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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" (RTNDT), a characteristic 

temperature that defines a transition from ductile to brittle behavior. Those correlations are 

reproduced as Figure 2-r1. KIa and KI, 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 

RTNDT are established. It can be seen from this figure that for a specific service temperature, the 

fracture toughness decreases as RTNDT increases. In the beltline region of the vessel, 

accumulated fast neutron irradiation leads to an increase in the value of RTN'T, thereby leading 

to a decrease in the toughness. The RTNDT 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 K1ý, the crack arrest toughness, in Appendix A, and KIR (from Appendix G) 

are extremely conservative1 . For example, the KIR curve is derived from the lower bound static, 

dynamic, and crack arrest K1 values. That is, the curve is the lower bound of all of the data used 

to construct it.  

1 The numerical values of Kia, as given in Appendix A, and Kin, per Appendix G, are equal within 1%. Both are 

calculated as a function of the difference between the operating or test temperature and RTNT.  
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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, RTNDT, 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 + Margin (Eq. 1) 

where: 

ART = Adjusted Reference Temperature 

RTNDT = Reference Temperature 

ARTNDT = shift in the initial reference temperature (defined below) 

Margin = 2 Va1
2 + cA2  (ai and qA defined below) 

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

2.2.1 Initial Reference Temperature (RTNDT) 

The initial reference temperati~re (initial RTNDT) is a 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 III of the ASME 

Code [6]. Subparagraph NB-2331 of Section III of the ASME Code [6], requires that a 

temperature, TNDT, that is at or above the nil ductility transition temperature (NDTT), be 

determined by a drop-weight test (ASTM E208 [7]). the initial reference temperature (RTNDT) 

will be equal to TNDT provided that each specimen (transverse orientation) of a Charpy V-notch 
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(CVN) test exhibits no less than 50 ft-lbs absorbed impact energy and at least 35 mils lateral 

expansion (MLE) at a temperature of TNDT + 60'F. If the CVN test at TNDT + 60'F has not been 

performed, or if the 50 ft-lbs/35 MLE criterion has not been met at that temperature, then a 

transition temperature representing 50 ft-lbs 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-lbs/35 MLE transition temperature minus 60'F. In all 

cases, the reference temperature is defined by the greater of TNDT determined by drop-weight 

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

2.2.2 Reference Temperature Shift, ARTNDT 

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) [51: 

ARTNDT = (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 Specifies a procedure to be used to calculate an adjusted CF.  

The fluence factor is based upon the accumulated fast (E > I 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 (0.28-0.10Ologf) (Eq. 3) 
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where: f = fast neutron fluence (in units of 1019 n/cm 2, 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 [51, 

f = fsrf (e°0 24x) (Eq. 4) 

where: 

f = fast neutron fluence (in units of 1019 n/cm 2, E > 1MeV), 

fsrf = fast neutron fluence at the vessel inside surface, (same units as f), 

x = depth into the vessel wall, (inches) 

For ASME Code Section XI, Appendix G [4] evaluations, x is taken at one quarter of the base 

metal thickness (xAt). 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. (a,2 + GA2 )1/2 (Eq. 5) 

where: a7 = the standard deviation for the initial RTNDT ('F) and 

A= the standard deviation for ARTNDT (F). Reference 5 states that (TA is 28°F for 

welds and 17'F for base metal and that Ga need not exceed 0.5 times the mean reference 

temperature shift (ARTND-r).  
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The a, term is related to the uncertainty in the precision of the initial RTNDT, either when 

determined by measurement or when default or generic values are used. Most of the estimation 

methods have established the initial RTNDT value based upon analyses of measured data. The 

value of ai 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.
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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 Ki1a (K]R) and K1c 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 longitudinal and circumferential 

welds were performed by shielded metal arc welding (SMAW) using Type 8018 electrodes.  

Flanges, nozzles, and other formed parts 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, code 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 1/4 t flaw. Further, at the half

thickness position, the attenuation of fast neutrons dramatically 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 distributions, 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 comer 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 

2 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.  
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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 1016 n/cm2/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 

RTNDT, the RTNDT 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 information 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 InitialRTNDT 

The requirements of Subparagraph NB-2331 of Section mI of the ASME Code [6] for the 

determination of the initial reference temperature (RTNDT) were discussed in Section 2.2.1. The 

initial RTNDT values for all of the vessel wrought materials, plate and forgings (flanges and 

nozzles), were determined per NB-233 1. Drop weight tests were conducted on all of the 

wrought products 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 (NIA, NIB, 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-lb) 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., TSOT = T5oL + 20'F, where T5oT and 

T5OL are the temperatures required for the minimum energy value to exceed 50 ft-lb 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 

RTNDT 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 
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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 - To)/C] 
where A,B,C and T0 are coefficients determined by non-linear regression.  

A computer program, CVGRAPH [16], was developed for the analysis of Charpy V-notch 

impact 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-lb 

temperature was always more limiting than the 35 mils temperature. The longitudinal 50 ft-lb 

temperatures (T50L) for ihe analyzed test results are shown in Table 3-1. Using the results of 

those analyses, the RTNDT values are defined as the NDTT or the T5OL-40°F (equivalent to T50T + 

60'F) value, whichever is greater, as shown in Table 3-1. For values of RTNDT determined per 

the guidelines of NB-233 1, the value of al 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 three of the 
nozzles. For the nozzles that exhibited the required minimum impact properties the initial RTNDT 

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 

RTN-,MT was required. GE developed a procedure to estimate the RTNDT value using limited test 

data [17]. In this approach, if the minimum energy value is less than 50 ft-lb, the transition 

temperature to achieve 50 ft-lb is estimated by adding 2'F to the reported test temperature for 

each ft-lb that the minimum test result is less than 50 ft-lb. The value of T5oL determined by this 

procedure is converted to the equivalent TS0T value by adding 30'F to T50.. It is assumed that the 

minimum lateral expansion values will exceed 35 mils at the T50 -temperature determined by this 

procedure. The values of TS0T-60°F for nozzles N2K and N3C are less than the NDTT value.  
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Therefore, the initial RTNDT values equal the respective NDTT values. The T5OT - 60'F value for 

nozzle N3B equals 4°F. Since this value is higher than -10°F (NDTT) the intital RTNDT value for 

nozzle N3B equals 4°F. This procedure uses the minimum test results and is, therefore, 

considered conservative, hence a, is equal to 0.  

The Reference 17 procedure was used to estimate the limiting temperature for 50 ft-lb 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-lb, T50 equals the test temperature. This procedure 

defines RTNDT as T5 0 - 60'F. The GE procedure also states that if there is no drop weight data 

that the RTNDT value may not be less than -50'F for welds. The results of the CVN tests of the 

weld materials and the estimated RTNDT 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 a, 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 beltline, the ¼/ 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 1¼4 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 1/4 t vessel fluences for the vessel beltline plites and welds, respectively. In these and 

the following tables, not all beltline materials are assumed to be exposed to the peak neutron 1¼4 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 
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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 RPV 

component, as well as the Initial RTNDT, 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 1/4t 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.

0
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Table 3-1 
Pilgrim Reactor Vessel Plates and Forgings [8, 9, 10]

DWT CVN CVN Energy, ft-lbs 50 ft-lb 
Description Piece No. Code No. Heat No. Temp OF NDTT' Check TT OF (2) Temp., Long RTMnT Cu Ni 

(6) OF Temp (2) Lat exp, mils TtoL OF (3) 

BottomHead 336-02 G-3114 C-2888-3 0 -10 30 10 25,23,23 69 29 0.16 0.43 Dome NB 1-22,21,20 
BH Lower 0 56, 75,55 Not 
Bor 336-03A, E G-3113-3 A-2222-1 1 Break/ 0 30 10 Not 0 0.09 0.67 
Tors 144, 56,41 Determined 

BH Lower 336-03B, C G-3113-1 C-2913-3 0 -10 30 10 27, 33, 29 64 24 0.13 0.47 
Torus NB 29, 28, 29 (4) 
BH Lower 336-03D, F G-3113-2 A-2222-2 0 -10 30 10 46,31,48 39 -1 0.11 0.65 
Torus NB -10 30 _10 38,24,37 
BH Upper 336-04A, C, D, F G-3111-1 C-2851-2 0 -10 30 10 90,81,78 Not -10 0.09 0.45 
Torus NB 63, 60,56 Determined 
BH Upper 336-04B, E, G, H G-3111-2 C-2851-2 0 -10 30 10 90,81,78 Not -10 0.09 0.45 
Torus NB -10_30_1 63, 60, 56 Determined 

Lower Shell 337-OIA G-3109-2 C-2957-2 0-10 30 10 31 40 0 0.10 0.47 NB -10_0_1 37, 38, 28 

Lower Shell 337-OIB G-3109-1 C-2957-1 -100 37,33,37 37 -3 0.10 0.48 NB -10 30_10 31, 29, 31 

0 -0 310 35,50,3236- 0.1 .3 
Lower Shell 337-01C G-3109-3 C-2973-1 NB 10 30 10 36 -4 0.11 0.63 

NB______ 36, 40, 28 _________ 

Lower Int. 337-03A G-3108-3 C-2945-2 -10 -20 20 10 45, 52, 50 28 -12 0.10 0.66 
Shell NB -20 20_I0_35, 40, 39 
Lower Int. 337-03B G-3108-1 C-2921-2 -20 -30 10 10 51, 52, 50 Not -30 0.14 0.60 
Shell NB 41,43,42 Determined 
Lower Int. 337-03C G-3108-2 C-2945-1 -30 -40 0 10 43, 36,39 33 -7 0.10 0.65 
Shell NB 34, 30,31 
Upper Int. 337-04A G-3107-1 A-2094-1 0 -10 30 10 46,41,47 24 -10 0.11 0.57 
Shell NB -10_30 _10 36,35, 35 
Upper Int. 337-04B G-3107-2 A-2094-2 0 10 30 10 56, 67, 48 
Shell-10 0.11 0.55
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Table 3-1 (cont'd)

DWT CVN CVN Energy, ft-lbs 50 ft-lb 

Description Piece No. Code No. Heat No. Temp 0F NITT CheckTemp., Long RTND Cu Ni 

(6) O F (1) (2) Lat exp, mils TsoL OF (3) OF 

Upper Int. 337-04C G-3107-3 C-2906-1 0 -10 30 10 27,59,45 26 -10 0.12 0.49 
Shell NB 24, 46, 38 

0 39,47,48 
Upper Shell 337-02A G-3109-5 C-2973-2 NB -10 30 10 31, 37,34 36 -4 0.11 0.61 

Upper Shell 337-02B G-3109-4 C-2561-2 0 -10 30 10 62, 63, 61 Not 

NB 46,49,46 Determined -10 0.13 0.70 
NB -0 30 1 32, 43, 5738- 0.8 .5 

Upper Shell 337-02C G-3109-6 C-3301-2 0 -10 30 10 325,3,57 38 -2 0.18 0.57 

Upper Shell 339-02 G-3101 2V-545 20 10 50 10 73, 45, 36 20 10 NR 0.81 

Flange NB 55,34,34 
78.9,94.5, Not10 NR 0.77 

Closure Head 349-02 G-32102 P-2003 NB 10 50 10 105.9 Determined 

(CH) Flange 3-G3N60,70,78 

0349-03A, D, E, H G-3178-1 C-3982-1 N -10 30 10 35,37,47 24 -10 0.14 0.60 
CH Torus 390AD,- NB 31, 32, 38 0 -0 310 61, 84, 77 Not 

CH Torus 349-03B, C, F, G G-3178-2 C-3982-2 -1043, 59, 56 Determined -10 0.14 0.60 

CH Dome 349-04 G-3179-1 A-3121-3 0 -10 30 10 73,78,72 Not -10 0.13 0.61 
C__Dome_349-04__-3179-1_A-3121-3_NB 52, 56, 54 Determined 

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-lb 

and a minimum lateral expansion of 35 mils to satisfy the requirements of NB-2331 for RTNDT to equal NDTT. The "CVN Check Temp" = NDTT + 60'F - 20'F (longitudinal 

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

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

lb/35 mils requirements are satisfied at the "CVN 'T" no curve fits were performed.  

