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1.0 INTRODUCTION

This report describes an updated evaluation of the fracture toughness characteristics of the
reactor pressure vessel plate, forging, and weld materials for the Pilgrim reactor vessel. In
August 1994, Structural Integrity Associates (SI) performed an evaluation of the materials
properties used in the Pilgrim RPV (Report No SIR-94-028 [1] and letter AFD-94-107[2]).
Updated information is now available for some of the materials used in the RPV, especially the
nozzle forging material and weld filler materials. This report incorporates the new and
additional information on plate, forging and weld materials into a revision of SIR-94-028 and

AFD-94-107.

The results of this report will provide the materials properties necessary to establish the pressure-

temperature curves for the reactor vessel.
This report provides background for determining the fracture toughness of any portion of the

vessel, including RPV nozzles and nozzle welds, as a function of the initial toughness, location

in the vessel, and time of irradiation exposure.
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2.0 BACKGROUND
2.1  Fracture Toughness and Flaw Evaluation

Pressure-temperature limit curves for reactor pressure vessel operations (e.g., heat-up and cool-
down) and pressure tests are based on the limiting fracture toughness properties of the vessel
material. Evaluation of any flaws detected during vessel inspection must also be based upon the '
fracture toughness of the vessel material where a flaw is located. Fracture toughness for the
ferritic steels used for pressure vessels is a strong function of temperature. In addition, a reactor
vessel is somewhat unique since a portion of it is exposed to irradiation by high energy neutrons
throughout its lifetime. The resistance to fracture is decreased by this irradiation. In

Appendices A [3] and G [4] to Section XI of the ASME Boiler and Pressure Vessel Code,
fracture toughness is correlated with.the “reference temperature” (RTnpr), a characteristic
temperature that defines a transition from ductile to brittle behavior. Those correlations are

reproduced as Figure 2-1. K, and K. are the lower bound critical stress intensity factors for

crack arrest and static crack initiation, respectively. The crack arrest or crack initiation fracture
toughness can readily be determined from this relationship once the service temperature and
RTnpr are established. It can be seen from this figure that for a specific service temperature, the
fracture toughness decreases as RTypr increases. In the beltline region of the Véssel,
accumulated fast neutron irradiation leads to an increase in the value of RTnpr, thereby leading
to a decrease in the toughness. The RTnpr following neutron irradiation is characterized by a
parameter called the adjusted reference temperature (ART). NRC Regulatory Guide (RG) 1.99
Revision 2 [5] provides guidelines for determining fracture toughness and the decrease in

fracture toughness, characterized by the adjusted reference temperature (ART).

The correlations for Ky, the crack arrest toughness, in Appendix A, and K (from Appendix G)
are extremely conservative'. For example, the K curve is derived from the lower bound static,
dynamic, and crack arrest K; values. That is, the curve is the lower bound of all of the data used

to construct it.

! The numerical values of K, as given in Appendix A, and K, per Appendix G, are equal within 1%. Both are
calculated as a function of the difference between the operating or test temperature and RTypr.
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2.2  Adjusted Reference Temperature (ART)

Regulatory Guide 1.99, Revision 2 [5], describes general procedures to calculate the effects of
neutron irradiation embrittlement of alloy steel used in the fabrication of reactor pressure vessels.
Irradiation embrittlement increases the value of the reference temperature, RTxpr, thereby
reducing the fracture toughness. The adjusted reference temperature (ART) is used to determine
the reduction in fracture toughness caused by irradiation embrittlement and uncertainties in the

measured data. From Reference 5, ART is calculated using the following equation:

ART = Initial RTNDT + ARTNDT + Mar gin (Eq 1)
where:
ART =  Adjusted Reference Temperature
RTwpr = Reference Temperature
ARTnpr =  shift in the initial reference temperature (defined below)
Margin = 2 1/0'12 + GA2 (o1 and G, defined below)

A discussion of the terms in Equation 1 is provided in the following paragraphs.

2.2.1 Initial Reference Teinperature (RTnpT)

The initial reference temperature (initial RTnpr) is a2 measure of the nil-ductility transition
temperature of an unirradiated material. The guidelines for determining the initial reference
temperature for new plants is specified in subparagraph NB-2331 of Section HI of the ASME
Code [6]. Subparagraph NB-2331 of Section III of the ASME Code [6], requires that a
temperature, Tnpr, that is at or above the nil ductility transition temperature (NDTT), be
determined by a drop-weight test (ASTM E208 [7]). The initial referencé temperature (RTnpt)

will be equal to Typr provided that each specimen (transverse orientation) of a Charpy V-notch

[
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(CVN) test exhibits no less than 50 ft-Ibs absorbed impact energy and at least 35 mils lateral
expansion (MLE) at a temperature of Tnpr + 60°F. If the CVN test at Typr + 60°F has not been
performed; or if the 50 ft-1bs/35 MLE criterion has not been met at that temperature, then a
transition temperature representing 50 ft-Ibs and 35 MLE may be obtained from a full CVN
curve developed from the minimum results of all the CVN tests performed. The reference
temperature would then be this 50 ft-Ibs/35 MLE transition temperature minus 60°F. In all
cases, the reference temperature is defined by the greater of Tnpr determined by drop-weight

testing or by the lower bound 50 ft-Ibs/35 MLE transition temperature minus 60°F.

2.2.2 Reference Temperature Shift, ARTxpr

The shift in the reference temperature, as a result of neutron irradiation, is the product of a
chemistry factor (CF) and a fluence factor (FF) [5]:

ARTnpr = (CF) © (FF) (Eq. 2)

The chemistry factor, a function of the copper and nickel content, is different for weld and
wrought (base metal) materials. Regulatory Guide 1.99, Revision 2 [5], provides tables which
give chemistry factor values that are based on measured values of Cu and Ni for the specific heat

of material.

If two or more credible irradiated surveillance data sets are available for the reactor, Regulatory

Position 2.1 of Reference 5 spécifies a procedure to be used to calculate an adjusted CF.
The fluence factor is based upon the accumulated fast (E > 1 MeV) neutron exposure, typically
corrected for the thickness at the location of interest. The fluence factor can be found using the

following equation or from Figure 1 of Reference 5:

FF=f (0.28-0.10s}ogf) (Eq 3)

g .
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where: { = fast neutron fluence (in units of 10" n/em®, E > 1MeV). The fluence decreases with
distance into the vessel wall. To determine the fluence at a distance within the vessel! wall, the

calculated or measured fluence at the inside surface of the vessel is attenuated by the formula [5],

f = fyuer (€%%) (Eq. 4)
where:
f = fast neutron fluence (in units of 10Y° n/cmz, E > IMeV),
far = fast neutron fluence at the vessel inside surface, (same units as f),
X = depth into the vessel wall, (inches)

For ASME Code Section X1, Appendix G [4] evaluations, x is taken at one quarter of the base
metal thickness (Y4t). The stainless steel cladding at the inside surface of the vessel is, by design,
treated purely as a lining and is not treated as a load-bearing member. However, the fast neutron
flux can be attenuated through the cladding. For this evaluation, it will be assumed that the
estimated inside surface fluence is given at the cladding-base metal interface. That is, no credit

will be taken for attenuation of the fluence through the cladding.

2.2.3 Margin

Regulatory Guide 1.99, Revision 2 [5], also requires the addition of a margin term (M) that
accounts for uncertainty in the initial reference temperature and for variance in the reference

temperature shift. The margin term is calculated by Equation 5:
M=2-(of + 0, (Eq. 5)

where: oy=  the standard deviation for the initial RTnpr (°F) and
ox= -the standard deviation for ARTnpt (°F). Reference 5 states that ¢, is 28°F for
welds and 17°F for base metal and that o4 need not exceed 0.5 times the mean reference

temperature shift (ARTNDT).
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The o7 term is related to the uncertainty in the precision of the initial RTnpr, either when
determined by measurement or when default or generic values are used. Most of the estimation
methods have established the initial RTnpr value based upon analyses of measured data. The

value of o1 for each method may vary, depending upon the estimation method used.

2.2.4 Use of Surveillance Data

The use of surveillance material data for calculation of ART is permitted by Regulatory
Guide 1.99, Revision 2 [5], subject to the condition that two or more credible sets of irradiated
surveillance data from the subject reactor are available. Reference 5 provides a methodology for

calculating revised chemistry factors based on the surveillance data to establish ART.

B
o

s &8 B 5 &8 & %
[

Fracturs Toughness K, and K, ksl ~Via.

g

200

(7= RTyorh °F

Figure 2-1. Lower Bound Ky, and Ky, Test Data for SA-533 Grade B Class 1, SA-508 Class 2,
and SA-508 Class 3 Steels [3]
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3.0 PILGRIM REACTOR VESSEL PROPERTIES

This analysis describes the methods required to determine the value of the adjusted reference
temperature (ART), the key quantity used to define the fracture toughness for all areas of the
Pilgrim reactor pressure vessel. As noted in the previous section, the ASME Code provides
curves for lower bound K, (KR) and K which are indexed to the difference between 'the

temperature at which a stress is applied and the adjusted reference temperature (Figure 2-1).

3.1  Design and Materials

The Pilgrim reactor vessel is constructed from SA-533 Class B plates, joined by submerged arc
weldments (B4 filler metal/Linde 1092 flux). Weld repairs to lon gitudinal and circumferential
welds were performed by shielded metal arc welding (SMAW) using Type 8018 electrodes.
Flanges, nozzles, and other formed pafrts were fabricated from SA-508, Class 2, forgings, and
were joined to the vessel shell by shielded metal arc welding (SMAW) using Type 8018

electrodes.

A map of the Pilgrim reactor pressure vessel materials and welds is shown in Figures 3-1 and
3-2. Figure 3-1 shows the plate and forging material identification and associated code numbers,
as well as the approximate locations of weld- seams for all wrought products in the vessel shell
and heads. Figure 3-2 lists all vessel shell and head welds, including weld numbers. Table 3-1
summarizes the piece numbers, éode numbers (as identified in Figure 3-1), heat numbers,
composition, and toughness properties for the plates and forgings that comprise the vessel shell,
not including nozzles. Table 3-2 lists similar information for all vessel assembly weld metals.
Detailed compositional information is not given for the SMAW electrodes. In the beltline, those
electrodes are used only for root passes and for repairs. The root passes are at essentially the
half-thickness position; a depth far in excess of the hypothesized % t flaw. Further, at the half-
thickness position, the attenuation of fast neutrons drg.matically reduces the neutron fluence that
that material would experience. Weld repairs constitute an extremely small volume of the

overall weld. As such, the contribution of the SMAW electrodes to the effective chemistry

> .
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factor for the weld is considered to be insignificant. Tables 3-3 and 3-4 list similar information

for the RPV nozzle forgings and nozzle-to-RPV welds.

Per ASTM E185-82 [24], beltline materials consist of “the irradiated region of the reactor
vessel (shell material including weld regions and plates or forgings) that directly surrounds the
effective height of the active core, and adjacent regions that are predicted to experience sufficient
neutron damage to warrant consideration in the selection of surveillance material”. The
irradiation damage causes an increase in strength and hardness and a decrease in ductility and
toughness. Also, it is well established that tramp or minor alloying elements, particularly copper
and nickel, affect the radiation embrittlement response of the ferritic RPV material. Therefore,
the fracture toughness properties of the beltline materials must be evaluated in accordance with
the discussion of Section 2 of this report. Non-beltline materials are considered not to have
experienced any embrittlement. For the Pilgrim RPV, the beltline materials include the lower
intermediate shell, the lower shell, the three longitudinal weld seams in each of those shell
courses, and the girth weld which connects the two courses to each other. Figure 3-3 includes a
sketch of the Pilgrim RPV that shows the location of the beltline relative to the core region, and

the vessel plate and weld components.

3.2 Reactor Vessel Fluence

Summaries of the flux distributidns, and resulting axial and angular lead factors, are provided in

- Figures 3-3 and 3-4. Figure 3-3 is a plot of the axial distribution of fast flux in the Pilgrim
vessel, and associated axial lead factors constructed from nodal data from Reference 13. It
shows that significant portions of the lower intermediate shell and, especially, the lower shell
will be irradiated to far less than the axial peak values. It also provides a method for determining
the accumulated fast fluence at any axial position in the beltline. As an example, note that the
axial lead factor for beltline girth weld 1-344, located at an elevation of 242.5 inches (from the
bottom of the lower head, datum point “0”) has a lead factor of 0.749 relative to the axial peak,
determined by a linear interpolation of flux between nodes 5 and 6 in Figure 3-3 to yield a
relative flux of 0.752 (relative to Node 12), ratioed to the axial flux peak factor of 1.004 at Node
13. |
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Irradiation effects are considered to be nil at elevations above about 367 inches and below 207
inches (i.e., about 10-15 inches above and below the active fuel where relative fast flux

approaches zero, based upon an extrapolation of the profile shown in Figure 3-3). 2

An additional refinement of the fluence predictions can also be made to account for
circumferential variations in position. The BWR core has four-fold symmetry (Figure 3-4) so
that peak fluence is accumulated at locations where the corner of a “flat” portion of the core plan
is in closest proximity to the pressure vessel wall while the fluence will be less at an “edge” or

the center of the “flat”.

Figure 3-4 is a plot of the angular distribution of fast flux in the Pilgrim vessel, and associated
angular distribution of lead factors, constructed from data of Reference 13. Figure 3-4 shows
that significant portions of the lower intermediate shell will be irradiated to far less than the axial
peak values, even though each plate has an axial lead factor of one. In similar manner, the
lower/intermediate and lower plate longitudinal welds have maximum fluences determined by
both the axial and angular lead factors. The combined effect of the axial and angular flux
distribution on a specific RPV component is provided in the “Equiv. Lead Factor” term in Tables
3-7 and 3-8. These equivalent lead factors are used in the calculations of the 20, 32, and 48
EFPY fluence factors summarized in Tables 3-7 and 3-8.

