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ABSTRACT 

The results of Charpy V-notch impact tests for A302B and A533B-1 Correlation Monitor Materials (CMM) listed in the 
surveillance power reactor data base (PR-EDB) and material test reactor data base (TR-EDB) are analyzed. The shift of 
the transition temperaane at 30 ft-lb (T3,,) is considered as the primaiy measure of radiation embrittlement in this report. 
The hyperbolic tangent fitting model and uncertainty of the fitting parameters for Charpy impact tests are presented in 
this report. For the surveillance CMM data, the transition temperature shifts at 30 fi-lb (AT,) generally follow the 
predictions provided by Revision 2 of Regulatory Guide 1.99 (R.G. 1.99). Difference in capsule temperatures is a likely 
explanation for large deviations fiom RG. 1.99 predictions. Deviations fiom the R.G. 1.99 predictions are correlated to 
similar deviations for the accompanying materials in the same capsules, but large random fluctuations prevent precise 
quantitative determination. Significant scatter is noted in the surveillance data, some of which may be attributed to 
variations from one specimen set to another, or inherent in Charpy V-notch testing. The major contributions to the 
uncertainty of the R.G. 1.99 prediction model, and the overall data scatter are from mechanical test results, chemical 
analysis, irradiation environments, fluence evaluation, and inhomogeneous material properties. Thus in order to 
improve the prediction model, control of the above-mentioned error sources needs to be improved. In general, the 
ernbrittlement behavior of both the A302B and A533B-1 plate materials is similar. There is evidence for a fluence-rate 
effect in the CMh4 data irradiated in test reactors; thus its implication on power reactor surveillance programs deserves 
special attention. 
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1 INTRODUCTION 

It is well known that the flux of energetic neutrons can 
displace si@icant numbers of atoms and thus alter 
physical and mechanical properties of reactor pressure 
vessel (RPV) steels. Property changes in materials 
due to neutron-induced displacement damage are a 
function of neutron energy, neutron flux, and tempera- 
ture, as well as the material chemical composition and 
microstructure that determine how neutrons interact 
with atoms and how defects interact within the mate- 
rial.’.2 The success of reactor design technology de- 
pends critically on the choice of material that has satis- 
factory material properties to resist the radiation dam- 
age. Presently, interest focuses on the radiation dam- 
age and its effect on RPV materials. It is generally 
accepted that radiation hardening and embrittlement in 
metals are caused by clusters of vacancies, interstitial 
and solute atoms that impede the motion of disloca- 
tions. The degree of embrittlement is conventionally 
correlated with fast neutron fluence or with total dis- 
placements per atom (dpa). 

Embrittlement Data Base (PR-EDB) and the Test 
Reactor Embrittlement Data Base (TR-EDB). Three 
major categories of data are included in the EDB, 
namely, pre-irradiation material history, irradiation 
environments, and mechanical test results. The 
following types of data are included: 

1. fluence (E =- 1.0 MeV, E > 0.1 MeV, and dpa), 
irradiation time, and irradiation temperature for 
each irradiated capsule; 

2. Charpy test results before and after irradiation, 
both for individual specimen and evaluation of 
transition temperature and upper-shelf energies; 

3. tensile test results before and after irradiation; 
4. chemistry data for each material; 
5. preirradiation heat treatment; 
6. data concerning the fabrication of weld material; 

7. data related to the determination of the pressure- 
and 

temperature limits. 

The aging and degradation of light-water-reactor 
(LWR) pressure vessels are of particular concern 
because of their importance to plant safety and the 
magnitude of the expected irradiation embrittlement. 
The radiation embrittlement of RPV materials depends 
on many Werent factors, primarily flux, fluence, 
neutron spectrum, irradiation temperature, pre- 
irradiation material history, and chemical 
~omposition?~ These factors must be considered to 
reliably predict RPV embrittlement and to ensure the 
structural integrity of the reactor. Based on 
embrittlement predictions, decisions must be made 
concerning operating parameters, low-leakage-fuel 
management, possible life extension, and the need for 
annealing of the pressure vessel5 

Large amounts of data obtained from surveillance 
capsules and test reactor experiments and comprising 
many different materials and different irradiation 
conditions are needed to develop generally applicable 
damage prediction models that can be used for 
industry standards and regulatory guides. The U.S. 
Nuclear Regulatory Commission (NRC)/Oak Ridge 
National Laboratory ( O m )  embrittlement data base 
(EDB) is this comprehensive collection of data 
resulting fiom the merging of the Power Reactor 

The current version of the PR-EDB lists the test 
results of 98 heat-affected-zone (HAZ) materials, 105 
weld materials, and 136 base materials that were 
irradiated in 252 capsules from 96 power reactom6 
The current data collection of the TR-EDB contains 
1230 different irradiated sets, 797 of which are fiom 
base materials, 378 fiom weld materials, and 55 from 
HAZ materials.’ The EDB has been used in many 
radiation embrittlement studies of reactor vessels. This 
computerized data base for base material and weld- 
ments was compiled from surveillance reports of 
operating power reactors and available technical 
reports. All data are traceable to the reference sources, 
including page numbers. Most of the surveillance data 
have been verified by the reactor vendors responsible 
for the insertion of the material into surveillance cap- 
sules, and any changes and corrections have been 
documented in special files for future reference. 

Generally, the surveillance programs of commercial 
power reactors include correlation monitor materials 
(CMM) in addition to base, weld, and HAZ of actual 
pressure vessel steels. These specimens are fabricated 
fiom standard reference steel plates that are similar in 
most cases in composition and heat treatment to the 
base material in the respective RPV and are supposed 
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Introduction 

to serve as a reference for comparing the radiation 
embrittlement of the plant-specific material with the 
reference material and for detecting anomalies in the 
radiation environment of the surveillance capsules. In 
order to use these materials as,a reference, the 
"normal" behavior in regard to fluence, flux, and 
irradiation temperature must be established first. This 
procedure requires the collection of data from a 
suf'ficient number of irradiations of the material at 
difCerent irradiation environments, such as different 
fluxes and temperatures. Such data, obtained from 
irradiations in surveillance capsules and test reactors, 
are presently collected in the EDB, and the informa- 
tion is used for this study. The majority of surveil- 
lance programs use one or the other of two sources for 
the reference material, depending on the material in the 
pressure vessel. One source is the Ci-in.-thick ASTM 
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A302 grade B (A302B) reference plate by U.S. Steel, 
and the other source consists of three 12-in.-thick 
A533 grade B class 1 (A533B-I) plates fabricated by 
Lukens Steel and heat treated by Combustion 
Engineering (CE). These three plates were fabricated 
for the Heavy-Section Steel Technology (HSST) 
program in the late 1960s. Most surveillance data 
come from the second plate (HSST02); however, the 
first plate (HSSTOI) and third plate (HSTT03) are 
also used in surveillance capsules. The results 
obtained fiom the surveillance capsules and material 
test reactor experiments from these plates are included 
in this report. This report is restricted to A302B and 
A533B-1 materials. The detailed information of the 
heat treatments and chemistry compositions for the 
CMM are listed in Tables 1-5. 
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Table 1. Heat treatment of CMM 

W 

Heat treatment Plate ID Heat No. Mat. ID Thickness 

ASTM A0421 A302B 14.24 cm Austenized at 1650°F 6 h, water quenched to 300°F; tempered at 1200°F 6 h, air cooled (heated to 1200°F at 63°F per hour maximum). 

HSSTOl A1008-1 A533B-1 30.48 cm Normalized at 1670-1700°F 4h, air cooled, austenized at 1550-1650°F 4 h, water quenched to 300°F; tempered at 1200-1250°F 4 h, 

furnace cooled to 600°F; stress relieved at 1125-1 175°F 40 h, furnace cooled to 600°F. 

HSST02 A1 195-1 A533B-1 30.48 cm Normalized at 1650-1700°F 4 h, air cooled; austenized at 1575-1625°F 4 h, water quenched to 300°F; tempered at 1200-1250°F 4 h, 

furnace cooled to 500°F; stress relieved at 1125-1 175OF40 h, furnace cooled to 600°F. 

HSST03 C2702 A533B-1 30.48 cm Normalized at 1650-1700°F 12 h, air cooled; austenized at 1550-1650°F 12 h, water quenched to 400°F; tempered at 1200-1250°F 18 h, 
furnace cooled to 600°F; stress relieved at 1100-1 150°F 40 h, furnace cooled to 600°F, at 1020-1035°F 12 h, furnace cooled to 600°F. 

Table 2. A302B (ASTM) CMM chemical compositions 

ID HEAT-ID CHEM-LAB SPEC-ID C Mn P S Si Cr Mo Ni c u  

Plant/Exp Chemistry Composition (wt %) 

SASTM US. Steel HEAT 0.240 1.340 0.011 0.023 0.230 0.110 0.510 0.180 0.200 
GAR SASTMS2 HEAT 0.220 1.390 0.016 0.017 0.260 0.600 0.230 
IP2 SASTM SWRI R-60 0.010 0.170 
rP2 SASTM SWRI R-62 0.020 0. I90 
P 2  SASTM SWRI R-33 0.350 

IP2 SASTM S W  R-2 0.250 

IP2 SASTM SWRI R-36 0.3 10 

IP2 SASTM S W  R-40 0.210 

IP2 SASTM SWRI R-56 0.200 

0.280 

0.270 
0.210 

0.180 

R-52 0.270 0.180 

0.520 0.220 0.220 
0.490 0.170 0.182 

0.480 0.180 0.180 

IP2 SASTM SWRI 

NRL-1 SASTM NRL 0.230 1.350 0.015 0.021 0.220 0.120 

RRA SASTMRRA @-I 1 0.243 1.420 0.014 0.02 1 0.230 0.1 10 w 
g. B 

SRM SASTM US. Steel LADLE 0.200 1.310 0.013 0.023 0.230 



Table 3. A533B (HSSTOI) CMM chemical compositions 
Plant/Exp Chemistry Composition (wt %) 

ID HEAT ID CHEM LAB SPEC ID C Mn P S Si Cr Mo Ni cu 

MY 

MY 

HSST-0 

HSST-O 

HSST-0 

HSST-0 

HSST-0 

HSST-0 

HSST-0 

HSST-0 

HSST-0 

HSST-0 

HSST-O 

HSST-0 

SHSSOl 

SHSSOl 

SHSSOl 

SHSSOl 

SHSSOl 

SHSSOlKOl" 

SHSSOlK 12" 

SHSSOlK 14' 

SHSSOlK 18O 

SHSSOlK 1TO 

SHSSOlK34' 

SHSSOlK 38" 

SHSSOlK 58" 

SHSSOlK 78" 

SHSSOlMUOTO 

SHSSOlMU12' 

SHSSOl MU1 4" 

NRL 

Lukens 

Lukens 

Westinghouse 

Westinghouse 

ORNL 
ORNL 

ORNL 
ORNL 

ORNL 
ORNL 

ORNL 

ORNL 
ORNL 

ORNL 

ORNL 

ORNL 

HEAT 0.220 

CHECK 0.220 

LADLE 0.220 

61E 0.221 

61D 0.2 15 

0.230 

0.260 

0.230 

0.220 

0.240 

0.260 

0.230 

0.260 

0.240 

0.230 

0.200 

0.230 

1.370 

1.480 

1.450 

1.524 

1.487 

1.430 

1.240 

1.440 

1.410 

1.370 

1.380 

1.450 

1.180 

1.300 

1.440 

1.380 

1.390 

0.008 

0.0 12 

0.011 

.0112 

.0104 

0.012 

0.021 

0.0 10 

0.010 

0.015 

0.021 

0.015 

0.0 17 

0.016 

0.014 

0.010 

0.010 

0.008 

0.018 

0.0 19 

.0174 

.0174 

0.013 

0.012 

0.0 15 

0.014 

0.013 

0.014 

0.0 12 

0.013 

0.014 

0.014 

0.01 1 

0.012 

0.220 

0.250 

0.220 

0.198 

0.077 

0.240 

0.240 

0.230 

0.230 

0.230 

0.230 

0.240 

0.230 

0.230 

0.260 

0.220 

0.260 

0.150 0.540 , 0.660 0.180 

0.520 0.680 

0.530 0.620 

0.080 0.577 0.665 0.173 

0.080 0.556 0.654 0.170 

0.550 0.810 

0.550 0.730 

0.540 0.840 

0.520 0.830 

0.540 0.810 

0.530 0.840 

0.560 0.770 

0.560 0.740 

0.530 0.800 

0.540 0.670 

0.520 0.670 

0.530 0.680 

"The last two digits of HEAT-ID are used to specify the specimen locatino in parent material, 
OT - inner surface, 12 - 1/2 thickness, 14 - 1/4 thickness, 18 - 118 thickness, 1T - outer surface, 34 - 3/4 thickness, 38 - 318 thickness, 58 - 5/8 thickness, 78 - 7/8 thickness. 



I 

Table 4. A533B (HSST02) CMM chemical compositions 
Plant/Exp Chemistry Composition (wt %) 

ID HEAT-ID CHEM-LAB SPEC-ID C Mn P , s  Si c r  Mo Ni c u  

SHSSO2 

SHSSOZ Lukens 

HEAT 0.230 

LADLE 0.220 

1.390 

1.450 

0.013 

0.01 1 

0.013 

0.019 

0.210 

0.220 

0.500 

0.530 

0.640 0.170 

0.620 

DC1 

SA1 

HSST-0 

HSST-0 

HSST-0 

HSST-0 

HSST-4 

NRL2 

VDE 

SHSSO2 

SHSSO2 Westingh 

SHSS02 ORNL 

SHSS02FBOT ORNL 

SHSSO2FBl2" ORNL 

SHSSOZFBl4' ORNL 

SHSSOZGA 

SHSSO2 NRL 

SHSSO2A 

R47 0.200 

ouse HEAT 0.220 

CHECK 0.240 

0.270 

0.260 

0.270 

0.230 

0.230 

0.220 

HEAT 

1.560 

1.480 

1.420 

1.500 

1.480 

1.490 

1.550 

1.480 

1.440 

0.008 

0.012 

0.010 

0.013 

0.012 

0.013 

0.009 

0.008 

0.012 

0.011 

0.018 

0.017 

0.0 14 

0.012 

0.013 

0.014 

0.016 

0.008 

0.190 

0.250 

0.220 

0.210 

0.230 

0.210 

0.200 

0.190 

0.300 

0.110 

0.080 

0.120 

0.040 

0.120 

0.120 

0.470 

0.520 

0.500 

0.500 

0.490 

0.500 

0.530 

0.510 

0.510 

0.650 0.150 

0.680 0.140 

0.700 0.140 

0.720 

0.640 

0.640 

0.670 0.140 

0.680 0.140 

0.630 0.120 
"The last two digits of HEAT-ID are used to specify the specimen locatino in parent material, 
OT - inner surface, 12 - 1/2 thickness, 14 - 1/4 thickness. 

Plant/Exp Chemistry Composition (wt %) 

ID HEAT-ID CHEMLAB SPEC-ID C Mn P S Si Cr Mo Ni cu 

HSST-0 SHSS03 Lukens 

HSST-0 SHSS03 hkens  

HSST-0 SHSS03E O F  ORNL 

HSST-0 SHSS03E 12" ORNL 

HSST-0 SHSSO3E 14" ORNL 

HSST-0 SHSS03E 1" ORNL 

CHECK 

LADLE 

0.200 

0.210 

0.260 

0.250 

0.260 

0.250 

1.260 0.011 

1.310 0.012 

1.330 0.011 

1.270 

1.360 

1.410 

0.010 

0.01 1 

0.010 

0.018 

0.0 18 

0.016 

0.020 

0.015 

0.016 

0.250 

0.240 

0.240 

0.280 

0.260 

0.280 

0.100 

0.150 

0.450 0.560 

0.500 0.600 

0.510 0.650 

0.490 0.700 

0.520 0.620 

0.500 0.610 

0.120 

0.130 

HSST-0 SHSS03E 34" ORNL 0.260 1.370 0.010 0.019 0.250 0.430 0.620 
"The last two digits of HEAT-ID are used to specify the specimen locatino in parent material, 
OT - inner surface, 12 - 1/2 thickness, 14 - 1/4 thickness, IT -outer surface, 34 - 3/4 thickness. 



2 PROCEDURES USED IN EMBRITTLEMENT ANALYSIS 

The CMMs are used in the surveillance program in the 
form of Charpy and tensile specimens. The majority 
of data are from the Charpy impact test, and only 
limited tensile test data are avail-able from General 
Electric’s (GE) boiling-water-reactor @WR) 
surveillance program. Thus only the Charpy test 
results are considered here, and the AT3o is considered 
as the primary measure for radiation embrittlement. 

The computer m e  fitting of Charpy V-notch 
transition temperature test data could promote more 
uniform analytical interpretation of Charpy data, 
particularly those obtained from reactor materials 
surveillance programs. The use of computerized 
methods is preferable to the hand fitting, which was 
widely practiced in the past. It eliminates some of the 
arbitrariness of the hand-fitted curve and allows 
calculation of the variance and covariance of the model 
parameters. Among the curve-fitting methods avail- 
able are the four-parameter hyperbolic tangent 
method: the four-parameter exponential curve 
method: the five-parameter exponential term, the six- 
parameter Gauss-Integral method,’o and the poly- 
nomial curve fit.” A mathematical expression of the 
hyperbolic tangent-shaped curves, typical of most 
Charpy impact energy, lateral expansion, and ductile 
fracture appearance vs test temperature data, requires 
at least four adjustable parameters to provide a useful 
characterization. 

2.1 Description of the EDB Charpy 
Curve-Fitting Procedures 

In order to have a d o r m  and consistent determina- 
tion of the AT3o for the surveillance reference 
materials, the raw Charpy data are fitted to a hyper- 
bolic tangent model. It relates impact energy E to the 
test temperature T according to the formula 

E = (LSE + USE)/2 + [(USE - LSE)/2]* 
tanh( SLOP WT-TM)) 

with USE and LSE the upper- and lower-shelf energy, 
respectively, with TM as the midpoint of the transition 
temperature region, and SLOPE as the slope of the 
curve at TM. This model is purely phenomenological 
but well characterizes the general shape of a Charpy 

curve in four basic parameters: USE, LSE, TM, and 
SLOPE. Currently, this hyperbolic tangent function is 
the most widely used fitting procedure next to hand 
(eyeball) fitting. 

The fitting parameters in this report were obtained 
fiom the EDB data-fitting procedures, which use the 
IMSL subroutine ZXSSQ. This subroutine is based 
on the Levenberg-Marquardt algorithm to solve the 
nonlinear least-squares problems. In the EDB Charpy 
curve-fitting utility, the initial values for the fitting 
parameters were determined by first separating the two 
shelves fiom the transition region using fracture 
appearance and the relative magnitude of the impact 
energy as criteria. From the test data in the transition 
region, crude estimates are obtained for TM and 
SLOPE, respectively. In the fitting procedure, an 
additional constraint is introduced for USE, and LSE 
is assigned to 3 joules, which restrains the variation in 
these parameters. It avoids runaway values for USE 
and negative LSE if data points in these regions are 
missing. With these precautions, any reasonable set of 
Charpy data can be fitted as well and more consis- 
tently than by a human evaluator. The procedure is 
completely automated with no operator intervention 
required or allowed. However, visual inspection is 
made to ensure that the fitting is properly pedormed. 
When the procedure fails, it is generally the result of 
outliers which must be removed or the data are such 
that no reasonable fit can be made. The simplicity and 
appeal of the least-squares method brings with it the 
danger that it may be used inappropriately, which was 
pointed out in Ref. 12. In any use, the underlymg 
assumption and limitations should be clearly kept in 
mind, and the “best estimates” are good only within 
the bounds of their statistical uncertainties. 

Uncertainties for the fitting parameters are needed to 
determine accuracy and credibility of the transition 
temperature and upper shelf data. A covariance 
matrix of the fitting parmeters is part of any least- 
squares procedure, but these covariances are not used 
for uncertainty analysis in the EDB fitting program. 
The unavoidable linearization used for the determina- 
tion of the covariances disregards second-order 
effects, and there is no possibility to account for 
uncertainties in test temperature. A more reliable 
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procedure is the use of random variations of the input 
data (Monte Carlo procedure); such variations can be 
applied to both impact energy and test temperature, 
and the results reflect more accurately the influences 
of nonlinearities. The generated fitting parameters 
with corresponding plots of the Charpy curves and 
uncertainly analyses are demonstrated in Appendix A. 
Both the hyperbolic tangent fit and hyperbolic tangent 
fit plus Monte Carlo procedure (which assigns 10 J 
uncertainly for the impact energy and 4°C uncertainty 
for the testing temperature) show good agreement in 
the determination of T30. The trend curves of raw 
Charpy data generated by the hyperbolic tangent fit 
plus Monte Carlo procedure seem to be more repre- 
sentative than that of the hyperbolic tangent fit alone, 
especially for those data sets with large data scatter. 

2.2 Determination of Trend Curves 
for Radiation Embrittlement 

The dependency of the AT,, on the damage fluence 
(ie., the trend curve) for the two materials needs to be 
determined. The transition temperature shift values 
predicted by Regulatory Guide 1.99 (R.G. 1.99) are 
used for the determination of the trend curve, which is 
given by the formula 

where [ CF] is a "chemistry factor" which is given in 
tabular form, depending on the copper and nickel 
content, and separately for base material and welds. 
The symbol f stands for fluence, E > 1 .O MeV in 
lo'' n/cmz. ARTNDT is in degrees Fahrenheit at 30 
Et-lb. 

2.2.1 Background of Regulatory 
Guide 1.99, Rev. 2 

According to Randall's paper, "Basis for Rev. 2 of the 
U. S. Nuclear Regulatory Commission's Regulatory 
Guide 1.99,"'3 there were two embrittlement models, 
Guthrie'~'~ and Odette's,'' involved in the development 
of RG. 1.99, Rev. 2. Both models are based on the 
least-squares fitting scheme and adopted similar 
approaches in several areas: (1) separate welds and 

base metals; (2) the correlation is expressed as the 
product of a chemism factor and a fluence factor; 
(3) the elements in the chemistry factor are copper and 
nickel; and (4) the fluence factor provides a trend 
curve slope of about 0.25 - 0.30 at lo'' n/cm2. 

Three major data bases were involved in the modeling 
of RG. 1.99, Rev. 2. The data base and their 
influence on RG. 1.99, Rev. 2, are described below: 

177 Data Points Data Base 

Fifty-one weld and 126 base metal data points were 
taken from surveillance reports by Randall and 
rechecked by Guthrie, where 41 of 126 base data are 
CMMs. The fluence contents are from Simon's'6 data 
when available. This data base is used in Guthrie's 
embrittlement model, which used an unconventional 
least-squares scheme and a Monte Carlo procedure in 
the model development. 

The fluence factor (FF) of RG. 1.99, Rev. 2, is 
determined primarily by Guthrie's fluence factor, with 
slight modifications. 

For chemistry factor (CF) of the weld materials, 
Odette's model is chosen as the main guide for RG. 
1.99, Rev. 2; however, both models have good 
agreement on CF. For CF of the base metals, 
Guthrie's model is used, with two exceptions: first, 
when Guthrie's CF for base metals exceeds those for 
welds by Odette, the latter was used. Second, at very 
low copper levels, the CF is assigned as 20°F. 

The 20 margins for R.G. 1.99, Rev. 2, are based on 
the residual study of the 177 Data Points. 

EPRI Data Basel' 

The Electric Power Research Institute's (EPRI) data 
base used in Odette's modeling contains 65 weld and 
15 1 base metal data and was collected directly from 
surveillance reports where 37 of 15 1 base metal data 
are CMMs. The shift value was determined by a 
hyperbolic tangent fitting procedure. EPFU's data base 
overlapped the 177 Data Points almost completely. 
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For weld materials, Odette's CF is used, except for 
very low copper, and is assigned the value of 20 OF. 

Test Reactor Data 

For very low copper contents, there are not sufficient 
data from the above two data bases. Therefore, an 
additional judgment was made from test reactor 
data'**'' for the determination of CF, which is assigned 
as 20°F. 

2.3 Basis of CMM and Its Implication 
on Radiation Embrittlement 

The use of CMMs is based on the idea that anomalous 
conditions with regard to fluence, fluence rate, and 
irradiation temperature can be detected by 
correspondingly anomalous behavior of the CMM. 
The dificulty is that it is not easy to determine 
whether anomalous embrittlement is caused by the 
radiation environment, such as neutron energy 
spectrum, flux, fluence, irradiation temperature, and 
reactor operation history; or by problems inherent in 
the reference material, such as inhomogeneous 
material properties of the CMM; or uncertainties in 
the determination of the trend curve for the reference 
material, and uncertainties in the determination of the 
AT,. Sigmfkant errors in the trend curve determina- 
tion will show up as systematic biases. These biases 
may be either independent of the fluence (e.g., due to 
an incorrect chemistry factor) or fluence dependent, 
indicating errors in the fluence factor. Such systematic 
biases can never be completely separated from random 
errors, but relatively large numbers of data will guard 
against neglecting large inconsistencies with the trend 
curve model. 

The variation of material properties, such as mechani- 
cal test results and chemical compositions, within the 
reference material is a serious problem. Tests made 
iiom different sets of specimens for the unirradiated 
material reveal considerable differences in the baseline 
T30 for the ASTM A302B plate as well as the three 
HSST plates (HSSTO1, HSST02, and HSST03). The 
test specimens used for the baseline of the A302B 
reference material (LT orientation) have the range of 
Tu, from 4 to 32"F, and the range of chemistry 
composition for copper and nickel is 0.17-0.3 lwt % 

and 0.17-0.27 wt %, respectively. For the HSSTOl 
plate, the LT baseline spechens have the range of Tm 
from -20 to 36°F at one-quarter thickness; and the 
range of copper and nickel contents are 0.17-0.18 wt 
% and 0.62-0.84 wt %, respectively. For the HSST02 
plate, the LT baseline specimens have the range of T, 
from -3 to 47°F; and the range of copper and nickel 
contents are 0.12-0.17 wt % and 0.62-0.72 wt %, 
respectively. For the HSST03 plate, the TL baseline 
specimens have the range of T30 from 3 1 to 42°F at 
one-quarter thickness and from 17 to 29'F or LT 
orientation; and the range of copper and nickel con- 
tents are 0.12-0.13 wt % and 0.56-0.70 wt %, respec- 
tively. The possible fluctuations in the material pro- 
perties from one specimen set to another can be 
detected only as random deviations, and these 
deviations cannot be clearly separated from other 
random errors. 

The standard method used to determine the uncertainty 
for the T30 is based on the uncertainties in determining 
the fitting parameters in the least-squares fit and the 
mean-square difference between model and experi- 
mental data. However, this procedure does not con- 
sider possible deviations between the idealized model 
and the actual physical mechanism, and this may lead 
to serious underestimation of the uncertainties, the 
more so the more restrictive the model is. It can be 
assumed that the information for determining T30 is 
based on mean values and the slope of the relevant 
data regardless of what model is actually used, and 
that this information or the lack of it determines the 
uncertainties. However, the estimated values of TH) 
and USE as well as the experimental uncertainties are 
still based on a specific model. From past studies of 
several fitting models,to it appears that differences 
among selected fit models are mostly within uncer- 
tainty bounds. 