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

here.  
5. NR = Not Reported 
6. NB = No Break
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Table 3-2 
Pilgrim Reactor Vessel Welds [8, 9, 10, 11]

Weld ~~~CVN TDOF C W Wneld Heat No. Flux Type & Lot No. Temp Energy, ft-lbs (1) (3) Ni 
Weld Description jSeam No. JTJ& Lt oFN (N ( 

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 4 10 116,107,109 -50 NR 0.95 

BH Lower Torus - Long Welds of 2-336A, B, C, SAW 51989 Linde 124 #3687 10 50, 60, 73 -50 0.17 0.165 
Segments D, E, F 

,g S• ,., ,,10 13133, 135 -5 
SMAW EOAG . ,10 173, -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__ _ 10 173, 133, 135 -50 NR 1.04 

gH Upper Torus - Long Welds of 1-336A, B, C, SMAW JBFG * • 10 40,44, 31 -12 NR 1.29 
Segments D, E, F, G,H H...  

BH Upper Torus to Lower Shell - 4-348 SMAW LOEH • • • ] . 10 113,123, 140 -50 NR 0.98 
Circumferential Weld LACH * - r . 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 10 112, 110, 114 -50 NR 0.94 

Lower Shell - Long Welds of 2-338A, B, C SAW 27204 Linde 1092 #3714 10 71, 57, 42 -34 0.203 1.018 

Segments .......SMAW EOAG 1 . 10 173,133,135 -50 NR 1.04 

Lower Shell to Lower Intermediate 1-344 SAW 21935 Linde 1092 #3869 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 Linde 1092 #3774 10 63, 60, 49 -48 0.219 0.996 I., -r :_ 173, 133 -50NR10 
Welds of Segments SMAW EOAG P jr 10 173,133,135 NR 1.04 

LODG -j:g- 10 62, 83, 99 -50 NR 0.93 

Lower Intermediate Shell to Upper 3-339 B SAW 13253 Linde 1092 #3833 10 79, 79, 82 -50 0.221 0.732 

Intermediate Shell - Circumferential SMAW EAGH I r 10 119,120, 127 -50 NR 0.97 
Weld ___________ _______ ___,_______________._",_ _ I0 119,_120, 127 _-50 _ NR_0.97
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Table 3-2 (cont'd)

WedCVN RTNDTr OF Cu 
Weld Description Sea No. TWeld Heat No. Flux Type & Lot No. Temp Energy, ft-lbs TN) F Ni 

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

SMAW JBFG f.- 10 40, 44, 31 -12 NR 1.29 

Upper Intermediate Shell to Upper 3-339A SAW 13253 Linde 1092 #3791 10 85,77, 81 -50 0.221 0.732 

Shell - Circumferential Weld SMAW EAGH , 10 119, 120, 127 -50 NR 0.97 
E.AG . . 10 173, 133, 135 -50 NR 1.04 

Upper Shell - Long Welds of 1-339A, B, C SAW 27204/12008 Linde 1092 #3774 10 63, 60, 49 -48 0.219 0.996 

Segments SMAW JBFG g , 10 40, 44, 31 -12 NR 1.29 

Upper Shell to Vessel Flange - 4-339 SAW 13253 Linde 1092 #3791 10 85,'77, 81 -50 0.221 0.732 

Circumferential Weld SMAW EAGH NOW 10 119, 120, 127 -50 NR 0.97 

Closure Head (CH) Flange to CH 1-349 SAW 20291 Linde 1092 #3833 10 35, 50, 48 -20 0.216 0.737 

Torus - Circumferential Weld SMAW LOEH to1 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 1 1,2,2 5 R09 

CH Torus to CH Dome - 2-349 SAW 20291 Linde 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 '•.i it $ 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-lb below 50 ft-lb to determine T50. Define 

RTNDT = T50-60'F. If the minimum reported energy is greater than 50 ft-lb, RTNDT = 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 Forgings [10, 12]

NB t -- + 4-
G-3115-2

G~i-3 I20-I

EV-9784

10

10

NB i..--- __

NDTI'

0

0

CVN Check 
Temp OF (1)

4U

40

CVN 
TF OF

10 

10

ElV-993 10 
NB

0 40

Recirculation 345-07B G-3120-4 EV-9793 10 0 40 -5 
Inlet N2B - 600 NB 
Recirculation 345-07C G-3120-3 EV-9793 10 0 40 -5 
Inlet N2C- 90* NB 
Recirculation 345-07D G-3120-2 EV-9793 10 0 40 -5 
Inlet N2D - 120M NB 
Recirculation 345-07E G-3120-5 EV-9793 10 0 40 -50 
Inlet N2E - 1500 NB 
Recirculation 345-07F G-3120-6 EV-9786 10 0 40 10 
Inlet N2F - 2100 NB 
Recirculation 345-07G G-3120-7 EV-9786 10 0 40 10 
Inlet N2G - 240' NB 
Recirculation 345-07H G-3120-8 EV-9786 10 0 40 10 
Inlet N2H - 2700 NB 
Recirculation 345-07J G-3120-9 EV-9786 10 0 40 10 
Inlet N2J - 300° NB

RIecirculuion 
Inlet N2K- 330'

Steam Outlet 
N3A

345 -U/07K

347-1OA

G-3120-10

G-3116-1

EV-9759 10 
NB

0

ii - - 1 - .1.
EV-9813 0

v NB 
o~----'--~~1 ____'_

-10

40

30

St3Ba Outlet N313

Steam Outlet 
N3C

34-I-OUB

347-IOC

G-3116-2

G-3116-3

EV-9813

EV-9813

0 
NB

10 
NB

-10

0

30

40

0 

0 

0

10 

10

10 

10

NOZZLE 
Description RTNDT o... Cu Ni

Cu Ni
Piece No. Code No. Heat No.
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Outlet- NIA

DWT 
Temp "F

i..Y-9794'.

Kecirculation 
Outlet - NIB

Xcrculaiuon 
Inlet N2A - 300

* Energy, ft-lbs 

Lat exp, mils 

72, 85, 74 
55, 65, 50 
72, 83, 70 
55, 62,51 
80,78,74 
61,57,55 
80, 78, 74 
61, 57, 55 
80, 78, 74 
61, 57, 55 
80,78,74 
61, 57, 55 
80, 78, 74 
61, 57, 55 

94, 98, 106 
65, 60, 69 

94,98, 106 
65, 60, 69 
94,98,106 
65, 60, 69 

94, 98, 106 
65, 60, 69 
41, 53, 44 
33, 42, 37 
59, 64, 64 
42, 43, 43 
74, 38, 64 
56, 33, 49 
66, 48, 58 
36, 45, 44

345-04B

345-7IA

L __ __ _ __ i_ __ __ _ _ _ _ __ __I__ __ _ .. _ __ JNB__ _

40

Or (3) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-10 

4 

0

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR

0.83 

0.79 

0.72 

0.72 

0.72 

0.72 

0.72 

0.85 

0.85 

0.85 

0.85 

0.80 

0.80 

0.78 

0.79

-5(

30



Table 3-3 (con't)

NOZZLE DWT NDTr CVN Check CVN Energy, ft-lbs RTN*r CU TI' "F Lacex, iilr" (3)N 

Description Piece No. Code No. 1ent No. Temp OF OF Temp °F (1) (2) Lat exp, mils OF (3) 

Steam Outlet 347-IOD G-3116-4 EV-9806 10 0 40 10 63, 50,55 0 NR 0.80 

N3D NB 1 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-3117-4 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, N9A NB 46, 55, 39 

Jet Pump Instru- 345-IOB 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-lb and a minimum lateral expansion of 35 mils to satisfy the requirements of NB-2331 for RTNDT to equal 
NDTT. The "CVN Check Temp" = NDTT + 60'F - 20'F (longitudinal to transverse correction).  