Using the information in Reference 13, an estimate of the rate of fluence increase for the vessel
ID surface was estimated. Reference 13 tabulates the estimated neutron flux and fluence at the
middle and the end of several fuel cycles. From this information, the rate of increase in fluence

per EFPY (Effective Full Power Years) can be estimated as shown in Table 3-5. The fluence

> The upper-most portions of the recirculation inlet nozzles (N2 nozzles) are just below the bottom of the active core, hence,

would be considered to be in the beltline. However, the nozzles and nozzle welds are not evaluated in this report because the
exposure is minimal (typically less than 10% of the peak fluence) and since impact properties for the weld metal and nozzles are
very high. Therefore, their properties are clearly bounded by the properties of plates and welds (SAW) in the lower shell and
lower intermediate shell. ‘

-00- - < ,
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rate up to 4.17 EFPY is much higher than for the other cycles summarized. Reference 13 states
that an unusually large number of new fuel bundles were placed into the Pilgrim reactor at the
start of Cycle 4. This higher power in the edge bundles of the core increased the neutron flux to
the vessel. The fluence rates for each of the points in time after cycle 4 are assumed to be
representative of the fluence rates after Cycle 7 (middle) and are assumed to be representative of
the fluence rates that will be experienced up to the end of life. To be conservative, the highest
fluence rate of 4.47 x 10'® n/cm*EFPY will be used as an estimate of the maximum vessel wall
fluence rate opposite the core mid-plane height. The estimated maximum fluences at the vessel
inside surface (clad to vessel interface) are estimated in Table 3-6. These values will be used in

subsequent calculations of the ART.

3.3 Determination of ART

As noted in Section 2.2, the adjusted reference temperature (ART) is the sum of the Initial
RTnpt, the RTnpr Shift and the margin.

The key chemical constituents relative to irradiation embrittlement are copper and nickel.
Copper is considered an impurity‘in the grades of steel used for the vessel and, as such, was not
routinely reported for plates and weld metals in plants of the vintage of Pilgrim. Fortunately, all
of the plates in the vessel were procured from Lukens Steel so that most of the copper contents
could be located for those products. As shown in Tables 3-1 and 3-3, the copper contents of the
two flange forgings and all of the nozzle forgings are not available. Since no forgings are in the
beltline, those copper contents are not required since a Chemistry Factor does not need to be
computed to determine the end of life ART. Copper content is available for all of the SAW
materials (Table 3-2). Tables 3-1 through 3-4 demonstrate that fairly complete background
information was available on the reactor vessel components. Very complete iﬁformation on
beltline materials was available. As noted previously, the composition of the SMAW electrodes
is not considered in the determination of the weld chemistry factor since those electrodes, used

only for root passes and for repairs, constitute an extremely small volume of the overall weld.

<> )
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As such, the contribution of the SMAW electrodes to the effective chemistry factor for the weld

is considered to be insignificant.

3.3.1 [Initial RTNDT

The requirements of Subparagraph NB-2331 of Section III of the ASME Code [6] for the
determination of the initial reference temperature (RTnpt) were discussed in Section 2.2.1. The
initial RTnpr values for all of the vessel wrought materials, plate and forgings (flanges and
nozzles), were determined per NB-2331. Drop weight tests were conducted on all of the
wrought pfoducts to establish a NDTT value. Most of the Charpy V-notch impact tests were
done over a range of temperatures, although not at the NDTT + 60°F temperature required by the
Code. The CVN impact tests for nine nozzle forgings (N1A, N1B, N3A, N3B, N3C, N3D, N7A,
N7B and N8) were performed at a single temperature of 10°F. Further, the specimen

orientations were longitudinal rather than the required transverse orientation.

An initial evaluation of each plate or forging was performed to determine if the minimum
required energy (50 ft-1b) and the minimum required lateral expansion (35 mils) were achieved at
a CVN test temperature equal to or less than NDTT+60°F-20°F. The 20°F term is from MTEB
5-2 [15] and is an estimation of the adjustment in test temperature for longitudinally oriented
specimens to be equivalent to transverse specimens (e.g., Tsor = TsoL + 20°F, where Tsor and
Tso are the temperatures required for the minimum energy value to exceed 50 ft-1b for
transverse and longitudinal, respectively).

The value of NDTT+60°F-20°F is defined as the “CVN Check Temp” in Tables 3-1 and 3-3.
From the CMTR tests results, a test temperature (column CVN TT °F) near or below the CVN
Check Temp for each item was obtained and the energy and lateral expansion results were
evaluated. As is shown in Table 3-1, most of the plate and flange forgings did not have
sufficiently high minimum values at the available test temperatures to establish NDTT as the
RTnpr value. In the cases where the minimum energy and/or lateral expansion requirements
were not satisfied, the minimum test results at each CVN test temperature were analyzed using a

hyperbolic tangent (tanh) curve fitting routine. EPRI Reports MP-933 [19], NP 2428 [20], and

.

: T
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NP-4797 [21] have discussed the utilization of the hyperbolic tangent curve fitting procedure.
This procedure estimates the value of impact energy (y) as a function of test temperature (T) as

shown below:

Y = A+B tanh [(T - T,)/C]
where A,B,C and T, are coefficients determined by non-linear regression.

A computer program, CVGRAPH [16], was developed for the analysis of Charpy V-notch
inipact test data by ATI Consulting for use by the utility members of the Westinghouse Owners
Group. A licensed copy of CVGRAPH was obtained by Structural Integrity Associates to assist
in the analyses of Charpy impact data for operating plants that do not have access to this
program.

The results of the required CVGraph analyses are contained in Appendix A. In the cases where
both the energy and lateral expansion data were evaluated, it was found that the 50 ft-Ib
temperature was always more limiting than the 35 mils temperature. The longitudinal 50 ft-Ib
temperatures (Tsor) for the analyzed test results are shown in Table 3-1. Using the results of
those analyses, the RTnpr values are defined as the NDTT or the Tsq ~40°F (equivalent to Tsor +
60°F) value, whichever is greater, as shown in Table 3-1. For values of RTxpr determined per

the guidelines of NB-2331, the value of oy in the Margin is equal to 0.

For the nozzle forgings, as summarized in Table 3-3, the required energy and lateral expansion
values were satisfied at test temperatures below the “CVN Check Temp” for all but thrée of the
nozzles. For the nozzles that exhibited the fequired minimum impact prdperties the initial RTnpr
value is defined as the NDTT. For the three nozzles (N2K, N3B, and N3C) with less than the
required energy or lateral expansion, an alternative method for the determination of the initial
RTxpr was required. GE developed a procedure to estimate the RTnpr value using limited test
data [17]. In this approach, if the minimum energy value is less than 50 ft-Ib, the transition
temperature to achieve 50 fi-1b is estimated by adding 2°F to the reported test temperature for
each ft-1b that the minimum test result is less than 50 i’t—lb. The value of Tsor, determined by this
procedure is converted to the equivalent Tsop vaiue by adding 30°F to Tsqr. It is assumed that the
minimum lateral expansion values will exceed 35 mils at the Tsor temperature determined by this
procedure. The values of Tsor-60°F for nozzles N2K and N3C are less than the NDTT value. .

-00- - <> .
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Therefore, the initial RTnpr values equal the respective NDTT values. The Tsor - 60°F value for
nozzle N3B equals 4°F. Since this value is higher than -10°F (NDTT) the intital RTnpr value for
nozzle N3B equals 4°F. This procedure uses the minimum test results and is, therefore,

considered conservative, hence oy is equal to 0.

The Reference 17 procedure was used to estimate the limiting temperature for 50 ft-1b impact

energy for welds. No correction for specimen orientation is required for welds.

The weld materials were not subjected to drop weight impact tests to determine the NDTT value,
and the Charpy V-notch impact tests were conducted at a single temperature. If the minimum
energy is equal to or greater than 50 ft-Ib, Tso equals the test temperature. This procedure
defines RTnpr as Tsp — 60°F. The GE procedure also states that if there is no drop weight data
that the RTnpr value may not be less than —50°F for welds. The results of the CVN tests of the
weld materials and the estimated RTxnpr values are summarized in Tables 3-2 and 3-4 for the
vessel shell/head welds and the nozzle attachment welds, respectively. This procedure uses the

minimum test results and is, therefore, considered to be conservative, hence oy is equal to 0.

3.3.2 Adjusted Reference Temperature (ART)

Table 3-6 provides the anticipated RPV inner surface fluences for 20, 32, and 48 Effective Full
Power Years (EFPY). Considering the Pilgrim RPV minimum wall thickness of 5.53 (5 17/32
inches per Reference 22) inches at the beitline, the % t fluences can be calculated by the
methodology of Regulatory Guide 1.99 Rev. 2 (equation 4 of section 2 of this report). Table 3-6
documents the RPV maximum calculated % t fluences for 20, 32, and 48 EFPY for RPV beltline

components.

Tables 3-7 and 3-8 summarize the calculations of 20, 32, and 48 EFPY fluence factors (FF),
based on % t vessel fluences for the vessel beltline pldtes and welds, respectively. In these and
the following tables, not all beltline materials are assumed to be exposed to the peak neutron ¥ t
fluence; both the angular and axial distribution of fluence is considered in the calculations of

adjusted reference temperature (ART) given in Tables 3-9 and 3-10. These fluence factors are

a7 .
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uniquely calculated maximums for each beltline plate and weld of the Pilgrim RPV, and are
based on the Pilgrim core axial and angular (azimuthal) flux patterns [13]. The fluences and
fluence factors reported herein are conservative relative to those reported in the Reactor Vessel
integrity Database (RVID), Version 2 [23].

Summary tables of toughness properties for the Pilgrim RPV are provided in Tables 3-9 through
3-12. These tables contain calculations of ART for 20, 32, and 48 EFPY for each RPYV
component, as well as the Initial RTnpy, Chemistry Factor (CF) and Fluence Factor (FF) from
the preceding tables. The tables contain transition temperature shift, margin, and adjusted
reference temperature for both the beltline and non-beltline materials at the L4t position. Table
3-9 summarizes toughness properties for the RPV plates and forgings, using the guidelines of
Regulatory Guide 1.99, Rev 2. Table 3-10 contains similar information for the controlling weld
heats (SAW welds with the highest CF). Tables 3-11 and 3-12 contain summary data for nozzle

forgings and nozzle-to-RPV welds.

< .
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Table 3-1
Pilgrim Reactor Vessel Plates and Forgings [8, 9, 10]

DWT 1 Nprr éﬁi CVN Ener%)ﬁ-lbs SOfelb ey
Description Piece No. Code No. Heat No. | Temp °F oF Te TT °F Temp., Long NOT oy Ni
mp . F
6 o (1) (2) Lat exp, mils TsoL °F 3)
Bottom Head 0 25,23, 23
- -3114 C-2888-3 -10 30 10 200 69 2 X .
Dome 336-02 G-311 NB ‘ 32,21.20 Y 0.16 043
0 56,75, 55
BH Lower Ll Not
" - - - - 0 30 10 . . X
Torus 336-03A,E G-3113-3 A-2222-1 1 flr\?gk/ 44,56, 41 Determined 0 0.09 | 0.67
BH Lower 0 27,33,29
" - - - - -10 30 10
Torus 336-03B,C G-3113-1 C-29133 NB 79,28, 29 (@) 64 24 0.13 047
BH Lower 0 46, 31,48
" - - - - -10 30 10 -
Torus 336-03D,F G-3113-2 A-2222-2 NB 38,04 37 39 1 0.11 0.65
BH Upper y ) g i 0 ) 90, 81,78 Not
Torus 336-04A,C,D,F | G-3111-1 C-2851-2 NB 10 30 10 63,60, 56 Determined -10 0.09 0.45
BH Upper i1 . 0 ) 90, 81,78 Not
Torus 336-04B,E,G,H | G-3111-2 C-2851-2 NB 10 30 10 63, 60.56 Determined -10 0.09 0.45
Lower Shell | 337-01A G31002 | C2957:2 0 10 30 10 45,45, 31 40 o | o010 | 047
NB 37,738, 28 ' )
0 37, 33,37
- - -1 C-2957-1 -10 30 et _
Lower Shell 337-01B G-3109 9 NB 10 31.29,31 37 3 0.10 048
0 35, 50,32
Lower Shell 337-01C G-3109-3 C-2973-1 NB -10 30 10 36.40,28 36 -4 0.11 0.63
Lower Int. -10 45, 52,50
Shell 337-03A G-3108-3 C-2945-2 NB -20 20 10 35,40, 39 28 -12 0.10 0.66
Lower Int. -20 51, 52,50 Not
e 337-03B G-3108-1 | C2021-2 NB -30 10 10 357 Determined | 30 | 014 | 060
Lower Int. -30 43, 36, 39
St 337-03C G-31082 | C2%45-1 | o 40 0 10 3051 33 7 | 010 | oss
Upper Int. : ; 3 ; ) 0 ) 46, 41, 47
Shell 337-04A G-3107-1 A-2094-1 NB 10 30 10 3635 35 24 10 | o1 0.57
Upper Int. i Ty 204 0 ) 30 56, 67,48
Shell 337-04B G-3107-2 A-2094-2 NB 10 10 73 52,40 9 -10 0.11 0.55
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Table 3-1 (cont'd)

~ DWT | vorr | ook | SN | PRERE somm | o
Description Piece No. Code No. Heat No. | Temp °F op Temp TT °F ‘ Temp., Long 2T |y Ni
(6) °F (1) V) Lat exp, mils Tso °F (3)
glfg;" Int 1 337.04c G-3107-3 | C-2906-1 1\?13 410 30 10 22: 269:‘;58 26 a0 | 012 | 049
Upper Shell | 337-02A G315 | Cc2m2 | 10 30 10 2? ‘;7] ;‘g 36 4 | o1 | o6l
Upper Shell | 337-02B G31094 | C25612 | 10 30 10 22: ig: 22 oot | -0 | 013 | 070
Upper Shell | 337-02C G31006 | C33012 | o -10 30 10 3? ‘;2 ZZ 38 2 | 018 | 057
gggeggsm“ 339.02 G-3101 2V-545 2 10 50 10 g ‘;i gg 20 10 | N | 081
fcl‘;f)“{;’iﬁzzd 349-02 G-3102 5P-2003 x 10 50 10 76? (}I%Q,’g;' Do | 10| R | 077
CHTors | 349-03A,D,BH | G31781 | Caosal | O 20 | 30 10 g? 2:72 ‘;; 24 10 | 014 | 060
CHTorus | 349-03B,CF,G | G3I782 | C39822 o 10 30 10 2; 2‘; ;Z et | -0 | 014 | 060
CHDome | 349-04 G3me-l  |am213 | O -10 30 10 ;g Zg ;i e |10 | 013 | 06
Notes:

1.