Hyperbolic tangent fit results for CMM data are listed 
in Tables 6-8 for surveillance data, and Tables 9-12 
for TR-EDB's CMM data, together with the values 
reported by the original investigation. The index 
transition temperature at the 30 ft-lb energy level is 
used in the study, which is the index temperature 
required by ASTM E- 185 for the determination of the 
transition temperature shift. The 30 ft-lb energy level 
was used in preference to the old standard of 50 ft-lb 
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Table 6. Summarv of A302B surveillance CMM 
C, tnnsition temp. "F Fluence Flux C, transition temp. "F C, transition temp. "F 

at 30-11 Ib, irradiated shiA at 30-11 Ib E > 1 MeV E > 1 MeV at 3O-A-lb, unimadiated 

Tag Reactorname Capsule Orient. IO"dm' IO" dcm% R T MT U R T M T U  R P T M T U  

W Bemau Unit 1 
W Bemau Unit 1 
W JW Cabrera-zOrita 
W J O S ~  Cabre~~-ZOrita 
W Jose CabreraZorita 
W Haddam Neck 
W Haddam Neck 
W Haddam Neck 
W Haddam Neck 
0 Garigliano 
G Garigliano 
G Mgl iano  
G Oarigliano 
G Garigliano 
W R. E. Ginna Unit 1 
W R E. Ginna Unit I 
W R E. Ginna Unit 1 
W H. B. Robinson Unit 2 
W H. B. Robinson Unit 2 
W H. B. Robinson Unit 2 
W lndian Point Unit 2 
W Indian Point Unit 2 
W Indian Point Unit 2 
W Indian Point Unit 2 
W Point Beach Unit 1 
W Point Beach Unit 1 
W Point Beach Unit 1 
W Point Beach Unit 1 
W San Onofre Unit 1 
W San Onofre Unit 1 
W San Onoh Unit 1 
W Turkey Point Unit 3 
W Turkey Point Unit 3 
W Turkey Point Unit 3 
W Yankee-Rowe 
W Yankee-Rowe 
W Yankee-Rowe 

\D 

R LT 
V LT 
K LT 
N LT 
P LT 
A LT 
D LT 
F LT 
H LT 

113B LT 
113D LT 
114A LT 
114B LT 
114C LT 

R LT 
T LT 
V LT 
S TL 
T TL 
V TL 
T LT 
V LT 
Y LT 
Z LT 
R LT 
S LT 
T LT 
V LT 
A LT 
D LT 
F LT 
S LT 
T LT 
V LT 
01 
02 
06 

0.572 
0.277 
1.400 
3.680 
1.430 
0.259 
2.280 
0.463 
1.550 
1.100 
0.737 
4.650 
2.210 
5.470 
1.100 
1.910 
0.585 
0.506 
4.420 
0.601 
0.243 
0.506 
0.453 
1.080 
2.360 
0.798 
2.370 
0.524 
1.750 
3.480 
3.850 
1.720 
0.739 
1.530 
9.000 
9.000 
7.000 

0.682 
0.776 

1.579 

0.486 
0.665 
0.604 
0.646 
0.414 
0.547 
4.947 
5.725 
8.238 
1.368 
0.880 
1.315 
1.253 
1.930 
0.595 
0.542 
0. I86 
0.615 
0.663 
1.466 
0.700 
0.809 
1.117 
2.986 
3.910 
1.584 
1.578 
2.041 
0.602 
32.847 
30.928 
25.830 

36 
36 
40 
40 
40 
40 
40 
40 
40 
27 
27 
27 
27 
27 
40 
40 
40 
64 
65 
64 
38 
38 
38 
38 
40 
40 
40 
40 
40 
40 
40 
35 
35 
3s 
I5 
15 
I5 
I5 

32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
64 64 13.0 
64 64 13.0 
64 64 13.0 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 
32 33 6.1 

144 135 
81 81 
160 131 
195 168 
178 164 
125 133 
180 170 
120 124 
167 169 
153 140 
133 
194 
142 
178 
136 134 
180 167 
130 128 
141 138 
215 228 
169 135 
110 106 
128 132 
108 106 
138 120 
150 156 
135 126 
160 162 
135 132 
155 148 
190 186 
170 162 
160 156 
117 118 
160 132 
325 
325 
275 
240 

135 
82 
128 
168 
163 
134 
165 
123 
166 
140 

132 
165 
128 
142 
232 
135 
107 
132 
106 
1 I7 
154 
I26 
162 
131 
146 
187 
160 
150 
115 
13 1 

11.5 
19.5 
20.2 
15.6 
12.0 
13.4 
17.3 
13.1 
12.0 
12.5 

13.4 
16.7 
10.9 
20.0 
28.4 
20.0 
11.7 
13.5 
10.7 
16.6 
10.3 
13.8 
13.1 
11.3 
11.8 
13.7 
14.3 
14.3 
15.4 
14.9 

108 
4s 
120 
155 
138 
85 
140 
80 
127 
126 
106 
167 
115 
I51 
96 
140 
90 
77 
150 
105 
72 
90 
70 
100 
1 IO 
95 
I20 
95 
115 
I50 
130 
125 
82 
12s 
3 10 
310 
260 

84 103 
65 35 
109 99 
134 136 
110 132 
63 101 
122 138 
79 92 
112 137 
103 108 
91 
139 
121 
142 
103 102 
118 135 
85 96 
81 74 
138 86 164 71 

62 74 
81 100 
78 74 
102 88 
123 124 
94 94 
123 130 
82 100 
I15 116 
133 I54 
135 130 
I15 124 
92 86 
112 100 
150 
150 
146 

I02 
49 
95 
135 
130 
101 
132 
90 
133 
107 

99 
132 
95 
78 
I68 
71 
74 
99 
73 
84 
121 
93 
129 
98 
113 
154 
127 
1 I7 
82 
98 

13.0 
10.4 
21.1 
16.8 
13,s 
14.7 
18.3 
14.5 
13.5 
13.9 

14.7 
17.8 
12.5 
23.9 
31.2 
23.9 
13.2 
14.8 
12.3 
17.7 
12.0 
15.1 
14.5 
12.8 
13.3 
15.0 
15.5 
15.5 
16.6 
16.1 

W YankeeRowe 08 5.000 17.007 .. 32 33 6.1 ~ 225 140 
R - as repoM, T - hyperbolic tangent model; MT - hyperbolic tangent model plus Monte Carlo method; U - uncettainty (1 standard deviation); P - R.G. L99, Rev.2, prediction. 
Tag field, W - Westinghouse; G - General Electric. 2 Westinghouse fluences obtained kom "Westinghouse Surveillance Capsule Neutron Fluence Reevaluation," WCAP-14044. 
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Tahle 7. Summary of A533B, HSSTOl, surveillance CMM 

Fluence Flux C, transition temp. O F  C, transition temp. "F C, transition temp. OF 

10'9dcma 101'dcm2' R T Mt U R T  R P T Mt U 

I 
Tag ReactorName Capsule Orient. E > 1 MeV E > 1 MeV .at 30 A-lb,unirradiated at 30 A-lb,irradiated shift at 30 A-lb 

Mt U 

C Calvert ClBsUnit 1 W263 LT 0.590 0.636 39 32 31 5.4 127 132 132 7.9 88 116 100 101 9.6 

C CalvertClBsUnit2 W263 LT 0.814 0.564 25 24 23 6.7 153 151 153 8.5 128 128 127 130 10.8 

C FortCalhounUnitl W225 LT 0.583 0.71 1 27 14 13 7.4 I S 1  147 146 8.6 124 115 133 133 11.3 

C Fort CaUlounUnit 1 W275 LT 1.280 0.298 27 14 13 7.4 168 186 186 19.5 141 I45 172 173 20.9 

C Millstone Unit 2 W104 LT 0.884 0.282 24 30 30 7.7 165 165 163 8.8 141 131 135 133 11.7 

C MaineYankee A25 LT 1.300 4.348 15 14 13 7.4 165 169 168 11.3 150 146 155 155 13.5 

C MaineYankee W253 LT 1.250 0.339 I5 14 13 7.4 175 180 179 8.6 160 144 166 166 11.3 

W137 LT 0.407 0.284 3 14 13 7.4 120 110 110 14.5 117 102 96 97 16.3 C Palo VerdeUnit 2 
C Palisades WllO LT 1.779 0.567 15 14 13 7.4 163 169 169 9.2 148 158 155 156 11.8 

C St. Lucie Unit 1 W104 LT 0.716 0.239 39 36 36 5.6 149 160 160 9.5 110 123 124 124 11.0 

CL 

R - as reported, T -hyperbolic tangent model; MT - hyperbolic tangent model plus Monte Carlo method, U - uncertainty (1 standard deviation). 
P -predicted shift per Reg. Guide 199, Revison 2. 
Tag field, C - Combustion Engineering. 



Table 8. Summw of A 533B, HSSTOZ, surveillance CMM 
C. transition temp. O F  C.transitiontemp. "F C, transition temp. O F  

E> 1 MeV E> 1 MeV at 30 ft-lb,uninadiated at 30 ft-lb,irradiated at 30 ft-lb,unirradiated 
FlUellCl? Flux 

Tag Readorname Capsule orient. Wdcm' Wdcm's R T M T U  R T MT U R P T M T  U 
B 
B 
B 
B 
W 
W 
W 
W 
B 
B 
W 
W 
W 
W 
W 

r W  
B 
B 
B 
B 
B 
B 
B 
B 
B 
W 
W 
W 
W 
W 
W 
W 

c 

k W 
R w  
? 
2 
Q\ 

w 

Arkansas Unit 1 
Arkansas Unit 1 
Arkansas Unit 1 
Arkansasunit 1 
Donald C. Cook Unit 1 
Donald C. Cook Unit 1 
Donald C. Cook Unit 1 
Donald C. Cook Unit 1 

Davis-Besse Unit I 
Diablo Canyon Unit 1 
Diablo Canyon Unit 1 
Indian Poht Unit 3 
Kewaunee 
Kewaunee 
Kewaunee 
Oconee Unit 1 
oconeeunit 1 
Oconee Unit 1 
Oconee Unit 1 
Oconee Unit 2 
Oconee Unit 2 
Oconee Unit 2 
Oconee Unit 3 
Oconee Unit 3 
Point W c h  Unit 2 
Point Beach Unit 2 
Point Reach Unit 2 
Point Beach Unit 2 
Prairie Island Unit 1 
Prairie Island Unit 1 
Prairie Island Unit 1 
Prairie island Unit 2 
Prairie lsland Unit 2 
Prairie Island Unit 2 
Salem Unit 1 

Crystal River unit 3 

A 
B 
C 
E 
T 
U 
X 
Y 
C 
A 
S 
Y 
Y 
P 
R 
V 
A 
C 
E 
F 
A 
C 
E 
B 
D 
R 
S 
T 
V 
P 
R 
V 
R 
T 
V 
T 

LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 

I .030 
0.428 
1.460 
0.073 
0.269 
1.770 
0.813 
1.230 
0.656 
1.290 
0.284 
0.941 
0.724 
2.840 
1.900 
0.608 
0.895 
0.986 
0.150 
0.057 
0.337 
0.094 
1.210 
0.312 
1.450 
2.520 
3.760 
1.010 
0.585 
1.460 
3.950 
0.540 
4.050 
1.090 
0.578 
0.256 

0.244 
0.673 
0.610 
0.760 
0.788 
0.513 
1.230 
0.714 
0.509 
0.690 
0.809 
1.301 
1.498 

0.289 
0.213 

0.248 

1.537 
0.807 
0.927 
1.216 
0.807 
1.463 
1.280 
1.457 
0.838 
1.314 
0.738 

48 47 46 5.1 
48 47 46 5.1 
48 47 46 5.1 
56 47 46 5.1 
45 47 46 5.1 
45 47 46 5.1 
45 47 46 5.1 
45 47 46 5.1 
48 47 46 5.1 
48 47 46 5.1 
46 47 46 5.1 
46 47 46 5.1 
50 47 46 5.1 
45 47 46 5.1 
45 47 46 5.1 
45 47 46 5.1 
56 47 46 5.1 
48 47 46 5.1 
56 47 46 5.1 
56 47 46 5.1 
48 47 46 5.1 
56 47 46 5.1 
48 47 46 5.1 
56 47 46 5.1 
32 47 46 5.1 
49 47 46 5.1 
49 47 46 5.1 
49 47 46 5.1 
45 47 46 5.1 
49 47 46 5.1 
49 47 46 5.1 
49 47 46 5.1 
45 47 46 5.1 
45 47 46 5.1 
45 47 46 5.1 
50 47 46 5.1 

94 
98 
116 

105 
165 
I45 
155 
121 
154 
112 
158 
190 
200 
185 
140 
144 
116 

119 

143 
95 
151 
200 
194 
154 
135 
205 
235 
159 
225 
205 
170 
I10 

121 
97 
122 
75 
106 
186 
148 
156 
130 
160 
112 
160 
194 
20 I 
202 
143 
130 
122 
78 
56 
116 
74 
170 
99 
153 
201 
198 
I68 
141 
208 
241 
151 
230 
205 
170 
I13 

116 16.1 
98 10.4 
121 12.7 
73 12.4 
105 13.1 
186 10.0 
149 9.6 
156 10.7 
129 13.8 
160 13.9 
113 9.2 
160 10.8 
191 11.4 
201 10.8 
194 10.3 
141 11.8 
131 11.4 
121 12.6 
77 14.2 
56 12.4 
115 7.6 
73 11.4 
168 16.9 
99 8.6 
150 16.5 
200 12.0 
197 12.5 
168 13.3 
141 10.7 
207 8.1 
240 9.9 
150 11.0 
229 10.3 
204 8.7 
169 11.1 
114 11.9 

46 
50 
68 
40* 
60 
I20 
100 
110 
73 
I06 
66 
I12 
140 
155 
140 
95 
88 
68 
64* 
28' 
71 
42* 
95 
39 
119 
151 
145 
105 
90 
156 
186 
110 
180 
160 
125 
60 

129 74 70 
98 50 52 
141 75 75 
46 28 27 
82 59 59 
148 139 140 
121 101 103 
135 109 110 
113 83 83 
137 113 114 
84 65 67 
126 113 114 
116 147 145 
164 154 155 
150 155 148 
110 96 95 
124 83 85 
194 75 75 
64 31 31 
40 9 10 
90 69 69 
52 27 27 
135 123 122 
87 52 53 
141 106 104 
160 154 154 
172 151 151 
128 121 122 
109 94 95 
141 161 161 
173 194 194 
106 104 104 
174 183 183 
131 158 158 
108 123 123 
81 66 68 

16.9 
11.6 
13.7 
13.4 
14.1 
11.2 
10.9 
11.9 
14.7 
14.8 
10.5 
11.9 
12.5 
11.9 
11.5 
12.9 
12.5 
13.6 
15.1 
13.4 
9.2 
12.5 
17.7 
10.0 
17.3 
13.0 
13.5 
14.2 
11.9 
9.6 
11.1 
12.1 
11.5 
10.1 
12.2 

12'9 . I 
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Table 8 (continued) 
FlUenCe Flux c 

C,transitiontemp. "F C, transition temp. "F C,traMitiontemp. "F 
Tag Readorname Capsule Orient E >  1 MeV ' E > 1 MeV at 30 A-lb, unirradiated at 30 A-lb, irradiated at 30 A-lb, unirradiated 

ioi9 n/cm' 1011 n/m* R T M T U  R T MT U R P T M T  U 
W Salem Unit 1 Y LT 0.930 0.823 50 47 46 5.1 175 180 180 8.9 125 125 133 134 10.3 
W Salem Unit 1 Z LT 1.230 0.644 50 47 46 5.1 185 182 182 8.4 135 135 135 136 9.8 
W Suny Unit 1 T LT 0.282 0.834 45 47 46 5.1 115 119 117 10.9 70 84 72 71 12.0 
W Suny Unit 1 V LT 1.970 0.779 45 47 46 5.1 190 189 189 10.2 I45 152 142 143 11.4 
W Surry Unit 2 V LT 1.750 0.663 45 47 46 5.1 165 152 150 12.2 120 148 105 104 13.2 
W Suny Unit 2 X LT 0.294 0.797 40 47 46 5.1 100 109 108 9.8 60 85 62 62 11.0 
B ThreeMileIslandUnit I C LT 0.866 48 47 46 5.1 125 126 125 9.9 77 123 79 79 11.1 
B ThreeMileIslandUnit I E LT 0.107 0.263 56 47 46 5.1 90 89 9.2 44, 55 43 43 10.5 
W Turkey Point Unit 4 S LT 1.430 1.324 45 47 46 5.1 152 151 9.2 l l5* 141 105 105 10.5 
W Turkey Point Unit 4 T LT 0.708 1.914 45 47 46 5.1 135 136 136 12.1 90 116 89 90 13.1 
W ZionUnit I T LT 0.325 0.846 42 47 46 5.1 108 113 113 8.8 66 88 66 67 10.2 
W Zion Unit 1 U LT 0.964 0.853 42 47 46 5.1 172 175 170 12.6 130 127 128 124 13.6 
W Zion Unit 1 X LT 1.330 0.816 42 47 46 5.1 162 166 165 10.1 120 138 119 119 11.3 
W Zion Unit 1 Y LT 1.780 0.657 42 47 46 5.1 171 169 169 11.9 129 148 I22 123 12.9 
W Zion Unit 2 T LT 0.840 0.743 50 47 46 5.1 150 147 146 10.6 100 122 100 100 11.8 

~ W ZionUnit2 U LT 0.282 0.676 50 47 46 5.1 100 95 96 9.4 50 84 48 50 10.7 
W ZionUnit2 Y LT 1.670 0.576 50 47 46 5.1 185 183 183 8.6 135 146 136 137 10.0 

w 

R - as teporltd; T -hyperbolic tangent model; MT - hyperbolic tangent model plus Monte Carlo method, U - unOeaahty (1 standard deviation). 
P - predicted shift per R.G. 1.99, Rev. 2. 

50 A-lb transition temperature shiR 
Tag Field, B - Babcock & Wilcox; W - Westinghouse 
Westinghouse Fluences obtained from "Westinghouse Surveillance Capsule Neutron Fluence Reevaluation," WCAP-14044. 



Table 9. Summary of A302B, ASTM, CMM per TR-EDB 
Fluence Flux C, transition temp. O F  C, transition temp. OF 

Experiment Reactor Capsule Heat Orient. E> 1 MeV E> 1 MeV temp. at30&lb, unirradiated at 30 ft-lb, irradiated 
ID ID 10'edcma 10"nlnn's OF R MT U R MT U 

HAW-AN LITR 5788A SASTMF23 LT 1.080 500 30 13 6.6 210 
Tag 

HAW-AN LITR 
MEA-RT UBR 
MEA-RT UBR 
MEA-RT UBR 
MEA-RT UBR 
MEA-RT UBR 
MEA-RT UBR 

'MEA-RT UBR 
N R L 4  UBR 
NRLEP BSR 
NRLEP UBR 
ORRPSF ORR 
ORRPSF ORR 
ORRPSF ORR 
ORRPSF ORR 
ORRPSF ORR 
PR-EDB YR 
PR-EDB YR 
RRA DIDO 
RRA DlDO 

SRh4 BGR 
SRM BGR 
SRM BR 
SRh4 CVTR 
SRM ' ETR 
SRM ETR 
SRM ETR 
SRM IRL 
SRM IRL 
SRM IRL 
SRM IRL 
SRM IRL 
SRM IRL 
SRM 1RL 
SRM IRL 

SM-2 LITR 

57 888 
B4-65 
B4-76 
C2-75 
CE-44 
CE-45 
CE-46A 
RE-38 
W I  
7 
UB-3 1 
0-TF 
112 TF 
114 TF 
SSC I F 
SSC2F 
8 
w1 

2V4(9) 
x02 
9 
10 
122-3 
10L 
xx 
xx 
xx 
1 
1 
1 
1 
1 
2 
2 
2 

2W9)  

SASTM F23 
SASTM F23 
SASTM F23 
SASTM F23 
SASTM F23 
SASTM F23 
SASTM F23 
SASTM F23 
SASTM F26 
SASTM N 
SASTM N 
SASTM F23 
SASTM F23 
SASTM F23 
SASTM F23 
SASTM F23 
SASTM D36 
SASTM D36 
SASTM RRA 
SASTM RRA 
SASTM X 
SASTM X 
SASTM X 
SASTM F23 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTMX 
SASTM X 

LT 0.910 
LT 0.560 
LT 2.230 
LT 1.040 
LT 0.790 
LT 3.850 
LT 1.500 
LT 0.540 
LT 0.120 
TL 2.700 
LT 3.600 
LT 5.400 
LT 1.400 
LT 2.800 
LT 2.790 
LT 5.400 
LT 5.000 
LT 0.220 
TL 0.475 
TL 1.020 

3.000 
0.740 
0.550 

LT 7.100 
0.780 
0.270 
0.450 
7.600 
0.035 
0.059 
0.099 
0.160 
0.260 
0.065 
0.114 
0.186 

1.008 
1.006 
0.937 
0.079 
0.096 
0.074 
0.009 
0.700 
0.340 
0.899 
0.105 
0.027 
0.055 
0.726 
0.695 
0.170 
0.003 
0.228 
0.251 

-0.500 

470 
550 
550 
550 
550 
550 
550 
550 
550 
550 
550 
550 
550 
550 
550 
550 
490 
490 
482 
482 
550 
300 
300 
585 
300 
450 
450 
450 
300 
300 
300 
300 
300 
300 
300 
300 

30 13 6.6 210 
7 4 9.1 88 84 6.8 
7 4 9.1 132 130 7.4 
7 4 9.1 113 110 9.1 
7 4 9.1 I10 110 8.8 
7 4 9. I 139 131 8.1 
7 4 9.1 120 119 8.6 
7 4 9.1 100 98 6.6 
0 40 
60 57 16.9 205 200 19.7 
20 16 4.4 195 182 9.1 
25 25 8.3 171 161 8.5 
25 25 8.3 115 114 8.4 
25 25 8.3 145 127 8.8 
25 25 8.3 172 157 11.5 
25 25 8.3 194 185 8.1 
I5 240 
35 120 
21 174 
21 228 
15 170 

30 13 6.6 195 

C, transition temp. "F 
shift at 30 A-lb 

R P MT U 
180 102 
180 97 
81 84 80 11.4 

125 122 126 11.7 
106 101 106 12.9 
103 93 106 12.7 
132 135 127 12.2 
113 111 115 12.5 
93 83 94 11.2 
40 45 

145 127 143 26.0 
175 133 166 10.1 
146 142 136 11.9 
90 109 89 11.8 
121 127 102 12.1 
148 127 132 14.2 
169 142 160 11.6 
225 140 
85 59 
153 79 
185 101 
155 129 
240 92 
205 83 
165 147 
240 93 
67 64 
95 78 

201 148 
35 24 
50 32 
50 41 
80 52 
105 63 
55  34 
70 44 
120 55 



Table 9 (continued) z B 

;f: 

0 
Td FlUenCe  Flux had. C, transition temp. OF C, transition temp. O F  C,tranaitiontemp. "F Q\ 

w Tat3 ID ID 1 0 1 9 d ~ t d  I O ' ' ~ ~ C ~ ' S  OF R MT U 
shift at 30 ft-lb Experiment Reador Capsule Heat Orient. E >  1 MeV E >  1 MeV temp. at30 ft-lb,unirradiated at 30 A-lb, irradiated 

R MT U U R P M T  
0.310 300 150 68 SASTM X 

c-. 
P 

SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 
SRM 

IRL 
IRL 
IRL 
IRL 
1RL 
1RL 
IRL 
IRL 
IRL 
KE 
KE 
KE 
KE 
KE 
KE 
KE 
KE 
KE 
LITR 
LITR 
LITR 
LlTR 
LITR 
LITR 

, LITR 
LlTR 
LITR 
LITR 
LlTR 

' LITR 
LITR 
LlTR 
LlTR 
LITR 
LITR 
LITR 
LlTR 

2 
2 
3 
3 
3 
3 
3 
3 
3 
1 
1 
I 
2 
2 
2 
3 
3 
3 
18 3 
18 3 
18 8 
18 8 
I8 8 
18 8 
18 8 
18 13 
18 13 
I8 13 
18 20H 
I8 42 
18 45 
18 62 
18105H 
28 49 
43 72 
43 12 
43 86 

SASTM X 
SASTM X 
SASTMX 
SASTM X 
SASTM X 
SASTMX 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTMX 
SASTMX 
SASTM X 
SASTM X 
SASTMD36 LT 
SASTM X 
SASTM X 
SASTM X 
SASTM X 
SASTMD36 LT 
SASTMD36 LT 
SASTMD36 LT 
SASTMD36 LT 
SASTMF26 LT 
SASTMF26 LT 
SASTMX LT 
SASTMX LT 
SASTMX LT 
SASTMX LT 
SASTMX LT 
SASTMS3SR LT 

0.500 
0.008 
0.014 
0.036 
0.091 
(1.140 
0.250 
0.630 
0.470 
0.480 
0.570 
0.890 
0.910 
1.100 
2.300 
2.500 
2.800 
0.800 
1.000 
0.545 
0.545 
0.545 
0.545 
0.730 
3.270 
3.270 
3.270 
4.250 
1.700 
3.597 
1.800 
2.289 
1.250 
3.100 
3.100 
3.373 

-0.500 
-0.500 
-0.500 
-0.500 
-0.500 
-0.500 
-0.500 
-0.500 
-0.500 
-0.500 
-0.500 
-0.500 
-0.500 
-0.500 
-0.500 

-0.690 
-0.690 
-0.690 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
550 
300 
400 
450 
465 
550 
650 
750 
550 
700 
550 
300 
550 
300 
300 
300 
550 

15 80 

15 
I5 
15 
15 
15 
30 

15 

40 

180 
125 
80 

210 
45 
185 

155 

200 

180 81 
0 9  
0 14 
20 24 
50 40 

8 80 49 
125 62 
165 87 
205 79 
205 80 
230 84 
265 97 
265 97 
275 103 
360 123 
310 125 
360 127 
200 94 
250 100 
65 83 
170 83 
130 83 
140 83 
191 91 
165 131 
110 131 
65 131 
195 137 
30 115 
155 133 
255 116 
140 122 
220 106 
310 130 
315 130 
160 132 



Table 9 (continued) 

Tag ID ' ID 10'9n/m* io1'daz 8 OF R MT U R MT U R P MT U 

Fluence Flux Inad C, transition temp. OF C, transition temp. OF C, transition temp. OF 
Expe-riment Readw Capsule Heat Orient. E >  1 MeV E> 1 MeV temp. at3Oft-lb,uninadiated at 30 ft-lb, inradiated shift at 30 ft-lb 

SRM LITR 4395 SASTMX LT 4.100 -0.690 650 1s 1 OS 90 136 
SRM LITR 4398 SASTMX LT 5.600 -0.690 750 15 80 65 142 
SRM LlTR 43108 SASTMX LT 3.270 -0.690 550 1s 170 I55 131 

205 92 S R M  LlTR 4947 SASTMX LT 0.750 300 
S R M  LITR 5325 SASTMX LT 2.000 -0.278 300 315 119 

295 119 SRM LITR 53 25 SASTMX LT 2.000 -0.278 300 
SRM LITR 53 50 SASTMX LT 1.200 -0.278 300 215 105 
SRM LITR 5368H SASTMF23 LT 1.695 -0.278 550 30 13 7 185 I55 115 
SRM LITR 53 87 SASTMX 1.700 -0.278 300 300 115 

230 95 
SRM LlTR 5531 SASTMD36 LT 1.582 -0.358 490 1s 215 200 113 

155 133 SRM LlTR 55 54H SASTMF26 LT 3.503 -0.358 550 30 185 
SRM LITR 5561H SASTMF26 LT 3.503 -0.358 550 30 200 170 133 

135 129 SRM LlTR 55 80 SASTMX LT 2.938 -0.358 600 IS 1 50 
290 120 S R M  LlTR 55 84 SASTMX 2.100 -0.358 300 
195 142 S R M  LITR 55 85 SASTMX LT 5.424 -0.358 550 1s 210 

SRM LITR 5599H SASTMF23 LT 2.599 -0.358 550 30 13 7 190 160 126 
S R M  LlTR 55111 SASTMX LT 1.921 -0.358 550 30 1 70 140 118 

140 106 SRM LITR 5788H SASTMF23 LT 1.243 550 30 13 7 170 
SRM MTR SI7 SASTMX rr 1.800 300 300 116 
SRM MTR SI7 SASTM X ST 1.800 300 290 116 
SRM MTR SI9 SASTM X LT 1.300 300 265 107 
SRM MTR S20 SASTM X LT 2.200 300 300 121 
SRM MTR S26 SASTMX LT 7.000 300 405 146 

385 152 SRM MTR S30 SASTMX LT 11.000 300 
SRM MTR S33 SASTM X LT 10.000 300 385 IS1 
SRM . TRINOI XX SASTMX LT 0.250 500 I5 102 87 62 
SRM UCRR C3 IC SASTMX LT 0.750 300 170 92 
SRM UCRR D3 14H SASTMX LT 0.174 550 20 70 SO 54 

80 67 SRM WRI XX SASTMX LT 0.300 550 15 95 
SRM WR2 XX SASTMX LT 0.200 550 I5 100 85 57 
SRM XXX EXPA SASTMX 0.350 495 65 71 
SRM XXX EXPA SASTMX 18.000 495 375 156 
SRM YR 1 SASTMD36 LT 9.000 0.328 490 1s 325 310 150 
SRM YR 6 SASTMD36 LT 7.000 0.258 490 IS  275 260 146 
R - as reprted; MT - hyperbolic tangent model plus Monte Carlo method, U - uncertainty (1 standard deviation). 
P - predicted shift per R.G. 1.99, Rev. 2. 

