
stresses produced by intemal pressure. The metal temperature at the crack tip lags the coolant
temperature, therefore, the K, for the 1/4-T crack during heatup is lower than the K., for the 1/4-T crack
dunng steady-state conditions at the same coolant temperature During heatup, especially at the end of
the transient, conditions may exist so that the effects of compressive thermal stresses and lower K's do
not offset each other, and the pressure-temperature curve based on steacy-state conditions no longer
represents a lower bound of all similar curves for finite heatup rates when the 1/4-T flaw is considered.
Therefore, both cases have to be analyzed in order to ensure that » any coolant temperature the lower
value of the allowable pressure calculated for steady-state and finite heatup rates is obtained.

The second portion of the heatup analysis concems the calculation of the pressure-temperature limitations
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for the case in which a 1/4-T deep outside surface flaw is assumed. Unlike the situation at the vessel
MMm.mwmdmmnmmwmmmmmm
M\id\.otm&lnm.mmmlmtomhﬂmmyumurowusuprm. These thermal
wmosandopondomonbomuumothnmmmm(orooowntomp«me)mmohm:p
ramp. Sinoommmdwounsmomoletmmm.mwnhm.mnghonupmn.uch
heatup rate must be analyzed on an individual basis.

Following the generation of pressure-temperature curves for boih the steady-state and finite haatup rate
mwm.mﬁwmmmmbywm-mmmmewwmammwm
comparison of the steady-state and finite heatup rate data. At any given temperature, the allowable
prusunistnkontobemlmordlhoﬂvuvduoswenmmwwosundumidomion. The use
dmmomohnmmwmwmommpmmmnbwoh
oondiﬁmsboxistwhorm.ovorltmcoumolmohmuprm.hocormuungcor\diﬁonmmmmo
inside to the outside, mdmopreswuﬁmmwtmdlmbebaudmmdyﬂsofmomomaw
critenon.

Finally, the 1983 Amendment 10 10CFRS0 has a rule which addresues the metal temperature of the
closure head flange and vessel flange regions. This rule states that the metal temperature of the closure
flange regions must exceed the material unirradiated RT,o,byltlommo’Ffomomulop«lﬁonwhm
theptessufeexooodswpormdmmuwimhydmmﬁcustmure(szl psig for North Anna Unit
1). Table 1 mmmmmmnummm,o,of-zz‘rocamnmvmmmomomm
Unit 1, 80 the minimum allowabie temperature of this region is 98°F at pressures greater than 621 psig.
This limit 1s shown in Figures 1 through 4 whenever applicable.

4. HEATUP AND COOLDOWN PRESSURE-TEMPERATURE LIMIT CURVES

Pressure-temperature limit curves for normal heatup and cooldown of the primary r5actor coolant system
have been calculated for the pressure and temperature in the reactor ve «. ' “vutn region using the
methods discussed in Section 3. SmMcnﬁmo!roactorvmolbelﬂMeprmoismxmdhbhonm
plsnt, the pressure difference between the wide-range pressure transmitter and the limiting beltline ragion
must be accounted for when using the pressure-temperature imit curves presented in this report.

Figures 1 through 3 present the heatup curves using heatup rates of 20°Fhr, 40°Fmr and 60'Fmhr
applicable for the end-of-license life (30.7 EFPY), respectively Figure 4 presents the cooldown curves
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using cooklown rates up 1o 100'F/hr applicable for the end-of-license life (30.7 EFPY). No margins for
Mmmuommmdwmdmwmwwn

Aliowable combinations of temperature and pressure for specific temperature change rates are below and
to the right of the limit lines shown in Figures 1 through 4. This is in addition 1o other criteria which must
be met before the reactor is made critical.