2. The minimum "CVN TT"(test temperature) at which the minimum energy exeeds 50 ft-lb and the minimum lateral expansion exceeds 35 mils.  
3. Since the "CVN TT" at which the 50 ft-lb/35 mils is met is less than the "CVN check temp" the initial RTNDT - NDTT.  
4. NR = Not Reported.  
5. NB = No Break
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Table 3-4 
Pilgrim Reactor Nozzle-to-RPV Welds [8]

Weld Description Seam No. Weld Type Heat No. CVN Temp. Energy, (ft-lbs) R J Cu Ni 
W l D e ci t o (OF ) E n r yOf- b ) F (1)C ui 

Recirculation Outlet - NIA 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 - NIB 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 300 9-345A E-8018 BBHH 10 116, 107, 109 -50 NR 0.95 
Recirculation Inlet - N2B3 600 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 900 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 1200 9-345D 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 - N2E 1500 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 2100 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)

I CNN Temp. 1 1D 
Weld___ Description____ J ea No. Weld Type Heat No. CVN) Jep RTNDT C Weld Description Seam Energy, (ft-lbs) OF (1) Cu Ni 

Recirculation Inlet - N2H 2700 9-345H E-8018 BBHH 10 116, 107, 109 -50 NR 0.95 

Recirculation Inlet- N2J 3000 9-345J E-8018 BBHH 10 116, 107, 109 -50 NR 0.95 
EOAG 10 173, 133, 135 -50 NR 1.04 

Recirculation Inlet- N2K 3300 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 
"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 1 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. j Weld Type Heat No. CVN Temp. Energy, (ft-lbs) RTNDT Cu Ni Wel Descrptio (OF) Tnry f-b) ° (1) 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) 8-348B E-8018 LOEH 10 113, 123, 140 -50 NR 0.98 

Head Vent- N8 5-348 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-lb below 50 ft-lb to determine T50. Define 

RTNDT = T50-60 0F. If the minimum reported energy is greater than 50 ft-lb, RTNDT = T - 60OF 
2. NR = Not Reported.
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Table 3-5

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

Core Mid-plane 
RPV ID 

Flux [13] 
n/cm2-sec

Core Mid-plane 
RPV ID 

Fluence [13] 
n/cm

2

Time of Cycle 
(Fluence/Flux) 

Seconds

EFPY/ 
Cycle 

(1)

Cumulative

EFPY Fluence 
n/cm 2 Fluence Rate 

n/cm2/EFPY

Through #4 Not Reported 2.6x10"(2) Not Reported 4.17 2.60x10jY 6.24x10' 6 

#5 Start to Midddle 1.3x109 2.3x10' 1.8x10' 0.57 4.74 2.83x10t/. 4.04x10' 6 

#5 Middle toEnd 1.1x10 9  2.OxlO6 1.8x10' 0.57 5.31 3.03x10l/ 3.51x10'6 

#6 Start to Midddle 1.4x10W 2.9x10I' 2.1x1O0 0.67 5.98 3.32x101 4.33x106' 

#6 Middle to End 1.2xlO9  2.6x10O' 2.2x10' 0.70 6.68 3.58x10°'/ 3 .7 lx0IO" 
#7 Start to Midddle 1.4x10 9 1 1.7xlO1' 1.2x10'j 0.38 7.06 3.75x10"I 4 .47 xlO)

Notes 
1. Seconds &er EFPY = 3600t'24*J365 = 31,536,000 
2. Fluence value reported in Reference 14 at 4.17 EFPY.

SIR-00-082, Rev. 0
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Table 3-6 

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

Based upon the fluence rate of 4 .47x 1016 n/cm 2/EFPY for mid cycle 7 from Table 3-5.

2. Vessel minimum wall thickness = 5.53 inches 
Fluence attenuation = (e-0 .24x) where x is the distance from ID vessel/clad interface. 
¼ t = 1.38 inches

SIR-00-082, Rev. 0
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Table 3-7 
Fluence Factors (FF) for ART Calculations - Beltline Plates and Forgings (Per Reg. Guide 1.99, Rev. 2) 

(based on 1/4t vessel fluences) [9, 10, 13]

Description Code No. Heat No.
RPV 

Azimuth 
Location

Peak Circ.  
Lead 

Factor (1)

Peak Axial 
Lead 

Factor (2)

Plate 
Equiv.  
Lead 

p.,fr

Lo.7 0.749 5.13x.107 Lower Shell G-3109-1 C-2957-1 780 to 1980 1.0 0.749 0.749 5.13x 1017 
Lower Shell G-3109-3 C-2973-1 1980 to 3180 1.0 0.749 0.749 5.13x10' 7 

Lower Int. Shell G-3108-3 C-2945-2 3000 to 600 1.0 1.0 1.0 6.85x1017 
Lower Int. Shell G-3108-1 C-2921-2 600to 1800 1.0 1.0 1.0 6.85x10'7

101.0 1

Notes 
1.  
2.  
3.