SRM LITR 55 6 SASTMX 0.850 -0.358 300 

1 
ti. 
8 



R 
?j o\ Table 10. Summary of A533B, HSSTOI, CMM per TR-EDB 
P 
c Fluem c,transitiontemp. "F C,transitiontemp. "F C,transitiontemp. O F  w Experiment Reactor Capsule Heat Orient. E >  lMeV temp. at 30 A-Ib, unimdiated at 30 A-lb, irradiated shift at 30 fl lb 

ID ID 1W ' 10'pdm2 "F R MT U R MT U R P MT U 
HSST-1 
HSST-I 
HSST-1 
HSST-I 

. HSST-1 
HSST-I 
HSST-I 
HSST-1 
HSST-1 
HSST-1 
HSST-I 
HSST-I 
HSST-I 
HSST-I 
HSST-I 
HSST-1 
HSST-1 
HSST-1 
HSST-1 
HSST-1 
HSST-I 
HSST-I 

z 

NRL2 

ORR XX 
ORR XX 
ORR xx 
ORR xx 
ORR XX 
ORR XX 
ORR xx 
ORR XX 
ORR XX 
ORR XX 
ORR XX 
ORR XX 
ORR xx 
ORR XX 
ORR XX 
ORR xx 
ORR xx 
ORR XX 
ORR xx 
ORR XX 
ORR XX 
ORR xx 
MTR XO1 

SHSSOlKOT 
SHSSOlK OT 
SHSSOlKOT 
SHSSO 1 K OT 
SHSSOlKOT 
SHSSOIK OT 
SHSSOlK 12 
SHSSOIK I2 
SHSSOIK 12 
SHSSOlK 12 
SHSSOIK 12 
SHSSOIK 12 
SHSSOlK 12 
SHSSOlK 14 
SHSSOlK 14 
SHSSOIK 14 
SHSSOIK 14 
SHSSOIK 14 
SHSSOlK 14 
SHSSOlK 14 
SHSSOIK 14 
SHSSOIK 14 

SHSSOI 

LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
TL 
TL 
TL 

0.410 142 -145 -139 
0.500 552 -145 -139 
0.550 450 -145 -139 
1.000 143 -145 -139 
1.110 642 -145 -139 
1.280 554 -145 -139 
0.470 130 15 -3 
0.580 139 15 -3 
0.680 147 I5 -3 
0.740 455 15 -3 
0.920 458 I5 -3 
0.980 66 I 15 -3 
I .060 561 I5 -3 
0.460 146 0 -20 
0.600 155 0 -20 
0.660 454 0 -20 
0.880 556 0 -20 
0.970 143 0 -20 
1.240 550 0 -20 
1.340 655 0 -20 
0.660 130 25 20 
0.780 460 25 20 
2.700 300 I5 

4.8 -15 -26 
4.8 -75 -77 
4.8 10 -11 
4.8 5 -4 
4.8 -90 -9 1 
4.8 -50 -63 
2.6 165 160 
2.6 180 175 
2.6 210 I95 
2.6 195 179 
2.6 195 180 
2.6 65 63 
2.6 150 138 
2.8 150 144 
2.8 175 175 
2.8 165 1 S4 
2.8 100 89 
2.8 190 183 
2.8 115 114 
2.8 45 37 
8.0 180 1 70 
8.0 I55 154 

325 

12.1 130 102 113 
8.0 70 110 62 
10.0 155 113 128 

136 135 8.6 150 
140 48 9.0 5s 

11.4 95 145 76 
107 163 10.1 150 

13.3 165 I15 178 
121 198 7.3 195 

9.3 180 125 182 
8.5 180 133 183 
9.3 50 135 66 
16.1 135 138 141 
7. I 150 107 164 
8.2 175 117 195 
7.3 165 120 174 
7.5 100 131 109 
5.6 190 135 203 

144 134 10.2 115 
6.2 45 147 57 
7.7 155 120 150 
10.5 130 127 134 

3 10 172 

13.0 
9.3 
11.1 
9.8 
10.2 
12.4 
10.4 
13.6 
7.7 
9.7 
8.9 
9.7 
16.3 
7.6 
8.7 
7.8 
8.0 
6.3 
10.6 
6.8 
11.1 
13.2 

NRL2 I UCRR B3 5 1  SHSSO 1 TL 2.500 550 IS 215 200 169 
R - as reported, MT - hyperbolic tangent model plus Monte Carlo method, U - uncertainty (1 standard deviation). 
P - predicted shift per R.G. 1.99, Rev. 2. 
'The last two characters of Heat ID are used to specifthe specimen position in the parent material. 
OT - at surface, 12 - 112 thickness, 14 - 1/4 thickness. 



Table 1 1. Sumary of A533B, HSST02, CMM per TR-EDB 

Fluence Flux Imul. C, trnsition temp. "F C,trnsitiontemp. OF 
Experiment Reactor Capsule Heat Orient. E > l  MeV E >  lMeV temp. at 30 A-lb, unirradiated at 30 A-lb, irradiated 

Tag ID ID 10~~n/cm' ioi3n/rm'~ OF R MT U R MT U 
HSST-1 
HSST-1 
HSST-I 
IISST-4 
NRLZ 
NRLZ 
NRL2 
NRL-2 
NRL2 
VDE 
VDE 
M E  
VDE 
VDE 
M E  
M E  
VDE 
M E  
VDE 
W E  

ORR 
ORR 
ORR 
BSR 
MTR 
MTR 
MTR 
UCRR 
UCRR 
FRJ-2 
FRJ.2 
FRJ-2 
FRJ-2 
FRJ-2 
FRJ-2 
FRJ-2 
FRJ-2 
FRJ-2 
FRJ-2 
FRJ-2 

xx 
xx 
xx 
A4 
x02 
X03 
X04 

83 45 
B3 45 

X01030 
X01030 
X01040 
X01040 
X05030 
XOS030 
X05040 
X05040 
X10030 
X10030 
XI0040 

SHSSO2FBl3 
SHSS02FB13 
SHSSOZFB 13 
SHSSO2GA 
SHSSO2 
SHSSO2 
SHSSO2 OT 
SHSSO2 
SHSSO2 
SHSSO2A 
SHSSO2A 
SHSSO2A 
SHSSO2A 
SHSSO2A 
SHSSO2A 
SHSSO2A 
SHSSO2A 
S H S S 0 2 A 
SHSSO2A 
SHSSO2A 

LT 
LT 
LT 
TL 
LT 
TL 
TL 
LT 
TL 
LT 
TL 
LT 
TL 
LT 
TL 
LT 
TL 
LT 
TL 
LT 

0.530 
1.060 
1.260 
2.000 
3.100 
2.800 
3.300 
2.400 
2.300 
1,000 
1 .ooo 
1 .ooo 
1.000 
5.000 
5.000 
5.000 
5.000 
10.000 
10.000 
10.000 

0.120 

548 45 
150 45 
45 1 45 
550 45 
300 30 
300 45 
300 -105 
550 30 
475 45 

2.310 572 23 
2.310 572 34 
2.310 752 23 
2.310 752 34 
2.510 572 23 
2.510 572 34 
2.510 752 23 
2.510 752 34 
2.362 572 23 
2.362 572 34 
2.362 752 23 

29 
29 
29 
41 

23 
38 
23 
38 
23 
38 
23 
38 
23 
38 
23 

5.5 
5.5 
5.5 
4.0 

5.5 
7.0 
5.5 
7.0 
5 s  
7.0 
5.5 
7.0 
5.5 
7.0 
5.5 

95 
235 
23 5 
1 54 
325 
360 
165 
200 
210 
82 
73 
45 
46 
144 
138 
61 
75 

216 
225 
93 

94 7.5 
214 8.5 
232 7.7 
163 4.8 

78 9.6 
73 7.7 
34 6.7 
42 6.6 
144 9.9 
135 10.3 
67 6.2 
74 8.6 
195 10.0 
211 8.8 
91 6.7 

C, transition temp. OF 
shifl at 30 A-lb 

R P MT U 
50 
190 
190 
109 
295 
315 
270 
170 
165 
59 
40 
22 
13 
121 
104 
38 
41 
193 
191 
70 
70 

105 
130 
136 
152 
166 
163 
168 
158 
157 
128 
128 
128 
128 
I80 
180 
180 
180 
194 
194 
194 
194 

65 9.3 
185 10.1 
203 9.5 
122 6.2 

55 11.1 
35 10.4 
11 8.7 
4 9.6 

121 11.3 
97 12.5 
44 8.3 
36 11.1 
172 11.4 
173 11.2 
68 8.7 

96 9.8 VDE FRJ-2 XI0040 SHSSO2A TL 10.000 2.362 752 34 38 1.0 104 .. 58 12.0 
R - as reported, MT - hyperbolic tangent model plus Monte Carlo method, U - unmlainty (1 standard deviation). 
P - predicted shill per R.G. 1.99, Rev. 2. 



I Table 12. Summary of A533B, HSST03, CMM per TR-EDB 
Fluence Flux had .  C,tmsitiontemp. "F C, tmsition temp. OF C, tmsition temp. OF 

Experiment Reador Capsule Heat Orient. E > 1 MeV E > I MeV temp. at 30 ft-lb, unirradiated at 30 A-lb, irradiated shift at 30 A-lb 
P MT U '  8 ID ID 1019 n / ~ m '  10'3nlcm'~ OF R MT U R MT U R Q n Tag 

IAEAG 
Q\ IAEAG 
t w IMAG 

IAEAG 
IAEAG 
IAEAG 
IAEAG 
IAEAG 
IAEAG 
IAEAG 
IAEAG 
IAEAG 
IAEAU 

KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 
KFA 

N R L 4  
ORRPSF 
ORRPSF 
ORRPSF 
ORRPSF 

w 
00 

FRG-2 
FRG-2 
FRG-2 
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32 
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9.0 
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216 
70 
100 
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183 
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313 
26 1 
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95 
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397 
I10 
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140 
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127 6.6 
179 6.8 
221 5.7 
316 16.1 
273 6.0 
100 10.0 
297 4.6 
345 13.0 
252 8.0 
299 12.9 
252 11.6 
193 16.1 
124 10.2 
93 14.5 
129 9.0 
188 8.1 
217 9.0 
259 7.5 
259 7 S  
399 7.0 

157 11.6 
123 11.6 
146 10.5 
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178 10.7 

76 
184 
38 
68 
77 
90 
151 
211 
184 
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76 
113 
79 
97 
157 
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86 
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326 
236 
281 
229 
175 
94 
63 
108 
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230 
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80 
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95 
124 
110 

98 
124 
68 
95 
98 
104 
1 I9 
120 
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124 
101 
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99 
41 
58 
74 
82 
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95 
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118 
1 I8 
1 I8 
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49 
65 
84 
99 
99 
124 
94 
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88 
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94 11.2 
146 11.3 
188 10.7 
283 18.4 
240 '10.8 
67 13.5 
264 10.1 
312 15.8 
219 12.0 
266 15.7 
219 14.7 
160 18.4 
91 13.6 
60 17.1 
96 12.7 
155 12.1 
184 12.7 
226 11.7 
226 11.7 
366 11.4 

124 14.7 
90 14.7 
113 13.8 
123 13.9 

ORRPSF ORR SSC2F SHSS03PSF TL 5.000 0.644 550 ~. .. 146 115 145 14.0 
R . BS rwfld, MT -hyperbolic tangent model plus Monte Carlo method, U -uncertainty (1 standard deviation). 
P - predicted shill per R.G. 1.99, Rev. 2. 



Procedures 

because the higher energy is too close to or above the 
upper shelf for some of the materials used. From the 
reported surveillance data, there are over 40 data 

’ points whose irradiated upper shelf are less than 50 ft- 
Ib. In a few cases, suspect Charpy tests have been 
elimiuated from the fitting and determination of uncer- 
tainties. This procedure is rather subjective, but the 
results are more reasonable (see the figures and tables 
in Appendix A, where the spechen identification of a 
rejected Charpy test is pre-affixed with a ‘c*,77 and the 
rejected data are plotted with a solid symbol in the 
fiwe). 

If the deviations fiom the expected radiation damage 
exceed the uncertainties described above and the 
anomalies in the capsule environment (i.e., fluence), 
flux, irradiation temperature, or plant operation history 
must be suspected. Errors in fluence determination, 
which are large enough to sigdicantly influence the 
damage prediction, are small in most cases, perhaps 
with the exception of very low fluences or very high 
fluences. For example, a 1.0 x IO” dcm2 fluence with 
a large uncertainty (e-g., 35% uncertainty in the 
fluence evaluation) will result in only an 8% uncer- 
tainty in the fluence factor of RG. 1.99, Rev. 2. From 
the present investigation of power reactor data, the 
dependency of radiation damage on the fluence rate 
cannot be wnfirmed nor ruled out. Whenever the 
radiation damage is larger or smaller than expected, 
fluence rates have not differed signrficantly h m  other 
capsules that behave normally. This leaves irradiation 
temperature as the most%.kely cause for variations 
with comparable fluence, excluding the very low and 
very high fluence rmge. Temperature monitors within 

the surveillance capsules give only the upper bound 
and, in case of melting, do not indicate whether any 
high temperature was transient or sustained. The 
investigation of the material test reactor data, which 
cover wider ranges of fluence, flux, and irradiation 
temperature compared with that of power reactor data, 
seems to reveal the fluence-rate effect and the 
synergistic effect of irradiation temperature and 
fluence and flux. Both the power reactor and test 
reactor data show the strong influence of the 
irradiation temperature on the radiation embrittlement. 

It is a good indication that capsule anomalies are the 
cause for deviation fi-om the expected radiation 
damage of the reference material if the other materials 
in the capsules show similar deviations. For this 
reason, the radiation damage for all materials in a 
given capsule fiom the reported surveillance data is 
investigated in this report, and the summary is listed in 
Tables 13-15; excluded were the HAZ materials and 
the materials where the copper and nickel content were 
not detennined. Based on PR-EDB, Version 2, 
reported data, the new 2a uncertainties per RG. 1.99, 
Rev. 2, for base and weld metals, are determined as 56 
and 63”F, respectively, but absolute residuals greater 
than 100 “F were not included in the uncertainty study. 
Three plots of residual (with the 2a bounds) vs fluence 
were generated for plate, forging, and weld materials, 
respectively (see Figs. 1-3). “Residual” is defined as 
the measured AT,o minus the RG. 1.99, Rev. 2, 
prediction. The manufacturer’s chemistry data were 
used in the residual study. 
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3 RESULTS 

The copper and nickel contents of CMM are listed in 
detail in Tables 1-3. The manufacturer's chemistry is 
used for the determination of the trend curves per RG. 
1.99, Rev. 2; the copper and nickel contents, and the 
chemistry factor according to RG. 1.99, Rev. 2, are 
listed below. 

c u  Ni Chemistry 
Material ("/d) factor(OF1 

ASTM 0.200 0.180 100 
HSSTO 1 0.180 0.660 136 
HSST02 0.170 0.640 128 
HSST03 0.120 0.560 82 

3.1 Power Reactor Surveillance Data 

3.1.1 A302B (ASTM) CMM 

The results fiom 33 capsules in 10 Westinghouse 
plants, and 5 capsules in 1 GE plant, have been 
investigated. The capsules in the H.B. Robinson 
Reactor contain specimens fabricated in the TL 
orientation; all others are fabricated in the LT 
orientation. The Yankee Rowe surveillance data 
exhibit a much greater shift than predicted by RG. 
1.99, Rev. 2, mainly due to the relative low operation 
temperature (450-525OF) and high flux (1.7 x 1OI2 - 
3.2 x 1O**n/cmzs) compared with that of the data used 
to develop the RG. 1.99, Rev. 2, and are excluded 
fiom the uncertainty study. ' 

Compared to the RG. 1.99, Rev. 2, the la uncertainty 
of the data scatter band around the Regulatory Guide's 
trend curve is 15'F for EDB hyperbolic tangent fit 
results; and a bias of 6.1% is detected for CMM [i.e., 
the measured AT3,, are on the average 6.1% larger than 
the RegulatoIy Guide predicted values (see Fig. 4)]. 
These values indicate that RG. 1.99, Rev. 2, gave 
fairly good predictions for the radiation embrittlement 
of the ASTM CMM under different irradiation 
environments. However, this result may not be 
surprising since 41 out of the 126 base metal data 

points included in the initial sample used for the 
development of the RG. 1.99, Rev. 2, were fiom 
CMM. In order to demonstrate this point, the shift 
data for ASTM CMM included in the RG. 1.99, Rev. 
2, data base (177 Data Points) are distinguished and 
identified by a solid symbol. As shown in Fig. 5,  over 
65% of Westinghouse's ASTM CMM were used in 
the development of RG. 1.99, Rev. 2. Thus the 
characteristics of these CMM data are well incor- 
porated into the RG. 1.99, Rev. 2. 

From Table 6, the comparison of reported shift and 
EDB hyperbolic tangent fit results, the average 
absolute difference between these two types of data is 
12%. The bias and the la uncertainty per RG. 1.99's 
predictions determined by the reported shift data are 
7.5% and 12'F, respectively. A similar bias, namely 
6.9%, is found fiom a l l  capsules that contain the 
A302B CMM per PR-EDB reported data, but with a 
relatively large data scatter band, a la uncertainty of 
25OF. For the A302B RPV steels, the majority of 
ASTM CMM shifts are greater than that of the base 
materials loaded in the same capsule due to the higher 
copper content of the CMM plate. This may serve as 
an upper bound for the irradiated A302B plate 
materials. One special case, Yankee Rowe, has a base 
metal that appears to be much more sensitive to the 
radiation embrittlement than ASTM CMM material 
and has less reported copper content, 0.18 wt %, 
compared with that of ASTM CMM, 0.20 wt %. 
However, the phosphorous content in Yankee Rowe's 
plate is higher than that of the ASTM CMM material. 

Although the general underprediction of radiation 
damage for the CMM parallels the underprediction for 
companion materials in the same capsules, there are 
many exceptions to this d e .  Only 12 out of 23 
underpredicted surveillance capsules have good 
comelations between the behavior of the reference and 
plant- specific materials. This situation may be due to 
(1) deviation of the trend curve for plant-specific 
material fiom RG. 1.99, Rev. 2, (2) uncertainties in 
the chemistry of the plant-specific material, (3) 
differences in temperature and fluence within the 
capsule, and (4) sample-to-sample variations in both 
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plant-specific and CMM. Overall, 23 out of 37 
surveillance capsules containing both CMM and 
A302B base metals show the same correlation towards 
the RG. 1.99 predicted values; 14 out of 25 surveil- 
lance capsules contained both the CMM and weld 
metals show the same correlation towards the RG. 
1.99 predicted values. Where only 14 out of 37 
surveillance capsules, the CMM and the accompany- 
ing materials in the same capsule show the same 
Correlation towards the RG.1.99 predicted values. 
Findings of large deviations fiom the RG. 1.99, Rev. 
2, trend curve are useful as warning flags that invite 
further investigation. 

3.1.2 A533B (HSST) CMM 

Results for the HSSTOl plate in 10 capsules of 8 CE 
plates, and HSST02 plate in 53 capsules of 7 B&W 
plants and 13 Westinghouse plants were investigated. 

The results of a comparison of HSSTOl data with 
RG. 1.99, Rev. 2, trend curves are demonstrated in 
Figs. 6 and 7 for EDB hyperbolic tangent fit results 
and reported shift data, respectively. On the average, 
RG. 1.99, Rev. 2, underpredicted the experimental 
values for all surveillance capsules by 3.6% according 
to the EDB hyperbolic tangent fit results; and the lo  
uncertainty of the data scatter bands per the RG. 1.99, 
Rev. 2, trend curve is 12.6"F. 

A comparison of the HSST02 data with the RG. 
1.99, Rev. 2, trend curves is illustrated in Figs. 8 and 9 
for EDB hyperbolic tangent fit results and reported 
data, respectively. It was found that R.G. 1.99 over- 
predicted the experimental values for all surveillance 
capsules by an average of 18% according to ED8 
hyperbolic tangent fit results; and the 1 u uncertainty 
of the data scatter bands per RG. 1.99, Rev. 2, trend 
curve is 24'F. In order to determine whether this is 
capsule-specific (or vendor-specific), the biases are 
determined separately for the B&W and Westinghouse 
plants with the result that the average bias for B&W 
plants is -38% and -7.4% for Westinghouse (see Fig. 
8). These values indicate a tendency for overprediction 
in the B&W capsules. The most likely reason is the 
capsule temperature. In the B&W capsules, signifi- 
cant melting of the thermal monitors is reported 
consistently and, even though this may well be due to 

transients, as stated in the reports, the average nominal 
capsule irradiation temperature is about 608'F, which 
is higher than that of the other vendors; also, the 
B&W plants follow a unique heatup curve for plant 
operation. Thus caution must be exercised in plant- 
specific, trend curve determinations fi-om surveillance 
capsule results if the measured damage is substantially 
less than predicted. If similar overpredictions are 
found for the companion CMM, corrections must be 
made to the plant-specific trend curve to avoid 
nonconservative predictions for the pressure vessel 
material. 

From Table 8, the mean absolute difference between 
EDB hyperbolic tangent fit results and reported shifi 
data for B&W is 22% and 4% for Westinghouse. The 
large discrepancy of EDB hyper-bolic tangent fit 
results and reported shift data per B&W is 
demonstrated in Figs. 8 and 9. In Fig. 9, the data 
involved in the development of RG. 1.99, Rev. 2, 
were identified by solid symbols. The majority of the 
B&W data are outside the 34'F 2a uncertainty, 
whereas the B&W data near the trend curve of the 
RG. 1.99, Rev. 2, are those samples used in the 
development of RG. 1.99, Rev. 2. 

Similar to the findings for the A3 02B CMM, large 
deviations between measured AT3o and their 
Regulatory Guide predictions for the CMM are 
correlated with similar deviations for the companion 
materials in the same capsules, for example, B&Ws 
surveillance capsules. Overall, 13 out of 35 surveil- 
lance capsules contained both the CMM and A533B 
base metals and show the same correlation towards the 
RG. 1.99 predicted values; 22 out of 3 1 surveillance 
capsules, containing both the CMM and weld metals, 
show the same correlation towards the RG. 1.99 
predicted values. Where there are only 10 out of 35 
surveillance capsules, the CMM and the accompany- 
ing materials in the same capsule show the same 
correlation towards the RG. 1.99 predicted values. 
The random fluctuations for the A53 3B- 1 materials 
(including plate and weld materials) appear to be the 
same as those of the A302B material (including plate 
and weld materials); both have about 50°F 20 
uncertainty per the RG. 1.99 prediction; and the 
biases are -9'F and 6'F for A533B-1 and A302B 
materials, respectively (see Figs. 10 and 11). These 
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values indicate that, overall, RG. 1.99, Rev. 2, under- 
predicted the A302B materials and overpredicted the 
A533B-1 materials. 

3.1.3 Reactor Pressure Vessels Made 
of A302B Materials 

The detailed summary of all the RPVs made of A3 02B 
materials with the corresponding CMM are listed in 
Table 13. The trend curves of AT3, vs fluence are 
illustrated in Figs. 12 and 13 for plate and weld 
materials, respectively, where the companion CMM 
were identified by solid dot symbols for comparison 
purposes. From Fig. 12, all the CMM shifts are 
greater than that of A302B plate materials, except 
those of Indian Point Unit 2. The majority of the 
CMM shift data are greater than that of the RG. 1.99, 
Rev. 2, prediction, with the exceptions of B&W and 
GE’s CMM data. 

The mean chemistry contents with 1 standard 
deviation fi-om all the A302B plate data, not including 
A302B CMM data, are 0.135 * 0.043 and 0.3 15 f 
0.193 wt % for copper and nickel, respectively. The 
trend curve of RG. 1.99, Rev. 2, for mean chemistry 
of the A302B plate materials and for ASTM A302B 
were both illustrated in Fig. 12 for comparison 
purposes. The mean chemistry contents with 1 
standard deviation fiom the A302B weld materials are 
0.245 f 0.064 and 0.5 15 f 0.322 wt % for copper and 
nickel, respectively. From Fig. 13, all the weld ATm 
are greater than that of the companion CMM shifts 
except that of Haddam Neck capsule D. 

3.1.4 Reactor Pressure Vessels Made 
of A533B-1 Materials 

A detailed summary of all the RPVs made of A533B-1 
materials with the corresponding CMM are listed in 
Table 14. The trend curves of AT, vs fluence are 
illustrated in Figs. 14 and 15 for plate and weld 
materials, respectively, where the cornpanion CMM 
were identifed by solid dot symbols for comparison 
purposes. The mean chemistry contents with 1 
standard deviation fiom the A533B-1 plate materials, 
not including A533B-1 CMM, are 0.141 f 0.038 and 
0.521 f 0.038 wt % for copper and nickel, respec- 

tively. The trend curve of RG. 1.99, Rev. 2, for mean 
chemistry of the A533B-1 plate materials and for 
HSST02 are both illustrated in Fig. 14 for comparison 
purposes. The mean chemistry contents with 1 
standard deviation of the A533B-1 weld materials are 
0.279 f 0.062 and 0.559 f 0.289 wt % for copper and 
nickel, respectively. From Fig. 15, all the weld AT,, 
values are greater than those of the companion CMM 
shifts except those of CE’s and one of Westinghouse’s 
data. 

3.1.5 Reactor Pressure Vessels Made 
of Forging Materials 

The detailed summary of all the RFVs made of A508 

as modified by the ASME code case 1236 forging 
materials with the corresponding CMM were listed in 
Table 15. The trend curves of AT3, vs fluence are 
illustrated in Fig. 16 for forging materials, where the 
companion CMM were identified by solid dot symbols 
for comparison purposes. The mean chemistry con- 
tents with 1 standard deviation fi-om the A508-2 
forging materials are 0.053 f 0.020 and 0.72 f 0.03 
wt % for copper and nickel, respectively. The trend 
curve of RG. 1.99, Rev. 2, for mean chemistry of the 
A508-2 forging materials and for HSST02 were both 
illustrated in Fig. 16 for comparison purposes. From 
Fig. 16, the forging materials are considerably less 
sensitive to radiation embrittlement compared with 
that of companion CMM, except the Garigliano A336 

Class 2 (A508-2), A508 Class 3 (A508-3), and A336 

forging. 

3.1.6 Comparison of the A302B and 
A533B-1 Plate Materials 

Plate materials in all the RPVs of the U.S. commercial 
power plants are either A302B or A533B-1, where the 
older plants were made of A302B materials, and the 
newer plants were made of A533B-1 materials. The 
data trend of surveillance plates for the A302B and 
A533B-1 CMM, per Westinghouse and CE, are 
shown in Fig. 17, and the scatter bands of ATm data 
for A302B and A533B CMM are completely over- 
lapped. Therefore, the sensitivity of A302B materials 
to radiation embrittlement appears to be equivalent to 
that of A533B material). Further investigation was 
done on all A302B and A533B-1 materials fiom 
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Westinghouse surveillance capsules (see Fig. 18). 
Here, the AT30 data were further divided into three 
subgroups according to the three ranges of the copper 
contents, namely, Cu < = 0.1,0.1< Cu < 0.2, Cu> 0.2 
wt %. A large data scatter appears on the figure for 
both the A302B and A533B-1 materials, and no 
distinct bias can be detected between A302B and 
A533B-1 materials for different ranges of chemistry. 
For example, at a range of 0.1 Cu < 0.2, the scatter 
band of ATso for A302B material is slightly larger 
than that of the A533B material, and the scatter band 
of A302B overlapped the scatter band of A533B 
almost completely. In Fig. 19,3-D plots of AT3, vs 
fluence vs copper content for Westinghouse data also 
indicate that the radiation-induced AT30 of both the 
A302B and A533B-1 are similar. 

3.2 Material Test Reactor Data 

3.2.1 A302B (ASTM) CMM 

The results of 113 irradiated data sets from the Charpy 
impact test have been investigated, and the summary 
is listed in Table 9. The trend curve and AT,, data are 
illustrated in Fig. 20; here, the trend curve of A302B 
ASTM CMM per RG. 1.99, Rev. 2, was used as an 
index curve for AT30 at 550°F irradiation temperature. 
The AT30 data were divided into eight subgroups 
based on the different irradiation temperature ranges. 
Figure 20 clearly shows the effect of irradiation 
temperature. At the same fluence, the irradiated 
specimen with a lower irradiation temperature exhibits 
more radiation embrittlement. At a 550°F irradiation 
temperature and fluence greater than 1.5 x 10’’ n/cm2, 
a clear bias can be detected compared with the trend 
curve of A302B ASTM CMM per RG. 1.99, Rev. 2. 
RG. 1.99, Rev. 2, underpredicted the AT30 by about 
19.3%. This effect may be a fluence-rate effect; 
higher fluence rates are expected to lead to higher 
values for the AT30 at high fl~ences~”’~’. The speci- 
mens irradiated in a material test reactor normally 
experience a 1- to 2-orders of magnitude higher 
fluence rate compared with that of commercial power 
reactors. However, fluence rate and spectral effects 
are difficult to separate experimentally. Variations in 
flux are usually obtained by varying the irradiation 
position in a reactor or by employing different 
reactors. These flux changes are invariably 

accompanied by changes in the neutron spectrum. A 
clearer picture for ASTM CMM data irradiated at 
550°F with fluence greater than 1.5 x 10’’ dcm2 is 
demonstrated in Fig. 2 1. The power reactor surveil- 
lance data are also included in the figure; the average 
fluence rate for these data is 1.55 x 10” n/cm2.s, 
which shows that the RG. 1.99, Rev. 2, under- 
predicted the AT30 for ASTM CMM data with higher 
fluence fiom power reactor surveillance capsules In 
Fig. 21, test reactor data were further subdivided into 
two subgroups for fluence rates less than 1.1 x 10” 
n/cm2*s and fluence rates greater than 2.5 x 10” 
dcm%, respectively. From Fig. 2 1 , it appears that the 
ATm for lower fluence rates formed the lower bound 
for the test reactor data. This may indicate that the 
fluence-rate effect or the combined effect of fluence 
rate and spectral effect do exist in the test reactor data. 
In order to further investigate this issue, the test 
reactor data listed in Fig. 21 were subdivided into 
three subgroups, namely, test reactor data irradiated 
in-core position, test reactor data irradiated at core- 
edge position, and test reactor data from the simulated 
surveillance and through-wall specimen capsules 
irradiated at Oak Ridge Research Reactor Pool Side 
Facility (ORRPSF).23 The data were plotted in Fig. 
22. The ORRPSF data on Fig. 22 were not from the 
in-core positions, two AT30 data were from simulated 
surveillance capsule (SSC) positions, one AT30 data 
from wall surface (OT) capsule position, and one from 
a quarter thickness wall (1/4T) capsule position. The 
two SCC data (which have higher fluence rates) show 
larger AT3o compared with that of OT and 1/4T data. 
The effect of the spectral difference between the SSC 
and 1/4T positions is negligible for the ORRPSF 
experiment. Thus the fluence-rate effect may be 
supported fiom the ORRPSF data. 