Thofommntnmbemdeaiucdunﬁlprmurs-tonwmcomumﬁomwomtherigmmm
criticality limit line shown in Figures 1 through 3. The straight line portion of the criticality limit is at the
mmmthmmommwaMMmhy&mictmnmodbyAppmdixG
10 10CFR Part 50. The goveming equation for the hydrostatic test is defined in Appendix G to Section Ili
of the ASME Code as follows:

15K, s K,

where,
K 18 the stress intensity factor covered by membrane (pressure) stress,
Ky = 26.78 + 1.233 /%018 MATNOT « 180),
T is the minimum permissible metal temperature, and
RATNDT is the metal reference nil-ductility temperature.

Thocuwedponionofmoaiuc.ﬁtymisshm-dwmomeﬂohtoundpaulleltomeheaupcwvens
required by Appendix G to 10 CFR Part 50. it should be noted that there are other criteria which must be
met before the reactor is made critical. For example, the reactor must not be made critical until a steam
bubble s formed in the pressurizer. Thohd(testlimnmoshownonmohwupwwoinﬁguns1
through 3 represents minimum temperature requirements at leak test pressures ranging from 2000 psig
to 2485 psig. Tnelod:testkmﬂwrvowusdetunimdbymmammusodtoaompcmmoirmice
hydrostatic test temperature. This method used a 1.5 safety factor on the pressure stress irtensity factor
as explained previously

The leak limit curve shown in Figures 1 through 3 represents minimum temperature requirements at the
leak test pressure specifiad by applicable codes™ The leak test limit curve was determined by methods
of References 2 and 4.

Figures 1 through 4 define limits for ensuring prevention of nonductile failure for the North Anna Unit 1
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reactor vessel

The data points used to develop the heatup and cooldown pressure-temperature limit curves shown in
Figures 1 through 4 are presented in Appendix A.

ThommummwediﬁermbomunmeRCSMdaMthovmolmheU@TandaM-T
bcaﬁomiorbomhuhmmdoooldowncnsesw«ecdwldedmdﬂmr%weprovidedinhbht

5. CALCULATION OF ADJUSTED REFERENCE TEMPERATURE

From Regulatory Guide 1.99 Rev. 2"/ the adjusted reference temperature (ART) for each material in the
beltiine is given by the following expression:

ART = Initial RT,,,, + ART,,; + Margin 3)

inttial RT,,, is the reference temperature for the unirradiated material as defined in paragraph NB-2331 of
Section il of the ASME Boiler and Pressure Vessel Code. f measured values of initial RT,,, for tha
matenal in question are not available, generic mean values for that class of materiai may be used if there
uomm:mrsmmoawshamwmwmmwmm.

ART,, is the mean value of the adjustment in reference temperature caused by iradiation and shoukd be
calculated as follows:

Am"ov -~ ICF] . f(OZO»O Wgn (4)

To calculate ART,,, at any depth (e.g.. at 1/4-T or 3/4-T), the following formula must first be used to
attenuate the fiuence at the specific depth.

f

(ampth x) 'Mﬂ : e T ‘s)

where x (in inches) is the depth imo the vessel wall measured from the vessel cladbase metal imterface
The resuttant fluence is then put into equation (4) to calcuiate ART,,,, at the specific depth. The calculated
surtace fluence at end-of-license life (30.7 EFPY) for North Anna Unit 1 is 3.95 x 10" n/om?® 19,

CF ('F) s the chemistry factor, obtained from Tables in Reference 1, using the values of the copper and
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nickel content as reported in Table 1. It plam-specific surveillance data has been deemed credible per
Reg. Guide 1.99, Revision 2, it may be considered in the calculation of the chemistry factor.

Aumnmmmmrnbndmmum1roadorvuulwereoonsidoredindctmﬁnomo
hmiting matenial. The results of the ART's at 1/4-T and 3/4-T are summarized in Table 2. From Table 2,
itcnnbothaMmmemmdwwmbrhummcowmwwcs
apphcable up to end-of-license life (30.7 EFPY). Sample calculations to determine the ART values for the
arcumferential weld seam at end-of-license life (30.7 EFPY) are shown in Table 3.