20 EFPY 32 EFPY 
Fluence Fluence 

@¼ t @¼ t •/ 2 1-1• .1 _2 n

48EFPY FF FF Fluence @20 @32 @¼t 20
~~~C ... v ,. ) Dum k J) n/cm-(3) . . . . .  2 EPY EFPY nLower She"I I - 'A Inn_ __ I If-__ _______ - 1''~- 0J.'1 0U 13 1 i _ __ _

/ -. � .310 to /0-

6.85x1017

8.01xlO07 

8i.01X10O 
8.01xlO' 7 

1.07x1018 

1.07x10' 8 

1.07x1018

l.19X 1018 

l.19X10'8 

1.19xlO 

1.59x10'8 

iŽ10'8IO

0.30 

0.30 

0.30 

0.35 

0.35 

0.35

0.37 

0.37 

0.37 

0.43 

0.43 

0.43

From Figure 3-4, Azimuthal Lead Factors.  
From Figure 3-3, Axial Lead Factors.  
From Table 3-6.
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@48 

PIPDV

0.45 

0.45 

0.45 

0.52 

0.52 

0.52

U-J • U.•'-•.,
T

I.U 0.749 _5_lqxlWI0.749

Lower Int. Shell G-3108-2 C-2945-1 1800 to 3000 1.0 1•0 1.f)



Table 3-8 
Fluence Factors (FF) for ART Calculations - Beltline Welds (Per Reg. Guide 1.99, Rev. 2) 

(based on 1¼t Vessel Fluence) [8, 9, 10, 13)

Description Seam No. RPV Azimuth 
Location

I �-. . . .. i . _______ --

Peak Circ.  
Lead 

Factor(l)

Peak Axial 
Lead

F'actor 
(2)

Weld 
Equiv.  
Lead 

Factor

20 EFPY 
Fluence 
n/@m2 (3/

32EFPY 
Fluence 

@/4t 
n/cm 2

('q/

48 EFPY 
Fluence 
@¼t 

n/.,-m
2 (•\

FF 
@20 

EFPY

FF 
@32 

EFPY

FF 
@48 

EFPY
L. uInt. Shell Long. Weld 1-338A 600 10.93 1.0 0.93 I6.T6x 1 9.95x 1017 1.48xiQI 0.33 10.42 1 0.50

L-338D

11-38

IOU-

1 .UU

I.U

I.U

0.149

U.39

0.93

0.75

--T7 .2i---- P 67x I O
6.37x10"

5.14x10"

4.17x10"

9.95x10"

6.20x10I

1 .48x10'0

8.03x10" I l.19x10'�

0.1 .026

1.80".3 .427

11 r~..c' 1,T ir~a I.n n~ ~ .... II .~.. -........ ,.- - v. I T ~~~~~~~ ~ RO ...... O" .30.1 lr^_'l'lJ r 1"o •

2-38 780 0.149 0.41 2.8Ux10" 4.39x10' I 6.52x10'7?. ,0 21 

Lower.Shell Long. Weld 12-.338 13 1980 0.78 0.74!__ i.-JJIX .ý21xlO' -9.22X 10' 0.26
L-.338¶ L U.,5 0.749 0.43 2.95x10" I 4.60x10" I Li R4�10'�

I. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .5 l _______L_____ _____ _____I_____ .60 6______ . ______
0 9

)37

0.27 

0.33 

0.28

0.33

0.50 

0.45 

0.34 

0.40 

0.34

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 3-9 (cont'd)

Notes: 
1. From Table 3-1.  
2. From Table 3-7 
3. ARTNDT = FF x CF

SIR-00-082, Rev. 0
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Table 3-10 
Toughness Properties for Controlling Weld Heats (SAW welds with highest RTNDT 

(Per Reg. Guide 1.99, Rev. 2)
unless noted)

20 EFPY ART 32 EFPY ART 48 EFPY ART 
Heat Initial Fluence Margin ARTT ART Fluence Margin ARTNoT ART Fluence Margin ARTNDT ART 

Description earn .Ctr Factor, 2 @At @ ¼t Factor, 2 * LA @/At @ Vat Factor, 2 - (;A @¼t @ 'At No. F() Factor,(1) @¼t(2) 'F °F -F @/At(2) 0F °F F @1/4(2) 0F *F -F 

B.Head Dome! Non Non 
LTorus Weld 5-336 13253 -50 Beltline Beltline 0 0 50 0 0 0 -50 0 0 0 -50 

2
B.Head L. Torus 336A,B, Non Non 
Long Welds CD,E & Beltline Beltline 0 0 -50 0 0 0 -50 -50 

B.Head L Torus Non Non 
[U. Torus Weld 6-336 13253 -50 Beltline Beltline 0 0 -50 0 0 0 -50 0 0 0 -50 
B.Head U. 1-336A, SMAW Non Non 
Torus Long B,CDE, JBFG -12 Beltline Beltline 0 0 -12 0 0 0 -12 0 0 0 -12 Welds FG& H 

.Shl/B. 438 SMAW -0 Non Non 
L Shell / B. 4-348Beltline 5eltline 0 0 -50 0 0 0 -50 0 0 0 -50 
Head Weld -2 2 Heats 

Seam Nos. 9-338 20291 -50 Beltline Belttine 0 0 -50 0 0 0 -50 0 0 0 -50 

L. Shell Long. 2-338A 27204 -34 227 .21 48 48 62 0.27 56 61 83 0.34 56 77 99 
Weld 77 99 L. Shell Long.  Weld 2-338B 27204 -34 227 .26 56 59 81 0.33 56 75 97 0.40 56 91 113 
W Sheld L .  
L. Shell Long. 2-338C 27204 -54. 227 .22 50 50 66 0.28 56 64 86 0.34 56 77 99 
Weld 99_____ 

Weld 1-344 21935 -50 172 .30 52 52 54 0.37 56 64 70 0.45 56 77 83 
L. Int. Long. 1-338A 27204/ -48 231 .33 56 76 84 0.42 56 97 105 0.50 56 116 124 
Weld 12008 124 
L. W t. Long. 1-338B 27204/ -4.8 231 .21 49 49 50 0.26 56 60 68 0.33 56 76 84 Weld 12008 
L . Int ,L n. 27204/ nLong. I-338C 2204/ -48 231 .33 56 76 84 0.42 56 97 105 0.50 56 116 124 Weld 12008 

U. Int../L. Int. Non Non 
Weld 3-339B 13253 -50 Beltline Beltline 0 0 -50 0 0 0 -50 0 0 0 -50 
U. Int. Long. 2-339A,B Non Non 
Weld &C Beltline Beltline 0 0 -34 0 0 0 -34 0 0 0 -34 

U. Shell/U. Int. 3-339A 13253 s5 Non Non 0 0 -50 0 000 0 0 0 
Weld 3-39A _325 Beltline Beltline 
U. Shell Long. 1-339A,B• 27204/ Non Non 
Weld &C 12008 -48 Bel0 0 -48 0 0 0 -48 0 0 0
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Table 3-10 (continued)

.1 e 1 20 EFPY ART 32 
Description Sa Heat Initial CFluence Margin ARTNT ART Fluence Marg PeeN. Seam No. JRTNnT Cesty Factor, 2 * qj @ 'At @ 'At Factor, 2 * Piece No. 

N o I. Factor, 'F U. Shell/Flange 439 123 1 50 NonNo )0500 Wed4-339 123 -50 Weld _________ ________ _______ Beltline Belline C. Head/Flange 1-349 20291 -20 Non Non 0 0 -20 0 0 Weld _Beltline Beitline 
C. Head Torus 3-349A, SMAW Non Non 
Long Welds BCD,E, EAGH -50 Beline Beltine 0 0 -50 0 0 LongWels -F,G &H ___ C. Head Dome /Non Non C. Head 2-349 20291 -20 0 0 -20 0 0 Torus Weld Beiline Beltline

EFPY ART.  
'iIn ARTNOT ART 

A @/4t @ '/t
'F

48 EFPY ART 
Fluence JMargin jARTNIDT ART 
Factor, J2 . (Y' @1

/4t @ VUt 
@'A(2) J 'F J F F'F

0 -50 j 0 J 0

0 

0

-20 

-50 

-20

0

0 0 0 

0 0 0 

0 0 0

-50.

-50

Notes: 
1. From Table 3-2. For welds made with both SAW and SMAW materials, it is assumed that the SAW material will constitute almost all of the weld volume and will be the controlling material.  
2. From Table 3-8.  
3. ARTNDT = FF x CF-
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Table 3-11 

Toughness Properties for Nozzle Forgings (Per Reg. Guide 1.99, Rev. 2) 

20, 32 and 48 EFPY ART 

Description Heat No. RTNT -F Fluence Margin RTrjDr ART 

Piece No. Factor, 2 • a, @',4t @ A4t 

(/1) ,F F °F 

Recirculation Outlet- NIA EV-9794 0 Non 0 0 0 

345-04A Beltline 

Recirculation Outlet- NiB EV-9784 0 Non 0 0 0 

345-04B Beltline 

Recirculalion Inlet N2A - 30' EV-9793 0 Non 0 0 0 

345-07A Beitline 

Recirculation Inlet N2B - 60" EV-9793 0 Non 0 0 0 

345-07B Beltline 

Recirculation Inlet N2C - 90' EV-9793 0 Non 0 0 0 

345-07C Beltline 

Recirculation Inlet N2D - 1200 EV-9793 0 Non 0 0 0 

345-07D Bettline 

Recirculation Inlet N2E- 150B EV-9793 0 Non 0 0 0 

345-07E Beltline 

Recirculation Inlet N2F- 2100 EV-9786 0 Non 0 0 0 

345-07F Beltline 

Recirculation Inlet N2G - 240' EV-9786 0 Non 0 0 0 

345-07G Beltline 

Recirculation Inlet N2H - 270' EV-9786 0 Non 0 0 0 

345-07H Beltline 

Recirculation Inlet N2J - 300* EV-9786 0 Non 0 0 0 
345-07J Beltline 

Recirculation Inlet N2K- 330' EV-9759 0 Non 0 0 0 

345-07K Beltline 

Steam Outlet N3A EV-9813 -10 Non 0 0 -10 

347-IOA Beltline 

Steam Outlet N3B EV-9813 4 Non 0 0 4 

347-10B Beltline 

Steam Outlet N3C EV-9813 0 Non 0 0 0 
347-10C Bettline 

Steam Outlet N3D EV-9806 0 Non 0 0 0 

347-IOD Beltline 

Feedwater N4A EV-9819 0 Non 0 0 0 

347-07A BeEtline 

Feedwater N4B EV-9819 0 Non 0 0 0 

347-07B Beltline 

Feedwater N4C Non 

347-07C EV-9819 0 Beltline 0 0 0 

Feedwater N4D AV-1809 0 Non 0 0 0 

347-07D Beltline 

Core Spray N6A EV-9819 0 Non 0 0 0 

347-14A Beltline 
Core Spray N6B BV-9819 0 Non 0 0 0 

347-14B Beltline 

Head Nozzle N7A EV-9806 40 Non 0 0 40 

348-06A 8G-6069A Beltline 

Head Nozzle N7B (spare) EV-9806 40 Non 0 0 40 

348-06B 8G- 6060B Beltline 

Head Vent N8 EV-9806 40 Non 0 0 40 

348-03 8G-6068 Beitline 

Jet Pump Instrumentation, N9A EV-9792 0 Non 0 0 0 

345-IOA 
Beltline 

Jet Pump Instrunentation, N9B EV-9792 0 Non 0 0 0 

345-lOB Beltline 

CRD Hydraulic Return EV-9792 0 Non 0 0 0 

346-11 Beltline

Note 1. From Table 3-3.

S O Structural Integrity Associates, Inc.
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3-349 A-> H

1-339 A -> C

3-339 A 

UPPER 
INT.RMEDIATE SHELL 2-339. A -> C 

3-3399

1-338 A-> C 

2-338 A -> C 

1-338 A-> H 

2-336 A-> F

Figure 3-2. Pilgrim Reactor Vessel Shell Weld Identification Map [8]

SIR-00-082, Rev. 0
Structural Integrity Associates, Inc.
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v, 3, • A• mE I fl;! ! FRO M REFERENCE 13.

Notes 
1. Flux normalized to 1.00 at Node 12 [13].  

2. Relative flux normalized to 1.000 at Node 11, 
location of maximum flux.

1 A t- FACTOBRS TO BE USED IN EVALUATION I
MAX NORM 

iTEM ELEV. NODE AXIAL LEAD 

Inches FACTOR (1) 
Bottom Head ID 0 N/A 0 

Lower Shell 106.38 to I to 5A 0.749 

W eld 2-338A, B, C 242.5 0.749 

Girth Weld 1-344 242.5 5A 0.749 

Lower Int Shell 242.5 to 5A to 24 1.0 

Weld 1-338A. B, C 398 

Note 
1. From normalized relative flux, normalized to Node 11.

MOC7 - FLUX PROFILENode Axial Flux Profile for MOC 7 

Inches Elev., (in) Normalized 