™

hd

Charpy V-notch maximum test temperature (CVN Check Temp) at which tests

to transverse correction). .
“CVN TT” (test temperature) and results near or below the "CVN Check Temp" (specimens with longitudinal orientation).

Temperature at which 50 ft-Ib energy and 35 mils lateral expansion requirements are satisfied for hyperbolic tangent curve fits through the minimum test results. If the 50 ft-

Ib/35 mils requirements are satisfied at the "CVN TT" no curve fits were performed.

On the CMTR is a note indicating that the lateral expansion results at 10 and 40°F are reversed. Itis assumed that this is a correct assessment and the lower values are shown

here.

NR = Not Reported

NB = No Break

SIR-00-082, Rev. 0

3-10

for longitudinally oriented specimens must demonstrate a minimum impact energy of 50 fi-1b
and a minimum lateral expansion of 35 mils to satisfy the requirements of NB-2331 for RTypr to equal NDTT. The "CVN Check Temp" = NDTT + 60°F - 20°F (longitudinal




Weld

Table 3-2
Pilgrim Reactor Vessel Welds [8, 9, 10, 11]
CVN : _—
Weld Description Seam No. \,I?Ydd Heat No. Flux Type & Lot No. | Temp | Energy, ft-Ibs RTwpr °F Cu Ni
ype oF m ®

Bottom Head Dome to Lower Torus — 5-336 SAW 13253 Linde 1092 #3774 10 74, 63, 82 -50 0.221 0.732
Circumferential Weld SMAW EOAG ! 10 173, 133, 135 -50 NR 1.04

BBHH 10 116, 107, 109 -50 NR 0.95
BH Lower Torus — Long Welds of 12-336A,B,C,| SAW 51989 10 50, 60, 73 -50 0.17 0.165

Segments D,EF

+ |'SMAW | EOAG |iiiiema e 10 |173,133,135 | -50 NR 1.04
BH Lower Torus to BH Upper Torus - 6-336 SAW 13253 Linde 1092 #3774 10 74, 63, 82 -50 0.221 0.732
|Circumferential Weld 13253 Linde 1092 #3791 10 85, 77, 81 -50 0.221 0.732
SMAW EOAG :g_f el 10 173, 133,135 -50 NR 1.04.

BH Upper Torus — Long Welds of 1-336A, B, C,| SMAW IBFG M aEmEaEs 10 40, 44, 31 -12 NR 1.29

Segments D,E,F,GH

BH Upper Torus to Lower Shell - 4-348 SMAW LOEH 10 | 113,123,140 -50 NR 098
Circumferential Weld LACH 10 125,119, 119 -50 NR 0.90
Lower Shell to Bottom 9-338 SAW 20291 Linde 1092 #3854 10 60, 65, 59 -50 0.216 0.737
Head Girth Weld SMAW HADH  |{iasil PG 10 | 112,110,114 -50 NR 0.94
Lower Shell — Long Welds of 2-338A,B,C| SAW 27204 10 71,57,42 -34 0.203 1.018
Segments SMAW EOAG g 10 1173,133,135 -50 NR 1.04
Lower Shell to Lower Intermediate 1-344 SAW 21935 10 62, 59, 60 -50 0.183 0.704
Shell ~ Circumferential Weld SMAW LACH ‘ 10 125, 119, 119 -50 NR 0.90
Lower Intermediate Shell — Long 1-338A,B,C| SAW | 27204/12008 10 63, 60, 49 -48 0.219 0.996
Welds of Segments SMAW EOAG 10 173, 133, 135 -50 NR 1.04
LODG 5 Ry i 10 62, 83, 99 -50 NR 0.93
Lower Intermediate Shell to Upper 3-339 B - SAW 13253 Linde 1093 #3833 10 79,79, 82 -50 0.221 0.732
[ntermediate Shell — Circumferential SMAW EAGH 10 119, 120, 127 -50 NR 0.97

SIR-00-082, Rev. 0
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Table 3-2 (cont’d)

CVN o
Weld Description Seam No. g‘VcId Heat No. | Flux Type & Lot No. | Temp | Energy, ft-lbs RTwor °F Cu Ni
ype R (1) €)
Upper Intermediate Shell — Long 2-339A,B,C| SAW 27204/12008 Linde 1092 #3774 10 63, 60, 49 -48 0.219 0.996
Welds of Segments

27204 Lmde 1092 #3714 10 71,57,42 -34 0.203 1.018

SMAW JBFG ¢ 10 40, 44, 31 -12 NR 1.29

Upper Intermediate Shell to Upper 3-339A SAW 13253 10 85,71, 81 -50 0.221 0.732
Shell — Circumferential Weld - SMAW EAGH 10 119, 120, 127 -50 NR 0.97
: EOAG b ] 10 173, 133, 135 -50 NR 1.04

Upper Shell — Long Welds of 1-339A,B,C| SAW | 27204/12008 Lmde 1092 #3774 10 63, 60, 49 -48 0.219 0.996
Segments SMAW JBFG i T 10 40, 44, 31 -12 NR 1.29
Upper Shell to Vessel Flange — 4-339 SAW 13253 10 85,77, 81 -50 0.221 0.732
Circumferential Weld SMAW EAGH 10 119, 120, 127 -50 NR 0.97
Closure Head (CH) Flange toCH - 1-349 SAW 20291 10 35, 50, 48 -20 0.216 0.737
Torus - Circumferential Weld SMAW LOEH 10 113,123, 140 -50 NR 0.98
EOAG 10 173, 133,135 -50 NR 1.04

CH Torus — Long Welds of Segments |3-349A, B, C,| SMAW EAGH 10 119, 120, 127 -50 NR 0.97

D,E,F,G H
i i
CH Torus to CH Dome - 2-349 SAW 20291 Lmde 1092 #3854 10 60, 65, 59 -50 0.216 0.737
Circumferential Weld 20291 Linde 1092 #3833 10 35,50, 48 -20 0.216 0.737
SMAW CBBH  [#tginsn i 10 ] 118,142,115 -50 NR 1.1
LOEH 10 113, 123, 140 -50 NR 0.98

»

Notes:

1. For the Charpy specimen with the minimum reported energy, add 2°F to test temperature for each ft-1b below 50 ft-1b to determine Tsp. Define
RTnpt = Ts0-60°F. If the minimum reported energy is greater than 50 ft-1b, RTnpr =T - 60°F

2. NR = Not Reported.

3. Cu was not reported for E8018 weld materials. It is assumed that the E8018 materials were used only for root passes and repair welds and do not
constitute a significant volume of the welds. Therefore, the SMAW composition is not required to calculate a chemistry factor.
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Table 3-3

Pilgrim Reactor Vessel Nozzle Forgin gs [10, 12]

SIR-00-082, Rev. 0

CVN |- Energy, ft-lbs
NOZZLE . DWT NDTT | CVN Check N RTxpr .
Description Piece No. Code No. Heat No. Temp °F °F Temp °F (1) T(E)F Latexp, mils | °F(3) Cu Ni
Recirculation 345-04A G-3115-1 EV-9794 10 0 40 10 72, 85,74 0 NR 0.83
Outlet —N1A NB 55, 65, 50
Recirculation 345-04B G-3115-2 EV-9784 10 0 40 10 72, 83,70 0 NR 0.79
Outlet - N1B NB 55,62, 51
Recirculation 345-07A G-3120-1 EV-9793 10 0 40 -50 80,78, 74 0 NR 0.72
Inlet N2A -30° P NB 61, 57,55
Recirculation 345-078 G-3120-4 EV-9793 10 0 40 -50 80,78, 74 0 NR 0.72
Inlet N2B - 60° ' NB 61, 57,55
Recirculation 345-07C G-3120-3 EV-9793 10 0 40 -50 80, 78,74 0 NR 0.72
Inlet N2C-90° _ NB 61, 57,55
Recirculation 345-07D G-3120-2 EV-9793 10 0 40 -50 80, 78,74 0 NR 0.72
Inlet N2D — 120° ) . NB 61, 57,55
Recirculation 345-07E G-3120-5 EV-9793 10 0 40 -50 80,78, 74 0 NR 0.72
Inlet N2E - 150° NB 61,57, 55
Recirculation 345-07F G-3120-6 EV-9786 10 0 40 10 94,98, 106 0 NR 0.85
Inlet N2F - 210° ’ NB 65, 60, 69
Recirculation 345-07G G-3120-7 EV-9786 10 0 40 10 94,98, 106 0 NR 0.85
‘Inlet N2G - 240° : NB 65, 60, 69 '
Recirculation 345-07H G-3120-8 EV-9786 10 0 40 10 94, 98, 106 0 NR 0.85
Inlet N2H - 270° NB 65, 60, 69
Recirculation 34507 G-3120-9 EV-9786 10 0 40 10 94, 98, 106 0 NR 0.85
Inlet N2J — 300° NB : 65, 60,69
Recirculation 345-07K G-3120-10 EV-9759 10 0 40 10 41,53,44 0 NR 0.80
Inlet N2K — 330° NB 33,42, 37
Steam Outlet 347-10A G-3116-1 EV-9813 0 -10 30 10 59, 64, 64 -10 NR 0.80
N3A NB 42,43,43
Steam Outlet 347-10B G-3116-2 EV-9813 0 -10 30 10 74, 38, 64 4 NR 0.78
N3B NB 56, 33,49
Steam Outlet 347-10C G-3116-3 EV-9813 10 0 40 10 66, 48, 58 0 NR 0.79
N3C NB 36,45, 44
3-13




Table 3-3 (con’t)

CVN | Energy, ft-Ibs
NOZZLE . DWT NDTT | CVN Check Y RTnot .
Description Piece No. Code No. Heat No. Temp °F °F Temp °F (1) T(I‘2)F Latexp, mils | °F(3) Cu Ni

Steam Outlet 347-10D G-3116-4 EV-9806 10 0 40 10 63, 50, 55 0 NR 0.80
N3D NB 44, 45, 49
Feedwater 347-07A G-3117-1 EV-9819 10 0 40 10 82,99,78 0 NR 0.69
N4A NB , 62,72,57
Feedwater 347-07B G-3117-2 EV-9819 10 0 40 10 82,99,78 0 NR 0.69
N4B . NB 62,72,57
Feedwater 347-07C G-3117-3 EV-9819 10 0 40 10 82,99,78 0 NR 0.70
N4C NB 62,72,57
Feedwater 347-07D G-31174 AV-1809 10 0 40 10 64, 84,76 0 NR 0.73
N4D NB 47,72, 59
Core Spray 347-14A G-3118-1 EV-9819 10 0 40 10 82,99,78 0 NR 0.70
N6A NB 62,72,57
Core Spray 347-14B G-3118-2 EV-9819 10 0 40 10 82,99,78 0 NR 0.70
N6B NB 62,72, 57
Head Nozzle _348-06A G-3200-1 EV-9806 50 40 80 10 96, 99, 86 40 NR 0.82
N7A 8G-6069A NB 66,74, 61
Head Nozzle 348-06B G-3200-2 EV-9806 50 40 80 10 96, 99, 86 40 NR 0.82
N7B (spare) 8G- 6060B NB 66, 74, 61
Head Vent N8 348-03 G-3199 EV-9806 50 40 80 10 98, 82, 98 40 NR 0.82

8G-6068 NB 69,71,72
Jet Pump Instru- | 345-10A G-3122-1 EV-9792 10 0 40 -40 92,93, 87 0 NR 0.69
mentation, NOA NB 46, 55,39
Jet Pump Instru- | 345-10B G-3122-2 EV-9792 10 0 40 -40 92,93, 87 0 NR 0.69
mentation, N9B NB 46, 55, 39
CRD Hydraulic 346-11 G-3121 EV-9792 10 0 40 -40 92,93, 87 0 NR 0.72
Return NB 46, 55, 39
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Table 3-3 (concluded)

Notes:
1. Charpy V-notch maximum test temperature (CVN Check Temp) at which tests for longitudinally oriented specimens must demonstrate a

minimum impact energy of 50 ft-1b and a minimum lateral expansion of 35 mils to satisfy the requirements of NB-2331 for RTnpr to equal
NDTT. The "CVN Check Temp" = NDTT + 60°F - 20°F (longitudinal to transverse correction).