From Fig. 22, three AT30 data have fluence at about 
5.4 x lo’’ n/cm2: two were from ORRPSF data, and 
one was a test reactor data irradiated in-core position 
with the fluence rate at about 4 x 10l2 dcm2.s. The 
test reactor data at in-core position gave the largest 
AT30; however, its fluence rate was less than that of 
ORRPSF data at the SCC position, which has 6.95 x 
10’’ n/cm2.s fluence rate. The main cause of the 
above-mentioned situation may be due to the different 
physical locations of the irradiated specimens in the 
test reactors; in our case, one was at the in-core 
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position and one was at the out-of-core position. 
There is a difference in neutron energy spectrum 
between the in-core and out-of-core positions. This 
specific example may imply that induced shift by the 
combined effect of the fluence rate and spectral effect 
of the test reactor data at in-core position are greater 
than the induced shift by the fluence-rate effect of 
ORRPSF data at out-of-core position. 

Figure 23 is a duplicate of Fig. 20 with the fluence 
limited to a maximum of 4 x 10’9n/cm2 to give a 
better picture of radiation embrittlement for the rela- 
tively low fluence data. From Fig. 23, at irradiation 
temperatures less than 3 OO°F, embrittlement develops 
quite rapidly up to a fluence of about 1 x l O I 9  n/cm2; 
above 1 x 10’’ n/cm2, embrittlement buildup is less 
rapid, and some indication of embrittlement saturation 
appears. 

3.2.2 A533B-1 (HSSTO1) CMM 

The results of 24 irradiated Charpy sets, where 22 sets 
were irradiated in the Oak Ridge Research Reactor, 
have been investigated. The summary of HSSTO 1 
material is listed in Table 10. This shows a strong 
dependence for the unirradiated T30 on specimen 
location in the original parent plate; for example, the 
lowest T30 is from the specimen position near the 
surface (OT) of the parent plate. The AT30 data also 
show a similar dependence on the specimen position. 
Irradiated specimens ori@ly located near the 
surface of the parent plate appear to be the least 
sensitive to radiation embrittlement. This specimen 
position effect on transition temperature shift is 
demonstrated in Fig. 24, where the AT30 of the OT 
specimens were identified by solid symbols. The R G. 
1.99 prediction for the HSSTOl plate is used as the 
trend curve of the 550°F irradiation temperature. The 
trend curve and measured shift data per PR-EDB 
reported data were plotted in Fig. 25. The mean 
absolute difference between reported AT3o data and 
EDB hyperbolic tangent fit results is 10.6%. 

3.2.3 A533B-1 (HSST02) CMM 

The results of 21 irradiated Charpy sets have been 
investigated. The summary of HSST02 materials is 

listed in Table 11. The RG. 1.99, Rev. 2, prediction 
for the HSST02 plate is used as the trend curve for the 
550°F irradiation temperature. The trend curve and 
reported AT30 data are illustrated in Fig. 26, where the 
reported AT30 data were divided into four subgroups 
for four ranges of irradiation temperatures. The data 
trend shows the strong innuence of irradiation temper- 
ature on the AT3,,. The AT30 data irradiated at 572°F 
and 752°F are from the German VDE experiments,’ 
and the test specimens were experienced with high 
fluence rates at about 2.3 x lOI3 n/cm2-s. The VDE 
AT30 data irradiated at 572°F appear to be less sensi- 
tive to radiation embrittlement at high fluence com- 
pared to the trend curve of RG. 1.99, Rev. 2, for the 
HSST02 CMM with copper content of 0.17 wt %. 
The reason behind this situation is due to the differ- 
ence in copper contents between the VDE HSST02 
CMM, which has reported copper content as 0.12 wt 
%, and the copper content, 0.17 wt %, used in the 
evaluation of RG. 1.99, Rev. 2. Thus in order to 
correct this bias caused by the difference in copper 
content, the normalized value of the VDE AT30 to 
copper content of 17 wt % is used in Fig. 27. The data 
trend of the normalized VDE data irradiated at 572°F 
seems to be more consistent with the conclusion drawn 
on the fluence-rate effect from ASTM CMM data 
irradiated at 55O0F, and a higher irradiation tempera- 
ture of the VDE experiment at 572°F seems to delay 
the incubation time of fluence-rate effect at higher 
fluence. From this section it may imply that the 
fluence-rate effect strongly depends on exposure 
neutron fluence, irradiation temperature, and material 
chemical compositions, such as copper content. There 
are indications that a higher fluence rate may lead to 
higher shifts at relatively high fluence, depending on 
copper ~ontent.’~ 

3.2.4 A533B-1 (HSST03) CMM 

The results of 39 irradiated Charpy sets have been 
investigated. The summary of HSST03 materials is 
listed in Table 12. The trend curve and AT30 data are 
illustrated in Fig. 28. The trend curve of HSST03 per 
RG. 1.99, Rev. 2, was used as an index curve for 
AT30 at the 550°F irradiation temperature. The AT,, 
data were divided into five subgroups, based on four 
ranges of irradiation temperatures and two ranges of 
fluence rates. Figure 25 clearly shows the irradiation 
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temperature effect, that is a specimen irradiated at a 
lower temperature will exhibit more radiation embrit- 
tlement. At 550°F irradiation temperature, a clear bias 
can be detected, compared with the trend curve of 
HSST03 CMM per RG. 1.99, Rev. 2; that is, RG. 
1.99, Rev. 2, underpredicted the AT30 for fluences 
greater than 2.4 x 10’’ dcm2 and overpredicted the 
AT, for fluences less than 2.4 x 10’’ n/cm2, especially 
for fluence rates greater than 2.0 x lo’* n/cm2-s. This 
may be a fluence-rate effect; higher fluence rates are 

expected to lead to higher values for the AT,, at 
relatively high fluences and lower values for the AT30 
at relatively low fluences. In order to have a better 
picture for fluence-rate effect on the CMM data 
irradiated at 55O0F, an additional plot was generated 
for the trend curve of HSST03 CMM with shift data 
irradiated at 550OF (see Fig. 29), where the ORRPSF 
and other test reactor data were identified with 
different symbols. 
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Significant bias exists toward overprediction of the B&W surveillance data 
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Table 13. Summary of A302B reactor pressure vessel steels per PR-EDB reported data 
C, transition temp. 

at 30 A-lb, "F 
C, transition temp. 
Shift at 30 A-lb, O F  Chemistry, wt % 

Tag Heat Material Heat Prod. Fluence 
No. ID ID ID Orient. E Z 1 MeV dcm* Uninadiated Irradiated Measured R.G. 1.99 Residual P NI cu 

Big RockPoint Reactor, Capsule 119 

G 19246213 A302B PBR-01 Plate 
G 19246213 A302B WBR-OI Weld 

G 20192-2 A302B SHM3 SRM 

Big Rock Point Reactor, Capsule 127 

0 19246213 A302B PBR-01 Plate 
G 19246213 A302B WBR-01 Weld 

G 20192-2 A302B SHM3 SRM 

Haddam Neck, Capsule A 
W A0421 A302B SASTM SRM 

w w  A5892 A302B PCTYO2 Plate 
-4 W 86054B A302B WCTYOl Weld 

Haddam Neck, Capsule D 
W A0421 A302B SASTM SRM 
W A5877 A302B PCTY04 Plate 
W 860548 A302B WCTYOl Weld 

Haddam Neck, Capsule F 
W A0421 A302B 
W A5892 A302B 
W A5877 A302B 
W AS911 A302B 

Haddam Neck, Capsule H 
A0421 A302B 
A5892 A302B 
A5877 A302B 
A5911 A302B 

E w  g w  

; P w  m w  
P 
w + 

SASTM SRM 
PCTYO2 Plate 
PCTYO4 Plate 
PCTYO7 Plate 

SASTM SRM 
PCTYO2 Plate 
PCTY04 Plate 
PCTYO7 Plate 

LT 
TL 
TS 

LT 
TL 
TS 

LT 
LT 
TL 

LT 
LT 
TL 

LT 
LT 
LT 
LT 

LT 
LT 
LT 
LT 

1.500et18 
1.500et I8 
1 .5OOe+ I8 

7.100e+ 18 
7.100et18 
7.100e+18 

2.070et 18 
2.070et 18 
2.070et18 

2.220e+19 
2.220e+19 
2.220et I9 

4.04e+l8 
4.04et18 
4.04et 18 
4.04et 18 

1.790et 19 
1.790et19 
1.790e+ 19 
1.790et 19 

0 
-5 
-70 

0 
-5 
-70 

40 
-3 0 
-50 

40 
-24 
-50 

40 
-30 
-20 
-2 5 

40 
-50 
-24 
-3 0 

15 15 
-5 0 

-15 55 

40 40 
55  60 
65 135 

125 85 
5 35 

45 95 

180 140 
54 78 
60 1 IO 

120 80 
5 35 
60 80 
25 50 

167 127 
7 57 
43 67 
23 53 

50 
28 
64 

90 
51 
1 I4 

58 
34 
58 

122 
81 
122 

75 
43 
50 
50 

1 I6 
67 
78 
78 

-3 5 
-2 8 
-9 

-50 
9 
21 

27 
1 

37 

18 
-3 

-I2 

5 
-8 
30 
0 

11 
-10 
-1 1 
-25 

0.016 
0.016 
0.014 

0.016 
0.016 
0.0 14 

0.01 1 
0.010 
0.020 

0.011 
0.0 IO 
0.020 

0.01 I 
0.0 IO 
0.0 IO 
0.013 

0.01 1 
0.010 
0.010 
0.0 13 

0.180 
0.180 
0.100 

0.180 
0.180 
0.100 

0.180 
0.200 
0.046 

0.180 
0.200 
0.046 

0.180 
0.200 
0.200 
0.200 

0.180 
0.200 
0.200 
0.200 

0.200 
0.100 
0.270 

0:200 
0.100 
0.270 

0.200 
0.100 
0.220 

0.200 
0.120 
0.220 

0.200 
0.100 
0.120 
0.120 

0.200 
0.100 
0.120 p 
0.120 8 

G 
=i' w 
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5 v) Table 13 (continued) B 

$! 
C, transition temp. C, transition temp. 

Shifl at 30 ft-lb, O F  

cl 
Chemistry, wi % ?j at 30 fl-lb, O F  

Heat Material Heat Prod. Fluence 
No. W ID ID ID Orient. E > 1  MeVdcm* Unirradiated hdiated Measured R.G. 1.99 Residual P NI cu 

G 20192-2 A302B SHM3 0 SRM TS 1.300e+20 IO 165 155 154 1 0.016 0.180 0.200 

+ 
Tag 
Dresden Nuclear Plant Station Unit 1, Capsule CORES 

G 19716 A302B PDRlOlO Plate LS 1.300e+20 60 190 130 126 4 0.018 0.540 0.120 

H. B. Roblnson Unit 2, Capsule S 
W A0421 A302B SASTM SRM 
W A6604.1 A302B PHB2Ol Plate 
W 81256-1 A302B PHB202 Plate 
W 81250.1 A302B PHB203 Plate 

TL 
LT 
LT 
LT 

3.690e+ I8 
3.690e+18 
3.690e+18 
3.690e+18 

64 
-18 
11 
28 

141 
13 
27 
41 

77 
31 
16 
13 

72 
49 
42 
38 

5 
-18 
-26 
-25 

0.01 1 
0.007 
0.010 
0.010 

0.180 
0.200 
0.200 
0.200 

0.200 
0.120 
0.100 
0.090 

H. B. Robinson Unit 2, Capsule T 
W A0421 A302B SASTM SRM 
W B1250-1 A302B PHB203 Plate 
W W5214 A302B WHB2Ol Weld 

TL 
LT 
TL 

4.1 10e+19 
4.110e+19 
4.1 IOet19 

65 
30 
-60 

215 
105 
225 

150 
75 
285 

136 
72 
297 

14 
3 

-12 

0.01 1 
0.010 
0.02 1 

0.180 0.200 
0.200 0.090 
0.660 0.340 

w 
00 

H. B. Robinson Unit 2, Capsule V 
W A0421 MOZB SASTM SRM 
W B1256-1 A302B PHB202 Plate 
W W5214 A302B WHB201 Weld 

TL 
LT 
TL 

4.5 IOe+l8 
4.5 lOe+ 18 
4.5 10e+ 18 

11 
-87 

58 
120 

105 
47 

207 

78 
45 
169 

27 
2 

38 

0.01 1 
0.010 
0.02 1 

0.180 
0.200 
0.660 

0.200 
0,100 
0.340 

Humboldt Bay Power Plant Unit 3, Capsule 4 
0 20192-2 A302B SHM3 SRM 

Indian Polnt Unit 2, Capsule T 
W A0421 A302B SASTM SRM 
W 84688.2 A302B PIP201 Plate 
W B4701-2 A302B PIP202 Plate 
W B4922-1 A302B PlP203 Plate 

LT 

LT 
LT 
LT 
LT 

3.000e+19 

Indian Polnt Unit 2, Capsule V 
W A0421 A302B SASTM SRM LT 
W 84701-2 A302B PIP202 Plate LT 
W W5214 A302B WIP2Ol Weld TL 

0 80 80 129 -49 0.0 16 0.180 0.200 

72 
54 
94 
120 

69 
1 I5 
62 
62 

3 
-6 1 
32 
58 

0.010 
0.010 
0.014 
0.01 1 

0.270 
0.580 
0.460 
0.570 

0.200 
0.250 
0.140 
0.140 

90 
78 
204 

86 
73 
189 

0.200 0.010 0.270 
0.014 0.460 0.140 
0.010 I.020 0.200 



Table 13 (continued) 
C, transition temp. 

at 30 fl-lb, OF 
C, transition temp. 
ShiA at 30 A-lb, O F  Chemistry, wt % 

Heat Material Heat Prod. Fluence 
Tag No. ID ID ID Orient. E > 1 MeV dcm' Uninadiated Irradiated Measured R.G. 1.99 Residual P NI cu 
Indlan Point UnIt 2, Capsule Y 
W A0421 A302B SASTM SRM LT 
W B4922-1 A302B PIP203 Plate LT 
W W5214 A302B WIP2Ol Weld TL 

Indian Point Unlt 2, Capsule 2 
W A0421 A302B SASTM SRM LT 
W B4688-2 A302B PIPZOI Plate LT 
W B4701-2 A302B PIP202 Plate LT 
W B4922-1 A302B PIP203 Plate LT 

Indian Point Unlt 3, Capsule Y 
w W A1195-1 M33B-1 SHSSO2 SRM LT 
\o W AO512-2 A302B PIP304 Plate TL 

W W5214 A302B WIP301 Weld TL 

Lacrosse Bolling Water Reactor (Genoa-2), Capsule 1 N l B  
A N31438 A302B SLACOl S R M  LT 
A A5848 A302B PLACO2 Plate LT 
A 3C2B A302B WLACOl Weld TL 

Lacrosse B o h g  Water Reactor (Genoa-2), Capsule 2 M B  
A N31438 A302B SLACOl SRM LT 
A A5848 A302B PLACO2 Plate LT 
A 3C2B A302B WLACOl Weld TL 

Lacrosse Bolling Water Reactor (Genoa-2), Capsule 38AB 
A N31438 A3028 SLACOl SRM LT 

S A  A5848 A302B PLACO2 Plate LT 
A 3C2B A302B WLACOl Weld TL 

a 
P 
w 

'p 
c-r 

4.720e+18 
4.720et 18 
5.890e+ 18 

9.620e+ 18 
1.200e+19 
1.200e+l9 
9.620et 18 

8.050e+18 
8.050e+l8 
8.050et 18 

4.350e+ 18 
4.350e+l8 
4.350e+l8 

1.100e+ 19 
I .  l00e+19 
1. I00e+l9 

1.080e+ 19 
1.080e+19 
1.080e+ 19 

50 190 
60 210 
-55 125 

-60 30 
-75 -45 
-3 0 55 

-60 25 
-75 -10 
-20 85 

-60 45 
-75 5 
-20 90 

70 
145 
195 

100 
1 I7 
117 
177 

140 
150 

\ 180 

90 
30 
85 

85 
65 
105 

105 
80 
1 IO 

87 
78 
192 

109 
182 
98 
98 

120 
151 
180 

32 
56 
68 

43 
75 
91 

43 
75 
91 

-17 
67 
3 

-9 
-65 
19 
79 

20 
-1 
0 

58 
-26 
17 

42 
-10 
14 

62 
5 
19 

0.010 
0.01 1 
0.010 

0.010 
0.010 
0.014 
0.01 1 

0.010 
0.012 
0.019 

0.017 
0.009 
0.016 

0.017 
0.009 
0.016 

0.017 
0.009 
0.016 

0.270 
0.570 
1.020 

0.270 
0.580 
0.460 
0.570 

0.640 
0.520 
1.020 

0.180 
0.180 
0.120 

0.180 
0.180 
0.120 

0.180 
0.180 
0.120 

0.200 
0.140 
0.200 

0.200 
0.250 
0.140 
0.140 

0.170 
0.240 
0.150 

0.070 
0.140 
0.180 

0.070 
0.140 
0.180 

0.070 
0.140 
0.180 

F 
8 
+r rll 



Lacrosse Boiling Water Reactor (Genoad), Capsule 9M9B 
A N31438 A302B SLACOl SRM 
A A5848 A302B PLACO2 Plate 
A 3C2B A302B WLACOI Weld 

Oconee Nuclear Station Unlt 1, Capsule A 

B C3265-1 A302B POC102 Plate 
B C3265-1 A302B POCl02 Plate 
B 406L44 A302B WOClOl Weld 

B A1195-I A533B-1 SHSSO2 SRM 

Oconee Nuclear Station Unlt 1, Capaule C 

B (3265-1 A302B POC102 Plate 
B (23265-1 A302B POC102 Plate 
B 406L44 A302B WOClOl Weld 

B A1195-1 AS33B-I SHSSO2 SRM 

Oconee Nuclear Station Unlt 1, Capsule E 

B C3265-1 A302B POC102 Plate 
B (3265-1 A302B POCl02 Plate 
B 406L44 A302B WOClOl Weld 

B A1195-1 A533B-I SHSSO2 SRM 

Oconee Nuclear Station Unlt 1, Capsule F 
B C2800-2 A302B POClOl Plate 

B C2800-2 A302B POClOl Plate 
B A1195-1 A533B-1 SHSSO2 SRM 

Pallsader, Capsule WllO 

C (21279-3 A302BM PPALol Plate 
C 3277 A302BM W P U 1  Weld 

C A1008-1 AS33Bl SHSSOI SRM 

Point Beach Nuclear Plant Unlt 1, Capsule R 
W A0421 A302B SASTM SRM 
W A9811 A302B PPBlOl Plate 
W C1423 A302B PPBlO2 Plate 
W 72445 A302B WPBlOl Weld 

LT 
LT 
TL 

LT 
LT 
TL 
TL 

LT 
LT 
TL 
TL 

LT 
LT 
TL 
TL 

LT 
LT 
TL 

LT 
LT 
TL 

LT 
LT 
LT 
TL 

6.600et 18 
6.600e+18 
6.600e+18 

8.950e+18 
8.950e+18 
8.950e+18 
8.950e+18 

9.860e+ 18 
9.860e+18 
9.860e+18 
9.860e+l8 

1.500e+18 
1.500e+18 
1.500e+l8 
1.500e+18 

8.300e+17 
8.300e+17 
8.300e+17 

1.779e+19 
I .779e+19 
1.779e+19 

2.220e+19 
2.220e+19 
2.220e+19 
2.220e+19 

Table 13 (continued) F 

6 
8 C, transition temp. 

Shift at 30 A-lb, "F 
C, transition temp. 

at 30 A-lb, "F VJ Chemistry, wt Yo 

Heat Material Heat Prod. Fluence 
Tag No. ID ID ID Orient. E > 1 MeV dcm' Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu 

-60 
-75 
-20 

56 
-5 
5 
-5 

48 
-5 
18 
-5 

56 
-1 1 
7 
-5 

0 
56 
-2 

15 
0 

-85 

40 
-45 
-30 
-45 

10 
-10 
55  

I44 
5 5  
39 
I86 

116 
34 
94 
180 

40 
5 1  
75 

16 

28 

163 
180 
229 

150 
60 
20 
120 

70 
65 
75 

88 
60 
34 
191 

68 
76 
39 
185 

64* 
51 
44 
80 

16 
28' 
30 

148 
180 
3 14 

110 
105 
50 
165 

37 
65 
78 

124 
63 
63 
191 

128 
65 
65 
196 

64 
33 
33 
99 

28 
49 
28 

158 
I92 
267 

122 
101 
61 
181 

33 
0 
-3 

-3 6 
3 

-29 
0 

-60 
11 
-26 
-1 I 

0 
18 
1 1  

-19 

-12 
-2 1 
2 

-10 
-12 
47 

-12 
4 

-1 1 
-16 

0.017 
0.009 
0.016 

0.010 
0.015 
0.015 
0.024 

0.0 10 
0.015 
0.015 
0.024 

0.010 
0.015 
0.015 
0.024 

0.012 
0.010 
0.012 

0.0112 
0.01 1 
0.01 1 

0.01 1 
0.010 
0.014 
0.019 

0.180 
0.180 
0.l20 

0.640 
0.500 
0.500 
0.590 

0.640 
0.500 
0.500 
0.590 

0.640 
0,500 
0.500 
0.590 

0.630 
0.640 
0.630 

0.665 
0.53 
0.95 

0.180 
0.056 
0.065 
0.570 

0.070 
0.140 
0. I80 

0.170 
0.100 
0.100 
0.310 

0.170 
0.100 
0.100 
0.310 

0.170 
0.100 
0.100 
0.3 10 

0.110 
0.170 
0.110 

0.173 
0.25 
0.24 

0.200 
0. I90 
0.110 
0.180 



Table 13 (continued) 
C, transition temp. 

at 30 ft-lb, "F 
C, transition temp. 
Shift at 30 it-lb, O F  Chemistry, wt % 

Heat Material Heat Prod. Fluence 
Tag No. ID ID ID Orient. E > 1 MeV dcm' Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu 
Point Beach Nuclear Plant Unit 1, Capsule S 
W A0421 A302B SASTM SRM 
W A9811 A302B PPBlOl Plate 
W C1423 A302B PPBlO2 Plate 
W 72445 A302B WPBlOl Weld 

Point Beach Nuclear Plant Unit 1, Capsule T 
W A0421 A302B SASTM SRM 
W A9811 A302B PPBlOl Plate 
W C1423 A302B PPBlO2 Plate 
W 72445 A302B WPBlOl Weld 

Point Beach Nuclear Plant Unit 1, Capsule V 
W A0421 A302B SASTM SRh4 
W A9811 A302B PPBlOl Plate 
W C1423 A302B PPBlO2 Plate 
W 72445 A302B WPBlOl Weld 

S m  Onofre Unit 1, Capsule A 
W A0421 A302B SASTM SRM 
W A3119 A302B PSO103 Plate 
W A302B WSOlOl Weld 

P 
c., 

San Onoke Unit 1, Capsule D 
W A0421 A302B SASTM SRM 
W 16585 A302B PSOlOl Plate 
W A3099 A302B PSOlO2 Plate 
W A3119 A302B PSO103 Plate 

Snn O n o k  Unlt 1, Capsule F 
W A0421 A302B SMTM SRM 
W A3099 A302B PSO102 Plate 

A302B WSOlOl Weld 

LT 
LT 
LT 
TL 

LT 
LT 
LT 
TL 

LT 
LT 
LT 
TL 

LT 
LT 
TL 

LT 
LT 
LT 
LT 

LT 
LT 
TL 

M Three Mile Island Nuclear Station Unit 1, Capsule C 
B A1195-1 A533B-1 SHSSO2 SRM LT 
B C2789-2 A302B PTMlOl Plate LT 

O\ B C2789-2 A302B PTMlOl Plate TL 
2 B  299L44 A302B WTMlOl Weld TL 
W 

?j 

7.05Oet 18 
7.050ei-18 
7.050et 18 
7.050et18 

2.1 10et19 
2.110et19 
2.1 lOet I9 
2.1 10et19 

3.580e+ 18 
3.580e+l8 
3.580et18 
3.580et 18 

1.200et19 
1.200ei-19 
1.200et19 

2.260et19 
2.260e+ 19 
2.260et19 
2.260et19 

5.140et 19 
5.140et 19 
5.140et I9 

40 
-45 
-3 0 
-45 

40 
-45 
-30 
-45 

40 
-45 
-30 
-45 

40 

-20 

40 

40 
IO 

-20 

135 
45 
20 
120 

160 
55  
20 
135 

135 
45 
20 
65 

155 

100 

190 

1 70 
130 
125 

95 
90 
50 
165 

120 
100 
50 
180 

95 
90 
50 
110 

1 I5  
100 
80 

I50 
140 
1 IO 
130 

130 
120 
145 

90 
75 
46 
135 

120 
100 
61 
179 

72 
60 
36 
107 

105 
97 
94 

122 
107 
112 
I12 

141 
130 
126 

5 
15 
4 
30 

0 
0 

-1 1 
1 

23 
30 
14 
3 

IO 
3 

-14 

28 
33 
-2 
18 

- I  I 
-10 
19 

0.01 1 
0.010 
0.014 
0.019 

0.01 1 
0.010 
0.014 
0.019 

0.01 I 
0.010 
0.014 
0.019 

0.01 1 
0.014 
0.017 

0.01 1 
0.013 
0.012 
0.014 

0.011 
0.012 
0.017 

0.180 
0.056 
0.065 
0.570 

0.180 
0.056 
0.065 
0.570 

0.1-80 
0.056 
0.065 
0.570 

0.180 
0.200 
0.080 

0.180. 
0.200 
0.200 
0.200 

0.180 
0.200 
0.080 

0.200 
0.190 
0.110 
0.180 

0.200 
0.190 
0.1 IO 
0.180 

0.200 
0.190 
0.1 IO 
0.180 

0.200 
0.180 
0.190 

0.200 
0. I70 
0.180 
0.180 

0.200 
0. I80 
0. I90 

8.660et 18 
8.660et 18 
8.660et I8 
8.660et 18 

48 
-27 
28 
-56 

125 
3 
41 
147 

77 
30 
13 
203 

I23 
56 
56 
212 

-46 
-26 
-43 
-9 

0.010 
0.010 
0.0 IO 
0.019 

0.640 
0.570 
0.570 
0.710 

0.170 
0.090 ' 

0.090 2 
0.330 



Table 13 (continued) 
C, transition temp. 

at 30 A-lb, OF 
C. transition temp. 
Shift at 30 A-lb, OF Chemistty. wt % 

Heat Material Heat Prod. Fluence 
Tag No. ID ID ID Orient. E >  1 MeVdcma Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu 
Three Mile Island Nuclear Station Unlt 1, Capsule E 

B C2789-2 A302B PTMlOl Plate LT 
B C2789-2 A302B PTMlOl Plate TL 
B 299IA4 A302B WTMlOl Weld TL 

B A1195-1 A533B-1 SHSSO2 SRM LT 

Yankee-Rowe, Capsule 01 
W A0421 A302B SASTMS1 SRM 
W 19281-2 A302B PYR-01 Plate LT 

Yankee-Rowe, Capsule 02 
W A0421 A302B SASTMS1 SRM 
W 19281-2 A302B PYR-01 Plate LT 

.b 
h> 

Yankee-Rowe, Capsule 06 
W A0421 M02B SASTMS1 SRM 
W 19281-2 A302B PYR-01 Plate LT 