Bottom Weld Relative Relative 

of Fuel 0 211.1 Seam Flux () Flux (2) 

1 6.05 217.15 2-338 0246 0.245 

2 12.20 223.30 2-338 0.385 0,383 

3 18.16 229.26 2-338 0.521 0.519 

4 24.21 235.31 2-338 0.638 0.635 

5 30.25 241.35 2-338 0.736 0.733 

5A 31.4 242.50 1-344 0.752 0.749 

6 36.31 247.41 1-338 0.819 0.816 

7 42.36 253.46 1-338 0.887 0.883 

8 48.41 259.51 1-338 0.940 0.936 

9 54.47 265.57 1-338 0.977 0.973 

10 60.52 271.62 1-338 0.993 0.989 

11 66.56 277.66 1-338 1.004 1.000 

12 72.62 283.72 1-338 1.000 0.996 

13 78.67 289.77 1-338 0.989 0.985, 

14 84.72 295.82 1-338 0.972 0.968 

15 90.77 301.87 1-338 0.953 0.949 

16 96.82 307.92 1-338 0.930 0.926 

17 102.87 313.97 1-338 0.902 0.898 

18 108.93 320.03 1-338 0.867 0.864 

19 114.98 326.08 1-338 0.819 0.816 

20 121.03 332.13 1-338 0.755 0.752 

21 127.09 338.19 1-338 0.666 0.663 

22 133.14 344.24 1-338 0.547 0.545 

23 139.19 350.29 1-338 0.404 0.402 

24 145.24 356.34 Top of Fuel 0.257 0.256

-z 

0 40 
0 

.2O 

o

Si I I I 

7 - - ----•-- - - - -. . . - -.. . .

-.0 0 
I i I I 

0 . 0 . 0. 4 . 6 . 8 . 0 .

RELATIVE FLUX TO HIGHEST FLUX 
LOCATION, NODE 11

160 

M 140 
U.  
U.  O 120 

2 
0 
O 10ON 

0 
LI.  

w 
W

F PILGRIM REACTOR VESSEL OUTLINE I WELDMP18

EL 39C1 

EL, 242.-" 

2,W A-ýF

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

9D Structural Integrity Associates, Inc.
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4.0 SUMMARY

0 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.  

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

determining the initial RTNDT values for the plate and forging materials.  

* Initial RTNDT values for the welds were determined using the GE procedures described in 

Reference 17.  

0 The limiting materials for the non-beltline locations are the Bottom Head Upper Torus 

longitudinal welds 1-336A to H (ART = -120F, Table 3-10); the Bottom Head plate 336

02 (ART = 290F, Table 3-9); and the N7A, N7B and N8 nozzles (ART = 401F, 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 = 105lF, Table 3-10) and the 

Lower Shell plate 337-01 C (ART @ 32 EFPY = 50'F, Table 3-9).

SIR-00-082, Rev. 0
Structural Integrity Associates, Inc.
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List of Acronyms

CVN - Charpy V-Notch impact 
SAW- Submerged arc welding 
SMAW- Shielded metal arc welding 
RTNDT - Nil ductility reference temperature 
ART - Adjusted reference temperature 
EFPY - Effective Full Power Years 
RPV- Reactor pressure vessel 
NDTT- Nil ductility transition temperature (from drop weight tests)

SIR-00-082, Rev. 0 Structural Integrity Associates, Inc.
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From CVGRAPH 4.1 Page 1

C6/28/00 09:09:56

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORIENTATION 

HEAT NO

: PLI

CHARPY V-NOTCH DATA REPORT 

PILGRIM UNIT I

PLATE 

SA533B1 

LT Lateral-Transverse 

C-2888-3 (G-3114)

SPECIMEN INFORMATION 

Specimen ID Test Temperature 

1 -40.00

2 

3 

4 

5

10.00 

40.00 

110.00 

160.00 

212.00

Impact Energy 
ft- lb 

9.00 

23.00 

34.00 

74.00 

112.00 

110.00

Lateral Expansion % 
Mil 

7.00 

20.00 

27.00 

57.00 

70.00 

79.00 

End of Report

Shear Fluence 

n/cm0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00

Capsule Temperature 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 09:09:03 on 06-28-2000 
Page I 

Coefficients of Curve I

I A = 62.93 B = 55.62 C = 7713 TO = 87

Equation is CVN = A + B* [ tanh((T - TO)/C) I 

Upper Shelf Energy: 118.56 Temp. at 30 ft-lbs: 34.4 Temp. at 50 ft-lbs 

Material PLATE SA533BI Heat Number. C-2888-3 (G-3114) 

Capsule: Total Fluence:

68.7 Lower Shelf Energy: 7.3 

Orientation: LT

250-

2007

17__ __ __ __ __________

01 
-300 -200

Plant: PLI Ca 

Temperature 

-40 
10 
40 
110 
160 
212

I I I I 

-100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

P- Materiah PLATE SA533B1 OrL LT Heat . C

Charpy V-Notch Data 

Input CVN Energy Computed CVN Energy

9 23 
34 
74 
112 
110

20 
3P
79.  
103 
114

.6 
69 
04 
.99 

S

400 

F
500 600

-288-3 (G-3114) 

Differential 

-2-98 2.39 

-5104 
8 

-4.37 
UM of RESIDUAIS = 0

Ul 
Ic 

C.) 

z 100

/
4 I t 1 1

/



From CVGRAPH 4.1 Page 1
06/28/00 09:34;13

CHARPY V-NOTCH DATA REPORT

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORIENTATION 

HEAT NO

: PL! PILGRIM UNIT 1

: PLATE 

SA533B1 

LT Lateral-Transverse 

: C-2913-3 (G-3113-1)

SPECIMEN INFORMATION 

Specimen ID Test Temperature 
0
F 

1 -40.00 

2 10.00 

3 40.00 

4 110.00 

5 160.00 

6 212.00

Impact Energy 
ft-lb 

10.00 

27.00 

33.00 

88.00 

128.00 

132.00

Lateral Expansion % Shear Fluence Capsule Temperature 
mil n/cm3 OF 

8.00 0.00 0.00 

28.00 0.00 0.00 

48.00 0.00 0.00 

68.00 0.00 0.00 

70.00 0.00 0.00 

74.00 0.00 0.00 

End of Report



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 09-04.'55 on 06-28-2000 
Page I 

Coefficients of Curve I 

A = 74B2 B = 6422 C = 69.9 TO = 9225

Equation is CVN = A + B* [ tanh((T - TO)/C) I 

Upper Shelf Energy:. 139.04 Temp. at 30 ft-lbs 319 Temp. at 50 ft-lbs: 

Material: PLATE SA533BI Heat Number. C-2913-3 (G-3113-1) 

Capsule: Total Fluence:

W 

10

Tempera

-40 
10 
40 
110 
160 
212

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant- PL1 Cap. Material PLATE SA533B1 OrL LT Heat /. C
Charpy V-Notch Data 

iture Input CVN Energy Computed CVN Energy

10 27 
33 
88 

128 
132

13 

91

A.  
-74 
412 
).78 

.35

63.7 Lower Shelf Energy, 10.59 

Orientation: LT

400 500 

F
600

2913-3 (G--3U3-1) 

Differential 

-3.45 
525 

-412 
-Z78 

5.11 
-3 

UM of RESIDUALS = 0



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:34:48 on 06-28-2000 
Page 1 

Coefficients of Curve 1 

A = 36.57 B = 3567 C = 56.38 T0 = 22,6 

Equation is: LE. A + B* [ tanh((T - TO)/C) ] 

Upper Shelf LLE 72.14 Temperature at LE. 35: 201 Lower Shelf LE.: i Fixed 

Material: PLATE SA533B1 Heat Number. C-2913-3 (G-3113-1) Orientation: iT 

Capsule: Total Fluence:

Tempera

-40 
10 
40 
110 
160 
212

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant PL1 Cap. Material: PLATE SA533B1 OrL LT Heat /b C 

Charpy V-Notch Data 

ature Input Lateral Expansion Computed LE.

B 
28 
48 
68 
70 
74

7.96 28.74 
472 
69.07 
716 

72.05

600400 500 

F 

'-291-3 (G-3113-1)

Differential 

.03 
-.74 

.79 
-107 
-L6 
L94 

SUM of RESIDUALS = -.66



From C11GRAPH 4.1 Page 1
06/27/00 19i05:41

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORIENTATION 

HEAT NO

: PLI

CHARPY V-NOTCH DATA REPORT 

PILGRIM UNIT 1

PLATE 

SA533BI 

LT Lateral-Transverse 

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

SPECIMEN INFORMATION 

Specimen ID Test Temperature 

1 -40.00 

2 10.00 

3 40.00 

4 110.00 

5 160.00 

6 212.00

Impact Energy Lateral Expansion % 
ft-lb mil 

9.00 8.00 

31.00 24.00 

52.00 42.00 

110.00 87.00 

148.00 87.00 

152.00 84.00 

End of Report

SShear

0.00 

0.00 

0.00 

0.00 

0.00 

0.00

Fluence Capsule Temperature 
n/cm2 *F 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 19:04.51 on 06-27-2000 
Page 1 

Coefficients of Curve 1 

A= 81.14 B= 79.14 C= 82.7 TO= 73.77

Upper Shelf Energy- 160.29 

Material: PLATE 

300 

50 

> 5

Equation is: CVN = A + B* [ tanh((T - TO)/C) I 

Temp. at 30 ft-lbs 101 Temp. at 50 ft-lbs 39.3 Lower Shelf Energy. 2 Fixed 

SA533B1 Heat Number. A-2222-2 (G-3113-2) Orientation: LT 

Capsule: Total Fluence:

-300 -200 -100 0 100 200 300 400 500 600

Temperature in Degrees F 
Data Set(s) Plotted 

Plant PLI Cap: Material PATE SA533BI Ori: LT Heat if A-2222 

Charpy V-Notch Data 

Input CVN Energy Computed CVN Energy

9 
31 
52 
110 
148 
152

1149 
29.89 
50.51 

113.75 
142.79 
154.89

-2 (G-3113-2) 

Differential

-2.49 U 
1.48 

-3.75 
52 

-M9 
SUM of RESIDUALS = -2.4,

Temperatui

-40 
10 
40 
110 
160 
212



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 19.'25 on 06-27-2000 
Page 1 

Coefficients of Curve I 

A= 44.33 B= 43•3 C= 52.69 TO = 39.37 

Equation is: L.E = A + B [ tanh((T - TO)/C) ] 

Upper Shelf LE" 87.67 Temperature at LR 35: 27.8 Lower Shelf L.E.: I Fixed 

Material: PLATE SA533B1 Heat Number A-2222-2 (G-3113-2) Orientation: LT 

Capsule: Total Fluence:

-300 -200 -100 0 100 200 

Temperature in D 
Data Set(s) Plotted 

Plant- PL1 Cap. Material: PLATE SA533BI OrL LT 

Charpy V-Notch Data 
ature Input Lateral Expansion Cm

-40 
10 

-40 
110 
160 
212

8 
24 
42 
87 
87 
84

600300 400 500 

egrees F 

Heat . A-=2-2 (G-3113-2)

nputed LR

5.06 
22.4 
44.85 
82.1.  
86.79 
87.54

Differential 

2.93 