The minimum “CVN TT”(test temperature) at which the minimum energy exeeds 50 ft-Ib and the minimum lateral expansion exceeds 35 mils.
Since the “CVN TT” at which the 50 ft-1b/35 mils is met is less than the “CVN check temp” the initial RTypr — NDTT.

NR = Not Reported.
NB = No Break

Nk W

»
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Table 3-4
Pilgrim Reactor Nozzle-to-RPV Welds [8]

SIR-00-082, Rev. 0

Weld Description Seam No. | Weld Type | Heat No. c VIEIO'II:‘;amp " | Energy, (ft-lbs) I‘,{g ?;))T Cu Ni
Recirculation Outlet - N1A 4-345A E-8018 CBBH 10 118, 142, 115 -50 NR 1.1

EAGH 10 119, 120, 127 -50 NR 0.97

EOAG 10 173,133, 135 -50 NR 1.04

Recirculation Outlet - N1B 4-345B E-8018 EAGH - 10 119, 120, 127 -50 NR 0.97
EOAG 10 173, 133, 135 -50 NR 1.04

Recirculation Inlet - N2A 30° 9-345A E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
Recirculation Inlet - N2B 60° 9-345B E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
EAGH 10 119, 120, 127 -50 NR 0.97

EOAG 10 173, 133, 135 -50 NR 1.04

Recirculation Inlet - N2C 90° 9-345C E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
EAGH 10 119, 120, 127 -50 NR 0.97

EOAG 10 173, 133, 135 -50 NR 1.04

Recirculation Inlet - N2D 120° | 9-345D | E-8018 BBHH 10 116,107,109 | -50 NR 0.05
EAGH 10 119, 120, 127 -50 NR 0.97

EOAG 10 173, 133, 135 -50 NR 1.04

Recirculation Inlet - N2E 150° 9-345E E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
EAGH 10 119, 120, 127 -50 NR 0.97

EOAG 10 173, 133, 135 -50 NR 1.04

Recirculation Inlet - N2F 210° 9-345F E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
Recirculation Inlet - N2G 240° 9-345G E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
EOAG 10 173, 133, 135 -50 NR 1.04
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Table 3-4 (cont’d)

Weld Description Seam No. | Weld Type Heat No. CVI\(IO';;:mp " | Energy, (ft-1bs) I}g ??; Cu Ni
Recirculation Inlet - N2H 270° | 9-345H E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
Recirculation Inlet — N2J 300° 9-345] E-8018 BBHH 10 116, 107, 109 -50 NR 0.95

EOAG 10 173,133, 135 -50 NR 1.04

Recirculation Inlet ~ N2K 330° | 9-345K E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
EAGH - 10 119, 120, 127 -50 NR 0.97

Steam Outlet — N3A 14-347A | E-8018 BBHH 10 116, 107, 109. -50 NR 0.95
, EOAG 10 173, 133, 135 -50 NR 1.04

' HOKG 10 80, 86, 88 -50 NR 1.46

Steam Outlet — N3B 14-347B E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
EOAG 10 173,133,135 -50 NR 1.04

HOKG 10 80, 86, 88 -50 NR 1.46

Steam Outlet - N3C 14-347C } E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
EOAG 10 173, 133,135 -50 NR 1.04

HOKG 10 80, 86, 88 -50 NR 1.46

Steam Outlet ~ N3D 14-347D | E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
i EOAG 10 173, 133, 135 -50 NR 1.04
HOKG 10 80, 86, 88 -50 NR 1.46

Feedwater — N4A 9-347A E-8018 BBHH 10 116, 107, 109 -50 NR 0.95

Feedwater — N4B 9-347B E-8018 BBHH 10 116, 107, 109 -50 NR 0.95

Feedwater — N4C 9-347C E-8018 BBHH 10 116, 107, 109 -50 NR 0.95

CBBH 10 118, 142,115 -50 NR 1.1

Feedwater — N4D 9-347D E-8018 BBHH 10 116, 107, 109 -50 NR 0.95

EOAG 10 173, 133, 135 -50 NR 1.04
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Table 3-4 (cont’d)

Weld Description Seam No. | Weld Type | Heat No. CVI\(IO'II:‘; mp- Energy, (ft-1bs) EFT ?;))T Cu Ni
Core Spray - N6A 19-347A E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
EOAG 10 173, 133, 135 -50 NR 1.04
Core Spray - N6B 19-347B E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
EOAG 10 173, 133, 135 -50 NR 1.04
Head - N7A 8-348A E-8018 LOEH - 10 113, 123, 140 -50 NR 0.98
Head - N7B (spare) 83488 | E-8018 LOEH 10 113, 123, 140 50 NR 0.98
Head Vent - N8 3-348 E-8018 LOEH 10 113,123, 140 -50 NR 0.98
Jet Pump - N9A 14-345A E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
EAGH 10 119, 120, 127 -50 NR 0.97
EOAG 10 173,133,135 -50 NR 1.04
Jet Pump - N9B 14-345B E-8018 BBHH 10 116, 107, 109 -50 NR 0.95
EAGH 10 119, 120, 127 -50 NR 0.97
EOAG 10 173, 133, 135 -50 NR 1.04
HOKG 10 80, 86, 88 -50 NR 1.46

1. For the Charpy specimen with the minimum reported energy, add 2°F to test temperature for each ft-1b below 50 ft-1b to determine Tsp. Define
RTnpr = Ts0-60°F. If the minimum reported energy is greater than 50 ft-1b, RTxpr = T - 60°F
2. NR = Not Reported. :
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Table 3-5

Summary of the Fast Neutron Flux and Fluence per Fuel Cycle for Pil grim

Core Mid-plane | Core Mid-plane Time of Cycle EFPY/ |- Cumulative
Cycle Fﬁiv[ﬁg] F]ulzl;z/en[jl 3] (Fluence/Flux) Cycle EFPY Flucnge Fluenzce Rate
/em®-sec om? Seconds 1 n/cm n/cm*/EFPY

Through #4 Not Repoited - 2.6x107(2)] Not Reported 4.17] 2.60x10""  6.24x10"
#5 Start to Midddle 1.3x10° 2.3x10™° 1.8x10’ 0.57| 4.74] 2.83x10"7]  4.04x10'
#5 Middle to End 1.1x10° 2.0x10"® 1.8x10’ 0.57) 5.31] 3.03x10" 3.51x10'"®
#6 Start to Midddle 1.4x10° 2.9x10™® 2.1x10’ 0.67| 5.98| 3.32x10'"]  4.33x10"®
#6 Middle to End 1.2x10° 2.6x10"° 2.2x10’ 0.70] 6.68] 3.58x10""|  3.71x10™
#7 Start to Midddle 1.4x10° 1.7x10% 1.2x10’ 0.38] 7.06] 3.75x10"  4.47x10™

Notes '

1. Seconds per EFPY = 3600#24*865 = 31,536,000

2. Fluence value reported in Reference 14 at 4.17 EFPY.
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Table 3-6

Pilgrim RPV Maximum Calculated Fluences
(Based on Methodology of RG.1.99 Rev. 2)

Inner Surface Vit Fluence
EFPY Max Fluence (1) 4 2
2 n/cm
n/cm®
20 9.54 x 10" 6.85 x 10"
r32 1.49 x 10'8 1.07 x 108
48 ©221x10'8 1.59 x 10'8
Notes
L. Based upon the fluence rate of 4.47x10' n/cm¥BFPY for mid cycle 7 from Table
3-5.
2. Vessel minimum wall thickness = 5.53 inches

Fluence attenuation = (e'0'24") where x is the distance from ID vessel/clad

interface. -
Y4 t=1.38 inches
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Fluence Factors (FF) for ART Calculations - Beltline Plates and Forgings (Per Re
(based on Y4t vessel fluences) [9, 10, 13]

Table 3-7

g. Guide 1.99, Rev. 2)

» RPV | Peak Circ. | Peak Axial Emsi‘: 2191 fel;l lc) : ﬁil; Ic’ : 4I§1 i}; I: : FF FF FE
Description Code No. | Heat No. Azimuth Lead Lead quiv. @20 @32 @48
Location | Factor (1) | Factor 2) | €8¢ egt | @it | @t | | erey EFPY

ocation Factor | n/em? (3) | n/em? (3) | n/em? (3)
Lower Shell G-3109-2 |C-2957-2 | 318°to 78° 1.0 0.749 0.749 | 5.13x10" | 8.01x10" | 1.19x10"% | 030 0.37 0.45
Lower Shell G-3109-1 |C-2957-1 | 78° to 198° 1.0 0.749 0.749 | 5.13x10" | 8.01x10" | 1.19x10"* | 030 0.37 0.45
Lower Shell G-3109-3 {C-2973-1 | 198° to 318° 1.0 0.749 0.749 | 5.13x10" | 8.01x10" | 1.19x10"®* | 030 0.37 045
Lower Int. Shell [G-3108-3 [C-2945-2 | 300° to 60° 1.0 1.0 1.0 6.85x10" [ 1.07x10"® | 1.59x10® [ 035 0.43 0.52
Lower Int. Shell |G-3108-1 [C-2921-2 | 60° to 180° 1.0 1.0 1.0 6.85x10" { 1.07x10"® | 1.50x10% | 0.35 0.43 0.52
Lower Int. Shell |G-3108-2 |C-2945-1 | 180° to 300° 1.0 1.0 1.0 6.85x10" | 1.07x10"® | 1.59x10® | 0235 043 0.52

Notes

1. From Figure 3-4, Azimuthal Lead Factors.
2. From Figure 3-3, Axial Lead Factors.
3. From Table 3-6.

SIR-00-082, Rev. 0
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Table 3-8
Fluence Factors (FF) for ART Calculations - Beltline Welds (Per Reg. Guide 1.99, Rev. 2)
(based on Y4t Vessel Fluence) [8, 9, 10, 13]

. Peak Circ, | P8k Axial| ~ Weld | 20 EFPY [ 32EFPY | 48 EFPY - - R
Description Seam No. RPIY Azgmuth Lead Lead Equiv. Fluclance Fluclance Fluclence @20 @32 @48
ocation Factor(1) Factor Lead @ /; t @ /; t @ /; t EFPY EFPY EFPY
. 2) Factor n/cm” (3) | n/em” (3) | n/em® (3)
L. Int. Shell Long. Weld ~ [1-338A 60° 0.93 1.0 0.93 |6.37x10" | 9.95x10" | 1.48x10% | 0.33 0.42 0.50
L. Int. Shell Long. Weld  [1-338B 180° 0.39 1.0 039 | 2.67x10" | 4.17x10" | 6.20x107 | 0.21 0.26 0.33
L. Int. Shell Long. Weld ~ [1-338C 300° 0.93 L0 0.93 | 6.37x10"7 [ 9.95x10" | 1.48x10" | 033 0.42 0.50
L.Int/ L. Shell Girth Weld |1-344 Full Circle 1.00 0749 - { 075 |5.14x10" | 8.03x10" | 1.19x10% [ 0.30 0.37 0.45
Lower.Shell Long. Weld [2-338 A 78° 0.55 0.749 041 | 2.81x10" | 4.39x10" | 6.52x107 | 0.21 0.27 0.34
Lower.Shell Long. Weld [2-338 B 198° 0.78 0.749 058 13.97x10" | 6.21x107 [ 6.22x107 | 0.26 0.33 0.40
Lower.Shell Long. Weld [2-338 C 318° 0.58 0.749 043 [2.95x10" | 4.60x107 | 6.84x107 | 0.22 0.28 0.34
Notes
1. From Figure 3-4, Azimuthal Lead Factors.
2. From Figure 3-3, Axial Lead Factors.
3. From Table 3-6.
3-22
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Table 3-9 (cont’d)

SIR-00-082, Rey. 0

20 EFPY ART 32 EFPY ART 48 EFPY ART
. Initial . Fluence Margin ARTypr ART Fluence Margin ARTrpr ART Fluence Margin ART, ART
- li)eisecc;l[l)\:fn Heat No. RTnpr g;etg:s'fl}; Factor, 20, @t @ lat Factor, 240 @Yt @ Yt Factor, 2.0, @n/:'tn ' @ Yt
. oF (l) ’ @ %l (2) nF oF nF @ l/4t (2) nF oF OF @ %t (2) oF aF °F
—\ Non Non
Vessel 2V-545 10 Beltline Beltline 0 0 10 0 0 0 10 0 0 0 10
"7 [ Closure Head
. Non Non
Flange 5P-2003 10 Beltline Beltline 0 0 10 1] 0 0 10 0 0 0 10
349-02
Closure Head
] Non Non
"~} Torus C-3982-1 -10 . N 0 0 -10 0 0 0 -10 0 0 0 -10
< 49.03A Beltline Beltline
. -.| - Closure Head !
: Non Non
2| Torus C-3982.2 -10 X ! 0 0 -10 0 0 0 -10 0 0 0 -10
349.03C Beldine Beltline
Notes:
1. From Table 3-1.
2. From Table 3-7
3. ARTNDT =FF x CF
»
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Table 3-10

Toughness Properties for Controlling Weld Heats (SAW welds with highest RTNDT unless noted)

(Per Reg. Guide 1.99, Rev. 2)

20 EFPY ART 32EFPY ART 48 EFPY ART

o Heat Initial Chemistry Fluence | Margin | ARTypr ART Fluence | Margin | ARTuwpr ART Fluence | Margin ARTrpr ART