Yankee-Rowe, Capsule 08 
W A0421 A302B SASTMS1 SRM 

1.070e+ 18 
1.070e+l8 
1.070e+l8 
1.070e+l8 

9.000e+19 
9.000e+19 

9.000e+ 19 
9.000e+19 

7.000e+19 
7.000ecl9 

5.000e+ 19 

56 
-1 1 13 
24 -29 
-56 68 

I5 325 
10 410 

15 325 
10 410 

15 275 
10 370 

15 240 

442 
24 
-53 
124 

310 
400 

310 
400 

260 
360 

22s 

55 
25 
25 
95 

150 
135 

150 
135 

I46 
132 

140 

-1 1 
-1 

-10 
29 

I60 
265 

160 
265 

114 
228 

85 

0.010 
0.010 
0.0 10 
0.019 

0.01 1 
0.020 

0.01 1 
0.020 

0.01 1 
0.020 

0.01 1 

0.640 
0.570 
0.570 
0.710 

0.180 
0.180 

0.180 
0.180 

0.180 
0.180 

0.180 

0.170 
0.090 
0.090 
0.330 

0.200 
0.180 

0.200 
0.180 

0.200 
0.180 

0.200 
W 19281-2 A302B PYR 01 Plate LT 5.000e+19 10 330 320 126 194 0.020 0.180 0.180 
* 50 ft-lb transition temperature shift 
Residual is defined as measured shift - R.G. 1.99, Rev. 2, shift. 
Tag Field, A-  Allis Chalmers; B - Babcock & Wilcox; C -Combustion Engineering; 0 - General Electric; W- Westinghouse. 
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Trend Curve for A302B Weld Materials with Companion 
Correlation Monitor Materials 
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Figure 13 Trend curve for A302B weld materials and the corresponding CMM(The CMM data are identified with a solid symbol, the 
corresponding A302B weld data are identified with a hollow symbol) 



Table 14. Summary of A533B reactor pressure vessel steelsper PR-EDB reported data 
C, transition temp. C, transition temp. 

at 30 fl-lb Shift at 30 fl-lb Chqistry 
Heat Material HEAT Prod. Fluence 

Tag No. ID ID ID Orient. E > 1 MeV dcm* Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu 
Arkansas Nuclear One, Unit 1, Capsule A 
€3 A1 195-1 A533B-I SHSSO2 
B C5114-1 A533B-1 PANlOl 
B C5114-1 A533B-I PAN101 
B 406L44 A533B-1 WANIOI 

Arkansas Nuclear One, Unit 1, Capsule B 
B A1 195-1 A533B-1 SHSSO2 
B C5114-2 A533B-I PAN102 
B C5114-2 A533B-1 PAN102 

Arkansas Nuclear One, Unit 1, Capsule C 
B A1 195-1 AS33B-1 SHSSO2 

B C5l 14-1 A533B-1 PANlOl 
B 406L44 A533B-1 WAN101 

% B  C.5114-1 A533B-1 PAN101 

Arkanvls Nuclear One, Unit 1, Capsule E 
B AI  195-1 A533B-1 SHSSO2 
B C5114-1 A533B-1 PANlOl 

B 406L44 A533B-1 WAN101 
B C51 I?-I A533B-I PANlOl 

Jose Cabrern-Zorita Reactor, Capsule K 
W A0421 A302B SASTM 
W A8312-1 A533B-1 PCABO 1 

1248 A533B-1 WCABO I 

Jose Cabrera-Zorita Reactor, Capsule N 
A042 I A302B SASTM 

1248 A533B-1 WCABOl 
g W  A8312-1 A533B-1 PCABO 1 
$ 1  
; P w  
cn 
P 
W 
t - 4  

SRM 
Plate 
Plate 
Weld 

SRM 
Plate 
Plate 

SRM 
Plate 
Plate 
Weld 

SRM 
Plate 
Plate 
Weld 

SRM 
Plate 
Weld 

SRM 
Plate 
Weld 

LT 
LT 
TL 
TL 

LT 
LT 
TL 

LT 
LT 
TL 
TL 

LT 
LT 
TL 
TL 

LT 
LT 
TL 

LT 
LT 
TL 

1.03OBtl9 
I .030e+l9 
1.030e+ 19 
1.030e+19 

4.28Oet18 
4.280e+18 
4.280e+18 

1.460e+ 19 
1.460et 19 
1.460e+19 
I .460e+l9 

7.270e+17 
7.270e+ 17 
7.270e+17 
7.2700+17 

1.400et19 
1.400e+19 
1.400e+19 

3.680et I9 
3.680st I9 
3.680e+ 19 

48 
-3 1 
17 
5 

48 
-13 
19 

48 
-3 1 
17 
5 

56 
-2 1 
7 
5 

40 
-50 
-20 

40 
-50 
-20 

94 46 
17 48 
83 66 
156 151 

98 50 
22 35 
I5 24* 

116 68 
33 64 
55 38 
190 I85 

40* 
-4 17 
46 39 
110 1 os 

160 120 
90 140 
90 110 

195 155 
105 155 
200 220 

129 
106 
106 
187 

98 
81 
81 

141 
1 I7 
117 
205 

46 
38 
38 
66 

109 
104 
115 

134 
128 
141 

-83 
-58 
-40 
-3 6 

-48 
-46 
-57 

-73 
-53 
-79 
-20 

-6 
-2 1 

I 
39 

11 
36 
-5 

21 
27 
79 

0.010 
0.010 
0.010 
0.016 

0.0 10 
0.010 
0.010 

0.010 
0.010 
0.010 
0.016 

0.010 
0.010 
0.010 
0.016 

0.01 1 
0.013 
0.01s 

0.01 I 
0.013 
0.0 15 

0.640 
0.520 
0.520 
0.590 

0.640 
0.520 
0.520 

0.640 
0.520 
0.520 
0.590 

0.640 
0.520 
0.520 
0.590 

0.180 
0.500 
0.110 

0.180 
0.500 
0.110 

0.170 
0.150 
0.150 
0.280 

0.170 
0.150 
0.150 

0.170 
0.150 
0.1 50 
0.280 

0.170 
0.150 
0.150 
0.280 

0.200 
0.140 
0.220 

0.200 
0.140 g 
o.220 ' 

G 



cp 
G 
a C 

Table 14 (continued) 
C, transition temp. C, transition temp. 

$ 
at 30 A-lb Shift at 30 ft-lb Chemistry ? 

0-l 
P 
c1 Heat Material HEAT Prod. Fluence w Tag No. ID ID ID Orient. E > I MeV dcm* Uninadiated Irradiated Measured R.G. 1.99 Residual P NI cu 

Jose Cabrera-Zorlta Reactor, Capsule P 
W A0421 A302B 
W A8312-1 AS33B-1 
W B3170-I A533B-1 

Calved czlfls Unit 1, Capsule W263 
C A1008-1 A533B-1 
C C4441-1 A533B-1 
C 33A277 A533B-1 

Calvert CUfls Unit 2, Capsule W263 
C A1008-1 A533B-1 
C (3286-1 A533B-1 
C 10137 A533B-1 & 
Donald C. Cook Unit 1, Capsule T 
W AI 195-1 A533B-1 
W C3506-1 A533B-1 
W C3506-1 A533B-1 
W 13253 A533B-1 

Donald C. Cook Unit 1, Capsule U 
W AI 195-1 A533B-1 
W C3506-1 A533B-1 
W C3506-1 A533B-1 
W 13253 A533B-1 

Donald C. Cook Unit 1, Capsule X 
W A1195-I A533B-1 
W C3506-1 A533B-1 
W C3506-1 A533B-1 
W 13253 A533B-I 

SASTM 
PCABO 1 
PCAB02 

SHSSOl 
PCC103 
WCClOl 

SHSSOl 
PCC202 
wcc201 

SHSSO2 
PCKlOl 
PCKlOt 
WCKlOl 

SHSSO2 
PCKIOI 
PCKlOl 
WCKlOl 

SHSSO2 
PCKlOl 
PCKlOl 
WCKlOl 

SRM 
Plate 
Plate 

SRM 
Plate 
Weld 

SRM 
Plate 
Weld 

SRM 
Plate 
Plate 
Weld 

SRM 
Plate 
Plate 
Weld 

SRM 
Plate 
Plate 
Weld 

LT 
LT 
LT 

LT 
LT 
TL 

LT 
LT 
TL 

LT 
LT 
TL 

LT 
LT 
TL 

LT 
LT 
TL 
TL 

1.430et19 
1.430e+ 19 
1.430e+ 19 

5.900e+18 
6.000e+18 
6.100et18 

8.140e+l8 
8.060et18 
7.970e+18 

1.800etl8 
1.800e+l8 
1.800e+18 
1.800e+l8 

1.880et19 
I .880e+19 
1.880e+l9 
1.880e+19 

6.900e+18 
7.700e+18 
6.200et 18 
6.200et 18 

40 
-50 
-24 

39 
8 

-50 

25 
9 

-50 

45 
5 

20 
-90 

45 
5 
15 

-90 

45 
5 
15 

-90 

178 138 
70 120 
44 68 

127 88 
68 60 
9 59 

153 128 
93 84 
19 69 

105 60 
65 60 
90 70 
-10 80 

165 120 
120 115 
130 115 
115 205 

145 100 
105 100 
125 110 
255 165 

110 
105 
81 

116 
72 
I03 

128 
95 
85 

70 
52 
52 
112 

150 
111 
I l l  
242 

I15 
88 
82 
179 

28 
I5 
-13 

-28 
-12 
-44 

0 
-1 1 
-16 

-10 
8 
18 
-32 

-30 
4 
4 

-37 

-15 
12 
28 
-14 

0.01 1 
0.013 
0.011 

0.008 
0.01 1 
0.040 

0.008 
0.005 
0.016 

0.010 
0.009 
0.009 
0.023 

0.010 
0.009 
0.009 
0.023 

0.010 
0.009 
0.009 
0.023 

0.180 
0.500 
0.530 

0.660 
0.640 
0.180 

0.660 
0.660 
0.040 

0.640 
0.490 
0.490 
0.740 

0.640 
0.490 
0.490 
0.740 

0.640 
0.490 
0.490 
0.740 

0.200 
0.140 
0.110 

0.180 
0.120 

0 0.240 

0.180 
0.140 
0.200 

0.170 
0.140 
0.140 
0.270 

0.170 
0.140 
0.140 
0.270 

0.170 
0.140 
0.140 
0.270 



Table 14 (continued) 
C, transition temp. 

ai 30 fl-lb 
C, transition temp. 

Shifl at 30 ft-lb Chemistry 
Heat Material HEAT prod. Fluence 

Tag No. ID ID ID Orient. E > 1 MeVdcm* Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu 
Donald C. Cook Unit 1, Capsule Y 
W AI 195-1 A53351 SHSSO2 SRM LT 1.200e+19 45 155 110 135 -25 0.010 0.640 0.170 
W C3506-1 A533B-1 PCKIOI Plate LT 1.340et19 5 110 105 103 2 0.009 0.490 0.140 
W C3506-I A533B-1 PCKlOl Plate TL 1.060et19 15 130 115 97 18 0.009 0.490 0.140 
W 13253 A533B-1 WCKlOl Weld 1.060e+19 -90 290 200 210 -10 0.023 0.740 0.270 

Crystal River Unit 3, Capsule C 
B A1 195-1 A533B-1 SHSSO2 
B C4344-1 A533B-1 PCWO 1 
B C4344-2 A533B-1 PCR302 
B A53351 WCR301 

SRM 
Plate 
Plate 
Weld 

LT 
TL 
TL 
TL 

6.560e+18 
6.560e+I 8 
6.560e+18 
6.560e+18 

48 
16 
16 
36 

121 
142 
143 
158 

73 
126 
127 
122 

113 4 0  0.010 0.640 0.170 
125 1 0.008 0.540 0.200 
125 2 0.008 0.540 0.200 
157 -35 0.021 0.100 0.390 

Dlablo Canyon Unit 1, Capsule S 
W A1 195-1 A533B-1 
W C2793-1 A533B-1 

P W  27204 A533B-1 
4 

Diablo Canyon Unit 1, Capsule Y 
W A1 195-1 A533B-1 
W C2793-1 A533B-1 
W 27204 A533B-1 

SHSSO2 
PDC103 
WDClOl 

SRM 
Plate 
Weld 

LT 
LT 
TL 

46 
5 

6 7  

112 
3 
43 

66 
4' 
110 

74 -8 0.008 0.650 
33 -29 0.01 1 0.460 
151 4 1  0.016 0.980 

0.150 
0.077 
0.210 

SHSSO2 
PDC103 
WDClOl 

SRM 
Plate 
Weld 

LT I .020e+ 19 
LT 1.020e+19 
TL 1.020e+19 

46 
5 
67 

158 
52 
167 

112 
47 

234 

112 0 0.008 0.650 0.150 
51 -4 0.010 0.466 0.079 

227 7 0.016 0.980 0.210 

Fort Cslhoun Station Unit 1, Capsule W225 
C A1008-1 A533B-1 SHSSOl 
C A1768-1 A533B-1 PFClOl 
C 305414 A53351 WFClOl 

SRM 
Plate 
Weld 

LT 
LT 
TL 

4.800etl8 
4.500e+l8 
4.200e+ 18 

27 
22 
-28 

151 
82 

210 

124 
60 

23 8 

108 16 0.008 0.660 
51 9 0.013 , 0.480 
147 91 0.012 0.600 

0.180 
0.100 
0.300 

MUlstone Nuclear Power Station Unit 2, Capsule Wl04 
C A1008-1 A533B-1 SHSSOl SRM 

(3667-1 A533B-1 PML2Ol Plate 
90 136 A533B-1 WML2Ol Weld 

Maine Yankee Nuclear Plant, Capsule A25 
c , c  A1008-I AS33B-1 SHSSOl SRM 

87955-1 A533B-1 PMY-01 Plate 
Weld 2 c  IP3571 A533B-1 WMY-01 

i :  
; P c  
L 

w 

LT 
LT 
TL 

8.840et18 
8.840e+18 
8.840et 18 

165 
137 
28 

141 
99 
58 

0.008 0.660 131 IO 
97 2 0.006 0.610 
131 -73 0.014 0.060 

0.180 
0.140 
0.300 

24 
38 
-30 

LT 
LT 
TL 

1.300e+l9 
1.300et19 
1.300et19 

15 
0 

-3 0 

165 
120 
240 

150 
120 
270 

140 10 0.01 I 0.665 0.173 
117 3 0.013 0.590 0.150 
260 10 0.0 15 0.780 0.360 E 

Fi' 
v) 



w 
% 
5 Table 14 (continued) v) 

C, transition temp. C, transition temp. 
at 30 A-lb Shift at 30 ft-lb Chemistry 

Heat Material HEAT Prod. Fluence 
3 

No. ID ID ID , Orient. E > 1 MeV dcm' Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu ?j 
2 Tag - 
t; Malne Yankee Nuclear Plant, W253 

C A1008-1 A533B-1 
C B7955-1 A533B-1 
C IP3571 A533B-1 

Salem Unit 1, Capsule T 
W AI 195-1 A533B-I 
W C1354-1 A533B-1 
W C1354-2 A533B-I 
W C1397-2 A533B-1 

Salem Unit 1, Capsule Y 
W AI 195-1 A533B-1 
W C1397-2 A533B-1 
W 39B196 A533B-1 

P 
00 

Salem Unit 1, Capsule Z 
W AI 195-1 A533B-1 
W C1354-1 A533B-1 
W C1354-2 A533B-1 
W C1397-2 A533B-1 

St. Lucle UnltJ, Capsule W104 
C A1008-I AS33B-I 
C ' C5935-2 A533B-1 
C 90136 A533B-1 

Surry Unit I ,  Capaule T 
W AI 195-1 A533B-1 
W C4415-1 A533B-1 
W 299L44 A533B-1 

Surry Unlt 1, Capsule V 
W A1195-1 A533B-1 
W C4415-1 AS33B-1 
W 299LQ4 A533B-I 

SHSSOl 
PMY-01 
WMY-OI 

SHSSO2 
PSAlOl 
PSA102 
PSA103 

SHSSO2 
PSA103 
WSAlOl 

SHSS02 
PSAlOl 
PSAlO2 
PSAlO3 

SHSSOI 
PSLlOl 
WSLlOl 

SHSSO2 
PSUlOl 
WSUlOl 

SHSS02 
PSUIOI 
WSUlOl 

SRM 
Plate 
Weld 

SRM 
Plate 
Plate 
Plate 

SRM 
Plate 
Weld 

SRM 
Plate 
Plate 
Plate 

SRM 
Plate 
Weld 

SRM 
Plate 
Weld 

SRM 
Plate 
Weld 

LT 
LT 
TL 

LT 
LT 
LT 
LT 

LT 
LT 
TL 

LT 
LT 
LT 
LT 

LT 
LT 
TL 

LT 
LT 
TL, 

LT 
LT 
TL 

1.250e+ I9 
1.25Oe+19 
1.250e+19 

2.560e+l8 
2.560e+18 
2.560e+l8 
2.5 60et 1 8 

8.910e+l8 
8.9 1 Oe+ 18 
8.9 10etl8 

1.330e+19 
1.330et19 
1.330e+19 
1.330e+l9 

7.160e+l8 
7.160et18 
7.160e+l8 

2.500et18 
2.500e+18 
2.880e+18 

1.940et I9 
1.940e+19 
1.940et19 

15 
0 

-30 

50 
-20 
-2 5 
-50 

50 
-50 
-135 

50 
-20 
-25 
-50 

39 
8 

-53 

45 
-10 
- I 5  

45 
-10 
-1 5 

175 
120 
230 

1 IO 
80 
75 
25 

175 
60 
30 

185 
150 
140 
75 

149 
75 
20 

115 
40 
150 

190 
100 
225 

160 
120 
260 

60 
100 
100 
75 

125 
1 IO 
165 

135 
170 
165 
I25 

I10 
67 
73 

70 
50 
165 

145 
1 IO 
240 

139 
1 I6 
257 

64 
95 
100 
95 

99 
145 
208 

1 IO 
164 
171 
162 

123 
98 
IO0 

80 
46 
127 

151 
86 
227 

21 
4 
3 

-4 
5 
0 

-20 

26 
-35 
-43 

25 
6 
-6 
-37 

-13 
-3 I 
-27 

-10 
4 
38 

-6 
24 
13 

0.01 1 
0.013 
0.015 

0.012 
0.0 IO 
0.0 IO 
0.01 1 

0.012 
0.01 1 
0.019 

0.012 
0.010 
0.010 
0.01 1 

0.008 
0.006 
0.013 

0.010 
0.014 
0.01 1 

0.010 
0.014 
0.01 I 

.0.665 
, 0.590 

0.780 

0.680 
0.530 
0.540 
0.520 

0.680 
0.520 
1.260 

0.680 
0.530 
0.540 
0.520 

0.660 
0.570 
0.110 

0.640 
0.500 
0.700 

0.640 
0.500 
0.700 

0.173 
0.150 
0.360 

0.140 
0.220 
0.230 
0.220 

0.140 
0.220 
0.160 

0.140 
0.220 
0.230 
0.220 

0.180 
0.150 
0.230 

0.170 
0.1 IO 
0.250 

0.170 
0.1 10 
0.250 



Table 14 (continued) 
C, transition temp. C, transition temp. 

at 30 A-lb Shin at 30 A-lb Chemistry 
Heat Material HEAT Prod. Fluence 

Tag No. ID ID ID Orient. E > 1 MeV dcm’ Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu 
Surry Unlt 2, Capsule V 
W A1 195-1 A533B-1 SHSSO2 
W C4339-1 A533B-1 PSU2Ol 
W C4339-1 AS33B-1 PSU2Ol 
W 227 A533B-1 WSU2Ol 

Surry Unit 2, capsule x 
W AI 195-1 AS33B-1 SHSSO2 
W C4339-1 A533B-1 PSU2Ol 
W C4339-1 A53351 PSU2Ol 
W 227 A533B-1 WSU2Ol 

Zion Nuclear Plant Reactor Unit 1, Capsule T 
W AI 195-1 A533B-1 SHSSO2 
W 87835-1 A533B-1 PZNlOl 

t $ w  87835.1 A533B-1 PZNlOl 
W 72105 AS33B-1 WZNlOl 

Zion Nuclear Plant Reactor Unlt 1, Capsule U 
W A1 195-1 A533B-1 SHSSO2 
W B7835-1 A533B-1 PZNlOl 
W B7835-1 AS33B-1 PZNlOl 
W 72105 A533 B- 1 WZNlOl 

Zion Nuclear Plant Reactor Unlt 1, Capsule X 
W AI 195-1 A533B-I SHSSO2 
W B7835-1 A53351 PZNlOl 
W 87835-1 A533B-I PZNlOl 

72105 A533B-1 WZNlOl 

Zion Nuclear Plant Reactor Unlt 1, Capsule Y 
AI 195-1 A533B-1 SHSSO2 
B7835-1 A533B-1 PZNlOl 
B7835-1 A533B-I PZNlOl 
72105 A533B-I WZNlOl 

Q w  
; P w  
o w  
o\ 
P W  
CI)  

Z W  
c 

SRM 
Plate 
Plate 
Weld 

S R M  
Plate 
Plate 
Weld 

S R M  
Plate 
Plate 
Weld 

SRM 
Plate 
Plate 
Weld 

SRM 
Plate 
Plate 
Weld 

S R M  
Plate 
Plate 
Weld 

LT 
LT 
TL 
TL 

LT 
LT 
TL 
TL 

LT 
LT 
TL 
TL 

LT 
LT 
TL 
TL 

LT 
LT 
TL 
TL 

LT 
LT 
TL 
TL 

1.880e+19 
1.880e+ 19 
1.880e+19 
1.880c+ 19 

3.020e+18 
3.020e+l8 
3.020e+18 
3.020e+18 

1.800e+l8 
l.800e+l8 
1.800e+18 
3.060e+l8 

8.920e+18 
8.920e+18 
8.920e+18 
8.920e+18 

1.400e+ 19 
1.200et19 
1.500e+l9 
1.500e+l9 

1.560e+19 
1.560e+19 
1.560e+19 
1.560e+ I9 

45 
-5 
5 

-20 

40 
-5 
5 

-20 

42 
-5 
25 
4 

42 
-5 
25 
4 

42 
-5 
25 
4 

42 
-5 
25 
4 

165 
70 
80 
125 

100 
50 
50 
75 

108 
5 5  
50 
116 

172 
80 
85 

203 

162 
95 
105 
199 

171 
87 
119 
209 

120 
75 
75 
145 

60 
5 5  
45 
95 

66 
60 
25 
112 

130 
85 
60 
199 

120 
90 
80 
195 

129 
92 
94 
205 

150 
86 
86 
177 

86 
49 
49 
101 

70 
40 
40 
141 

124 
71 
71 
202 

140 
77 
81 

232 

144 
82 
82 

234 

-30 
-1 1 
-1 1 
-32 

-26 
6 
-4 
-6 

-4 
20 
-15 
-29 

6 
14 
-1 1 
-3 

-20 
13 
-1 
-37 

-15 
10 
12 
-29 

0.010 
0.012 
0.012 
0.017 

0.010 
0.012 
0.012 
0.017 

0.0 10 
0.010 
0.010 
0.020 

0.010 
0.010 
0.010 
0.020 

0.010 
0.010 
0.0 10 
0.020 

0.0 10 
0.010 
0.0 10 
0.020 

0.640 
0.540 
0.540 
0.560 

0.640 
0.540 
0.540 
0.560 

0.640 
0.490 
0.490 
0.570 

0.640 
0.490 
0.490 
0.570 

0.640 
0.490 
0.490 
0.570 

0.640 
0.490 
0.490 
0.570 

0.170 
0.110 
0.110 
0.190 

0.170 
0.110 
0.110 
0.190 

0.170 
0.110 
0.110 
0.350 

0.170 
0.110 
0.110 
0.350 

0.170 
0.110 
0.110 
0.350 

0.170 
0.110 

0.350 
0.110 BJ 

6 v1 



Table 14 (continued) 
C, transition temp. C, transition temp. 

at 30 fl-lb Shift at 30 fl-lb Chemistry 
Heat Material HEAT Prod. Fluence 

Tag No. ID ID ID Orient. E > 1 MeV dcm’ Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu 
Zion Nuclear Plant Reactor Unit 2, Capsule T 
W A1 195-1 AS33B-1 SHSSO2 SRM LT 1 .OOOe+I9 50 150 100 128 -28 0.010 0.640 0.170 
W C4007-1 A533B-1 PZN2Ol Plate LT 8.700e+18 37 112 75 78 -3 0.0 IO 0.530 0.120 
W C4007-1 A533B-I PZN20l Plate TL 1.100e+19 49 139 90 84 6 0.0 10 0.530 0.120 
W 72105 AS33B-1 WZN2O 1 Weld LT 1.100e+19 4 179 175 214 -39 0.020 0.570 0.350 

ZIon Nuclear Plant Reactor Unit 2, Capsule U 
W A1 195-1 AS33B-I SHSSO2 
W C4007-1 A533B-1 PZN2O 1 

m w  C4007-1 AS33B-1 PZN2O 1 0 
W 72105 AS33B-1 WZN2Ol 

SRM LT 2.000e+18 
Plate LT 2.000e+18 
Plate TL 2.000e+18 
Weld LT 2.820e+18 

50 
37 
49 
-23 

IO0 
75 
98 
I22 

50 
38 
49 
145 

73 -23 0.010 0.640 
46 -8 0.010 0.530 
46 3 0.010 0.530 
136 9 0.020 0.570 

0.170 
0.120 
0.120 
0.350 

Zion Nuclear Plant Reactor Unit 2, Capsule Y 
W AI 195-1 A533B-1 SHSSO2 S R M  LT 1.48OeC19 50 185 135 142 -7 0.010 0.640 0.170 

37 125 88 90 -2 0.010 0.530 0.120 W C4007-I AS33B-1 PZN2O 1 Plate LT 1.480e+19 
W C4007-1 AS33B-1 PZN20 1 Plate TL 1.480e+19 49 I70 121 90 31 0.010 0.530 0.120 
W 72105 AS33B-1 WZN2Ol Weld LT 1.4806 19 -10 210 220 231 -1 1 0.020 0.570 0.350 
* 50 A-lb transition temperature shifl. 
Residual is defined as measured shifl - R.G. 1.99, Rev. 2, shifl. 
Tag Field, B - Babcock & Wilcox; C - Combustion Engineering; W- Westinghouse. 