L59 

-285 
4.88 
2 

-354 
SUM of RESIDUALS = 322

4.

r--4

Temper.



From CVGRA-PH 4.1 Page 1
06/27/00 18:45:06

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORIENTATION 

HEAT NO

: PL1

CHARPY V-NOTCH DATA REPORT 

PILGRIM UNIT 1

: PLATE 

* SA533B1 

* LT Lateral-Transverse 

: C-2957-2 (G-3109-2)

SPECIMEN INFORMATION 

Specimen ID Test Temperature 
OF 

1 -40.00 

2 10.00 

3 40.00 

4 110.00 

5 160.00 

6 195.00

Impact Energy 
ft-lb 

10.00 

31.00 

51.00 

98.00 

127.00 

120.00

Lateral Expansion % Shear Fluence Capsule Temperature 
rmil n/cm2 OF 

11.00 0.00 0.00 

28.00 0.00 0.00 

41.00 0.00 0.00 

74.00 0.00 0.00 

93.00 0.00 0.00 

86.00 0.00 0.00 

End of Report



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 18:44:08 on 06-27-2000 
Page 1 

Coefficients of Curve 1 

r A= 65.44 B= 63.44 C= 7929 TO = 59.53

Upper Shelf Energy: 128.89 Temp.  

MateriaL PLATE SA533BI

uation is CVN = A + B* [ taa((T - TO)/C) I 
at 30 ft-lbs 9.5 Temp. at 50 ft-lbs 

Heat Number C-9-57-2 (G-3109-2) 

Capsule: Total Fluence:

39.8 Lower Shelf Energy 2 Fixed 
Orientation: LT

300*

250 

200 

150

1007 

50

00 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant- Pal Cap. Material- PLATE SA533B1 Ori LT Heat V- C-2 

Charpy V-Notch Data 

Input CVN Energy Computed CVN Energy

10 
31 
51 
98 

127 
120

1153 
3027 
5012 
10.13 
119.56 
124.86

400 

F
500 600

S57-2 (G-3109-2) 

Differential

SUM of RESIDUALS

-453 
.72 
.87 

-313 
7.43 

-4.86 
r .

0 

Uz 

Ic

Temperatu 

-40 
10 
40 
110 
160 
195

-3



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 18:44:48 on 06-27-2000 
Page I 

Coefficients of Curve I 

S A= 47.01 B= 46.01 C= 83.65 TO = 49.13 

Equation is LE. A + B * tanh((T - TO)/C) ] 

Upper Shelf LE. 93.02 Temperature at LE. 35: 26.7 Lower Shelf LEz 1 Fixed 

Material PLATE SAf33B1 Heat Number. C-2957-2 (G-3109-2) Orientation: LT 

Capsule: Total Fluence:

-300 -200 -100 0 100 200 

Temperature in D 
Data Set(s) Plotted 

Plant: PLI Cap: Material: PLATE SAS33BI Ort: LT 

Charpy V-Notch Data 
iture Input lateral Expansion Co,

-40 
10 
40 
110 
160 
195

11 
28 
41 
74 
93 
86

600300 400 500 

2grees F 

Heat f. C-2957-2 (G-3109-2)

rputed LE.

10.76 
26.93 
42.01 
75.61 
86.95 
9029

Differential 

23 
L06 

-_to 
-1.61 

6.04 
-429 

SUM of RESIDUALS = .42

0.

cr� 

0

Tempera



From CVGRAPH 4.1 Page 1

CHARPY V-NOTCH DATA REPORT

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORIENTATION 

HEAT NO

: PLI PILGRIM UNIT 1

: PLATE 

: SA533B1 

: LT Lateral-Transverse 

: C-2957-1 (G-3109-1)

SPECIMEN INFORMATION

Test Temperature 
OF 

-40.00 

10.00 

40.00 

110.00 

160.00 

195.00

Impact Energy 
ft-lb 

7.00 

33.00 

50.00 

102.00 

120.00 

111.00

Lateral Expansion % Shear 
mil 

7.00 0.00 

29.00 0.00 

42.00 0.00 

78.00 0.00 

86.00 0.00 

87.00 0.00 

End of Report

Fluence Capsule Temperature 
n/cm O F 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00

36/27/00 18:40:21

Specimen ID 

1 

2 

3 

4 

5



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 1839:18 on 06-27-2000 
Page 1 

Coefficients of Curve i 

A = 59.85 B = 57B5 C = 65.46 TO = 4828

Upper Shelf Energy 117.7 

Material:

Equation is CVN = A + B I tanh((T - TO)/C) ] 

Temp. at 30 ft-lbs 10.9 Temp. at 50 ft-lbs 

PLATE SA533BI Heat Number: C-2957-1 (G-3109-1) 

Capsule: Total Fluence:

37 Lower Shelf 
Orientation: LT

Energy: 2 Fixed

250 

200 

150 

1007 

0~

-200 -100 0 100 200 300

Temperature in Degrees 
Data Set(s) Plotted 

Plant PLI Cap. Material: PLATE SA533B1 Ori: LT Heat t C-', 

Charpy V-Notch Data 
e Input CVN Energy Computed CVN Energy

7 
33 
50 
102 
120 
111

9.3 
29.41 
52.57 

10o.45 
114.01 
116.4

400 

F
500 600

Differential

-2.3 
358 

-257 
-46 
5.98 
-5.4 

SUM of RESIDUALS = -16

a ___

0 

4 

-6J 

;i-

-300

Temperature

-40 
10 
40 
110 
160 
195



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 18:40:04 on 06-27-2000 
Page I 

Coefficients of Curve 1 

A =44.85 B =43.85 C =70656 TO =41.71

Upper Shelf LE. 88.7 

Material PLATE SA53

Equation is: LE. = A + B * [ tanh((T - TO)/C) I 

Temperature at LE. 35: 25.5 Lower Shelf LZ- 1 Fixed 

3131 Heat Number. C-2957-1 (G-3109-I) Orientation: LT 

Capsule: Total Fluence:

-300 -200 -10O 0 100 200 300 400 

Temperature in Degrees F 
Data Set(s) Plotted 

Plant: Pit Cap.- Materiah PLATE SA533BI OrL LT Heat /t C-2957-1 

Charpy V-Notch Data 

iture Input Lateral Expansion Computed LE.

500 600

G-3109-1)

SUM of RESIDUAL

Differential 

-1.87 
2.63 

-178 
.36 
26 

-657 
= -.97

Tempera

-40 
10 
40 
Uo 
160 
195

7 
29 
42 
78 
86 
87

8.7 
26.36 
43.78 
77.63 
85.73 
87.57



From CVGRAPH 4.1 Page 1
06/27/00 18:49:56

CHARPY V-NOTCH DATA REPORT

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORIENTATION 

HEAT NO

: PLI PILGRIM UNIT I

: PLATE 

: SA533B1 

* LT Lateral-Transverse 

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

SPECIMEN INFORMATION 

Specimen ID Test 'Temperature 
"OF 

1 -40.00 

2 10.00 

3 40.00 

4 110.00 

5 160.00 

6 195.00

Impact Energy Lateral Expansion % Shear 

ft-lb mil 

12.00 12.00 0.00 

32.00 28.00 0.00 

52.00 43.00 0.00 

102.00 78.00 0.00 

112.00 86.00 0.00 

110.00 85.00 0.00 

End of Report

Fluence Capsule Temperature 
n/cm2 OF 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 18:4855 on 06-2 -2000 
Page 1 

Coefficients of Curve 1 

A = 60.05 B= 52.49 C = 5857 TO = 47.5

Upper Shelf Energy. 112.54 
Material: PLATE

Equation iL CVN = A + B [ tanh((T - TO)/C) I 

Temp. at 30 ft-lbs: 9.3 Temp. at 50 ft-lbs: 

SA533B1 Heat Number. C-2973-1 (G-3109-3) 

Capsule: Total Fluence:

361 Lower Shelf Energy: 7.56 

Orientation: LT

300~ ------- .

20O 

150 

i00 /

M 

I

U 1 
-300 -200

Plant- PIA Cal 

Temperature 

-40 
10 
40 
110 
160 
195

-100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Material: PLATE SA533BI OrL LT Heat .  

Charpy V-Notch Data 
Input CVN Energy Computed CVN Energy

12 
32 
52 
102 
112 
110

15 

10 
11[ 
111

2.59 
).39 
1.36 
L4~3 
0.33 
1L86 

S

400 

F
500 600

M7-1 (G-3109-3) 

Differential 

-.59 
LB 

436 
.56 
1.66 

486 
UM of RESIDUALS = 0

E ___________ J ___________ - - - - . -



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 18:49:35 on 06-V-2000 
Page I 

Coefficients of Curve 1 

S A= 44.66 B= 43.66 C = 745 TO= 40231 

Equation is L.E. + B* [ tanh((T - TO)/C) 

Upper Shelf LE. 88.33 Temperature at LF. 35: 23.4 Lower Shelf L.E 1 Fixed 

Material: PLATE SA533B1 Heat Number. C-2973-1 (G-3109-3) Orientation: LT 

Capsule: Total Fluence

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant PI1. Cap: Material: PLATE SA533B1 0r1L LT Heat 

Charpy V-Notch Data 
ature Input Lateral Expansion Computed L.

400 500 

F

-2Df3-1 (G-3109-3) 

Differential

t83 
.08 

-L48 
RL 43 1.1 

SUM of RESIDUALS 101O

4j 
.1-

0D

Temper,

600

-40 
10 
40 
110 
160 
195

12 
28 
43 
78 
86 
85

1016 
27.91 
44.48 
7656 
84.89 
86.95



From CVGRAPH 4.1 Page 1

CHARPY V-NOTCH DATA REPORT

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORIENTATION 

HEAT NO

: PLI PILGRIM UNIT 1

: PLATE 

: SA53321 

: LT Lateral-Transverse 

: C-2973-2 (G-3109-5)

SPECIMEN INFORMATION 

Specimen ID Test 'Temperature 
OF

Impact Energy Lateral Expansion % Shear 

ft-lb mil

Fluence Capsule Temperature 
nl/cm OF

-40.00 

10.00 

40.00 

110.00 

160.00 

212.00

4 

5 

6

14.00 

31.00 

39.00 

71.00 

75.00 

89.00 

End of Report

13.00 

39.00 

49.00 

96.00 

121.00 

122.00

0.00 

0.00 

0.00 

0.00 

0.00 

0.00

0.00 

0.00 

0.00 

0.00 

0.00 

0.00

06/27/00 18:55:12



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 18:415 on 06-27-2000 
Page 1 

Coefficients of Curve I 

A = 6521 B = 64.06 C = 92.47 TO = 59

Equation is CVN = A + B* [ tanh((T - T0)/C) I 
Upper Shelf Energy: 129.37 Temp. at 30 ft-lbs L8 Temp. at 50 ft-lbs.  

Material: PLATE SA533BI Heat Number. C-2973-2 (G-3109-5) 

Capsule: Total Fluence:

36.4 Lower Shelf Energy- 125 

Orientation: LT

300

250

200 

1507F 

50

-0 - - " I --

-200

Plant: PUI Cap 

Temperature

-100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

MateriaL: PLATE SA533B1 OrL LT Heat f. C-2 

Charpy V-Notch Data 
Input CVN Energy Computed CYN Energy

13 
39 
49 
16 
121 
12

14 34 

52 
12

.72 
422 
2.33 
7.44 
6.41 
4.85 

S1

400 

F
500 600

973-2 (G-3109-5) 

Differential 

-172 
4.77 

-323 
-1.44 

4.58 
-285 

M of RESIDUALS = 0

Cr' 

z

0I 
-300

-40 
10 
40 
110 
160 
212



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 18:54:56 on 06-27-2000 