Description Seam No. No. RTnpr Factor. °F Factor, 20, @Yt @ Yt Factor, 2+0,4 @it @ Yt Factor, 240, @Yt @ Yt
°F (1) . ew® | °F °F F | @m@ | °F °F F | e | °F °F °F
Cromswad | 536 | 13253 | 0 | paie | poime | O 0 o I 0 0 0 ° 0 0 >

7
&‘:;a&;a:"‘“s é?g}:% 51989 | -50 nggw Bgﬁi“ne 0 0 -50 0 0 0 -50 0 0 0 -50
poladbiome | eas | amss | oo | hen o Ren g 0 50 0 0 0 50 0 0 0 50
B Head U. 1-336A,

Tousiong | BCDE | Sprg’ | 12 | paie fpagme | © | O | 2 | 0 [ o | o | w2 | o | o | o | w
Lshell/B. | 4348 SAW | s | ghen | gNem 0 -50 0 0 0 50 0 0 0 -50
Seam Nos. 9-338 20291 50 ng;‘ne ngi“ne 0 0 -50 0 0 0 -50 0 0 0 -50
{i}esll(;c“ Long. 23384 | 27204 | 34, 2 21 48 48 62 027 | 56 61 83 0.34 56 77 99
1\;, cslgen Long. 23388 | 127204 34 227 .26 56 59 81 0.33 56 75 97 0.40 56 91 113
i;} jgell Long. 2338¢ | 27204 ‘-344, _ 227 22 50 50 66 0.28 56 64 86 0.34 56 71 99
st /LShell 1344 | 21935 | s0 | 30 52 52 54 0.37 56 64 70 045 56 77 83

- L fnt. Long. 1338 | 2704 48 231 3 56 76 84 0.42 56 97 105 0.50 s | 116 e
L Int. Lang. 13388 | 2720 -Qig_ Bl | 49 49 50 0.26 56 60 . 68 033 56 76 84
L. Int. Long, 133sc | AP0 g 231 B 56 76 84 0.42 56 97 105 0.50 56 116 124
oLt sas0p | oamsy | so | phom | Nen b 0 -50 0 0 0 50 0 0 0 50
wed ¢ | Pae | 24 | 34 | e Imamme] © | 0 | @ | o f o [ o [ a0 [0 [ o [
Weage/Oant | 33394 | azs3 | so | Nem ) Men g 0 50 0 0 0 50 0 0 0 50
wag = | Pee | Toos | 8 | peme [mowme| © | | | o b o | o [ w | o [ o o |
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Table 3-10 (continued)

20 EFPY ART 32 EFPY ART. 48 EFPY ART
L. Initial . Fluence | Margin | ARTypr ART Fluence | Margin | ARTwpr ART Fluence | Margin | ART, ART
Déiig%‘:" Seam No. *;;:t RTxor g::;g:st:% Factor, | 2+, @Yt @Yt | Factor, | 2.0, @Vit @Yt | Factor, | 240, @ ® Ut
. °F (1) ! @%t(2) °F °F °F @Ut(2) °F °F °F . @Yt(2) °F °F °F
U. Shell/Flange Non Non N
Weld 4339 | 198 | S0 | Beltine | Beldine | © 0 -50 0 0 0 -50 0 0 0 -50.%
C. Head/Flange Non Non
Weld D39 | 2081 | B | Beline | Beltine | © 0 20, 0 0 0 20 0 0 0 20
' 3-349A
C. Head Torus y SMAW Non Non
Long Welds ooo% | BAGH | S0 | Beldine | Beldine | © 0 -50 0 0 0 -50 0 0 0 -50
C. Head Dome / Non Non
Torus Weld 2-349 20291 -20 Beltline Beltline 0 0 -20 0 0 0 -20 0 Y 0 -20
Notes:

1. From Table 3-2. For welds made with both SAW and SMAW materlals i

weld volume and will be the controlling matenal
2. From Table 3-8.

3. ARTnpr=FFxCF -

SIR-00-082, Rev. 0
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Table 3-11
Toughness Properties for Nozzle Forgings (Per Reg. Guide 1.99, Rev. 2)

— — 30, 32 and 48 EFPY ART
leiseccr;%l;n Heat No. RTTS °F 1;1:::)? Ivsz: MC{@T"/’:?T gR‘Z‘
@t °F °F °F
;zm:\aﬁon Outlet~ NIA EV.9794 0 ng?ne 0 0 0
;{:Smrc_oréauon Outlet~ NIB EV.5754 0 ng?ne 0 0 0
?:gﬁimon et N2A=30° EV-9793 0 BSS?ne 0 0 °
e T | | o | e, | o | 0 | 0
Resirculaion et NZC- 50 EV-9793 0 o 0 0 0
Reciculaon et N2D - 126 | gyg703 0 o 0 0 0
ggugéa ton Inlet N2E-150° | gy.g793 .0 ngir;\e o 0 °
3R435cij)c7lgaﬁon Rt NZF-210° | py.o7e6 0 ng?ne 0 0 0
Reciouliion i NIG-240° | pv.o7s6 0 hen 0 0 0
;z:gg%x{aﬁon Tt N2H-210° | gy.o786 0 Bﬁt‘;{‘m 0 0 0
Recirculaon et NG-300° | gv.ors6 0 e 0 0 0
Resiruliton il NK-330° | tvorso 0 B 0 0 0
g;g/a-r?oguﬂet N3A EV-9813 -10 ng?ne 0 0 °
g‘t;ufooDudet N3D EV9806 0 Bzg?nc 0 o °
I;Z;d.o"‘f]a;.cr NéA EV-9819 0 Bﬁﬁ?ne 0 ° °
ngl‘-i(\)”% ThB EV-9819 0 ng?ne 0 0 °
';':?3;3“ N4C . EV-9819 0 Bga?ne 0 0 °
gzs?ow%er ND . AV-1809 0 ngl‘:ne 0 0 °
g:fliimy N6A “~1 EV-9819 0 ngl?na 0 0 0
;::;:i%ray N6B EV-9819 0 th(i?nc 0 0 °
S mme W e, | 0 | 0 |
Head Nozzle NTB (spare) EV-9806 40 Non 0 0 «
343-06B 8G- 60608 Beltline
fadvars e o e [0 | o |
Jet Pup stmmercion, A | .79 0 anen 0 0 0
;?STSE Instrumentation, N9B EV-9792 0 ng?ne N 0 0
54?1 ilydmulic Retum EV9792 0 ng?ne 0 0 °

Note 1. From Table 3-3.
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Figure 3-2. Pilgrim Reactor Vessel Shell Weld Identification Map [8]
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AXIAL RELATIVE FLUX PROFILE FROM REFERENCE 13. i
Node Axial Flux Profile for MOC 7
Inches | Eiev,, (in) | Normalized MOC7 - FLUX PROFILE
Bottom Weld Relative Relative
of Fuel 0 2111 Seam Flux (1) Flux (2) 160
1 6.06] 217.15] 2-338 0.246 0.245
2 1220] 223.30] 2-338 0.385 0.383 _ !
3 18.16] 229.26] 2-338 0.521 0.519 @ 140 §
4 2421] 235,31] 2-338 0.638 0.635 z !
5 30.25] 24135 2-338 0.736 0.733 & 400 I
5A 31.4]  242.50] 1-344 0.752 0.749 = .
B 36.31]  24741] 1-338 0.819 0.816 E L
7 42.36| 253.46] 1-338 0.887 0.883 S 100 4
8 48.41 250.51] 1-338 0.840 0.936 ;
] 54.47| 265.57] 1-338 0.977 0.973 o
10 6052 271.62] 1-338 0.993 0.989 g 801
11 66.56] 277.66] 1-338 1.004 1,000 @
12 ~ 7262 28372 1-338 1,000 0.996 5 604
13 7867 289.77{ 1-338 0.989 0.985 £
14 84.72| 295.82] 1-338 0.972 0568 |- Zz 0|
15 90.77| 301.87] 1-338 0.953 0.949 £ :
16 96.82| 307.92] 1-338 |- 0.930 0.926 E '
17 102.87] 31397} 1-338 0.902 0.898 W29 .
18 108.93] 320.03] 1-338 0.867 0.864 u :
19 114.98{ 326.08] 1-338 0.819 0.816 I R SR AR .
20 i21.03] 33213] 1-338 0.755 0.752 Fo
21 127.09]  338.19]  1-338 0.666 0.663 00 02 04 06 08 10 12
22 133.14 344.24 1-338 0.547 0.545 RELATIVE FLUX TO HIGHEST FLUX
23 139.19] 35029 1-338 0.404 0.402 LOCATION, NODE 11
24 145.24]  356.34|Top of Fuel 0.257 0.256
Notes
1. Flux normalized to 1.00 at Node 12 [13]. PILGRIM REACTOR VESSEL OUTLINE / WELD MAP [18
2. Relative flux normalized to 1.000 at Node 11,
location of maximum flux, 4—-—'}:" 349 g
. 3.349A->H
[ AXIAL LEAD FACTORS TO BE USED IN EVALUATION | {1 | [} e
MAX NORM patatlt . L — wedID
ITEM ELEV. NODE | AXIAL LEAD L A— 4339
) Inches FACTOR {1) ‘,_____B?L‘.E.Q_
Bottom Head iD 0 NIA 0 Upper Shall G3109-4.5.9
Lower Shell 106380 1t05A 0.749 {337-2A8.5) > 33994
Waeld 2-338A, B, C 2425 Upper intermediate Shell l —F 2-338A.B,C
Girth Weld 1-344 2425 BA 6749 (a574AB9) . :"' oz J/ 3
Lower Int. Shell 242510 | SAto24 1.0 TOF E1355.1" EL3%S™
Weld 1-338A,B, C 398 Tower ¥ r 1-338A,8.C
Note Inlermediate Sheil Q-3188-1,23 :
1. From normalized reiative flux, nomnalized to Node 11. {337-3AB.C) > . [Coral A {134 EL 24257
Lowse Shell 1 _ ] ]
(337-1A8.C) ! G-3108-1.23 ﬁ 2-338AB.C
BOF El 214.4™
1 1 D sz
336-4A->H} - a-3111-},2 s 11.338 A~>H
Low(-rl-lnd & r’ | J 8-338
{338-3A->F) 113-1, 338 2-338 A~>F
{3382} Q3114 e 0 Datitm

t

Figure 3-3. Pilgrim RPV Axial Flux Profile and Axial Lead Factors [13, 18]
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40 SUMMARY

. Documentation for the wrought products(Tables 3-1 - 3-4) is excellent. The
documentation for the weld materials is limited to CVN tests at one temperature. Best

estimate chemistries for copper and nickel are available for the beltline SAW materials.

o A strict interpretation of the rules from NB-2331 and MTEB 5-2 was applied for

determining the initial RTnpr values for the plate and forging materials,

. Initial RTypr values for the welds were determined using the GE procedures described in

Reference 17.

. The limiting materials for the non-beltline locations are the Bottom Head Upper Torus
longitudinal welds 1-336A to H (ART = -12°F, Table 3-10); the Bottom Head plate 336-
02 (ART = 29°F, Table 3-9); and fhe N7A, N7B and N8 nozzles (ART = 40°F, Table 3-
11). It should be noted that the high nozzle ART is determined by the high dropweight
test temperature. The actual ART may be significantly lower.

. The limiting material for the irradiated, beltline locations are the Lower Intermediate

Shell longitudinal welds 1-338A & C (ART @ 32 EFPY = 105°F, Table 3-10) and the
Lower Shell plate 337-01C (ART @ 32 EFPY = 50°F, Table 3-9).

s

< L
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List of Acronyms

CVN — Charpy V-Notch impact

SAW — Submerged arc welding

SMAW — Shielded metal arc welding

RTypr~ Nil ductility reference temperature

ART - Adjusted reference temperature

EFPY - Effective Full Power Years

RPYV — Reactor pressure vessel

NDTT — Nil ductility transition temperature (from drop weight tests)
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APPENDIX A
CVGRAPH ANALYSES OF MINIMUM CHARPY V-NOTCH

TEST IMPACT DATA FOR SELECTED PILGRIM
PRESSURE VESSEL PLATES AND FORGING

-00- ) < , .
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06/28/00 09:09:56

CHARPY V-NOTCH DATA REPORT

PLANT : PL1 PILGRIM UNIT 1
CAPSULE ID

PRODUCT CODE : PLATE

MATERIAL ID : SA533B1

ORIENTATION : LT Lateral-Transverse
HEAT NO : C-2888-3 (G-3114)

SPECIMEN INFORMATION

From CVGRAPH 4.1

Specimen ID Test:Temperature Impact Energy fateral Expansion % Shear Fluence Capsule Temperature
°F . ft-1b mil n/cm? °F

1 -40.00 9.00 7.00 0.00 .00
2 10.00 23.00 20.00 0.00 .00
3 40.00 34.00 27.00 0.00 .00
4 110.00 74.00 57.00 0.00 .00
5 160.00 - 112.00 70.00 0.00 .00

.00

6 212.00 110.00 79.00 0.00

End of Report

Page 1



CVGRAPH 4. Hyperbolic Tangent Curve Printed at 090303 on 06-28-2000

Page 1
Coefficients of Curve 1
A = 6293 B =558 C=713 T0 = 87
Fquation is CVN = A + B * tanh((T ~ T0)/C) |
Upper Shelf Energy: 11856 Temp. at 30 ft-lbs 344 Temp. at 50 ft~Ibs 687 Lower Shelf Energy: 7.3
Material: PLATE SA533BL Heat Number: C-2888-3 (G-3114)  Orientation: LT
Capsule: Total Fluence:
300
mnn 250
e
T
£ oo
>
e
~ 150
Q
-
= D/ﬁ"'
100
E .
O /
. 80 9/
—]
o
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Degrees I
Data Set(s) Plotted
Plant: PL1 Cap: Material: PLATE SA533BL Ori: LT Heat # C-2888-3 (G-3114)
Charpy V—Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-40 9 ‘ 1128 -228
10 23 2086 239
40 34 3269 13
10 74 79.04 -5.04
160 12 10399 8
212 10 1437 -4.37