I 
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Trend Curve for A533B-1 Weld Materials with Companion 
Correlation Mon i tor Materials 
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Figure 15 Trend curves for A533B-1 weld materials and the corresponding CMMs. The S R M  data are identified with 
a solid symbol, and the corresponding weld is identified with a hollow symbol 



Table 15. Summary of forging reactor pressure vessel steels per PR-EDB reported data 
C, transition temp. C, transition temp. 

at 30 A-lb at 30 A-lb Chemistry 
Fluence 

Tag Number ID ID. ID. Orient. E>lMeVnlcm' Unimdiated Irradiated Measured R.G. 1.99 Residual P N1 cu 

Davis-Besse Nuclear Power Statlon Unlt 1, Capsule A 
B A1195-1 A533B-1 SHSS02 SRM LT 
B 123x244 A508-2 FDBlOl Forging TL 
B 5P4086 A508-2 FDBlO2 Forging TL 

Garigliano, Capsule 113B 
G A0421 A302B SASTMS2 SRM LT 

G 1675 A336 D Forging LT 

G 2120 A336 D Forging TL 

FGARO 1 0  

FGARO2O 

a GarigUano, Capsule 113D w 
G A0421 A302B SASTMS2 SRM LT 
G 1675 A336 FGAROlID Forging LT 
G 2120 A336 FGAROZID Forging TL 

GarlgUano, Capsule 114A 
G A0421 A302B SASTMS2 SRM LT 
G 1675 A336 FGAROllD Forging LT 
0 2120 A336 FGARO2lD Forging TL 

GarigUano, Capsule 114B 
G A0421 A302B SASTMS2 SRM LT 
G 1675 A336 FGAROllD Forging LT 

2120 A336 FGARO2lD Forging TL 

GarigUano, Capsule 114C 
G A0421 A3028 SASTMS2 SRM LT 

1675 A336 FGAROllD Forging LT 
A336 FGAROZID Forging TL 2120 

2 0  
? e  
Ch 

i G  
P 
c w 

1.29e+19 
1.29e+19 
1.29e+ 19 

1.1Oe+19 

9.20e+18 

1.00e+19 

7.37e+18 
6.76et18 
6.76e+18 

4.65e+19 
4.48e+19 
4.65e+19 

2.2 le+ 19 
2.21e+19 
2.43e+19 

5.47e+19 
6.64e+ 19 
6.12e+19 

48 
-26 
16 

27 

a 9  

-8 

27 
-53 
23 

27 
-53 
23 

27 
-53 
23 

27 
-53 
23 

154 
-24 
44 

153 

109 

257 

133 
70 
223 

194 
225 
352 

142 
109 
284 

178 
217 
363 

106 
2 
28 

126 

178 

265 

106 
122 
200 

167 
277 
329 

1 I5 
I62 
26 1 

151 
270 
340 

137 
28 
21 

103 

so 

232 

91 
45 
207 

139 
70 
322 

122 
62 
288 

142 
74 
334 

-31 
-26 
7 

23 

128 

33 

15 
77 
-7 

28 
207 
7 

-7 
100 
-27 

9 
196 
6 

0.010 
0.004 
0.011 

0.016 

0.025 

0.020 

0.016 
0.025 
0.020 

0.016 
0.025 
0.020 

0.016 
0.025 
0.020 

0.0 16 
0.025 
0.020 

0.640 
0.770 
0.810 

0.180 

0.800 

0.860 

0.180 
0.800 
0.860 

0.180 
0.800 
0.860 

0.180 
0.800 
0.860 

0.180 
0.800 
0.860 

0.170 
0.040 
0.020 

0.200 

0.080 

0.300 

0.200 
0.080 
0.300 

0.200 
0.080 
0.300 

0.200 
0.080 
0.300 

0.200 
0.080 
0.300 

$! 
m % 



w 
8 
E Table 15 (continued) w B 

C, transition temp. C, transition temp. 
at 30 A-lb at 30 A-lb Chemistry 

Heat Material Heat Prod. Fluence 
P cn 
P 
t; Tag No. ID ID ID Orient. E > 1 M e V d m 2  Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu 

Robert E GLnnn Nuclear Plnnt Unit 1, Capsule R 
W A0421 A302B SASTM SRM LT 
W 125P666 ASO8-2 FGINOl Forging LT 
W 125S255 ASO8-2 FGINO2 Forging LT 

Robert E Glnna Nuclear Plant Unit 1, Capsule T 
W A0421 A302B SASTM SRM LT 
W 125P666 ASO8-2 FGINOl Forging LT 
W l25S255 ASO8-2 FGINO2 Forging LT 

Robert E, Glnna Nuclear Plant Unit 1, Capsule V 
W A0421 A302B SASTM SRM LT 
W 125P666 ASO8-2 FGINOl Forging LT 
W 125S255 ASO8-2 FGINO2 Forging LT 

wl 
P 

Kewaunec Nuclear Power Plant, Capsule P 

W 122X208VAl ,4508-2 FKWEOl Forging LT 
W 123X167VAl A508-2 FKWEO2 Forging LT 

W A1195-1 A533B-1 SHSSO2 SRM LT 

Kewaunee Nuclear Power Plant, Capsule R 
W A1195-1 A533B-1 SHSSO2 SRM LT 
W 122X208VAl ASO8-2 FKWEOl Forging LT 
W 123X167VAl A508-2 FKWEO2 Forging LT 

Kewaunee Nuclear Power Plant, Capsule V 

W 122X208VAl A508-2 FKWEOl Forging LT 
W 123X167VAl A508-2 FKWEO2 Forging LT 

W A1195-1 A533B-1 SHSSO2 SRM LT 

Oconee Nuclear Station Unit 2, Capsule A 
B A1195-1 AS33B-1 SHSSO2 SRM LT 
B 3P2359 MO8-2 FOC201 Forging LT 
B 3P2359 MO8-2 FOC2Ol Forging TL 

7.60e+l8 
7.60e+l8 
7.60e+18 

1.75e+l9 
1.75e+19 
I .75e+ I9 

4.90e+l8 
4.90e+18 
4.90e+18 

2.89e+ 19 
2.89e+ 19 
2.89e+ I9 

2.07e+19 
2.07e+19 
2.07ec19 

5.59e+ 18 
5.59e+l8 
5.59e+ 1 8 

3.37e+18 
3.37e+ 18 
3.37e+18 

40 
-48 
-29 

40 
-40 
-25 

40 
-40 
-25 

45 
-2 5 
-50 

45 
-2 5 
-50 

45 
-2 5 
-50 

48 
-24 
-28 

136 
11 
-9 

180 
-10 
-25 

130 
-I5 
-2 5 

200 
0 

-30 

185 
-10 
-30 

140 
-2 5 
-50 

1 I9 
-30 
-1 1 

96 
59 
20 

140 
30 
0 

90 
25 
0 

155 
25 
20 

140 
15 
20 

95 
0 
0 

71 
0 
17 

92 
29 
41 

115 
36 
51 

80 
25 
35 

164 
47 
47 

153 
44 
44 

107 
31 
31 

90 
18 
18 

4 
30 
-2 1 

25 
-6 

-5 1 

IO 
0 

-3 5 

-9 
-22 
-27 

-13 
-29 
-24 

-12 
3 1 
-3 I 

-19 
-18 
-I 

0.01 1 
0.010 
0.010 

0.01 1 
0.010 
0.0 10 

0.01 1 
0.010 
0.010 

0.0 IO 
0.0 10 
0.010 

0.010 
0.0 IO 
0.010 

0.0 IO 
0.010 
0.010 

0.010 
0.006 
0.006 

0.180 
0.690 
0.690 

0.180 
0.690 
0.690 

0.180 
0.690 
0.690 

0.640 
0.710 
0.750 

0.640 
0.710 
0.750 

0.640 
0.710 
0.750 

0.640 
0.750 
0.750 

0.200 
0.050 
0.070 

0.200 
0.050 
0.070 

~ 

0.200 
0.050 
0.070 

0.170 
0.060 
0.060 

0.170 
0.060 
0.060 

0.170 
0.060 
0.060 

0.170 
0.040 
0.040 , 



Table 15 (continued) 
C, transition temp. C, transition temp. 

at 30 ft-lb at 30 ft-lb Chemistry 
Heat Material Heat Prod. Fluence 

Tag No. ID ID ID Orient. E > 1  MeVdcm’ Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu 
Oconee Nuclear Station Unlt 2, Capsule C 
B A1 195-1 A533B-1 SHSSO2 
B 3P2359 ASO8-2 FOCZOl 
B 3P2359 A508-2 FOC2Ol 

SRM 
Forging 
Forging 

LT 
LT 
TL 

9.43et17 
9.43et17 
9.43e+17 

56 
-3 1 
-3 I 

-4 
-74 

42* 
27 
0 

52 
11 
11 

-10 0.010 0.640 
16 0.006 0.750 

0.006 0.750 -1 1 

0.170 
0.040 
0.040 

Oconee Nuclear Station Unit 2, Capsule E 
B A1195-1 A533B-1 SHSS02 
B 3P2359 ASO8-2 FOC201 
B 3P2359 ASO8-2 FOC2Ol 

Oconee Nuclear Station Unlt 3, Capsule B 
B AI 195-1 A533B-1 SHSS02 
B 522194 ASO8-2 FOC301 
B 522314 ASO8-2 FOC302 

Oconee Nuclear Station Unlt 3, Capsule D 
B A1195-1 A533B-1 SHSSOZ 
B 522194 ASO8-2 FOC301 
B 522314 A508-2 FOC302 

Point Beach Nuclear Plant Unit 2, Capsule R 
W . At 195-1 A533B-1 SHSSO2 
W 122W195VA1 A508-2 FPB2Ol 
W 123VSOOVAl ASO8-2 FPB202 

Point Beach Nuclear Plant Unit 2, Capsule S 
W AI 195-1 A533B-I SHSSO2 
W 122W195VA1 ASO8-2 FPB2Ol 
W 123VSOOVAl ASO8-2 FPB202 

Point Beach Nuclear Plant Unlt 2, Capsule T 
s w  AI 195-1 A533B-1 SHSSO2 

w w  
k w  F 

w 

122W195VAl A508-2 FPB2Ol 
123VSOOVA1 MO8-2 FPB202 

SRM 
Forging 
Forging 

SRM 
Forging 
Forging 

LT 
LT 
TL 

1.2 le+l9 
1.21e+19 
1.2 le+19 

LT 
TL 
TL 

3.12et I8 
3.12et18 
3.12e+l8 

SRM 
Forging 
Forging 

SRM 
Forging 
Forging 

S RM 
Forging 
Forging 

SRM 
Forging 
Forging 

LT 
TL 
TL 

LT 
LT 
LT 

LT 
LT 
LT 

LT 
LT 
LT 

2.0 le+ 19 
2.01e+19 
2.01et19 

3.47et 19 
3.47e+ 19 
3.47e+19 

48 
-24 
-28 

143 
-12 
-30 

95 
12 
0 

135 -40 
27 -1s 
27 -27 

0.010 0.640 
0.006 0.750 
0.006 0.750 

0.170 
0.040 
0.040 

56 
-9 
-9 

95 
12 
10 

39 ’ 87 
32 14 
19 14 

-48 
18 
5 

0.010 0.640 
0.014 0.760 
0.011 0.730 

0.170 
0.020 
0.010 

32 
-9 
-9 

151 
22 
36 

I19 
31 
45 

141 
22 
22 

-22 
9 
23 

0.010 0.640 
0.014 0.760 
0.011 0.730 

0.170 
0.020 
0.010 

49 200 
-45 -10 
-80 -10 

49 
-45 
-80 

194 
2 
-4 

49 
-45 
-80 

154 
-28 
-50 

151 152 
35 38 
70 67 

-1 
-3 
3 

0.010 0.640 0.170 
0.010 0.700 O.OS1 
0.009 0.710 0.088 

145 
47 
76 

170 
42 
75 

105 
17 
30 

126 
31 
56 

-25 
5 
1 

0.010 0.640 
0.010 0.700 
0.009 0.710 

0.170 
0.051 
0.088 

-2 1 
-14 
-26 

0.010 0.640 0.170 
0.010 0.700 0.051 
0.009 0.710 0.088 g ,E 



P Table 15 (continued) 
c w C,  transition temp. C,  transition temp. 

at 30 A-lb at 30 A-lb Chemistry 
Heat Material Heat Prod. FlUeilC43 

Tag No. ID ID ID Orient. E>1 M e V d d  Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu 
Point Beach Nuclear Plant Unit 2, Capsule V 

W A1 195-1 A533B-1 SHSSO2 
W 122W195VAl ASO8-2 FPB2Ol 
W 123VSOOVAl A508-2 FPB202 

Pralrie Island Unit 1, Capsule P 
W AI 195-1 A533B-I SHSSO2 
W 21918 ,4508-3 FPIlOl 
W 21918 ASO8-3 FPIlOl 

Prairie Island Unit 1, Capsule R 
W A I  195-1 A533B-I SHSSO2 

v, W 21918 ASO8-3 FPIlOl 
o\ 

W 21918 ASO8-3 FPIlOl 

Prairie Island Unit 1, Capsule V 
W A1 195-1 A533B-1 SHSSOZ 
W 21918 A-508-3 FPIlOl 

Prairie island Unit 2, Capsule R 
W A1 195-1 AS33B-1 SHSSO2 
W 22642 A-508-3 FPI2Ol 
W 22642 A508-3 FPI2Ol 

Prairie Island Unit 2, Capsule T 
W AI 195-1 A533B-I SHSSO2 
W 22642 ASO8-3 FP1201 
W 22642 ASO8-3 FPI2Ol 

Prairie Island Unit 2, Capsule V 
W AI 195-1 A533B-1 SHSSO2 
W 22642 ASO8-3 FP12Ol 
W 22642 A508-3 FP1201 

SRM LT 
Forging LT 
Forging LT 

SRM LT 
Forging LT 
Forging TL 

SRM LT 
Forging LT 
Forging TL 

SRM LT 
Forging TL 

SRM LT 
Forging LT 
Forging TL 

SRM LT 
Forging LT 
Forging TL 

SRM LT 
Forging LT 
Forging TL 

45 
-5 5 
-80 

49 
-2 5 
-27 

49 
-25 
-27 

49 
-27 

45 
-25 
0 

45 
-25 
0 

45 
-2 5 
0 

135 
-3 5 
-50 

205 
-5 
10 

235 
55  
60 

159 
-3 

225 
75 
85 

205 
30 
3s 

1 70 
10 
30 

90 
20 
30 

IS6 
20 
37 

186 
80 
87 

1 IO 
24 

I80 
100 
85 

160 
55  
35 

125 
35 
30 . 

101 
25 
45 

136 
39 
39 

174 
50 
50 

105 
30 

176 
75 
7s 

130 
55 
55  

107 

-1 1 
-5 
-1s 

20 
-19 
-2 

12 
30 
37 

5 
-6 

4 
25 
IO 

30 
0 
-20 

18 
-10 
-1 5 

45 
45 

0.0 I O  
0.010 
0.009 

0.010 
0.013 
0.013 

0.010 
0.013 
0.013 

0.010 
0.013 

0.010 
0.01 1 
0.01 1 

0.010 
0.01 1 
0.011 

0.010 
0.011 
0.011 

0.640 
0.700 
0.710 

0.640 
0.720 
0.720 

0.640 
0.720 
0.720 

0.640 
0.720 

0.640 
0.700 
0.700 

0.640 
0.700 
0.700 

0.640 
0.700 
0.700 

0.170 
0.05 1 
0.088 

0.170 
0.060 
0.060 

0.170 
0.060 
0.060 

0.170 
0.060 

0.170 
0.085 
0.085 

0.170 
0.085 
0.085 

0.170 
0.085 
0.085 



v, 
-4 

Table 15 (continued) 
C, transition temp. C, transition temp. 

at 30 A-lb at 30 A-lb Chemistry 
Heat Material Heat Prod. FlUellCe 

Tag No. ID ID ID Orient. E > I  MeVdcm’ Unirradiated Irradiated Measured R.G. 1.99 Residual P NI cu 
Turkey Point Nuclear Power Station Udt 3, Capsule S 
W A0421 A302B SASTM SRM 
W 123P461VAl A508-2 FTP301 Forging 
W 123S266VAl A508-2 FTP302 Forging 

LT 
LT 
LT 

1.41619 
1.41et19 
1.4 l e t  19 

35 
-47 
-63 

-45 
- I5  

139* 
2 
48 

1 LO 
39 
55 

29 
-37 
-7 

0.011 
0.010 
0.0 10 

Turkey Point Nuclear Power Station Unit 3, Capsule T 
W A0421 A302B SASTM SRM 
W 123P461VAl A508-2 FTP30I Forging 

LT 
LT 

5.68e+18 
5.68e+ 18 

35 
-47 

1 I7 82 
-47 0 

84 
30 

-2 
-30 

0.01 1 
0.010 

0.180 
0.700 
0.680 

0.180 
0.700 

0.200 
0.058 
0.079 

0.200 
0.058 

Turkey Point Nuclear Power Station Unlt 3, Capsule V 
W A0421 A302B SASTM SRM 
W 123S266VAl A508-2 FTP302 Forging 

Turkey Point Nuclear Power Station Udt 4, Capsule S 

W 122S180VAl A508-2 FTP401 Forging 
W 123P481VAl A508-2 FTP402 Forging 

W A1195-1 A533B-1 SHSSOZ SRM 

Turkey Point Nuclear Power Station Udt 4, Capsule T 
w .  A1195-1 A533B-1 SHSSO2 SRM 

LT 
LT 

1.23et19 
1.23et I9 

35 
-50 

160 
5 

125 
55 

106 
53 

19 
2 

LT 
LT 
LT 

45 
-29 
-12 

-53 
29 

ll5* 
-24 
41 

136 
37 
35 

-2 1 
-26 
6 

LT 6.05et18 45 135 90 1 IO -20 

0.011 
0.010 

0.010 
0.01 1 
0.010 

0.010 

0.180 0.200 
0.680 0.079 

0.640 0.170 
0.700 0.056 
0.710 0.054 

0.640 0.170 
W 12ZS180VAl A508-2 FTP401 Forging LT 6.05ei-18 -29 -24 5 30 -25 0.011 0.700 0.056 
* 50 A-lb transition temperature shift. 
Residual is defined as measured shifl - Reg. Guide 199 Rev. 2’s shifl. 
Tag Field, B - Babcock & Wilcox; G - General Electric; W- Westinghouse. 



Trend Curve for Forging Materials with Companion 
Correlation Monitor Materials 
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Figure 16 Trend curve for forging materials and the corresponding CMMs. The SRM data are identified 
with a solid symbol, and the corresponding forging is identified with a hollow symbol 
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Plate Transition Temperature Shift vs Fluence vs Copper 
from Westinghouse Dat 
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Figure 19 3-D plots of RT,, shift vs fluence vs copper content for A302B and A533B-1 
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Trend Curve for ASTM (A302B) Correlation Monitor Material 
Irradiated at 55OOF w/ Fluence >= I .5 E+19 n/cm2 Q n 
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Figure 22 Embrittlement of the HSSTOl CMM relative to the R.G. 1.99, Rev, 2, prediction 
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4 CONCLUSIONS 

The results from the surveillance capsules show that 
the trend curves for the A302B (ASTM) and A533B 
(HSST) CMM closely follow fhe model of the RG. 
1.99, Rev. 2. Significant scatter is noted in the data, 
some of which may be attributed to variations fiom 
one specimen set to another. The major contributions 
to the uflcertainty of the RG. 1.99 prediction model 
and the overall data scatter are from mechanical test 
results, chemical analysis, irradiation environments, 
fluence evaluation, and inhomogeneous material 
properties. Thus in order to improve the prediction 
model, control of the above-mentioned error sources 
needs to be improved. Thus properly documented 
information on mechanical testing procedures, 
material properties and material history, irradiation 
environments, reactor power-time history, and 
neutronic analysis are vital for the development of an 
embrittlement model. For example, infomation as to 
the exact location of the test specimens within the 
parent material should be provided. 

In this report, the data fitting procedure was also 
demonstrated to be another independent source 
contributing to the uncertainty. For example, the mean 
absolute difference between EDB hyperbolic tangent 
fit results and reported AT3o for B&W data can be up 
to 22%. Thus a unified data-fitting procedure is 
essential to generate consistent results among different 
laboratories, such q EDB data fitting procedures 
demonstrated in this report.. When the greater 
inhomogeneity of specific test sets are known (for 
example, additional chemical compositions are 
available for the individual test spe-cimen), further 
constraints need to be added into the Charpy curve- 
fitting model, such as copper and nickel contents in 
addition to the impact energy and test temperature, to 
accounf for the material inhomogeneity. 

For surveillance data, significant deviations of the 
measured shift from the trend curve (i-e., more or less 
than 34 "F for plate materials) should be considered as 
a waming flag pointing to a possible anomalous 
capsule environment. The most likely reason for 
deviations ftom the trend curve is the capsule tempera- 
ture; fluence and fluence rate can be determined fairly 

accurately, and possible effects from these sources are 
relatively small in a power reactor environment. A 
quantitative relation between irradiation temperature 
and ATso has been established in the past," based on 
the nominal capsule temperature determined by the 
melt wires loaded in the irradiated capsule. This 
shows that the weld materials are the most sensitive 
and the forging materials are the least sensitive to the 
irradiation temperature. However, a more detailed 
investigation needs to be done on the issue related to 
the irradiation temperature of surveillance capsules. 
These &ects must be considered ifmaterial- and 
reactor-specific trend curves are established. 

The investigation shows that results fkom CMMs can 
indeed be used to detect anomalies in the surveillance 
capsule irradiation. Nominal values for the ATw in the 
CMM for a given fluence can be determined from 
RG. 1.99, Rev. 2. Any significant deviation fkom the 
trend curve should be investigated as to the possible 
causes. The exact location of the test samples within 
the plate should be ascertained, ifpossible, and 
variations in the baseline values between samples 
should be considered. If the material inhomogeneity is 
a suspect for a particular test set, the detailed chemical 
compositions from the broken specimens are needed to 
generate a more accurate embrittlement index h m  a 
more realistic curve-fitting model, which incorporates 
the chemistry constraints into the regression analysis. 
Influence of irradiation temperature may be inferred 
ftom the results of the CMM and should be considered 
whenever material- and reactor-specific trend curves 
are to be established. 

There is some evidence for a fluence-rate effect in the 
CMM data irradiated in test reactors. The existence of 
a fluence-rate effect has important implications for the 
U.S. commercial power industries, since accelerated 
locations have almost invariably been used in RPV 
surveillance programs. For example, the GE surveil- 
lance data have a large range of fluxes, ranging from 
2.0 x 10' to 4.6 x 10l2 dm2.s, whereas for B&W data 
it ranges from 2.4 x 1O'a to 9.66 x 10" dcm2.s, for 
CE data, 2.3 x 101o'to 6.3 1 x 10" dcm2.s, and for 
Westinghouse data (not including Yankee Rowe data) 
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7.5 x lo9 to 2.47 x 10” n/cm2.s. Thus, the implication 
of a fluence-rate effect in a nuclear commercial power 
reactor environment deserves special attention, 
especially for GE BWR surveillance data. The current 
embrittlement models are based on surveillance data 
without accounting for fluence-rate effects. If the 
hence-rate effect is significant over the range of 
interest, use of surveillance data with a high lead 
factor may result in a conservative or nonconservative 
prediction of vessel embrittlement, depending 

on the particular fluenee range. Thus, depending on 
the lead factor involved, it may be prudent to apply 
some correction to the surveillance data in application 
to the prediction of vessel embrittlement. Based on 
the available data, however, definition of a “high” lead 
factor and the development of such correction factors 
are not yet practicable. Additional data fiom the 
CMMs irradiated over a range of fluence rates are 
needed to establish the fluence-rate effects with 
coniidence. 
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APPENDIX A 

HYPERBOLIC TANGENT FITS AND UNCERTAINTY STUDY FOR A302B 
AND A533B SURVEILLANCE REFERENCE MATERIALS 

In this appendu; CMM is referred to as reference material. 
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Appendix A 

A302B REFERENCE MATERIAL, Baseline (Longitudhal Direction) 

USE- 98.8 3, LSL- 3.1 JI CVT(I/Z)= 8.C Slop. 
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27. 80. 
27. 80. 
38. 100. 

16. 60. 

38. 100, 

Impact tnergy 
J ft-lb 

5. 4. 
5. 4. 
11. 8. 
8. 6. 
16. 12. 
14. 10. 
8. 6.  
19. 14. 
18. 13. 
30. 22. 
24. la. 
39. 29. 
31. 23. 
49. 36. 
35. 26. 
49. 36. 
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Appendix A 
A302B REFERENCE MATERIAL 

Baseline (Longitudinal Direction) 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

SASTM Baseline SRM LT 

Par meter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 116.1 21.5 0.105 
CVT at Midpoint (C) 15.5 9.6 0.118 0.951 
ljslope (C) 45.5 7.0 -0.239 0.615 0.650 
CVT' at 41 Joule (C) 0.3 3.3 0.289 0.381 0.582 -0.026 
CVT at 68 Joule (C) 23.6 3.6 -0.097 -0.094 0.164 0.317 0.508 

Lower Shelf Energy (J) 3.1 0.1 

A302B Ref erellce Material 
sfism Baseline SRH LT 

-50 58 15% 250 358 450 

100 

80 

60 

40 

28 

-100 -50 a 58 lB8 158 * 288 250 
Test Temperature 

"F 

80 

60 

fi 
2 
I 

40 

20 

0 
"C 
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Appendix A 

A302B REFERENCE MATERIAL, Baseline (Transverse &tion) 
USE- 55.1 J, LSE- 3 .0  J, CVT(1/2)= -3.C , S l o p  0.0244 
Unirradiated Charpy Specimen, CVT(41J) = 
Spec. I D  Teat  Temp. Impact Energy Lat. Exp. I Shear 

18. C , CVT(685) =****** c 
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4. 0.15 
5. 0.18 
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48 
c, 

e 
'C 



Appendix A 
A302B REFERENCE MATERIAL, 

Baseline (Transverse Direction) 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, M a x h w  = 1000 

10.0 J 

SASTM Baseline SRM TL 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 
l/slope (C) 
CVT at 41 Joule (C) 

Mean Std.Dev. Correlation Coefficients 

72.9 14.7 0.206 
11.8 12.8 0.222 0.919 
53.5 12.6 -0.160 0.498 0.548 
17.8 5.5 -0.038 0.023 0.340 0.425 

3.0 0.0 

A3021 Reference Materia 1 
sfism Baseline SRH TL 

100 

88 

40 

-50 58 150 258 356 458 
I I 1 I I I 

0 

0 '  , I 
t 

-188 -58 B 58 108 158 
Test Temperature 

"F 

68 

0 
258 "C 

A-5 NUREG/CR-64 13 



Appendix A . ' 

A302B REFERENCE MATERIAL 
Beznau Unit 1. Camu le R 

USE= 96.6 J, LSE= 3.0 J, CVT(1/2)= 67.C , Slope = 0.0197 
CVT(415) = 57. C , CVT(685) = 88. C , 
F l u e n c e  = 5.7203+18 , Irr. Temp. = 288 C 

Lat. Exp. 
lllIll mil 

Spec. ID T e s t  Temp. 
C F 

Impact Energy 
J f t - l b  

% Shear 

R14 
R13 
R9 
R15 
R16 
R10 
R12 
R11 

3. 
17. 
15 * 
19. 
32. 
37. 
31. 
100. 

0. 32. 
21. 70. 
21. 70. 
30. 86. 
40. 104. 
60. 140. 
60. 140. 
100. 212. 

7. 
21. 
16. 
23. 
33. 
39. 
35 * 
83. 

5. 
16. 
12. 
17. 
25. 
29. 
26. 
62. 

0.20 8 .  
0.43 17. 
0.28 11. 
0.48 19. 
0.69 27. 
0.63 25. 
0.63 25. 
1.32 52. 

A382B Reference Hater ia 1 
R SASItI SRn LI BZ 1 

'F 8 288 288 388 488 iee r .  I 1 

8 288 288 388 488 iee .. I 1 

88 - 

6 8 -  

48 - 

2 8 -  

8 
-58 8 58 188 150 .288 258 

t I , 

68 88 

68 e 48 
i, 

48 

28 
28 

8 t I , 
-58 8 58 188 150 .288 258 'C 

Test fenperature 

NUREGKR-64 13 
A 4  



A302B REFERENCE MATERIAL 

Beznau Unit 1. C m u  le q 

Appendtr A 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iteration8 = 200, Maximum = 1000 

BZ1 R SASTM SRM LT : Fluence = 5.7203+18 , Irr. Temp. = 288 

Parameter 
Lower Shelf Energy (J 
Upper Shelf Energy (J 
CVT at Midpoint (C) 
l/SlOpe (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Q 

Mean Std-Dev. Correlation Coefficients 

96.6 13.8 0.480 
66.1 8.1 0.599 0.661 
51.0 10.9 -0,085 -0.034 0.089 
57.3 6.4 0.343 -0.163 0.579 -0.091 
91.5 16.5 -0.130 -0.643 -0,129 0.458 0.504 

3 - 0  O I O  

A382B Reference Material 
BZ1 R ShSTH sm LT 

88 

e- 
-58 8 58 100 158 288 250 

Test Temperature 

A-7 NUREGKR-64 13 



Appendix A 

A302B REFERENCE MATERVU, 
Beznau Unit 1. Capsule V 

USE= 75.1 J, LSE= - 3.0 J, CVT(1/2)= 26.12 , Slope = 0.0357 
CVT(41J) = 27. C , CVT(68J) = 57. C I 

Fluence = 2.7703+18 , Irr. Temp. = 288 C 

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear 
C F J ft-lb mm 

R5 0. 32. 
R6 0 .  32. 
R8 10. 50. 
*R1 17. 62. 
*R2 17. 62. 
R7 30. 86. 
R3 -20. -4. 
R4 -20. -4. 

14. 10. 
10. 8. 
20. 14. 
57 * 42. 
71. 53. 
45. 33 * 
11. 8. 
6. 5. 

0.28 
0.30 
0.38 
0.51 
0.41 
0.74 
0.18 
0.13 

mil 

11. 
12. 
15. 
20. 
16. 
29. 
7. 
5. 

** The initial USE is assigned as 53 ft-lb. 

A382B Reference Hater ia 1 
BZ1 U SASTH SRH LT 

0 lee 288 388 468 
100 ' 1 I I I I 

80 I 
'F 

60 

20 

0 
-5% 0 50 1B0 150 200 250 'C 

Test Temperature 

NUREGiCR-6413 A-8 



Appendix A 
A302B REFERENCE MATERJAL 

Beznau Unit 1. Camule V 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, M a x i m u m ' =  1000 

4.0 Degree C 

B Z 1  v SASTM SRM LT : Fluence = 2.7703+18 , Irr. Temp. = 288 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.0 0.0 
Upper Shelf Energy (J) 86.2 12.6 0,110 
CVT at Midpoint (C) 32.2 9.2 0.075 0.672 
l/slope ( C )  36.2 11.0 -0.182 0.352 0.587 

CVT at 68 Joule (C) 58.8 15.5 -0.143 -0.298 0.335 0.601 0.685 
~ CVT at 41 Joule (C) 29.2 6.8 0.037 0.134 0.806 0.435 

A382B Reference Hater ial 
I BZ1 U s m n  SRtl LI 

100 

80 

60 

40 

28 

0 
-50 a 50 iaa 150 28% zsa 

Test Temperature 

60 

20 

0 
"C 

A-9 NUREGKR-64 13 



Appcndix A 

A302B REFERENCE MATERIAL 
Jose Cabrera-Zorita. Capsule Y 

-USE= 102.1 J, LSE= 3.0 J, CVT(1/2)= 73.C , Slope = 0,0130 
CVT(41J) = 55. C , cvT(68J) = 98. C , 
Fluence = 1.400E+19 , Irr. Temp. = 304 C 

Spec. I D  

R5 7 
R60 
R62 
R5 8 
R5 9 
R63 
R64 
R61 

T e s t  Temp. 
C F 

Impact Energy 
J ft-lb 

L a t .  Exp. 
m mil 

21. 
52. 
66. 
93. 
99. 
121. 
149. 
177. 