NORTH ANNA UNIT 1 REACTOR VESSEL TOUGHNESS TABLE

TABLE 1

(Unirradiated)
Matenal Description Cl' (%) NI (%) IRTy: ('F)

Closure Head Flange - 0.82 40 (b)
Vessel Flange - 0.77 -22 (b)
Upper Sheli Forging 05 0.16 0.74 6 ()
intermediate Shell Forging 04 0.12 0.82 17 (a)
Lower Shell Forging 03 0.15 0.80 38 (a)
Intermediate Shell to Lower Sheli 0.086 0.1 19 (a)
Circumferential Weld Seam, W04

Weld Seam, WO5A 0.30 0.10 0 (c)
Wekd Seam, W0SB 0.11 0.10 0 (c)

(a) The initial BT, values for the plates and Gircumferential weld are measured values.

(b) intial RT,,, values for the closure head and vessel flange were estimated per U.S. NRC
Standard Review Plan . These values are used for considenng flange requirements for the

heatup/cooldown curves'*’

(c) Intial RT,, values are estimated per U.S. NRC Standard Review Plan @ For margin
calculations for these materials, o = 30°F for forging and o = 20°F for welds per BAW-1911,
Rev. 1, "Reactor Pressure Vessel and Surveillance Progrem Materials Licensing Information for
North Anna Units 1 and 2°, A L Lowe, dated August 1986.

Copper and nickel concentrations are taken from North Anna Unit 1 Table 7 "Beltine Materials” of
BAW-2168, Revision 1, "Response 1o Generic Letter 92-01 for Virginia Electric and Power Company
North Arina Units 1 and 2", dated September 1992




TABLE 2
SUMMARY OF ADJUSTED REFERENCE TEMPERATURES (ART's)
AT 1/4-T and 3/4-T LOCATIONS FOR 30.7 EFPY

Material 1/4-T ART (*F) 3/4-T ART (°F)
Upper Shell Forging 05 1403 117.3
ter. Shel Forging 04 158.1 136.8
Lower Shell Forging 03 2152 (146.5) 186.7 (128.3)
| Gircumferential Weld Seam,
Wo4 1375 (162.9)° 1191 (139.9)°
Weld Seam, WOSA 1434 1112
Wekd Seam, WOSB 824 65.4

ARTmmb«swmun()vobnudmmunmhmmwmmmdwmmg

“These ART numbers were used to generate heatup and cooldown curves.




TABLE 3
CALCULATION OF ADJUSTED REFERENCE TEMPERATURES AT 30.7 EFPY FOR THE LIMITING
NORTH ANNA UNIT 1 REACTOR VESSEL MATFRIAL - CIRCUMFERENTIAL WELD SEAM

Reguiatory Guide 1.99 -Revision 2

30.7 EFPY
Parameter el 2l
Chemistry Factor, CF ('F) 93.08 93.09
Fluence, f (10" nvem®)'® 2.492 0.992
Fluence Factor, ff 1.245 0.998
ART,,, = CF x # ('F) 1159 929
Initial RT,.., | ('F) 19 19
Margin, M ('F) ™ 28 28

".'“Q.'."'....'“.'””O'”'”ﬂm"0"'.l'."'.'.'“”'"""m'.'.'”""""..".".'.

Revision 2 to Regulatory Guide 1.99

Adjusted Reference Temperature, 1629 139.9
ART = initial RT,,, + ART,,, + Margin

R e L T M

(a) Fluence, 1, is based upon 1, (10" /ey, E>1 Mev) = 3.95 at end-of-license life (30.7 EFPY).
The North Anna Unit 1 reactor vessel wall thickness is 7.677 inches at the beltiine region.