SUM of RESIDUALS = O

¥




36/28/00 09:34:13

CHARPY V-NOTCH DATA REPORT

PLANT : PL1 PILGRIM UNIT 1
CAPSULE ID

PRODUCT CODE : PLATE

MATERIAL ID : SAB33Bl

ORIENTATION : LT Lateral-Transverse
HEAT NO : C-2913-3 (G-3113-1)

SPECIMEN INFORMATION

From CVGRAPH 4.1

Specimen ID Test:‘-Temperature Impact Energy Lateral Expansion % Shear Fluence Capsule Temperature
°F £t-1b mil n/cm? °F
1 -40.00 10.00 8.00 0.00 .00
2 10.00 27.00 28.00 G.00 .00
3 40.00 33.00 48.00 0.00 .00
4 110.00 88.00 68.00 0.00 .00
5 . 160.00 : 128.00 70.00 0.00 .00
8 212.00 132.00 74.00 0.00 .00

End of Report

Page 1



CYGRAPH 4. Hyperbolic Tangent Curve Printed at 03:04:35 on 06-28-2000

Page |
Coefficients of Curve [
A =748 B = 6422 C =699 T0 = 9225
Equation is: CVN = A + B * [ tanh((T ~ T0)/C) |
Upper Shelf Energy: 139.04 Temp. at 30 ft-lbs 319 Temp. at 50 ft-lbs 637 Lower Shelf Energy: 1059 -
Material: PLATE SA533B1 Heat Number: C-2913-3 (G-3113-1) Orientation: LT
Capsule: Total Fluence:
300
1 250
Na)
T
E 200
P
af
=~ 130
8 gt
= ///‘
100
z 4
> .
O
g
A
=]
U .
—-300 —200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: PL1 Cap: Material: PLATE SAS533BL Ori: LT Heat # C-2013-3 (G-3113-1)
Charpy V-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-40 10 ’ 1345 -345
10 2 2L74 525
40 3 4L -L12
1o 88 : 90.78 -278
160 128 122.88 ot
22 1R 135 -J

SUM of RESDUAIS = 0 |




CVGRAPH 4. Hyperbolic Tangent Curve Printed at 033448 on 06-28-2000

Page 1
Coefficients of Curve 1
A = 3657 B = 3657 C = 56.38 TC = 2286
Equation is LE = 4 + B * [ tanh(T - 70)/C) |
Upper Shelf LE: 14 Temperature at LE 35 ~ 201 Lower Shelf LE: | Fized
Materiak PLATE SA533BL Heat Number: C-2013-3 (G-3113-1) Orientation: LT
Capsule: Total Fluence:
200
/2!
g 150
o5
”
= 100
o
& .
Q = =
- /
o
— 50 /
I
-300 -200 ~-160 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: PLI  Cap: Material: PLATE SAS33BL  Ori: LT Heat f C-2913-3 (G-3113-1)
Charpy V-Notch Data
Temperature Input Lateral Expansion ~ Computed LE Differential
-40 8 ‘ 796 03
10 28 . 2874 -4
40 48 ‘ 472 19
10 68 89.07 -107
160 70 706 ~-16
212 74 TR05 194
SUM of RESIDUALS = -6




26/27/00 19:05:41

PLANT

CHARPY V-NOTCH DATA REPORT

PL1 PILGRIM UNIT 1

CAPSULE ID

PRODUCT CODE : PLATE

MATERIAL, ID : SAB33Bl

ORIENTATION : LT Lateral-Transverse

HEAT NO

: A-2222-2 (G-3113-2)

SPECIMEN INFORMATION

Tegt 'Temperature Impact Energy Lateral Expansion % Sheaxr Fluence

From CVGRAPH 4.1

Specimen ID Capsule Temperature
°F £%-1b mil n/cm? SF
1 -40.00 9.00 8.00 0.00 .00
2 10.00 31.00 24.00 0.00 .00
3 40.00 52.00 42.00 0.00 .00
4 110.00 110.00 87.00 0.00 .00
5 160.00 ) 148.00 87.00 0.00 .00
[ 212.00 152,00 84,00 0.00 .00

End of Report

Page 1



CVGRAPH 41 Hyperbolic TangentNCurve Printed at 19:04:51 on 08-27-2000

Page 1
Coefficients of Curve L
A = B4 B = 7914 | C = 827 0 = 7377
Equation is: CVN = 4 + B * [ tanh((T - T0)/C} ]
Upper Shelf Energy: 16029 Temp. at 30 ft-lbs 101 Terp. at 50 ft-lbs 393 Lower Shelf Energy: 2 Fixed
Material: PLATE SA533B1 Heat Number: A-2222-2 (G-3113-2) Orientation: LT
Capsule: Total Fluence:
300
mn  R50
L
T
2 a0
%
. | —
- 150 0
m .
=
=
100
Z
-
S .
: 50 /
—300 —-200 -100 o 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: PLL Cap: Material: PLATE SA533Bt Ori: LT Heat f A-2222-2 (G-3113-2)
Charpy V-Notch Data . S
Temperature Input CVN Energy Computed CVN Energy Differential .
-40 9 ’ 1149 | -249
10 B | 2989 |
40 52 5051 148
10 10 11375 =17
160 148 14279 52
212 152 15489 -289

© SUM of RESIDUALS = L34,




CVGRAPH 4. Hyperbolic Tangent Curve Printed at 190525 on 06~27-2000

Lateral Exp mils

Page |
Coefficients of Curve 1
A= 4433 B = 4333 C = 5269 T0 = 3937
Fquation is: LE = 4 + B * [ tanh((T - T0)/C) |
Upper Shelf LE: 8767 Temperature at LE 35 278 Lower Shelf LE: 1 Fized
Material: PLATE SAS33B1 Heat Number: 4-2222-2 (G-3113-2) Orientation: LT
' Capsule: Total Fluence:
200
150
100
: D/"gf a
50
g
o
—300 —-200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: PL1 Cap: Material: PLATE SA533Bt Ori: LT Heat f# A-2222-2 (G-3113-2)
‘ Charpy V-Notch Data
Temperature Input Lateral Expansion Computed LE Differential
-40 . 8 ‘ 506 293
10 24 24 159
- 40 : 42 4485 285
1o g7 A 438
160 87 86.79 2
212 3 8754 -354

SUM of RESIDUALS = 322,




06/27/00 18:45:06

CHARPY V-NOTCH DATA REPORT

PLANT : PL1 PILGRIM UNIT 1
CAPSULE ID

PRODUCT CODE : PLATE

MATERIAL ID : SAS533Bl

ORIENTATION : LT Lateral-Transverse
HEAT NO : C-2957-2 (G-3109-2)

SPECIMEN INFORMATION

From CVGRAPH 4.1

Specimen ID Testl"remperature Impact Energy lLateral Expansion ¥ Shear Fluence Capsule Temperature
°F ft-1b mil n/cm2 °F
b3 -40.00 10.00 11.00 0.00 00
2 10.00 31.00 28.00 0.00 .Qo
3 40.00 51.00 41.00 g.00 .00
4 110.00 $8.00 74.00 . Q.00 .00
5 160.00 ’ 127.00 93.00 0.00 .00
6 - 185.00 120.00 86,00 0.00 .00

End of Report

Page 1



CVGRAPH 4. Hyperbolic Tangent Curve Printed at 18:44:08 on 06-27-2000

Page |
Coefficients of Curve 1
A =64 B = 6344 C = 7329 T0 = 5953
Fquation i CVN = A + B * [ tanh((T - 70)/C) |
Upper Shelf Energy: 12889 Temp. at 30 fi-lbs 95 Temp. at 50 ft-lbs 358 Lower Shelf Energy: 2 Fixed
Material: PLATE SAS33B1 Heat Number: C-2057-2 (G-3109-2) Orientation: LT
Capsule: Total Fluence:
300
o 250
e
T
£ 20
e
=11
~ 150
: :
S /E
100 v
Z
>
e
. 50 /
0] l !
-300 -200 ~100 1] 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: PL{  Cap:  Materiak PLATE SAS33B!  Ori: IT  Heat & C-2057-2 (6-3109-2)
' ' Charpy V-Notch Data
Temperature : Input CVN Energy Computed CVN Energy Differential
-40 10 : ' 153 ~153
10 3 3027 2
40 5 5012 87
1o 98 10113 -343
160 127 11958 743
195 120 12486 -485

SUM of RESIDUAIS = -5 ,




CVGRAPH 4. Hyperbolic Tangent Curve Printed at 18:44:48 on 06-27-2000

Page |
Coefficients of Curve 1
A =470 B = 4801 C = 8365 T0 = 4913
Fquation is LE = A + B *{ tanh((T - 10)/C) ]
Upper Shelf LE: 9302 Temperature at LE 35 67 Lower Shelf LE: 1 Fixed
Material: PLATE SA533B1 Beat Number: C-2957-2 (G-3109-2) Crientation: LT
Capsule: Total Fluence:
200
n
E 150
@F
ﬁ‘
~ 100 a
= /
~—
Q .
; /
—] 50 //
0—#"
—300 -200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: PL Cap: Material: PLATE SA533B1 Ori: LT Heat # C-2057-2 (G-3109-2)
Charpy V-Notch Data
Temperature ~ Input Lateral Expansion ' Computed LE Differential
-40 il ’ 1076 23
10 28 2693 106
40 41 420 -101
10 M 75561 ~161
160 4] 86.95 6.04
195 86 9029 -429

SUM of RESIDUAIS = 42,




26/27/00 18:40:21

CHARPY V-NOTCH DATA REPORT

PLANT : PL1 PILGRIM UNIT 1
CAPSULE ID

PRODUCT CODE : PLATE

MATERIAL ID : SA533Bl

ORIENTATION : LT Lateral-Transverse
HEAT NO : C-2957-1 (G-3109-1)

SPECIMEN INFORMATION

Specimen ID Test 'Temperature Impact Energy Lateral Expansion % Shear Fluence

From CVGRAPH 4.1

Capsule Temperature
°F fc-1b mil n/cm? oF
1 -40.00 7.00 7.00 g.00 .00
2 10.00 33.00 29.00 0.00 .00
3 40.00 50.00 42.00 0.00 .00
4 110.00 - l02.00 78.00 0.00 .00
5 160.00 ) . 120.00 86.00 0.00 .00
6 195.00 111.00 87.00 0.00 .00

End of Report

Page 1



CVGRAPH 4. Hyperbolic Tangent Curve Printed at 183318 on 06-27-2000

Page |
Coefficients of Curve 1
A =3985 B=578 C = 6546 T0 = 4828
Fquation is CVN = A + B * [ tanh((T - T0)/C) |
Upper Shelf Energy: 177 Temp. at 30 ft-Ibs 109 Temp. at 30 ft-Ibs. 37 Lower Shelf Energy: 2 Fixed
Material: PLATE SA533B1 Heat Number: C-2007-1 (G-3109-1) Orientation: LT
Capsule: Total Fluence:
300
tn 250
e
T
-
[r, <00
e
&4
=~ 150
Q
- o
=l &
_ 100 ’
Z
>
-,
: 50 ) 9/‘
-300 —200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set{s) Plotted
Plant: PLL Cap: Material: PLATE SAS33BI Oric LT Heat # C-2057-1 (G-3109-1)
. Charpy V-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-40 7 ’ 93 ) ~2.3
10 3 29.41 358
40 50 557 =257
10 102 10245 -45
160 120 1401 598
195 it 164 -54

SUM of RESIDUALS = -Li6




CVGRAPH 4. Hyperbolic Tangent Curve Printed at 184004 on 06-27-2000

" SUM of RESIDUALS =

Page 1
Coefficients of Curve 1
A = 4485 B = 438 C = 7056 T0 = 4171
Equation is: LE = 4 + B * [ tanh((T - T0)/C) |
Upper Shelf LE: 887 Temperature at LE 35 255 Lower Shelf LE: 1 Fixed
Material: PLATE SA533B1 Heat Number: C-2057-1 (G-3109-1) Orientation: LT
Capsule: Total Fluence:
200
N
::*é 150
-
ot
= 100
paa—
an}
i
) /
-+
o :
ot 50
-300 -200 -100 .0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: PL1 Cap: Material PLATE SA533Bt  Ori: LT Heat # C-2057-1 (G-3109-1)
Charpy V-Notch Data
Temperature Input Lateral Expansion Computed LE. Differential
-40 7 ' 887 -L87
10 29 .26 283
40 42 ' 4378 -L78
ug 78 7763 36
160 86 85.73 26
1% 87 8757 -ag';




06/27/00 18:49:56

CHARPY V-NOTCH DATA REPORT

PLANT : PL1 PILGRIM UNIT 1
CAPSULE ID

PRODUCT CODE : PLATE

MATERIAL ID : SAS533BR1

ORIENTATION : LT Lateral-Transverse
HEAT NO : C-2973-1 (G-3109-3)

SPECIMEN INFORMATION

From CVGRAPH 4.1

Specimen ID Test ‘Temperature Impact Energy Lateral Expansion % Shear Fluence Capsule Temperature
°F ft-1b mil n/cm? °F
1 -40.00 12.00 12.00 Q.00 .00
2 10.00 32.00 28.00 0.00 .00
3 40.00 52.00 ) 43.00 0.00 .00
4 110.00 102.00 78.00 0.00 .00
5 160.00 ’ 112.00 86.00 0.00 .00
6 195.00 - 110.00 85.00 0.00 .00

End of Report

Page 1



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 184855 on 06-27-2000

SUM of RESIDUALS =

¢

Page 1
Coefficients of Curve 1
A = 6005 B = 5249 C = 5857 T0 = 475
Equation is CYN = A + B * [ tanh((T - T0)/C) ]
Upper Shelf Energy: 1254 Temp. at 30 fi-lbs 93 Temp. at 50 ft-lbs 361 Lower Shelf Energy: 7.56
Material: PLATE SA533Bt Heat Number: C-2973-1 (G-3109-3)  Orientation: LT
Capsule: Total Fluence:
300
250
=
T
2 a0
)
- af
=~ 180
<8
S
=
100 4
Z
=
- ,
' 50 P/
442/
W .
=300 —-200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted ’
Plant: PLI  Cap: Material: PLATE SAS33B1  Ori: LT Heat f: C-2073-1 (6-3109-3)
Charpy V-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-40 2 ' 1259 -59
10 R4 3039 18
40 52 53.36 -L36
110 102 10143 56
160 12 1033 166
195 1o 111.86 -186




CVGRAPH 4. Hyperbolic Tangent Curve Printed at 18:49:35 on 06-27-2000
Page 1
Coefficients of Curve |

A = 4486

B = 4366

C=74%

T0 = 4031

Equation is LE = A + B * [ tanh(T - T0)/C) |
at LE 35 234 Lower Shelf LE: I Fixed

Upper Shelf LE: 8333

Material: PLATE SA533B!