70 
125 
150. 
200. 
210. 
250. 
300. 
350. 

30 
45. 
37. 
60 
65. 
87. 
99. 
91. 

22 0 

33 0 

27. 
44. 

64. 
73. 
67. 

4a. 

0.46 18. 
0.63 25. 
0.66 26. 
0.99 39. 
1-12 44. 
1.19 47. 
1-37 54. 
1.32 52. 

ChB 
A382B Reference Material 

K SASTll SRn LT 

% Shear 

20. 
35. 
30. 
60. 
85. 
100. 
100 0 

100 0 

0 me me 388 488 
128- I I I I 

- 
188 - 

8 8 -  - 

66 - 

40 - 
- 

8 
-58 e 58 la 15B * Zen 250 

Test Temperature 

I I I t 

'F 

88 

60 

28 

'C 
e 

NUREGICR-64 13 A-10 



Appendix A 
A302B REFERENCE MATERlAL 

Jose C a b r e r a - & n @ L a  

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of Successful  Iterations = 200, Maximum = 1000 

10.0 J 

C A B K  SASTM SRM LT : Fluence = 1.400E+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coeff ic ients  

Upper Shelf Energy ( J )  105.8 13.5 0.157 
CVT a t  Midpoint ( C )  76.1 15.4 0.330 0.818 
l / s lope  (C) 82.3 22.4 -0.250 0.615 0.374 
CVT a t  41 Joule ( C )  53.6 11.1 0.481 -0.014 0.499 -0.541 
CVT at 68 Joule ( C )  98.6 8.6 0.132 0.121 0.563 0.265 

Lower  Shelf Energy ( J )  3.0 0.0 

h3lZlI Reference Material 
CAB K SASTtl sm LT 

0.531 

9 199 488 

-58 8 58 109 1% . zee zse oc 
Test Temperature 

A-11 NUREG/CR-6413 



Appendix A 

A302B REFEWCE MATERIAL 
Jose Cabrera-Zorita Cwsule N 

USE= 76.0 J, LSE= 3.0 J, CVT(1/2)= 74.C I Slope = 0.0313 
CVT(41J) = 76. C I CVT(685) = 108. C , 
Fluence = 3.680E+19 , Irr. Temp. = 304 C 

Spec. ID Test Temp. 
C P 

Impact Energy 
J ft-lb 

R47 
R46 
R4 1 
*R48 
R43 
R4 5 
R42 
R44 

189 

88 

48 

28 

24. 76. 
66. 150. 
99. 210. 
99. 210. 
107. 225. 
121. 250. 
149. 300. 
204. 400. 

11. 8. 
28. 21 I 
62. 46. 
38. 28. 
68. 50. 
75. 55. 
79. 5 8 .  
70. 52. 

Lat. Exp. % Shear 
mm mil 

0.28 11. 
0.56 22. 
1.02 40. 
0.51  20. 
1.42 56. 
1.45 57. 
1.40 55. 
1.47 58. 

S. 
21. 
78. 
48. 
94. 
100. 
100. 
100. 

A382B Reference Hater ial 

"F 

68 

0 
Y 8 
-se e se 100 158 * 299 258 'C 

Test Temperature 
NUREGKR-64 13 

A-12 



Appendix A 

A302B REFERENCE MATERIAL 

Jose Cabrera-Zorita. Capsule N 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4 .0  Degree C 

CAB N SASTM SIW LT : Fluence * 3.6803+19 , Irr. Temp. = 304 

Paramet et Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 78.3 5.4 -0.094 

l/alope (C) 34.0 10.6 -0.182 0.385 -0.136 
CVT at 41 Joule (C) 75.4 8.6 0.316 0.095 0.956 -0.260 
CVT a t  68 Joule (C) 108.0 11.3 0.117 -0.226 0.381 0.453 0.489 

Lower Shelf Energy (J) 3.0 0.0 

CVT a t  Midpoint (C) 75.3 9.3 0.283 0.371 

f&UI kference tlaterial 
CfiB N SASTtl SRH LT 

'F 

60 

8 '  
-se R 58 lee 158 288 258 

Test Temperature 

I e 
'C 

A-13 NUREWCR-64 13 



Appendix A 

A302B REFERENCE MATERIAL 
Jose Cabrera-anta. fhpsdd! 

USES 87.0 J, LSE= 3-0 J, CVT(1/2)= 78.C Slope = 0.0215 
CVT(41J) = 73. C , CVT(68J) = 106, C , 
Fluence = 1.4303+19 , Irr. Temp. = 304 C 

Spec. ID 

R13 
R16 
R12 
R14 
R9 
R10 
R11 
R15 

T e s t  Temp. 
C P 

23. 74. 
38. 100. 
54. 130. 
79. 175. 
88, 190. 
93. 200. 
98. 209. 
149. 300. 

Impact Energy 
J f t - l b  

12. 9. 
19. 14. 
28, 20. 
45. 33. 
38. 28. 
51. 37. 
85. 63. 
84. 62. 

Lat, Exp. 
mm mil 

0.10 4, 
0.30 12. 
0.36 14. 
0.76 30. 
0.66 26. 
0.81 32. 
1.12 44. 
1.32 52. 

% Shear 

5. 
20. 
2s. 
40. 
40. 
60. 
100. 
100. 

A382B Reference llaterial 
CAB P SfiSTH SRH Lf 

'F 
lee 

88 

20 

e 
-56 8 se 188 1sB 288 

Test Temperature 

60 

e 
'C 

NUREGKR-64 13 
A- 14 



Appendix A 
A302B REFERENCE MATERIAL 

Jose Cab rera-Zorita Cwule P 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Successful  I t era t ions  = 200, Maximum J 1000 

10.0 J 
4 . 0  Degree C 

C R B P  SASTM SRM LT : Fluence = 1.4303+19 , Irr. Temp. = 304 

Parameter 
Lower S h e l f  Energy (J )  
Upper s h e l f  Energy ( J )  
CVT a t  Midpoint (C)  

CVT a t  41 Joule (C)  
CVT a t  68 Joule ( C )  

l/SlOPe ( C )  

Mean Std.Dev. Correlation Coef f i c i ent s  

90.3 11.4 0.106 
79.6 9.5 0.173 0.746 
51.1 14.8 -0.211 0.384 0.202 
73.0 6.7 0.220 0.024 0.646 -0.332 

3.0 0.0 

109.5 12.2 -0.137 -0.392 -0.049 0.439 0.238 

A382B Reference Haterial 
CAB P SASTW SRH LI 

'F 

-58 8 58 I00 158 ' 208 
Test Temperature 

28 

A- 15 NUREGKR-64 13 



Appendix A 

A302B REFERENCE MATERIAI, 
ddam Neck. Capsule 4 

USE= 98.0 J, LSE= 3.0 Jt CVT(1/2)= 67.C Slow = 0.0178 
CVT(41J) = 56. C , CVT(68J) = 89. C , 
F l u e n c e  = 2.070Ei18 , Irr. Temp. = 304 C 

Spec. I D  

R44 
R42 
R46 
R47 
R41 
*R43 
R45 
R48 

T e s t  Temp. 
C F 

-18. 0. 
-4. 25. 
10. 50. 
21. 70. 
27. 80. 
32. 90. 
49. 120. 
66. 150. 

CTY 

Impact E n e r g y  
J f t - l b  

6. 
14. 

6. 
24. 
23. 
93 * 
33. 
50. 

4. 
10. 
4. 
17. 
17. 
68. 
24. 
37. 

L a t .  Exp. %. Shear 
[IPII m i l  

0.10 
0.25 
0.15 
0.48 
0.46 
1.22 
0.61 
1.02 

A382B Reference Material 
A SASTH SRH LT 

4. 
10 . 
6. 
19. 
18. 
48. 
24. 
40. 

0. 
5. 
0. 
5. 

. 5. 
100. 
40. 
60. 

68 

e 1BB 208 388 488 'F 
lee - .  1 L I I 

88 - 

b a -  

4 8 -  

8 , 
-9 9 58 iee lse 2iee 258 

Test Temperature 

0 
'C 

NUREGKR-64 13 
A-16 



Appendix A 
A302B REFERENCE MATERIAL 

Haddam Neck. CaDsule A 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 
N u m b e r  of Successful Iterations = 200, ~aximum = 1000 

4.0 Degree C 

CTY A SASTM SRM LT : Fluence = 2.0703+18 , Irr. Temp. = 304 

Parameter Mean Std.Dev, Correlation Coefficients 

Upper Shelf Energy (J) 96.7 11.0 0,180 
CVT at Midpoint (C) 68.4 14.2 0,199 0.664 
l/slope (C) 61.8 19.5 0,059 0.359 0,718 
CVT at 41 Joule (C) 56.5 8.8 0,157 0.202 0.816 0.457 
CVT at 68 Joule (C) 94.8 16.9 0.044 -0.037 0.656 0.800 0.760 

Lower Shelf Energy (J) 3.0 0.0 

A302B Reference Haterial 
CTY A SASTH SRH LI 

100 

88 

68 

46 

28 

e 

e 188 388 "F 

60 

4e: 
cr 

ze 

e 
-58 0 58 100 158 288 258 "C 

T e s t  Temperature 

A-17 NuREG/CR-64 13 



Appcndix A 

A302B REFERENCE MATERIAL 
&&lam Neck. Capsule D 

USE= 86.1 J, LSE= 3.0 J, CVT(1/2)= 81.C , Slope = 0.0224 

Fluence = 2.2203+19 , Irr. Temp. = 304 C 
CVT(41J) = 77. C CVT(68J) = 109. C , 

Spec. ID 

R49 
RSO 
R53 
R5 1 
R5 4 
R5 5 
R52 
R5 6 

188 

88 

68 

Test Temp. 
C F 

Impact Energy 
J f t - l b  

L a t .  Exp. 
nrm mil 

-12. 
24 
71. 
93 - 
107. 
121. 
149. 
204. 

10. 
75. 
160. 
200. 
225. 
250 ,  
300. 
400. 

4. 
16. 
37. 
43. 
76. 
79. 
85. 
84 

3. 
12. 
27. 
32. 
56. 
58. 
62. 
62. 

0.30 12, 
0.38 15. 
0.61 24. 
1.07 42, 
1.04 41. 
1.09 43. 
1.14 45. 
1.27 50. 

A362B Reference Material 
CTY D SASTn SRH LT 

e 189 288 388 488 

% Shear 

1. 
14 
27 
51. 
93. 
100. 
100. 
100. 

'F 

48 = 
t: 

e 

68 

NUREG/CR-64 13 
Test Temperature 

A-18 



A302B REFERENCE MATERlAL 

Haddam Neck CaDsule D 

Appendix A 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

CTY D SASTM SRH LT : Fluence = 2.2203+19 , Irr. Temp. = 304 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 

CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

l/sloPe ( C )  

Mean Std.Dev. Correlation Coefficients 

89.0 8.5 -0.171 
80.2 10.9 0.274 0.563 
52.1 16.2 -0.432 0.485 -0.043 
73.8 9.6 0.462 0.031 0.825 -0.491 

3.0 0.0 

110.5 9.5 0.042 -0.104 0.353 0.374 0.381 

A382B Reference laterial 
CTY D SASrn SRH LT 

8 196 288 388 488 
le8 ' I I I 

(3 

80 - 

68 - 

48 - 

- 
2 8 -  

e 8 

-58 8 58 18% 158 288 258 
Test Temperature 

"F 

68 

ic 

28 

8 
"C 

A-19 NUREGICR-64 13 



Appendix A 

A302B REFERENCE MATERIAL - 
USE= 88.5 3, LSE= 3 .0  J ,  CVT(1/2)= 56.C , Slope = 0.0212 
CVT(41J) = 51. C , CVT(68J) = 84. C , 
Fluence = 4.040Ei38 , Irr. Temp. = 304 C 

Spec. I D  Test Temp. Impact E n e r g y  L a t .  Exp. % Shear 
C F J f t - l b  nrm mil 

R21 -18. 0. 
R24 -10. 14. 
R20 -1. 30. 
R2 2 32. 90. 
R18 49. 120. 
R19 66. 150. 
R23 100. 212. 
R17 132. 270. 

5. 4. 
7. 5. 
12. 9. 
29. 21. 
40. 29. 
47. 34. 
86. 63. 
81. 59. 

0.03 1. 0. 
0.05 2. 3. 
0.13 5. 2. 
0 .53  21. 15. 
0.66 26. 25. 
0.76 30. 40. 
1.40 55. 9 5 .  
1.27 50.  97. 

M2B Reference Material 
CIY F SASIH SRH LI 

e 188 288 388 488 

e 50 100 158 200 258 
T e s t  T e m p e r a t u r e  

NUR-EGKR-64 13 A-20 



Appendix A 
A302B REFERENCE MATERIAL 

dam Neck. Cilpsule F 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, MaxFmum = 1000 

10.0 J 

CTY F SASTM SRM LT : Fluence = 4.0403+18 , Irr, Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.0 0.0 
Upper Shelf Energy (J) 91.4 11.2 0.210 
CVT at Midpoint (C) 57.9 11.2 0.274 0.778 
l/slope (C)  51.0 12.7 -0.155 0,458 0,432 
CVT at 4 1  Joule (C) 50.7 7.3 0.326 0.264 0,784 0.027 
CVT at 68 Joule (C) 86.2 11.4 -0.007 -0.207 0,256 0 . 4 7 1  0.475 

A388 Reference Material 
CTY P SASrn SRH L1 

e iee 288 386 tee 
I I I I , 1 

=n 
k c u  w- 
4 0  
0 7  
I a 
I 

a 

m 

'F 

48 f 

8 '  
-58 e 50 lee 158 zee zse 

T e s t  T e m p e r a t u r e  

8 
'C 

A-2 1 NuREG/CR-64 13 



Appendix A 

A302B REFERENCE MATERIAL 
&&lam Neck CausuIe H 

USE= 99.3 J, LSE= 3.0 J, CVT(1/2)= 85.C , Slope = 0.0242 
CVT(41J) = 76- C CVT(685) = 100. C 
Fluence = 1.7903+19 , Irr. Temp. = 288 C 

Spec. ID Test Temp. Impact Energy Lat. Exp. ?$ Shear 
C F J f t - lb  llim m i l  

R38 
*R40 
R33 
R39 
R37 
R3 6 
R34 
R3 5 

-18. 0. 
22. 72. 
66. 150- 
79. 175- 
99. 210. 
113. 235- 
135. 275- 
149. 300. 

3. 2 -  0.05 2. 1. 
28. 21. 0.36 14. 15. 
27. 20. 0.41 16. 35. 
54. 40 0.69 27, 55 0 

56. 41. 0.66 26. 60 - 
83. 61. 0.94 37. 95 0 

98. 72. 1.35 53. 100. 
95 * 70. 1.32 52. 100. 

A382B Reference Material 
CTY H SASTtl SRH LT 

8 100 288 388 486 'F 

68 

48s 
t: 

ze 

9 
-58 e 58 1BB 158 iee 258 'C 

T e s t  Temperature 

A-22 NUREGICR-64 13 



A302B REFERENCE MATERIAL 
Appendix A 

Paddam Neck. Capsule tf 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

CTY H SASTM SRM LT : Fluence = 1.7903+19 , Irr. Temp. = 288 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf  Energy (3) 3.0 0.0 
Upper Shelf Energy (J) 105.9 13.5 0.015 
CVT at Midpoint (C) 87.6 9.8 0.147 0.810 
l/slope ( C )  48.0 14.6 0.006 0.714 0.514 
CVT at 41 Joule (C) 74.2 6.7 0.183 -0.041 0.486 -0.424 
CVT at 68 Joule (C) 100.2 6.1 0.197 0.279 0.707 0.403 

M62B Reference tlaterial 
C I Y  H SflSItl SRH L1 

0.572 

128 

180 

88 

68 

48 

28 

a 
-58 a sa la0 158 zaa 258 

Test Temperature 

'F 

Be 

68 

5 
t: 
I 

4a 

28 

e 
'C 

A-23 NUREGXR-64 13 



Appendix A 

A302B REFERENCE MATERIAL 
Garieiiano, Capsule 113B 

USE= 95.5 J, LSE= 3.0 J, CVT(1/2)= 74.C , Slope = 0.0144 
CVT(41J) = 61. C , CVT(685) = 104. C , 
Fluence = 1.100E+19 , Irr. Temp. = -17 C 

Spec. ID T e s t  Temp. 
C F 

I m p a c t  Energy 
J ft-lb 

L a t .  Exp. 
mm m i l  

Y7E 
Y7B 
Y7M 
Y7T 
Y7Y 
Y7L 
Y7X 
Y7P 
Y7S 
Y7U 
*Y7C 

21. 69. 
41. 106. 
60. 140. 
71. 160. 
81. 178. 
91. 196. 
102. 216. 
116. 241, 
129. 264, 
150. 302. 
180. 356. 

17. 
35. 
45 . 
45 . 
46. 
47. 
76, 
83. 
84. 
78. 
73 . 

12. 
26. 
33. 
33. 
34. 
35. 
56. 
62. 
62 - 
58. 
53. 

0.30 12 . 
0.51 20. 
0.86 34 . 
0.66 26. 
0.91 36. 
1-17 46. 
1.22 48. 

1.30 
1.24 

51. 
49. 

% Shear 

10. 
20. 
30. 
30. 
40. 
40. 
70. 
80. 
60. 
50. 
5 0 .  

A362B Reference Material 
GAR 113B SASIH SZ SRH LI 

8 100 288 388 488 
lee . I i I 1 I 

89 - 

6 8 -  
- 

49 - 

t 3 L  

-50 e 58 l0a l!B -2043 258 
I I L 

8 

OF 

60 

rr 

28 

0 
"C 

Test Temperature 

NUREG/CR-64 13 A-24 



Appendix A 
A302B REFERENCE MATERIAL, 

Garieliano. Capsule I13B 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

GAR 113B SASTM S2 SRM LT : Fluence = 1.100E+19 , Irr. Temp. = -17 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
cVT at Midpoint (C) 

CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

l/slopi ( C )  

Mean Std.Dev. Correlation Coefficients 

96.6 14.9 0,113 
74.7 15.2 0,230 0.891 
68.5 20.1 -0.068 0.677 0.539 
61.1 7.9 0.357 0.175 0.557 -0.280 
104.5 8.9 0,004 -0.031 0.214 0.372 

3.0 0.0 

A302B Reference Material 
GAR 113B SASTtl S2 SRtl LT 

e 100 200 488 

68 - 

48 - 

-58 8 50 188 158 
Test Temperature 

"F 

0.266 

68 

I 

28 

"C 
e 

A-25 NUREGKR-64 13 



Appendix A 

A302B REFERENCE MATERlAL 
8 E. GinnaUnit 1.Gagsu.U 

USE= 82.1 J, LSE= .3.0 J, CVT(1/2)= 59.C , Slope = 0.0204 

Fluence = 7.600E+18 , Irr. Temp. = 288 C 
cvT(41J) = 57. C , CVT(68J) = 96. C , 

% Shear Spec. I D  Test Temp. 
C F 

Impact Energy 
J ft-lb 

Lat. Exp. 
111111 mil 

R12 
R10 
R11 
R16 
R9 
R14 
R13 
R15 

15 * 
20 0 

40. 
40. 
75  * 
70 . 
99. 
100. 

25. 
43 0 

66. 
66. 
93 . 
93. 
149. 
149. 

77. 
110. 
150. 
150. 
199. 
200. 
300. 
300. 

24. 

52. 
41. 
75. 
62. 
80. 
81. 

27 
l a .  
20. 
38. 
30. 
55. 
4s. 
59. 
60. 

0.43 17. 
0.53 21. 
0.91 36. 
0.69 27. 
1.27 5 0 .  
1.07 42. 
1.55 61 
1.47 58. 

. .  

M2B Reference Haterial 
R S$S Ttl SRtl LT 6 IN 

"F 388 488 
lee - .  I I 

8 8 -  

6 8 -  

48 - 

2 8 -  

6 
6 50 158 

Test Temperature 

60 

28 

e 
'C 

NUREGKR-64 13 A-26 



A302B REFERENCE MATERIAL 
Appendix A 

R E. Ginna Unit 1. CaDsuIe R 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

10.0 J 
4.0 Degree C 

GIN R SASTM SRM LT : Fluence = 7.6003+18 , Irr. Temp. = 288 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.0 0.0 
Upper Shelf Energy (J) 85.2 8.4 0.011 
CVT at Midpoint (C) 60.1 9.5 0.217 0.678 
l/slope (C) 55.7 17.9 -0.178 0.562 0.175 
CVT at 41 Joule (C) 55.4 7.4 0.299 0.024 0.731 -0.372 
CVT at 68 Joule (C) 98.5 11.5 -0.032 -0.149 0.120 0.503 0.200 

A3W Reference Itaterial 
6 It4 I? s m n  SRn LT 

8 lee 288 4ee 
lee 

80 

60 

48 

28 

8 

"F 

68 

48 f 
CI 

29 

8 
-58 e 5e 100 158 258 'C 

Test Temperature 

A-27 NUREGICR-64 13 



Appendix A 

A302B REFERENCE MATERIAL 
R E. Ginna Unit 1. Capsule T 

USE= 84.8 J, LSE= 3.0 J, CVT(1/2)= 79.C , Slope = 0.0171 
CVT(41J) = 75. c , CVT(68J) = 119. C , 
Fluence = 1.750E+19 , Irr. Temp. = 304 C 

Spec. ID 

*R2Q 
R2 4 
R22 
R23 
R19 
R18 
R17 
R2 1 

Test Temp 
C F 

Impact Energy Lat. Exp. % Shear 
J f t - l b .  mm mil 

24. 75. 
38. 100. 
66- 150. 
79. 175. 
99. 210. 
121. 250. 
177. 350. 
218. 425. 

54. 40. 
26. 19. 
35. 26. 
41. 30. 
45. 33. 
83. 62. 
85. 63. 
80. 59. 

0.63 25 . 
0.33 13. 
0.74 29. 

0.63 25 . 
1.22 48. 
1.24 49 
1-09 43. 

0.71 28 

53. 
IS. 
41. 
44. 
48. 
100. 
100- 
100. 

GIN 
M2B Reference Haterial 

I SCISTtl SRn LT 

"F 

e '  I 

-58 0 se 180 1sB zee 258 
T e s t  Ienperaturt 

8 
'C 

NuREG/CR-64 13 A-28 



AppendixA 
A302B REFERENCE MATERIAL 

R E. Ginna Unit 1. Capsule T 

Impact Energy Uncertainty = 10.0 J 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

GIN T SASTM SRH LT : Fluence = 1.7503+19 I Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 86.7 7.4 0.242 
CVT at Midpoint (C) 79.7 11.3 0.310 0.625 
l/slope ( C )  60.7 19.5 -0.246 0.228 -0,137 
CVT at 41 Joule (C) 74.1 9.3 0.317 0.132 0.832 -0.477 
CVT at 68 Joule (C) 119.7 14.5 -0.204 -0.350 -0.109 0.620 

Lower Shelf Energy (J) 3.0 0.0 

-0.004 

100 

88 

60 

W Referem Haterial 
6 In T s m n  SRH LT 

e 100 288 388 488 

-58 e 50 180 158 200 258 
Test Temperature 

NUREG/CR-64 13 A-29 



Appendix A 

A302B REFERENCE MATERIAL 
jL E. G i a  Unit 1. Cwule V 

USE= 92.8 J, LSE= 3.0 3, CVT(1/2)= 61.C , Slope = 0.0207 
CVT(41J) = 53. C , CVT(68J) = 84. C , 
Fluence = 4.900E+18 , Irr. Temp. = 288 C 

Spec. ID Test Temp. Impact Energy Lat. Exp. 

R3 
R1 
R5 
R4 
R7 
R8 
R2 
R6 

C 

10. 
24. 
52. 
66. 
79. 
79. 
99. 
149. 

F 

50. 
75. 
125. 
150. 
175. 
175. 
210. 
300. 

J f t - l b  

14. 10. 
15 11 
46 * 34. 

61. 4s. 
60. 44. 
83. 62. 
89. 66. 

52. 38. 

nap 

0.25 
0-28 
0.76 
0.84 
1.07 
1.04 
1.30 
1.30 

A382B Reference Material 
61W U SMTH SRrl LI 

mil 

10. 
11. 
30. 
33 
42. 
41. 
51. 
51. 

490 
189 

88 

68 

48 

28 

9 

% Shear 

'F 

68 

49 
h 

28 

9 
-58 e 58 1iN3 158 zee 258 'C 

Test Temperature 

A-30 NUREGKR-64 13 



Appendix A 
A302B REFERENCE MATERLAL 

RE.GinnaU nit 1. Capsule V 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iteration8 = 200, M a x i m u m  = 1000 

10.0 J 
4.0 Degree C 

GIN V SASTM SRM LT : Fluence = 4.9003+18 , Irr. Temp. = 288 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 95.2 11.1 0.095 
CVT at Midpoint (C) 62.2 9.1 0.174 0.770 
l/slope (C) 49.6 13.5 0.046 0.464 0.361 
CVT at 41 Joule (C) 53.3 6.1 0.181 0.096 0.651 -0.279 
CVT at 68 Joule (C) 85.1 9.1 0.115 -0.202 0.184 0.466 

Lower Shelf Energy (J) 3.0 0.0 

M2B Reference Material 
GIN U SfiSTH SRH L1 

88 

68 

49 

-58 e 58 180 158 288 258 
Test Temperature 

0.305 

'F 

68 

'C 
e 

A-3 1 NUREGKR-64 13 



Appendix A 

A302B REFERENCE MATERIAL 
K. B. Robinso nurut?. C m  

USE= 53.9 J, LSE= 3.0 J, CVT(1/2)= 34.C , Slope = 0.0217 
CVT(415) = 59. C , CVT(68J) =****** C , 
Fluence = 3.6903+18 , Irr. Temp. = 304 C 

Spec. ID 

R1 
R3 
R6 
R4 
R7 
R5 
R2 
R8 

80 

68 

Test Temp. 
C F 

16. 
27. 
38. 
46. 
54. 
60. 
71. 
99. 

60. 
80. 
100. 
115. 
130. 
140. 
160. 
210. 

Impact Energy 
J f t - l b  

18. 
30. 
28. 
33. 
32. 
46. 
52. 
49. 

13. 
22. 
21. 
24, 
24. 
34. 
38. 
36. 

L a t ,  Exp. 
mm m i l  

0-28 11. 
0.51 20. 
0.51 20. 
0.58 23, 
0.61 24, 
0.74 29. 
1.02 40. 
0.97 38. 

% Shear 

A392B Reference Material 
HBZ S smn SRH TL 

'F 

8 
-58 e 56 I00 158 258 "C 

Test Temperature 

A-32 NUREGKR-64 13 
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A302B REFERENCE MATERIAL 

P. B. Robinson U nit 2. C m e  S 

Appendix A 

Impact Energy Uncertainty = --- 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

HB2 S SASTM SRM TL : Fluence = 3.6903+18 , Irr. Temp. = 304 

Parameter 
Lower Shelf Energy 
Upper Shelf Energy 
CVT at Midpoint (C 
l/slope (C) 
CVT at 41 Joule (C) 

Mean Std.Dev. Correlation Coefficients 

61.7 10.1 0.284 
40.2 13.7 0.344 0.789 
60.0 21.1 -0.006 0.273 0.098 
61.0 11.1 0.010 -0.249 0.119 0.416 

3.0  0.0 

A382B Reference Material 
HBZ S SASTtl SRn TL 

e im 288 388 488 
1Be . I 1 I 8 I 

8 8 -  

6 8 -  

48 - 

6 -  
-58 e 58 lee ls8 288 258 

Test Temperature 

"F 

60 

40 5 
CI, 

6 
'C 

A-33 NUREGXR-64 13 



Appendix A 

A302B REFERENCE MATERIAL 
H. B. Robinson Unit 2. Capsule T 

USE= 53.0 J, LSE= 3.0 J, CVT(1/2)= 73.C , Slope = 0.0174 
CVT(415) = 106. C , CVT(68J) =****** C , 
Fluence = 4.110E+19 , Irr. Temp. = 304 C 

Spec. ID Test Temp. Impact Energy L a t .  Exp. 

R59 
*R63 
R62 
R64 

R60 
R6 1 
R5 7 

m a  

ice 

80 

68 

48 

28 

8 

C 

26. 
26. 
66. 
93. 
107. 
121. 
149. 
177. 

F 

78. 
78. 
150. 
200. 
225. 
250. 
300. 
350. 

J ft-lb 

17 12. 
37. 27. 
20. 15. 
33. 24. 
46 34 . 
49. 36. 
46. 34 . 
55 . 40 . 

nm! 

0.25 
0.56 
0.28 
0.53 
0.81 

0.81 
0.94 

0.89 

mil 

10. 
22. 
11. 
21. 
32. 
35. 
32 
37. 

488 

% Shear 

10. 
15. 
35. 
45. 
96. 
99. 
100. 
100. 