(b) Margin is calculated as, M= 2 [ o’ + 0,”]". The standard deviation for the initial RT,,,
margin term, o, is assumed to be 0°F since the initial RT,,,, is a measured value. The
standard deviation for ART,, term, o, is 28°F for the weld, except that o, need not exceed
0.5 times the mean value of ART,,,. o, is 14°F for the weld (half the value) when
surveillance data is used.
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TABLE 4
MAXIMUM TEMPERATURES DIFFERENCE BETWEEN RCS FLUID AND REACTOR
VESSEL 1/4-T AND 34-T LOCATIONS FOR HEATUP AND COOLDOWN RATES

Water T 1/4-T JaT AT AT
Rate Time Temp. Temp. Temp. @147 | @ 34T
Case “F/hr (sec) (“F) (°F) (*F) (°F) (°F)
Heatup 60 28,800 550 535 519 15 3
Cookiown 100 5940 385 408 434 23 -aee
100 6120 380 403 429 49

1
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Figure 1. North Anna Unit 1 Reactor Coolant System Heatup Limitations (Heatup rate of 20°F/r)
Applicable for the First 30.7 EFPY (Without Margins for Instrumentation Errors)




MATERIA, PROPERTY BASIS

LIMITING MATERIAL: CIRCUMFERENTIAL WELD SEAM
LIMITING ART AT 30.7 EFPY: 1/4-T, 162.9'F

indicated Pressure Cpsig)

Figure 2
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North Anna Unit 1 Reactor Coolant System Heatup Limitations (Heatup rate of 40'F/r)
Applicable for the First 30.7 EFPY (Without Margins for Instrumentation Errors)
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Figure 3 North Anna Unit 1 Reactor Coolant System Heatup Limitations (Heatup rate of 60°F/r)
Applicable for the First 30.7 EFPY (Without Margins for instrumentation Emors)
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RIAL P
LIMITING MATERIAL: CIRCUMFERENTIAL WELD SEAM
LIMITING ART AT 30.7 EFPY: 1/4-T, 162.9'F

Indicated Pressure Cpsiqg)

Figure 4
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North Anna Unit 1 Reactor Coolant System Cooldown Limitations (Cookdown rates up to
100°F/hr) Applicable for the First 30.7 EFPY (Without Margins for Instrumentation Emors)
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APPENDIX A
DATA POINTS FOR HEATUP AND COOLDOWN CURVES
(Without Margins for Instrumentation Errors)
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Noeth Anna Unit | Heatup/Cooldown Curve Data WITHOUT margins

Cooldown Curves
Steady Stae

4 P

RS 54728

% 55263

95 55842
100 56463
105 §71.30
110 57847
115 58606
120 5%.35
125 603.26
130 61285
138 62.15
140 63408
145 645 99
150 65879
155 67254
160 687.19
165 70309
170 72016
178 73839
1850 758.16
185 77919
190 #0203
195  §2634
200 85271
208 BR0 84
2i0 911.22
215 94379
220 9872
225 101822
230 1056.54
235 110008
240 | 146.64
WS 119662
250 1250.15
255 13079
60 136968
265 143587
270 1507.19
275 1583 .43
180 1664 94
288 175274
290 ~4846 59
205 |M6.8)
0 2084 44
05 216927
310 207
15 24312

20 DEG CD

L P

85  513.64
90 519.15

95 525.11
100 531.5)
108 53832
110 545758
115 5837
120 56238
125 57168
130  581.66
135 s932
140 603.90
145 61638
150 62977
155 644.11
160 65965
165 67635
170 6M.21
178 71359
10 73423
188 75666
190 79055
195 BO6.4B
W00 83416
206 8641
210 89619
215 93062
220 96762
225 100761
230 105044
235 109647
240 114588

40 DEG CD

;4 4

8BS 47944
90 48512

95 49120
100 49782
105 50500
10 s12mn
115 52107
120 53008
125 539.66
130 550.10
135 561.39
140 §73.52
145 586.50
150  600.59
135 61580
160  632.00
165 64964
10 66861
{75 688.90
180 71090
185 73442
190 75989
196 787.16
00  Bl6.63
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North Anna Unit | Heatup/Cooldown Curve Data WITHOUT margins
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North Anna Unit | Heatup/Cooldown Curve Dats WITHOUT margine

Heatup Curves
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APPENDIX B
PRESSURIZED THERMAL SHOCK EVALUATION RESULTS