Temperature

Heat Number: C-2973-1 (G-3109-3)

Capsule:

Total Fluence:

Orientation: LT

200

150

/

Lateral Exp mils
2

(o)}
Q

N I

—300

Temperature

-40
10
40
110
160
195

7

/

-200 -100

KRB LHBR

0 100 200 300

Temperature in Degrees F

Data Set(s) Plotted
Plant: PLL Cap: Material: PLATE SA533Bt Ori: LT Heat # C-2973-1 (G-3109-3)

Charpy V-Notch Data
Input Lateral Expansion

Computed LE

1016
2791
4448
7656
84.89
8695

400 500 600

Differential

183

[}

-148

143

u

-L%5
SUM of RESIDUALS = 101

I




08/27/00 18:35:12

PLANT

CHARPY V-NOTCH DATA REPORT

PL1 PILGRIM UNIT 1

CAPSULE ID
PRODUCT CODE : PLATE

From CVGRAPH 4.1

MATERIAL ID : SAS33Bl

ORIENTATION : LT Lateral-Transverse

HEAT NO C-2973-2 (G-3109-5)

SPECIMEN INFORMATION

Specimen ID Test Temperature Impact Energy Lateral Expansion % Shear Fluence Capsule Temperature

aF ft-1b mil n/cm? °F

1 -40.00 13.00 14.00 0.00 .00
2 10.00 39.00 31.00 c.00 .00
3 40.00 49.00 3%8.0¢ .00 .00 '
4 110.00 96.00 71.00 0.00 .00
5 160.00 ’ 121.00 75.40 . 0.00 .00
& 212.400 122.00 89.00 c.00 .00

End of Report

Page 1



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 185415 on 06-27-2000

Page 1
Coefficients of Curve |
A = 6331 B = 64.06 C = R47 T0 = 59
Fquation i CVN = 4 + B * [ tanh((T - T0)/C) |
Upper Shelf Energy: 129.37 Temp. at 30 ft-lbs 16 Temp. at 50 ft-lbs: 364 Lower Shelf Energy: 125
Material: PLATE SA533BL Heat Number: C-2973-2 (G-3109-5) Orientation: LT
Capsule: Total Fluence:

300
n 250
L
T
-+
r, <00
P
(=l
~ 150
O
S =P -
=] /

100 Iz
Z
>
O

50 V‘

c——— /a/
0] |
-300 —200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
, Data Set(s) Plotted
Plant: PL1 Cap: Material: PLATE SAS33Bl Ori: LT Heat # C-2973-2 (G-3109-5)
Charpy V—Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential

-40 13 ‘ 1472 N

10 : 39 H2 477

40 49 5233 -333

ug % 9744 ~144

160 121 1641 458

22 12 12485 -285

SUM of RESIDUAIS = 0§

:




CVGRAPH 4. Hyperbolic Tangent Curve Printed at 18:54:56 on 06-27-2000

Lateral Exp mils

Page |
Coefficients of Curve 1
A = 4627 B = 4527 C = 1047 T¢ = 5343
Equation is LE = A + B * [ tanh((T - T0)/0) |
Upper Shelf LE: 9135 Temperature at LE 35 253 Lower Shelf LE: 1 Fixed
Material: PLATE SA533B1 Heat Number: C-2973-2 (G~3109-5) Orientation: LT
Capsule: Total Fluence:
200
150
100
5
50 /
O——ﬁ‘_—/
-300 -200 —100 0 100 200 300 400 500 600
Temperature in Degrees F
- Data Set(s) Plotted :
Plant: PL1 Cap: Material: PLATE SAS533B1 Ori: LT Heat # C-2973-2 (G-3109-5)
Charpy V—Notch Data A
Temperature Input Lateral Expansion Computed LE. Differential
40 14 ’ 1508 -108
10 3 29.33 166
40 39 4079 -179
110 71 6762 337
160 yi) 80.06 -5.08
212 89 86.69 2.3

SUM of RESIDUALS = -6 ,




06/27/00 18:59:35

PLANT

CHARPY V-NOTCH DATA REPORT

PL1 PILGRIM UNIT 1

CAPSULE ID

PRODUCT CODE : PLATE

MATERIAL ID : SAS533Bl

ORIENTATION : LT Lateral-Transverse

HEAT NO

C-3301-2 (G-3109-6)

SPECIMEN INFORMATION

From CVGRAPH 4.1

Specimen ID Test ‘'Temperature Impact Energy Lateral Expanaion % Shear Fluence Capsule Temperature
°F ft-1b mil n/cm? oF
1 -40.00 16.00 15.00 0.00 .00
2 1O.OOA 32.00 25.00 0.00 .00
3 40,00 52.00 43.00 0.00 .00
4 110.00 108.00 83.00 Q.00 .00
S 160.00 . 127.00 87.00 0.00 .00
-] 210.00 133.00 80.00 .00 .00

End of Report

Page 1



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 185831 on 06-27-2000

Page 1
Coefficients of Curve |
A =729 B = 683 C="7% T0 = 64.01
Equation is CYN = A + B * [ tanh((T - T0)/C) ]
Upper Shelf Energy: 13493 ~ Temp. at 30 ft-lbs 58 Temp. at 30 fi-lbs 376 Lower Shelf Energy: 966
Material: PLATE SA533Bt Heat Number: C-3301-2 (G-3109-6) (Orientation: LT
Capsule: Total Fluence:
300
n 250
L
T
= a0
e
=l
S 150
L -
=
=]
100
Z
—
-
50 /
=
1]
-300 -200 —100 0 100 200 300 400 500 600
Temperature in Degrees F
. Data Set(s) Plotted
Plant: PLI  Cap: Material: PLATE SA533Bt  Ori: IT  Heat # C-3301-2 (G-3109-6)
Charpy V-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-40 16 ‘ 15.99 0
10 2 3209 -09
40 52 5L87 R
110 108 108.02 =02
160 127 127.08 -08
210 133 13292 07

SUM of RESIDUALS = 0 |




CVGRAPH 4. Hyperholic Tangent Curve Printed at 185316 on 06-27-2000
Page 1
Coefficients of Curve 1

A =436 B = 428 C = 6399 T0 = 372
Equation is LE = & + B * [ tanh((T ~ T0)/C) | ‘
Upper Shelf LE: 8621 Temperaturé at LE 3 24 Lower Shelf LE: ! Fixed
Material: PLATE SAS33B! Heat Number: C-3301-2 (G-3109-6) - Orientation: LT

Capsule: Total Fluence:

200

150

/

Lateral Exp mils
2

(o]}
(e

L

—300 —200 -100 0 100 200 300 460 500 600

Plant: PL!

Temperature

~40
10
40
g
160
210

Temperature in Degrees F
Data Set(s) Plotted

Cap: Material: PLATE SAS33B1 Ori: LT Heat # C-3301-2 (G-3109-6)
Charpy V—Notch Data

Input Lateral Expansion , Computed LE Differential
15 ’ 8 6.99
% 2651 -151
4 4546 : -2.46
83 7827 472
87 84.41 2.58
80 85.83 -583

SUM of RESIDUALS = 449,




06/27/00 18:34:22

PLANT

CHARPY V-NOTCH DATA REPORT

PIL1 PILGRIM UNIT 1

CAPSULE ID

PRODUCT CODE : PLATE

MATERIAL ID : SAS533B1

ORIENTATION : LT Lateral-Transverse

HEAT NO

C-2945-2 (G-3108-3)

SPECIMEN INFORMATION

Frem CVGRAPH 4.1

Specimen ID Test 'Temperature Impact Enexgy Lateral Expansion % Shear Fluence Capsule Temperature
°F fr-1b mil n/cm? oF
1 -40,00 14.00 14.00 G¢.00 .00
2 10.00. 45.00 35.00 0.00 .00
3 40.00 53.00 38.00 0.00 .00
4 110.00 114.00 76.00 0.00 .00
5 160.00 ’ 122.00 85.00 0.00 .00

End of Report

Page 1



CVGRAPH 4. Hyperbolic Tangent Curve Printed at 183404 on 06-27-2000

Page 1
Coefficlents of Curve !
A = 6839 B = 6196 C = 7396 TO = 5025
Fquation is CVN = 4 + B * [ tanh((T - T0)/C} ]
Upper Shell Energy: 130.36 Temp. at 30 ft-lbs -33 Temp. at 50 ft-lbs: . 276 Lower Shelf Energy: 642
Materiak PLATE SA533B1 Heat Number: C~2945-2 (G-3108-3) Orientation: LT
Capsule: Total Fluence:
300
250
el
T
= 200
>
af
~ 150
@ ama—
- /
<5 g
100
Z.
-
-
&0 ' 7
0
-300 -200 —-100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: PLI Cap: Material PLATE SA533BL Ori: LT Heat # C-2945-2 (G-3108-3)
' Charpy V-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-40 14 : 16.36 -236
10 45 _ 3765 74
40 53 59.86 -6.86
110 114 10981 418
160 122 1243 -23

SUM of RESIDUALS = 0




06/27/00 18:15:15

PLANT

CHARPY V-NOTCH DATA REPORT

PL1 PILGRIM UNIT 1

CAPSULE ID

PRCDUCT CODE : PLATE

MATERIAL ID : SA533B1

ORIENTATION : LT Lateral-Transverse

HEAT NO

C-2945-1 (G-3108-2)

SPECIMEN INFORMATION

Frem CVGRAPH 4.1

Specimen ID Test 'Temperature Impact Energy Lateral Expansion ¥ Shear Fluence Capsule Temperature
°F fe-1lb mil n/cm? °F
1 -40.00 13.00 12.00 0.00 .00
2 10.00 36.00 30.00 ¢.00 .00
3 40.00 54.00 42.00 ¢.0¢ .00
4 110.00 108.00 77.00 0.00 .00
5 160.00 ’ 120.00 81.00 0.00 .00

End of Report

Page 1



CVGRAPH 4. Hyperbolic Tangent Curve Printed at 181357 on 06-27-2000

Page |
Coefficients of Curve 1 :
A = 6372 B = 6023 € = 7027 T0 =515
Fquation is CVN = A + B * [ tanh((T - T0)/C) |
Upper Shelf Energy: 125,95 Temp. at 30 ft-lbs 35 Temp. at 80 ft-lbs 327 Lower Shelf Energy: 548 -
Material: PLATE SA533B1 Heat Number: C-2045-1 (G-3108-2) Orientation: LT
Capsule: Total Fluence:
300
250
L~
T
E: 200
e
af
~ 130
Q
-
€3
100
Z.
e
O
50 5/
0 !
-300 —200 —100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Setfs) Plotted
Plant: PL! Cap: Material: PLATE SAS533B1 Ori: LT Heat # C-2945-1 (G-3108-2)
Charpy V—-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-40 13 ’ 1378 -78
10 36 7 222
40 54 55.95 -1%
110 108 10678 21
160 120 1207 -7

SUM of RESIDUAIS = @




CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 1814:58 on 06-27-2000

Lateral Exp mils

Page |
Coefficients of Curve !
= 4386 B = 4286 C = 7947 T0 = 3937
Equation is: LE = 4 + B *{ tanh((T - T0)/C) ]
Upper Shelf LE: 86.72 Temperature at LE 35 227 Lower Shelf LE: 1 Fixed
Material: PLATE SA533B! Heat Number: C-2945-1 (G-3108-2) Orientation: LT
Capsule: Total Fluence:
200
150
100
g
50 ?/
0 | ,
—-300 —-200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: PL Cap: Material: PLATE SAS33B1 Ori: LT Heat f C-2945-1 (G-3108-2)
Charpy V—-Notch Data
Temperature Input Lateral Expansion Computed LE Differential
-40 2 ’ 124 NG
10 30 287 129
40 42 4419 -219
10 77 AR 267
160 8l 879 -7