Page I 

Coefficients of Curve I 

A = 46-n B = 4527 C= 110.47 TO = 53.43 

Equation is: L.F. = A + B* [ tanh((T - TO)/C) I 
Upper Shelf IE 91.55 Temperature at LE. 35: 25.3 Lower Shelf LE. I Fixed 

Material PLATE SA533B1 Heat Number. C-2973-2 (G-3109-5) Orientation: LT 

Capsule: Total Fluence:
* N S 5 5

7 1 r 

100� 
________

1-07 

50 

-

UI I 1
300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant- PUI Cap- Material: PLATE SA533•B1 OrL LT Heat C

Charpy V-Notch Data 
e Input Lateral Expansion Computed L1

14 
31 
39 
71 
75 
89

15 
29 

67 
80 
86

ý.08 
.33 
).79 
'.62 
.06 
.69

40O 

F
500 600

-2973-2 (G-3109-5) 

Differential 

-LOB 
166 

-479 
3.37 

-5.06 
2.6 SUM of RESM]UALS = -.6,

20'U

IUP-4

-3

Temperatur

-40 
10 
40 
110 
160 
212

d

U



From cVGRAPH 4.1 Page 1
06/27/00 18:59:35

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORIENTATION 

HEAT NO

: PLI

CHARPY V-NOTCH DATA REPORT 

PILGRIM UNIT 1

PLATE 

SA533B1 

LT Lateral-Transverse 

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

SPECIMEN INFORMATION 

Specimen ID Test 'Temperature 
OF 

1 -40.00 

2 10.00 

3 40.00 

4 110.00 

5 160.00 

6 210.00

Impact Energy Lateral Expansion % 

ft-lb mil 

16.00 15.00 

32.00 25.00 

52.00 43.00 

108.00 83.00 

127.00 87.00 

133.00 80.00 

End of Report

Shear Fluence Capsule Temperature 
n/cm2 OF 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00



CVGRAPH 41 Hyperbolic Tangent Curve Printed at &158"3i on 06-V-2000 
Page I 

Coefficients of Curve i 
A=7229 B= 62,63 C= 70.95 TO = 64.01

Equation is: CVN = A + B [ tanh((T - TO)/C) I 

Upper Shelf Energy: 134.93 Temp. at 30 ft-lbs 5.8 Temp. at 50 ft-lbs.  

Material: PLATE SA533B1 Heat Number C-3301-2 (G-3109-6) 

Capsule: Total Fluence:

37.6 Lower Shelf EnergT 9.66 

Orientation: LT

30(

cc 

4 

CD

.J

250-

200 

100

507

2 - -

U' 

-300 -200

Plant- PTA Cap 

Temperature

-40 
10 
40 
110 
160 
210

I I I 
-100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Material PLATE SA533BI OrL LT Heat . C-11 

Charpy V-Notch Data 
Input C-N Energy Computed CVN Energy

16 
32 
.52 
108 
127 
133

15 

51 
108 
127 132

.99 

.09 

.87 
.02 
708 
192 

Si

400 

F
500

3201-2 (G-31o9-6) 

Differential 

0 
-.09 
12 

-.02 
-.08 
.07 

UM of RESIDUALS = 0

600



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 1859:16 on 06-27-2000 
Page 1 

Coefficients of Curve I 

S A= 43.6 B= 42. C= 63.99 T0 = 372 

Equation is: L.E. A + B* [ tanh((T - TO)/C) I
Upper Shelf LE. 8621 

Material: PLATE SA533B1

Temperature at LE. 35: 24 Lower Shelf LE.: I Fixed

Heat Number: C-3301-2 (G-3109-6) Orientation: LT 

Capsule Total Fluence

-300 -200 -100 0 100 200 300 400 500

Plant: PTA 

Temperature 

-40 
10 
40 
110 
160 
210

Temperature in DT 
Data Set(s) Plotted 

Cap- Material PLATE SA533BI Orl LT 

Charpy V-Notch Data 
Input Lateral Expansion Cox 

15 
25 
43 
83 
87 
80

egrees F 

Heat j. C-Wo31-2 (-3109--6)

nputed LZ

8 
26.5I 
45.46 
7827 
84.41 
85A3

Differential

6.99 
-1.51 

-2.46 
4.72 
2.58 

-5.83 
SUM of RESIDUALS = 4.49,

Cr) 

M1

600



FrCm CVGRAPH 4.1 Page 1

CHARPY V-NOTCH DATA REPORT

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORIENTATION 

HEAT NO

: PLI PILGRIM UNIT 1

: PLATE 

SA533B1 

LT Lateral-Transverse 

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

SPECIMEN INFORMATION 

Specimen ID Test 'Temperature 
'F

2 

3 

4 

5

-40.00 

10.00 

40,00 

110.00 

160.00

Impact Energy Lateral Expansion % 

ft-lb mil 

14.00 14.00 

45.00 35.00 

53.00 38.00 

114.00 76.00 

122.00 85.00 

End of Report

Shear Fluence Capsule Temperature 
n/cm. 

0
F 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00

06/27/00 18:34:22



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 18:34:04 on 06-27-2000 
Page 1 

Coefficients of Curve I 

A = 6839 B = 6196 C = 73.96 TO = 50.25 

Equation is CVN = A + B* [ tanh((T - T0)/C) I
Upper Shelf Energy- 130.36 Temp. at 30 ft-lbs -3.3 Temp. at 50 ft-tbs 27.6 Lower Shelf Energy: 6.42

Materiah PLATE SA5331B Heat Number. C-2945-2 (C-3108-3) Orientation: LT

Total Fluence:

250 

20y 

1007 

5ff 0

U

-300 -200 -100 0 100 200 300

Temperature in Degrees
Data Set(s) Plotted 

Plant PLI Cap. Material: PLATE SA533B1 OrL LT 

Charpy V-Notch Data
Input CVN Energy

14 
45 
53 
114 
02

400 

F
500

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

Computed CVTN Energy

16.36 
37.65 
59.6 
109.81 
124.3

Differential

-2.L6 
7.34 

-6.6 
4.18 

SUM of RESIDUALS = 0

Capsule:

z

Temperature

600

-40 
10 
40 
110 
160



From CVGRAPH 4.1 Page 1

CHARPY V-NOTCH DATA REPORT

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORI ENTATI ON 

HEAT NO

: PL1 PILGRIM UNIT 1

: PLATE 

: SA533BI1 

: LT Lateral-Transverse 

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

SPECIMEN INFORMATION 

Specimen ID Test 'Temperature 
OF 

1 -40.00 

2 10.00 

3 40.00 

4 110.00 

5 160.00

Impact Energy Lateral Expansion k Shear 
ft-lb mil 

13.00 12.00 0.00 

36.00 30.00 0.00 

54.00 42.00 0.00 

108.00 77.00 0.00 

120.00 81.00 0.00 

End of Report

Fluence Capsule Temperature 
n/cm2 OF 

0.00 

0.00 

0.00 

0.00 

0.00

06/27/00 18:15:15



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 18:1357 on 06-27-2000 
Page 1 

Coefficients of Curve I 

S A= 65.72 B= 60.23 C= 7027 TO = 551.  

Equation is: CVN = A + B [ tanlh((T - TO)/C) ]

Upper Shelf Energy: 125.95 Temp. at 30 ft-lbs 3.5 Temp. at 50 ft-lbs. 32.7 Lower Shelf Energy: 5.48

Material:- PLATE SA533B1 Heat Number- C-2945-1 (G-3108-2) Orientation: LT

Capsule: Total Fluence:

300 

25G 

209O 

150

100 

50F

Uo _o~ ~

-300 -200 -100 0 100 200 300

Temperature in Degrees
400 

F
500 600

Data Set(s) Plotted 
Plant: PLI Cap- Material: PLATE SA533B1 Ori. LT Heat t C-2945-1 (G-3108-2)

Charpy V-Notch Data 
Input CYN Energy Computed CVN Energy

13.78 
33.77 
55.95 
106.78 
120.7

Differential

-.78 
222 

-1.95 
121 
-.7 

SUM of RESIDUALS = 0

M 

4-j z3

Temperature

-40 
10 
40 
110 
160

13 
36 
54 
108 
120



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 18:14.58 on 06-27-2000 
Page 1 

Coefficients of Curve I 

A = 43.86 B= 42M6 C =79.47 TO=39.37 

Equation is LE. = A + B [ tanh((T - TO)/C) ] 
Upper Shelf L.1 86.72 Temperature at LE 35: 2.7 Lower Shelf LE- 1 Fixed 

Material: PLATE SA533BI Heat Number. C-2945-1 (G-3108-2) Orientation LT 

Capsule: Total Fluence:

-300 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant: P1I Cap- Material: PLATE SA533B1 Qri- LT Heat . C 

Charpy V-Notch Data 
ture Input Lateral Expansion Computed L.

12 
30 
42 
77 
81

1124 
28.7 
4419 
74.32 
82579

400 500 

F

2945-e (G-3102) 

Differential

.75 
129 

-219 
2.67 

-179 
SUM of REIDUALS = .74

Temperat

600

-40 
t0 
40 
110 
160



From CVGRAPH 4.1 Page 1

CHARPY V-NOTCH DATA REPORT

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORI ENTAT ION 

HEAT NO

: PL1 PILGRIM UNIT 1

: PLATE 

: SA533B1 

: LT Lateral-Transverse 

: A2094-1(G-3107-1)

SPECIMEN INFORMATION 

Specimen ID Test Temperature 
OF 

1 -40.00 

2 10.00 

3 40.00 

4 110.00 

5 160.00

Impact Energy 
ft-lb 

18.00 

41.00 

62.00 

113.00 

130.00

Lateral Expansion % Shear 
mil 

16.00 0.00 

35.00 0.00 

48.00 0.00 

83.00 0.00 

86.00 0.00 

End of Report

Fluence Capsule Temperature 
n/cm2 OF 

0.00 

0.00 

0. 00 

0.00 

0.00

06/27/00 17:58:25



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 17-57:40 on 06-27-2000 
Page I 

Coefficients of Curve 1 

A=7224 B = 67.02 C = 82.41 TO = 52.25

Upper Shelf Energy: 139.26 

Material

Equation is CVN = A + B * tanh((T - TO)/C) I 
Temp. at 30 ft-lbs -8.8 Temp. at 50 ft-lbs: 

PLATE SA533B1 Heat Number. A2094-1(G-3107-1) 

Capsule: Total Fluence:

23.8 Lower Shelf Energy: 5-2 

Orientation: LT

200

150

100

I I Ij I I 
10 -200 -100 0 100 200 S00 

Temperature in Degrees 
Data Set(s) Plotted 

Plant- Phl Cap- Material: PLATE SA533BI OrL LT Heat 

Charpy V-Notch Data 
Input CVN Energy Computed CVN Energ

18 
41 
62 

113 
130

1813 
40.6 
6235 
11278 
12012

400 

F

A2094-1(G-3107-1) 

7

500

Differential

-13 
.39 

-35 
21 

-12 
SUM of RESIDUALS = 0

CI

z

U 
-3(

Temperature 

-40 
10 
40 
110 
160

600



From CVGRAPH 4.1 Pace 1

CHARPY V-NOTCH DATA REPORT

PLANT PLi PI] 

CAPSULE ID 

PRODUCT CODE PLATE 

MATERIAL ID SA533B1 

ORIENTATION LT Latera.  

HEAT NO A-2094-2 (( 

COMMENT 

MIN DATA EACH TEMPERATURE

LGRIM UNIT 1 

1-Transverse 

3-3107-2)

SPECIMEN INFORMATION 

Specimen ID Test Temperature 
.F 