A limiting condition on reactor vessel integrity known as Pressunzed Thermal Shock (PTS) may occur
dunng a severe system transient such as a Loss-Of-Coolant-Accident (LOCA) or a steam line break
Such transients may challenge the integrity of a reactor vessel under the following conditions:

. severe overcooling of the inside surface of the vessel wall followed by high repressunzation;

. sgnificant degradation of vessel matenal toughness caused by radiaton embritlement; and

. the presence of a critical-size defect in the vessel wall.

in 1985 the Nuclear Regulatory Commussion (NRC) issued a formal ruling on PTS. It established
screening critena on pressurized water reactor (PWH) vessel embrittiement as measured by the
nil-ductility reference temperature, termed RT,..*" RT,,, screening values were set for beltine axial
welds, forging or plates and for beltline arcumferential weld seams for the end-of-license plant
operation. The screening criteria were detarmined using conservative fracture mechanics analysis
techriques. All PWR vessels in the United States have been required to evaluate vessel embritlement
in accordance with the criteria through end-of-license. The NRC has amended its regulations for light
water nuciear power plants to change the procedure for calculating radiation embrittiement. The
revised PTS Hule was published in the Federal Register, May 15, 1991 with an effective date of June
14, 19919 This amendment makes the procedure for calculating RT,,. values consistent with the
methods given in Regulatory Guide 1 99, Revision 2%

The PTS Rule requires that the PTS submittal be updated whenever there are changes in core
loadings, surveillance measurements or other information that indicates a significant change in
projected RT,., values.

The Rule outlines regulations to address the potential for PTS events on pressurized water reactor
vessels in nuclear power plarts that are operated with a license from the United States Nuclear
Regulatory Commission (USNRC). PTS events have been shown from operating experience 1o be
mnsaemsthmruunhlnp'dwmuomoldwnmmmmuysmmcoinadmwﬁhlhionor
INCreasing pnmary system pressure. The PTS concemn arses if one of these transients acts on the
beltline region of a reactor vessel where & reduced fracture resistance exists because of neutron
imadiation.  Such an event may resuft in the propagation of flaws postulated 1o exist near the (nner wall
surface, thereby potentally affecting the imegnty of the vessel.

The Rule establishes the following requirements for all domestic, operating PWHRs:
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All plants must submit projected values of RT,., for reactor vessel beltline materials by giving
values for time of submital, the expiration date of the operating license, and the projected
expiration date if a change in the operating license or rer~+ 1l has heen requested. This
assessment must be submitted within six months after the effective date of this Rule if the value
of AT, for any material is projected to exceed the screening criteria. Otherwise, it must be
submitted with the next update of the pressure-temperature limits, or the next reactor vessel
surveillance capsule report, or within 5 years frcm the effective date of this Rule change,
whichever comes first. These values must be calculated based on the methodology specified
in this rule. The submittal must include the following:

1) the bases for the projection (including any assumptions regarding core loading
pattems), and

2) copper and nickel content and fluence values used in the calculations for each
beltline material. (if these values differ from those previously submitted to the
NRC, justification must be provided.)

Using the prescribed PTS Rule methodology, AT, values were generated for all beltiine region
materials of the North Anna Unit 1 reactor vessel as a function of present time (11 EFPY) und
end-of-ife (30.7 EFPY) fluence values.

Table B-1 provides a summary of the RT,.. values for all beitline region matenals for 11 EFPY and
end-of-icense (30.7 EFPY), using the PTS Rule. As shown in Table B-1 all the RT,,, values remain
below the NRC screening values for PTS using the fluence values for the present ime (11 EFPY) and
the projected fluence values for the end-of-license (30.7 EFPY).
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TABLE B-1
NORTH ANNA UNIT 1 RT,, VALUES (°F) FOR 11 EFPY AND 30.7 EFPY

intermediate Shell Forging 04 146.0 167.4
Lower Shell Forging 03 199.1 (153.2) 227.7 (171.5)
Circumferential Weld Seam, W04 1409 (177.9) 155.7 {201.0)
Weld Seam, WO5A 1243 155.9
Waeild Seam, WO5B 90.6 104.0
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