SUM of RESIDUALS = 74




06/27/00 17:58:25

CHARPY V-NOTCH DATA REPORT

PLANT : PL1 PILGRIM UNIT 1
CAPSULE ID

PRODUCT CODE : PLATE

MATERTIAT, ID : SAS533B1

ORIENTATION : LT Lateral-Transverse
HEAT NO : A2094-1(G-3107-1)

SPECIMEN INFORMATION

From CVGRAPH 4.1

Specimen ID Test:Temperature Impact Energy Lateral Expansion % Shear Fluence Capsule Temperature
°R ft-1b mil n/cm3 oF
1 -40.00 18.00 16.00 0.00 0.00
2 10.00 41.00 35.00 0.00 0.00
3 40.Q0 62,00 48.00 0.Q0 g.00
4 110.00 113.00 83.00 0.00 Q.00
S 160.00 - 130.00 86.00 0.00 0.00

End of Report

Page 1



CVGRAPH 4. Hyperbolic Tangent Curve Prifited at 175740 on 06-27-2000

Page |
Coefficients of Carve !
A =724 B = 6702 ¢ =84 T0 = 5225
Fquation is CYN = & + B * { tanh((T - T0)/C) ]
Upper Shelf Energy: 13926 © Temp. at 30 ft-lbs  -B3 Temp. at 30 ft-lbs 238 Lower Shelf Energy: 522
Material: PLATE SAS33B1 Heat Number: A2094-1(G~3107-1) Orientation: LT
Capsule: Total Fluence:
300
250
L
T
z 200
e
f
=~ 150
oy —
- P/G/
m /
100
Z.
—
Q
50 P/
0
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Degrees I
Data Set(s) Plotted
Plant: PLI Cap: Material: PLATE SA533Bt Oriz LT Heat # A2094-1(G-3107-1)
Charpy V—-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-40 18 o 1813 -13
10 41 408 39
40 62 62.35 -3
110 13 112.78 2
160 130 13002 -12

SUM of RESIDUALS = 0




06/27/00 18:03:07

CHARPY V-NOTCH DATA REPORT

PLANT : PL1 PILGRIM UNIT 1
CAPSULE ID

PRODUCT CODE : PLATE

MATERIAL ID : SAS533B1l

ORIENTATION : LT Lateral-Transverse
HEAT NO : A-2094-2 (G-3107-2)
COMMENT

MIN DATA EACH TEMPERATURE

SPECIMEN INFORMATION

From CVGRAPH 4.1

Specimen ID Test Temperature Impact Energy Lateral Expansion % Shear Fluence Capsule Temperature
°F ft-1b mil n/cm? oF
1 -40.00 24.00 19.00 0.00 .00
2 10.00 48.00 40.00 0.00 .ao
3 40.00 ' 75.00 » 56.00 0.00 .00
4 110.00 104.00 78.00 0.00 .00
5 16G.00 122.00 88.00 0.00 .00

End of Report

Page 1



CVGRAPH 4. Hyperbolic Tangent Curve Printed at 180229 on 06-27-2C00

Page 1
Coefficients of Curve 1
A= 6442 B = 6242 C = 9233 T0 = 309
Fquation is: CVN = 4 + B * [ tanh{(T - 10)/C) |
Upper Shelf Energy: 12685 Temp. at 30 ft-lbs -263 Temp. at 30 ft-lbs 92 Lower Shelf Energy: 2 Fixed
Material: PLATE SA533Bt Heat Number: A-2094-2 (G-3107-2) Orientation: LT
Capsule: Total Fluence:
300
nn 250
L
T
E 200
>
Qb
S 50
Q
cl -
100
Z.
-
-
50 /D/*"
I a—
-300 -200 ~100 0 100 200 300 400 500 800
Temperature in Degrees F
Data Set(s) Plotted
Plant: PLI Cap: Material: PLATE SA533B1 Ori: LT Heat # A-2094-2 (G~3107-2)
Charpy V-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-40 24 ’ 241 -1
10 48 505 -25
40 () 7053 446
110 104 10777 =377
160 122 11968 2.3

SUM of RESIDUALS = 41




06/28/00 15:39:12

CHARPY V-NOTCH DATA REPORT

PLANT : PL1 PILGRIM UNIT 1
CAPSULE ID

PRODUCT CODE : PLATE

MATERIAL ID : SAS533Bl

ORIENTATION : LT Lateral-Transverse
HEAT NO : C-2906-1 (G-3107-3)
COMMENT

MIN POINTS EACH TEMPERATURE

SPECIMEN INFORMATION

From CVGRAPH 4.1

Specimen ID Test Temperature Impact Energy Lateral Expansion % Shear Fluence Capsule Temperature
°F fe-1b mil . n/cm? oF
i ~-40.00 12.00 12.00 0.00 .00
2 10.00 27.00 24.00 0.00 .00
3 40.00 ’ 78.00 55.00 0.00 .GCo
4 110.00 115.00 82.00 0.00 .00
5 160.00 134.00 89.00 0.00 .00

End of Report

Page 1



CVGRAPH 4. Hyperbolic Tangent Curve Printed at 153722 on 06-28~2000

Page 1
Coefficients of Curve 1

A =67% B = 5707 C=29 T0 = BB

Upper Shelf Energy: 12502

Fquation is CVN = A + B * [ tanh(T - T0/C) |

Temp. at 30 ft-lbs: 2 Temp. at 50 ft-lbs 258 Lower Shelf Energy: 1087

-Material: PLATE SA533B! Heat Number: C-2806-1 (G-3107-3) Orientation: LT
Capsule: Total Fluence:
300
nn 250
e
T
£ ong
P
af
=~ 150
Q o
= :
100
Z.
-
O
i /
"]
0
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: PLL Cap: Material: PLATE SA533Bl Ori: IT Heat # C-2906-1 (G~3107-3)
Charpy V-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-40 2 ‘ 15 49
10 27 278 -3
40 78 7121 78
10 . 12437 =937
160 134 25 8.99
SUM of RESIDUALS = @




CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 15:3850 on 06-28-2000

Page 1
Coefficients of Curve 1
4 = 4483 B = 4383 C=15 T¢ = 30.93
Rquation is LE = A + B * { tanh((T - T0)/C) |
Upper Shelf LE: 8867 Temperature at LE 35 183 Lower Shelf LE: 1 Fixed
Material: PLATE SA533B1 Heat Number: C-2006-1 (G~3107-3) Orientation: LT
Capsule: Total Fluence:
200
n
r',.aj 150
o
P4
= 100
T S
St
Q
-
ne}
] 50 /
[}
o
-300 ~200 ~100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted ,
Plant: PLl Cap: Material: PLATE SA53381 Ori: LT Heat # C-2906~1 (G-3107-3)
Charpy V—Notch Data
Temperature Input Lateral Expansion Computed LE Differential
~40 12 : 718 481
10 24 28391 -49
40 55 5199 3
16 82 83.98 ~-198
160 89 8787 112

SUM of RESIDUALS = 204




06/28/00 09:36:54

CHARPY V-NOTCH DATA REPORT

PLANT : PL1 PILGRIM UNIT 1
CAPSULE ID

PRODUCT CODE : FORGING

MATERIAL ID : SA508CL2

ORIENTATION : LT Lateral-Transverse
HEAT NO : 2V-545 (G-3101)

SPECIMEN INFORMATION

From CVGRAPH 4.1

Specimen ID Tesc:Temperature Impact Energy Lateral Expansion % Shear Fluence Capsule Temperature
°F ft-1b mil n/cmi o
1 10.00 36,00 34.00 0.00 0.00
2 -70.00 5.00 3.00 0.00 0.00
3 ~-40.00 26.00 21.00 0.00 0.00
4 70.00 103.00 72.00 0.00 0.00
S 100.00 : 125.00 41.00 Q.00 ¢.00

End of Report

Page 1



CVGRAPH 4. Hyperbolic Tangent Curve Printed at 093755 on 06-28-2000

Page 1
Coefficients of Curve |
A = 8578 B =837 C = BL13 T0 = 5668
Fquation is CVN = A + B * [ tanh((T - T0)/C) |
Upper Shelf Energy: 16957 Temp. at 30 ft-lbs -84 Ternp. at 50 ft-lbs 106 Lower Shelf Energy: 2 Fixed
Material: FORGING SA508CL2 Heat Number: 2V-545 (G-3101) Orientation: LT
Capsule: Total Fluence:
300
mn 2580
e
T,
E: 200
> | —
~ 180
Q /
-
=
100
Z
=
-
: a0 ,n/
—ny
—300 —200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: PL Cap: Material: FORGING SAS08CL2 Ori: LT Heat # 2V-545 (G-3101)
Charpy V-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
=70 5 " 9.06 -406
-4 i 26 1615 984
10 36 4227 627
70 103 99.41 358
100 125 1267 -17

SUM of RESIDUALS = 139




CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 093834 on 06-28-2000

Lateral Exp mils

Page |
Coefficients of Curve !
A = 284 B =274 C =528 T0 = -1359
Equation iz LE = 4 + B * [ tanh((T - T0)/C) |
Upper Shelf LE: 558 Temperature at LE 35 =7 Lower Shelf LE: 1 Fixed
Material: FORGING SA308CL2 Heat Number: 2V-545 (G~3101) Orientation: LT
Capsule: Total Fluence:
200
150
100
o
50 /
o
a
—-300 -200 —100 0 100 200 300 400 5C0 600
Temperature in Degrees F
' Data Set{s) Plotted
Plant: PL{ Cap: Material: FORGING SA508CL2 Ori: LT Heat # 2V-545 (G-3101)
Charpy V-Notch Data
Temperature Input lLateral Expansion Computed LE. Differential

-70 3 " 667 -367
-40 21 . 1562 837
10 A 39.99 -5.99
70 72 3383 183
100 41 58l -141

SUM of RESIDUALS = -05




08/27/00 139:25:17

CHARPY V-NOTCH DATA REPORT

PLANT : PLL PILGRIM UNIT 1
CAPSULE ID

PRODUCT CODE : PLATE

MATERIAL ID : SABS33Bl

ORIENTATION : LT Lateral-Transverse
HEAT NO : C-3982-1 (G-3178-1)

SPECIMEN INFORMATION

From CVGRAPH 4.1

Specimen ID Test:Temperature Impact Energy Lateral Expansion % Shear Fluence Capsule Temperature
°f fr-1b mil n/cm? SF
1 -40.00 16.00 14.00 0.00 .00
2 10.00 35.00 31.00 0.00 .00
3 40.00 68.00 50.00 0.00 .00
4 110.00 103.00 76.00 0.00 .00
S 160.00 ) 120.00 88.00 0.00 .00

End of Report

Page 1



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 192411 on 06-27-2000

Page 1
Coefficients of Curve |
A =8 B = 6008 C =787 T0 = 3875
Equation is CVN = A + B * [ tanh((T - T0}/C) |
Upper Shelf Energy: 122.09 Temp. at 30 ft-lbs -Gl Temp. at 50 ft-tbs: Q37 Lower Shelf Energy: 191
Material: PLATE SA533B! Heat Number: C-3982-1 (G-3178-1)  Orientation: LT
Capsule: Total Fluence:
300
mn 280
L
T
2 oo
e
=)
~ 150
Q
S
=l
100
.
>
-
50 23/
0] I
-300 —200 -100 0 100 200 300 400 - 500 600
Temperature in Degrees F
Data Set(s) Flotted
Plant: PL{ Cap: Material: PLATE SA533BL Ori: LT Heat # C-3982-1 (G-3178-1)
Charpy V-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-49 16 ’ 14.65 134
10 h 3973 -4.73
40 68 6302 497
10 103 106.84 ~-384
160 120 ur4 225

SUM of RESIDUALS = 0




CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 1924:51 on 06-27-2000

Lateral Exp mils

Page 1
Coefficients of Curve !
A = 4668 B = 4568 C = 868 T0 = 35
Equation is: LE = A + B # [ tanh((T - T0}/C) ]
Upper Shelf LE: 9236 Temperature at LE 35 147 Lower Shelf LE: | Fixed
Material: PLATE SA533B1 Heat Number: C-3982-1 (G-3178-1)  Orientation: LT
Capsule: Total Fluence:

200
150
100

50 /“

G l
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted '
Plant: PLi  Cap: Material: PLATE SAS533B1 Ori: LT Heat # C-3982-1 (G-3178~)
Charpy V-Notch Data
Temperature Input Lateral Expansion Computed LE Differential

-40 14 ; 1412 -12

10 Bt 3267 -167

40 50 4799 2

16 76 7789 -189
160 88 8723 8

SUM of RESIDUALS = -R




CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 02:03:38 on 06-28-2000

Lateral Exp mils

Page |
Coefficients of Curve 1
A = 4203 B = 4103 C = 9817 T0 = 7441
Equation is: LE = A + B * [ tanh(T - T0)/C) |
Upper Shelf LE: 8307 Temperature at LE 3% 574 Lower Shelf LE: 1 Fixed
Material: PLATE SA533B1 Heat Number: C-2888-3 (G-3114) Orientation: LT
Capsule: Total Fluence:

200

150

100

/ |
50
O—ﬁ==‘—'
=300 —-200 ~-100 0 100 200 300 400 500 6800
Temperature in Degrees F
Data Set(s) Plotted
Plant: PLI  Cap: Material: PLATE SAS33Bt  Ori: LT Heat # C-2868-3 (G-3Ud4)
Charpy V-Notch Data
Temperature Input Lateral Expansion Computed LE Differential

-40 7 f 827 -127
18 20 1841 158
4 2 2821 : -2
110 57 5629 Ny
160 70 7085 -85
212 79 78.38 Bl

SUM of RESIDUALS = -43