1 -40.00 

2 10.00 

3 40.00 

4 110.00 

5 160.00

Impact Energy Lateral Expansion t Shear 
ft-lb mil 

24.00 19.00 0.00 

48.00 40.00 0.00 

75.00 56.00 0.00 

104.00 78.00 0.00 

122.00 88.00 0.00 

End of Report

Fluence 
n/cm3

Capsule Temperature 
.F

0.00 

0.00 

0.00 

0.00 

0.00

06/27/00 18:03:07



CYGRAPH 4.1 Hyperbolic Tangent Curve Printed at 18:9 on 06-27-2000 
Page I 

Coefficients of Curve 1 

A= 6412 B 62.42 C= 92.33 T0 = 30.93 

Equation is: CVN = A + B * tanh((T - TO)/C) ]

Upper Shelf Energy: 126.85 Temp. at 30 ft-lbs: -26.3 Temp. at 50 ft-lbs: 92 Lower Shelf Energy: 2 Fixed

Material: PLATE SA533BI Heat Number: A-2094-2 (G-3107-2) Orientation: LT

Total Fluence-

-300 -200 -100 0 100 200 300 400 500 

TemDerature in Decrees F
600

Plant P11 Cap.
Data Set(s) Plotted 

Material: PLATE SA533BI Ori: LT Heat 4 A--2094-2 (G-31o7-2)

Charpy V-Notch Data
Input CYN Energy 

24 
48 
75 

104 
02

Computed CVN Energy

241 
505 
70.53 

107.77 
119.66

Differential

-.1 
-25 
4.46 

-3.77 
2.33 

SUM of RESIDUALS = .41

Capsule:

~Ic 

4-4

Temperature

-40 

40 
110 
160



From CVGRAPH 4.1 Page 1

CHARPY V-NOTCH DATA REPORT

PLANT PLI PILGI 

CAPSULE ID 

PRODUCT CODE PLATE 

MATERIAL ID SA533B1 

ORIENTATION LT Lateral-: 

HEAT NO C-2906-1 (G-: 

COMMENT 

MIN POINTS EACH TEMPERATURE

IM UNIT 1 

Cransverse 

3107-3)

SPECIMEN INFORMATION 

Specimen ID Test Temperature 
OF 

1 -40.00 

2 10.00 

3 40.00 

4 110.00 

5 160.00

Impact Energy 
ft-lb 

12.00 

27.00 

78.00 

115.00 

134.00

Lateral Expansion % Shear 
mil 

12.00 0.00 

24.00 0.00 

55.00 0.00 

82.00 0.00 

89.00 0.00 

End of Report

Fluence Capsule Temperature 
n/cma OF 

0.00 

0.00 

0.00 

0.00 

0.00

06/28/00 15:39:12



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 15:3722 on 06-28-2000 
Page 1 

Coefficients of Curve 1 

A= 67.95 B = 57.07 C = 29 TO = 3525

Upper Shelf Energy: 125.02 

Material: PLATE

Cri 2bo) 

2500 

10 

50

Te 0
-31 

Temperatur

Equation is CVN= A + B [ tanh((T - TO)/C) I 

Temp. at 30 ft-lbs 12 Temp. at 50 ft-lbs 

SA533BI Heat Number. C-2906-1 (G-3107-3) 

Capsule: Total Fluence:

o00 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant, P LI Cap- Material: PLATE SA533B1 OrL LT Heat f C-2 

Charpy V-Notch Data 
e Input CVN Energy Computed CVN Energy

-40 
10 
40 
110 
160

12 
27 
78 
115 
134

I1 

77 124
21 
4.37 

S5

25.8 Lower Shelf Energy 10.87 

Orientation: LT

400 

F
500 600

2906-1 (G-3107-3) 

Differential 

.49 
-.9 
.78 

-9.37 
8.99 

Al of RESIDUALS = 0



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 15:3850 on 06-28-2000 
Page I 

Coefficients of Curve I 

A 44.3 B= 3.83 C= 55 T0 = 30.93

Equation is LE. = A + B * [ tanh((T - T0)/C) I 
Upper Shelf LE.: 88.67 Temperature at LE. 35: 18.3 Lower 

Material: PLATE SA5HBI Heat Number. C-2906-1 (G-3107-3) 

Capsule Total Fluence

Shelf L.E 1 Fixed 

Orientation: iT

MI 
:~150

100

0-3 

Temperatur

0o -200 -100 0 100 200 300 

Temperature in Degrees 
Data Setýs) Plotted 

Plant: PI1 Cap- Material: PLATE SA533BI OrL" LT Heat C 

Charpy V-Notch Data 
SInput Lateral Expansion Computed Ln

-40 
10 
40 
110 
160

12 
24 
55 
82 
89

718 
28.91 
5L99 
83.98 
87.87

400 

F
500

-2906-1 (G-3107-3)

Differential 

4.81 
-4.91 

3
-498 

112 
SUM• of RESIDUALS = 204

600



From CVGRAPH 4.1 Page 1

CHARPY V-NOTCH DATA REPORT

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORIENTATION 

HEAT NO

: PLI PILGRIM UNIT 1

: FORGING 

: SA508CL2 

: LT Lateral-Transverse 

: 2V-545 (G-3101)

SPECIMEN INFORMATION

Test-Temperature 
"0F 

10.00 

-70.00 

-40.00 

70.00 

100.00

Impact Energy 
ft-lb 

36.00 

5.00 

26.00 

103.00 

125.00

Lateral Expansion % Shear 
ril 

34.00 0.00 

3.00 0.00 

21.00 0.00 

72.00 0.00 

41.00 0.00 

End of Report

Fluence Capsule Temnerature 
n/cmF 

0.00 

0.00 

0.00 

0.00 

0.00

Specimen ID

5

06/28/00 09:36:54



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 09:3755 on 06-28-2000 
Page 1 

Coefficients of Curve 1 

S A= 85.78 B= 83. C-=813 TO = 56.66 1 11

Upper Shelf Energy:. 169.57 

Material:

Equation is CVN 

Temp. at .0 ft-lbs 

FORGING SA508CL2 

Capsule:

A + B* [ tanh((T - TO)/C) ] 

-8.4 Temp. at 500 ft-tbs 

Heat Number: 2V-545 (G-3101) 

Total Fluence

19.6 Lower Shelf Energy: 2 Fixed 

Orientation: LT

300 I- - - -

250

150

100-

50

U'I

00 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

PlanL- PLI Cap- MateriaL FORGING SAS0OfCI2 Ori LT Heat 

Charpy V-Notch Data 
e Input CVN Energy Computed CVN Energy

5 
26 
36 
103 
125

9.06 
16.15 
4227 
99.41 
126.7

400 

F
500 600

2v-545 (G-3b01) 

Differential

-4.06 
9.84 

-627 
358 

-L7 
SUM of RSIDUALS = 1.39

CI)

0 -rýl

- F

-3

Temperatur

-70 
-40 
t0 
70 
100

f



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 09:38:54 on 06-28-2000 
Page 1 

Coefficients of Curve I 
S A 28.4 B= 27.4 C= 5226 T0 = -13.59

Upper Shelf LE-. 55.8 

Materiah FORGING S

Equation is L = A + B * [ tanh((T - TO)/C) I 
Temperature at L. 35: -.7 Lower Shelf L.& 1 Fixed 

A5OSCL2 Heat Number 2V-545 (G-3101) Orientation: LT 

Capsule: Total Fluence:

P-4 150 

S 507

0~ 

-3 

Temperatur

00 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant PLI Cap- Material: FORGING SA508CL2 OriL LT Heat 

Charpy V-Notch Data 
e Input Lateral Expansion Computed L&

400 

F
500

#: 2V-545 (G-3101) 

Differential

-367 
5.37 

-5.99 
18.34 

-14.1 
SUM. of RESIDUALS =-.05

600

-70 
-40 
10 
70 

100

3 
21 
34 
72 
41

6.67 
15.62 
39.99 
53.65 
551



From CVGRAPH 4.1 Page 1
06/27/00 19:25:17

PLANT 

CAPSULE ID 

PRODUCT CODE 

MATERIAL ID 

ORIENTATION 

HEAT NO

: PL!

CHARPY V-NOTCH DATA REPORT 

PILGRIM UNIT 1

PLATE 

SA533B1 

LT Lateral-Transverse 

C-3982-1 (G-3178-1)

SPECIMEN INFORMATION

Test'Temperature 
aF 

-40.00 

10.00 

40.00 

110.00 

160.00

Impact Energy Lateral Expansion 

ft-lb mil 

16.00 14.00 

35.00 31.00 

68.00 50.00 

103.00 76.00 

120.00 88.00

t Shear Fluence Capsule Temperature 

n/cm0 0F 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00

End of Report

Specimen ID 

1 

2 

3 

4 

5



CVGRAPH 41 Hyperbolic Tangent Curve Printed at 1924:11 on 06-27-2000 
Page 1 

Coefficients of Curve 1 

A=62 B= 60.08 C= 73137 TO= 38.75 

Equation is: CVN = A + B* [ tanh((T - TO)/C) ]

Upper Shelf Energy: 122.09 Temp. at 30 ft-lbs: -5.1 Temp. at 50 ft-lbs: 23.7 Lower Shelf Energy: 191

Material: PLATE SA533BI Heat Number. C-3982-1 (G-3178-1) 

Capsule: Total Fluence:

Orientation: LT

300-------- 

250

2OO0 

150

1W-

50

-

-200 -100 0 100 200 300 400 - 500

Temperature in Degrees F
Data Set~s) Plotted 

Plant PLI Cap: Material PLATE SA533B1 OrL LT 

Charpy V-Notch Data
Input CVN Energy 

16 
35 
68 

103 
120

Heat f C-3982-1 (G-3178-1)

Computed CVN Energy

14.65 
39.73 
63.02 

106.84 
117.74

SU' of RES-DUALS

Differential

L34 
-4.73 

4.97 
-a.84 

225 
- 0

mn 

I 

>1 
bt

-300 600

Temperature

-40 
10 
40 
110 
160



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 1924:51 on 06-27-2000 
Page 1 

Coefficients of Curve 1 

S A= 46.68 B= 45.68 C= 86. TO = 375

Equation is L.E. A + B * [ tanh((T - TO)/C) I 

Upper Shelf LE. 92.26 Temperature at LE. 35: 14.7 Lower 

Material: PLATE SA533B1 Heat Number. C-3982-1 (G-3178-1) 

Capsule: Total Fluence:

Shelf LLE I Fixed 
Orientation: LT

1507 

1007 

507

]00 -200 -100 0 100 200 300 

Temperature in Degrees 
Data Set(s) Plotted 

Plant PI1 Cap- Material PLATE SA533B1 0rL LT Heat j/ C 

Charpy V-Notch Data 

e Input Lateral Expansion Computed LE.

14 
31 
50 
76 
88

14.12 
32.67 
47.99 
77.89 
8723

400 

F
500 600

-3982-1 (G-3178-1)

Differential

SUM of RESIDUALS

-.12 -1.67 
2 

-489 
.76 

--. 92

cI)

-3

Temperatur 

-40 
10 
40 
110 
160



CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 0909:38 on 06-28-2000 
Page 1 

Coefficients of Curve 1 

A = 42.3 B 4103 C = 96.17 TO = 74.41

Upper Shelf LE. 83.07 

Material PLATE SA5

Equation is: LE. = A + B* [ tanh((T - TO)/C) I 
Temperature at L.E. 35: 57.4 Lo 

I3B1 Heat Number C-2888-3 (G-3114)

wer Shelf L.E: 1 Fixed 
Orientation: LT

Total Fluence:

600-300 -200 -100 0 100 200 300 400 500 

Temperature in Degrees F
Data Set(s) Plotted 

Plant: P1I Cap: Material PLATE SA533B1 Onf: LI 

Charpy V-Notch Data 
Input Lateral Expansion Coi

7 
20 
27 
57 
70 
79

r Heat ý C-2868-3 (G-3114)

rputed L,

827 
18.41 
2821 
5629 
70.85 
78.38

Differential

SU-i of RESIDUALS =

-127 
1.56 

-121 
.7 

-.85 
.61 

--.43

Capsule:

-,-

Temperature

-40 
10 
40 
110 
160 
212