"F 

68 

40; 
cr 

28 

8 
-58 e 58 198 158 zee 258 'C 

Test Terperaturc 

A-34 NUREG/CR-64 13 



A302B REFERENCE MATERIAL 
Appendix A 

&I. B. Robinso n Unit 2. Capsule T 

Impact Energy Uncertainty = 10-0 J 
Te8t Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

4.0 Degree C 

HB2 T SASTM SRM TL : Fluence = 4.110E+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 65.0 11.8 0.256 

l/slope (C) 92.2 29.5 -0.070 0.424 0.292 
CVT at 41 Joule (C) 111 3 15.8 0.074 -0.133 0.384 0.271 

Lower Shelf Energy (J) 3-0 0.0 

CVT at Midpoint (C) 87.5 22.9 0.324 0.787 

M2B Referem Material 
HBZ T SASTIl SRtl TL 

0 100 288 388 488 
I I I 1 - --1 

. .  

0 O A  

m 

/ o  I 

-58 8 58 188 158 288 258 
Test Temperature 

A-35 NUREGKR-64 13 



Appendix A 

A302B REFERENCE MATERIAL 
)I. B. Robinso n Unit 2.. Cwule  V 

USE= 53.9 J, LSE= 3.0 J, CVT(1/2)= 33.C , Slope = 0,0232 
cvT(41.7) = 57. C , CVT(68J) =****** C , 
F$uence = 4.510E+18 , Irr. Temp. = 304 C 

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear 

RS1 
R55 
R54 
R52 
RS6 
R49 
R5 3 
R50 

C 

-1. 
24. 
43. 
54. 
71. 
82. 
99. 

149. 

F J 

30. 11. 
75. 29. 

110. 26. 
130 38. 
160. 47. 
180 59. 
210. 49. 
300. SO. 

f t - l b  

8.  
21. 
19. 
28. 
35. 
43. 
36. 
37. 

mm 

0.15 
0.48 
0.48 
0-66  
0.84 
1-09 
0-86 
1.04 

A362B Reference Material 
HBZ U smTn SRH TL 

e 106 288 388 

mil 

6. 0. 
19 . 5. 
19 . 5 .  
26 10. 
33. 15. 
43. 100. 
34. 20. 
41. 100 . 

488 'F 
lee . I 1 1 I 

8 0 -  - 

6 8 -  5 

P 

48 - 

8 I I 1 

-58 8 58 lB0 Ea 288 258 
Test Temperature 

60 

aa 

8 
'C 

NUREGKR-64 13 A-36 



Appendix A 
A302B REFERENCE MATERIAL 

)I. B. Robinso n Unit 2. Cmule Y 

Impact Energy Uncertainty = 10.0 
T e s t  Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

4.0 Degree C 

HB2 V SASTM SRM TL : Fluence = 4.5103+18 , Irr. Temp. = 304 

Parameter  Mean Std.Dev. Correlation Coeff ic ients  

Upper s h e l f  Energy ( J )  55 .0  6.8 0.177 
CVT at Midpoint ( C  33.0 14.0 0.285 0.659 
l/slope (C) 44.4 14.5 -0.072 0.363 -0.003 
CVT at 41 Joule ( C )  57.2 11.1 0.152 -0.070 0.443 0.316 

Lower  Shelf  Energy ( J )  3.0 0.0 

A382B Reference Material 
HB2 U SASTU SRH TI, 

188 

88 

60 

48 

28 

8 

"F 

6e 

48 ? 
2 

28 

8 
-58 9 50 100 158 

Test Temperature 

A-37 NUREGKR-64 13 



Appendix A 

A302B REFERENCE MATERIAL, Pumbo It Unit 3. B W  ' (Longitudinal Direction) 
USE- 130.8 J, LSt- 3.0 J, CVT(1/2)- 13.C , S l a p  * 0.0221 

Unirradiated Charpy SpecLmenCVT(4lJ) = -7. C , CVT(68.7) = 14. C 

146 

Lat .  t x p .  spec. I D  T e s t  Temp. Impact tnergy 
C 

-62. 
-62. 
-51. 
-51. 
-40. 
-40 
-29. 
-29. 
-18. 
-18. 
-7. 
-7. 

4. 
4. 

16. 
16. 
27. 
27. 
38. 
38. 

I- 

-80. 
-80. 
-60. 
-60. 
-40. 
-40. 
-20. 
-20 
0. 
0. 
20. 
20. 
40. 
40. 
60. 
60. 
80. 
80. 
100. 
100. 

J 

4. 
5. 

11. 
14 - 
14 
18. 
15. 
18. 
30 
3s. 
46. 
49. 
49. 
57. 
57. 
66. 
77. 
92 - 

102. 
111. 

f t - l b  

3. 
4. 
8. 

10. 
10. 
13. 
11. 
13. 
22. 
26. 
34. 
36. 
36. 
42. 
42. 
49. 
57. 
68. 
1 5 .  
82. 

8m 

0.15 
0.20 
0.18 
0.20 
0.28 
0.28 
0.38 
0.46 
0.56 
0.66 
0.81 
0.86 
0.86 
0.97 
0.94 
1.09 
1.30 
1.45 
1.63 
1.83 

fM2B Reference Haterial 
HH3 SASTH H SRH LI 

-58 58 158 258 350 

m11 
6. 
8 .  
7. 
8 .  

11. 
11. 
15. 
18. 
22. 
26. 
32. 
34. 
34. 
38 * 
37. 
43. 
51. 
57. 
64. 
72. 

158 

% Shear 

128 

180 

88 

e 
-188 -58 e 58 106 ise '206 258 

Test Teaperaturt 

2. 
2. 
3. 
3. 

10. 
10. 
20. 
20 
35 * 
35. 
40. 
40. 
45. 
45. 
so. 
50.  
65. 
80. 
98. 

100. 

'F 

188 

80 

af! 
I + 
c 

9 
'C 

m G / C R - 6 4  13 
A-38 



Appendix A 
A302B REFERENCE MATERIAL 

Humbolt Unit 3. Baseline (Longitudinal Direction) 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

10.0 J 
4.0 Degree C 

SASTM M SRM LT 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 133.4 23.2 0.136 
CVT at Midpoint (C) 13.5 9.6 0.179 0.948 

CVT at 41 Joule (C) -7.3 3.2 0.312 0.316 0.520 -0.016 
CVT at 68 Joule (C) 13.9 3.2 0.185 0.256 0.531 0.479 

Lower Shelf Energy (J) 3.0 0.1 

l/slope (C) 47.0 7.2 4.013 0,694 0.741 

148 

88 

48 

48 

28 

E 

HH3 
#82B Reference Material 

SCISTH H SRH LT 

-58 58 1 s  258 358 458 

- 
-188 -58 8 58 100 158 288 258 

Test Temperature 

0.702 

"F 

108 

80 

28 

9 
'C 

A-39 NUREGKR-64 13 



' Appendix A 

A302B REFERENCE MATERIAL 
Humbolt Unit 3. Baseline (Transverse Direction) 

USE= 97-9 J, LSE= 3.0 J, CVT(1/2)= 17.C 8 S l o p  = 0.0193 
Unirradiated Charpy SpecimenCVT(41J) = 6. C , ~ ~ ~ ( 6 8 . 7 )  - 37. C 

Spec. ID Teat Temp. Impact Energy 

100 

88 

28 

e 

C 

-40. 
-40. 
-29. 
-29. 
-29. 
-18. 
-18. 
-7. 
-7. 
4. 
4. 
16. 
16. 
27. 
27. 
38. 
38. 

P J 

-40. 9. 
-40. 9. 
-20. 18. 
-20. 18. 
-20. 22. 
0. 24. 
0. 28. 
20. 28. 
20. 31. 
40. 33. 
40. 38. 
60. 46. 
60. 50. 
80. 60. 
80. 66. 
100. 66. 
100. 70. 

f t - l b -  

7. 
7. 
13. 
13. 
16. 
18. 
21. 
21. 
23. 
24. 
28. 
34. 
37. 
44. 
49. 
49. 
52. 

Lat. Exp. 8 Shear 
mm 

0.23 
0.28 
0.36 
0.41 
0.43 
0.51 
0.56 
0.66 
0.76 
0.76 
0.76 
0.89 
0.99 
1.24 
1.32 
1.27 
1.30 

A3E92B Reference Hater ial 
HH3 SASTH H SRH TL 

6 100 280 388 400 

mil 

9. 10. 
11. 10. 
14. 15. 
16. 15. 
17. 25. 
20. 30. 
22. 35. 
26. 40. 
30. 40. 
30. 50. 
30. 5 0 .  
35. 60. 
39. 75. 
49. 75. 
52. 90. 
50. 95. 
51. 95. 

'F 

60 

407 
* 

28 

8 
-58 0 58 1%0 158 288 258 'C 

NUREGKR-64 13 
Test Temperature 

A 4  



Appendix A 
A302B REFERENCE MATERIAL, 

Humbolt Unit 3. Baseling (Transverse Direction) 

Impact Energy Uncertainty = 10.0 J 
T e s t  Temperature Uncertainty = 4.0  Degree C 
N u m b e r  of Successful  I t era t ions  = 200, M a x i m u m  = 1000 

HM3 SASTM M SRM TL 

Parameter Mean Std.Dev. Correlation C o e f f i c i e n t s  

Upper She l f  Energy ( J )  106.8 23.0 0,413 
CVT at  Midpoint ( C )  20.3 13.6 0.405 0.936 
l/slope (C)  55.8 12.2 0.147 0.570 0.700 
CVT at 41 Joule (C) 5.5 3.8 0,256 0.313 0.537 0,185 
CVT at 68 Joule ( C )  38.6 8.7 -0.160 -0.458 -0.258 0.238 0.202 

L o w e r  She l f  Energy ( J )  3 .0  0 .0  

A382B Reference Material 
HH3 SASTH H SRH IL 

8 188 288 388 488 
128 r .  a i I 

- 
188 - 

88 - 

6 8 -  - 

8 
-58 6 se 199 158 266 258 

Test Temperature 

I I I 

'F 

80 

68 

ff 
t: 

t 

40 

20 

8 
'C 

NUREGKR-64 13 A41 



Appendix A 

A302B REFERENCE MATERIAL 
Indian Po int urn 't 2. Cwsule 

USE= 98.9 J, LSE= 3 .0  J, CVT 
cvT(41J) = 41. C , CVT(685) = 
Fluence = 2.020E+18 , Irr. Temp 

Spec. ID T e s t  Temp. 
C F 

R5 
R1 
R6 
R4 
*R7 
R3 
R8 

' R 2  

4. 40. 
26, 78. 
38. 100. 
49. 120. 
60. 140. 
71. 160. 
82. 180. 
99. 210. 

1/2)= S2.C , Slope = 0.0197 
71. C , 

= 304 C 

Impact Energy Lat. Exp. % Shear 
J 

13. 
28. 
42. 
48. 
108. 
66. 
71. 
92. 

f t - lb  

9. 
20. 
31. 
35. 
79. 
49. 
52. 
68. 

nm 

0.23 
0.46 
0.69 
0.81 
1.68 
1.04 
1.02 
1.52 

A382B Reference Material 
IP2 I sfism SMl LT 

mil 

9. 0. 
18 5. 
27. 10. 
32. 15. 
66. 100. 
41. 70. 
40. 60. 
60. 100. 

NUREGKR-6413 A 4 2  



Appendix A 
A302B REFERENCE MATERIAL 

Indian Point Unit 2. Capsule T 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, ~ a x i m u m  = 1000 

IP2 T SASTM SRM LT : Fluence = 2.0203+18 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (3) 100.7 14.7 0.355 
CVT at Midpoint (C) 52.8 10.6 0.340 0.818 

Lower Shelf Energy (J) 3.0 0.0 

51.5 12.2 0.155 0.432 0.392 l/slope (C) 
CVT at 41 Joule 
CVT at 68 Joule 

128 

100 

00 

68 

40 

28 

0 

0.131 0.211 0.687 -0.154 C )  41.2 6.5 
C )  72.3 8.7 -0.014 -0.222 0.218 0.383 

A3828 Reference Material 
IP2 1 SAS TH SRH LT 

0.477 

-58 0 58 188 Is0 '288 258 'C 
Test Temperature 

A 4 3  NUR.EG/CR-64 13 
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Appendix A 

A302B REFERENCE MATERIAL 
bdian Point Unit 2. CaDsule v 

USE= 97.1 J, LSE= 3.0 J, CVT(1/2)= 65,C , 
Fluence = 4.5703+18 , Irr. Temp. = 304 C 
CVT(41J) = 56. C , CVT(68J) = 8 5 ,  C , 

Spec. I D  T e s t  Temp. Impact Energy 
C F J f t - lb  

R49 
R50 
R5 6 
R5 1 
R5 2 
R5 3 
R54 
R5 5 

lee 

88 

60 

40 

28 

0 

23. 74. 18. 13. 
54. 130. 43 32. 
66, 150. 44. 32. 
82. 180. 68. 50. 
110. 230. 84. 62, 
132. 270. 92. 67. 
160. 320. 96. 70. 
177. 350. 98. 72. 

Slope = 0.0202 

Lat, Exp.  
Inlu mil 

0.36 14. 
1.04 41, 
0.04 33. 
1.12 44. 

1.50 59. 
1.63 64. 
1.57 62. 

1-47 5 8 ,  

Et382B Reference Material 
IPZ u smrn SRH LT 

% Shear 

5. 
20. 
30. 
75. 
95. 
100. 
100. 
100. 

'F 

69 

48T 
*. 

28 

e 
-58 6 se 100 158 280 258 'C 

Test Temperature 

A-44 NUREG/CR-64 13 



Appendix A 
A302B REFERENCE MATERlAL 

Indian Point Unit 2. Capsule V 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

IP2 v SASTM SRM LT : Fluence = 4.5703+18 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy ( J )  99.9 8.0 0.073 
CVT at Midpoint (C) 67.5 9.2 0.086 0.667 

CVT at 4 1  Joule (C 55.2 7.5 0.072 -0.065 0,634 -0.361 

Lower Shelf Energy (J) 3.0 0.0 

l/slope (C) 54.3 16.4 -0.026 0.626 0.403 

CVT at 68 Joule (C 86.5 8.4 -0.005 0-212 0.723 0,542 

M82B Reference Hater ial 
IPZ U SASTH SRH LT 

8 100 288 388 488 

-58 0 50 188 158 zm 250 
Test Temperature 

0.511 

"F 

0 
"C 

A45 NUREG/CR-64 13 



AppcnQx A 

A302B REFERENCE MATERIAL 
Indian Point I Jnit 2. Capsule Y 

USE= 96.4 J, LSE= 3.0 J, CVT(1/2)= 51.C , Slope = 0.0186 
CVT(41J) = 41. C I CVT(685) = 74. C 
Fluence = 4.7203+18 , Irr. Temp. = 304 C 

Spec. ID T e s t  Temp. Impact Energy Lat, Exp. % Shear 

R60 
R57 
R62 
R58 
R5 9 
R63 
R64 
R6 1 

C 

4. 
23. 
32. 
43 0 

57 * 
71, 
99 * 
127. 

F J 

40. 7. 
74. 35. 
90. 41. 
110. 38. 
135 * 49. 
160. 70. 
210. 81. 
260. 93 * 

f t - l b  

5. 
26 * 
30. 
28. 
36. 
Sl* 
60 
68. 

mm 

0.10 
0.56 
0.66 
0.66 
0.81 
1.09 
1.35 
1.47 

A382B Reference Material 
IP2 Y SASTtI SRH LI 

e 10B zB8 388 

mil 

4. 0. 
22 5. 
26. 10. 
26. 15 
32. 20. 
43. 40. 
53. 90. 
58. 100. 

488 "F 
l . 0 0 -  I I , I 1 

8 8 -  

6 0 -  - 

48 - 

- 

8 4 A 

-58 8 58 lee 158 288 256 
Test Temperature 

NuREG/CR-64 13 
A 4  



A302B REFERENCE UATERIAL 
Appendix A 

hdian Point Unit 2. Capsule Y 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

IP2 Y SASTM SRM LT : Fluence = 4.7203+18 , Irt. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 99.2 12.6 0,277 

l/slope (C) 57.7 1 5 . 1  0.316 0.605 0.640 
CVT at 4 1  Joule (C) 41.1 5.9 0 .2 f7  0.288 0,682 0.077 
CVT at 68 Joule (C) 75.5 9 .0  0.319 0.143 0.536 0.652 

Lower Shelf Energy (J) 3.0 0.0 

CVT at Midpoint (C) 53.7 11.5 0.367 0.861 

A382B Reference Material 
I PZ Y smrn sRn LT 

0.578 

'F e 188 288 388 488 
188 . I I , 

88 - - 

6 8 -  

48 - 

- 

8 h 

-58 e 58 100 158 208 258 
Test Temperature 

60 

4 s  
t: 

28 

8 
"C 

A 4 7  NUR.EG/CR-64 13 



Appendix A 

USE= 92.3 J, LSE= 3.0 J, CVT(1/2)= 58.C , Slope = 0.0160 
CVT(41J) = 49. C , CVT(68J) = 89. C , 
Fluence = 9.6203+18 , Irr. Temp. = 304 C 

Spec. ID 

R-33 
R-36 
R-40 
R-37 
*R-38 
R-34 
R-39 
R-3 5 

Test Temp. 
C F 

Impact Energy Lat. Exp.  % Shear 
J f t - l b  mm mil 

24. 75. 
43. 110. 
52. 125. 
60. 140. 
82, 180. 
99- 210. 
121. 250. 
149. 300. 

24. 17 
25 18. 
52 38. 
56. 41. 
44 32. 
70.  52. 
79. 58. 
87. 64. 

0.25 
0.13 
0.63 
1.27 
0.51 
2.54 
2.54 
2-54 

10, 
5. 
25 
50. 
20. 
100 
100. 
100 

16. 
16. 
35. 
39. 
34. 
49. 
57 . 
55. 

A382B Reference Material 
IPZ z scssxn SRn LT 

6 100 ZBB 388 488 
lee . I I I I I 

88 - 

6 8 -  

48 - 

8 
-58 6 56 100 158 266 258 

I I L 

I 

'F 

60 

28 

8 
'C 

Test Temperature 
NUREGXR-64 13 A48 



Appendix A 
A302B REFERENCE MATERlAL 

Jndian Point u nit 2. Cwule Z 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of Successful  I terat ions  = 200, Maximum = 1000 

10.0 J 

IP2 2 SASTM SRM LT : Fluence = 9.620E+18 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coef f i c i ent s  
Lower Shelf Energy (J) 3.0 0.0 
Upper Shelf Energy (J) 102.9 14.6 -0.100 
CVT a t  Midpoint ( C )  67.9 15.9 -0.103 0.856 
l/slope (c) 83.1 21.7 0.072 0.543 0.460 

CVT a t  68 Joule C)  95.0 10.0 -0.019 -0.076 0.310 0.429 0.375 
CVT a t  41 Joule C)  47.5 9.2 -0,172 0,036 0.459 -0,422 

MZII Reference Material 
IPZ 2 sfsm SRH LT 

e 160 288 388 488 
128 I I I I 

- 
lee - 

8 8 -  

6 8 -  

4 8 -  

8 
-58 0 sa im 158 zea 258 

Test Temperature 

t I I I 

A49 NUREG/CR-64 13 



Appendix A 

A302B REFERENCE MATERIAL 
Point Beach Unit 1. Capsule R 

USE= 118.5 J, LSE= 3.0 J, CVT(1/2)= 84.C 
Cnrr(41J) = 69. C , cVT(68J) = 90. C , 
Fluence = 2.2203+19 , Irr. Temp. = 304 C 

Spec. ID Test Temp. Impact Energy 
C F J f t - lb  

R10 
R 1 3  
R15 
R9 
R 1 1  

*R12 
R14 
R16 

21. 70 . 12. 9. 
66. 150. 35. 26. 
71. 160. 49. 36. 

. 79. 175. 49. 36. 
99. 210. 82. 60. 

121. 250 .  68. 5 0 .  
149. 300. 118. 87.  
149. 300. 108. 80 

128 

186 

88 

68 

48 

28 

8 

Slope = 0.0230 

Lat. Exp. 
m mil 

0.10 4. 
0.53 21. 
0.69 27. 

1.07 42. 
1.07 42. 

1.27 50. 

0.71 28. 

3.47 58 

E1382B Reference Haterial 
PB1 R SASTH SRn LT 

8 lee 288 388 480 

% Shear 

10. 
30. 
40. 
40. 
85. 
80. 
100. 
100. 

- 
-58 e 58 100 158 ‘288 258 ‘C 

T e s t  Temperature 

A-50 NUREGKR-6413 



A302B REFERENCE MATERIAL 

Point Beach Unit 1. Capsule R 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Success fu l  I t era t ions  = 200, Maximum f 1000 

10.0 J 
4 .0  Degree C 

PB1 R SASTM sRM LT : Fluence = 2.2203+19 I Irr. Temp, = 304 

Parameter Mean Std-Dev. Correlation Coef f i c i ent s  

Upper Shel f  Energy (J )  121.7 11.5 0.068 
<svT at Midpoint ( C )  85.8 7.9 0.002 0.771 
l / s l o p e  (C)  47.3 12.7 -0.066 0 .541  0.536 
CVT a t  41 Joule ( C )  67.7 5.7 -0.005 -0.065 0.399 -0.472 
CVT a t  68 Joule  ( C )  90.1 5.5 -0.111 0.200 0.754 0.437 

Lower Shel f  Energy (J )  3.0 0.0 

A382B Reference tlaterial 
PBl R SASTH SRn LT 

'F 

Appendix A 

0.548 

88 

8. 
9 50 188 158 2BB 258 'C 

Test Temperature 

A-5 1 NUREGKR-64 13 



Appendix A 

A302B REFERENCE MATERIAL 
point Beach Unit 1. C m  

USE= 99.3 J, LSE- 3.0 J, CVT(1/2)= 65.C , 
CVT(41J) = 52. C , CVT(68J) = 86. C , 
Fluence = 7.0503+18 , Irr. Temp. = 304 C 

Spec. ID 

R2 8 
R26 
R25 
R2 7 
R2 9 
*R31 
R32 
R30 

ice 

88 

60 

48 

T e s t  Temp.  
C P 

4. 40. 
24. 75. 
52. 125. 
66. 150. 
79. 175. 
88. 190. 
99. 210. 
149. 300. 

I m p a c t  Energy 
J ft-lb 

18. 13. 
24. 18. 
37. 27. 
54. 40. 
52. 38. 
54. 40. 
89. 66. 
92. 68. 

Slope = 0.0173 

L a t .  Exp. b Shear 
Ian mil 

0.15 6. 5. 
0.30 12. 20. 
0.51 20. 30 
0.76 30. 40 
0.81 32. 45. 
0.97 38. 99. 
1.24 49. 95. 
1.42 56. 100. 

WB Reference Material 
PB1 S s s T n  sRn LI 

8 lee 288 388 488 'F 

28 

e 
-58 e 59 180 158 .289 258 "C 

Test Temperature 

e- 

MJREG/CR-64 13 A-52 



Appendix A 
A302B REFERENCE MATERIAL 

point Beac h Unit 1. Capsule S 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C . 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

PB1 S SASTM SRM LT : Fluence = 7.050E+18 , Irr. Temp. = 304 

Parameter Mean 

Upper Shelf Energy (J) 101.8 
CVT at Midpoint (C) 66.1 

CVT at 41 Joule (C) 52.0 
CVT at 68 Joule (C) 86.5 

Lower Shelf Energy (J) 3.0 

l/alope ( C )  59.7 

Std.Dev. Correlation Coefficients 
0 ; o  
13.1 0.184 
10.7 0.318 0.792 
17.1 -0.212 0.434 0.297 
7.6 0.420 0.037 0.562 -0.452 
8.5 0.026 -0.104 0.331 0.479 0.358 

PB1 S SASTH SRH LT 

I 
188 

88 

60 

48 

28 

e 513 lee 158 - 288 258 
Test Temperature 

NUREGICR-64 13 A-53 



Appendix A 

A302B REFERENCE MATERlAL 
Point Beat h Unit 1. Capsule T 

USE= 96.2 J, LSE= 3.1 J, CVT 
CVT(41J) - 72. C , CVT(68J) = 
Fluence = 2.110E+19 , Irr. Temp 

Spec. I D  T e s t  Temp. 
C P 

*R17 
*R24 
Rl9 
R20 
R18 
R23 
R2 2 
R2 1 

lee 

88 

60 

48 

28 

e 

10 * 50. 
10. 50. 
23. 74. 
66. 150. 
79. 175. 
93. 200. 
121. 250. 
177. 350. 

l/2)= 79.C , S l o p  = 0.0261 
95- c , 

= 304 C 

Impact Energy Lat. E x p .  8 Shear 
J 

33. 
47. 
24. 
28 
47. 
68. 
94. 
94. 

f t - l b  

24. 
35. 
18 
21. 
35. 
50. 
69. 
69. 

m 

0.51 
0.63 
0.36 
0.51 
0.71 
0.81 
1.30 
1-30 

A382B Reference Material 
P B l  T s m n  SRH LT 

9 

mil 

20. 44. 
25. 33. 
14. 21. 
20. 32. 
28- 40. 
32. 57. 
51. 98. 
51. 100. 

tee 'F 

-58 8 SB 188 158 
Test Temperature 

68 

48 

28 

e 

A-54 NUREGICR-64 13 



Appendix A 
A302B REFERENCE MATERIAL 

point Beach Unit 1. CaDst.de T 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

PB1 T SASTM SRM LT : Fluence - 2.110E+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 98.2 8.0 0.086 
CVT at Midpoint { C )  80.0 7.2 0.317 0.523 
l/elope (C) 37.2 13.4 -0.520 0.233 -0.126 
CVT at 41 Joule {C) 72.3 7.3 0.482 0.036 0.810 -0.586 
CVT at 68 Joule (C) 94.5 6.8 -0.133 -0.074 0.492 0.478 

Lower Shelf Energy (J) 3.1 0.0 

A382B Reference Haterial 
PB1 T SfaSTtl SRH LT 

e 189 268 388 4843 'F 
1 , 

0 

1 , 
0 

-58 e 50 lee 158 288 250 'C 
Test Temperature 

0.352 

6e 

CI 

28 

8 

A-55 MJREGKR-64 13 

http://CaDst.de


Appcndix A 

A302B REFERENCE MATERIAL 
Point Beach Unit 1. Causule V 

USE= 102.0 J, LSE= 3.0 J ,  CVT(1/2)= 68.C , S l o p  = 0.0192 
CVT(41J) = 56. C , CVT(68J) = 85. C , 
Fluence = 3.5803+18 , Irr. Temp. = 304 C 

Spec. ID T e s t  Temp. Impact Energy Lat. Exp. % Shear 

R6 
R1 
R7 
R5 
R4 
R2 
R3 
R8 

C 

-32. 
10. 
26. 
50. 
53. 
72. 
87. 
113. 

F 

-25. 
50. 
78. 
122. 
127. 
161. 
188. 
236. 

J 

5-  
14 * 
30. 
27. 
37. 
54. 
76. 
87. 

f t - lb  

3. 
10 
22. 
20. 
27. 
40. 
56. 
64. 

mm 

0.05 
0.20 
0.48 
0.53 
0.66 
0.91 
1.30 
1.37 

A382B Reference Material 
PB1 U SASTfl SRIl LT 

e 100 380 

mil 

2. 
8. 
19. 
21, 
26. 
36. 
51. 
54. 

488 

2- 
10. 
15. 
30. 
40. 
55. 
75. 
98. 

'F 
128 

180 

88 

de 

48 

28 

8 
-58 e se 1.88 158 258 'C 

Test Temperature 
NUREGKR-64 13 

A-56 

88 

6e 

ff 
I 
4 
Ccl 

48 

28 

8 



A302B REFERENCE MATERIAL 

Point Beach Unit 1. CaDsule V 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Successful  Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

PB1 V SASTM SRM LT : Fluence = 3.5803+18 , Itr. Temp. = 304 

Parameter Mean Std.Dev, Correlation Coeff ic ients  

Upper Shelf Energy ( J )  103.9 
CVT a t  Midpoint ( C )  68.5 10.9 0.310 0.854 
l / s lope  (c) 54.1 14.0 -0.197 0.438 0.386 

CVT a t  68 Joule ( C )  86.1 7.8 0.031 -0.210 0.114 0.395 

Lower Shelf Energy ( J )  3.0 0.0 
15.5 0,176 

CVT a t  41 Joule ( C )  54.9 6.3 0.434 0.171 0.571 -0.348 

128 

lee 

46 

28 

e 

A382B Reference Haterial 
PB1 U sfism SRH L1 

a lee me 388 488 . I I I 

Appendix A 

0.265 

'F 

88 

68 

5 
I + ccc 

48 

28 

e 
-58 8 58 le0 158 zee 258 'C 

Test Temperature 

A-57 NUREGKR-64 13 



Appendix A 

USE= 76.3 J, LSE= 3.0 J, CVT(1/2)= 63.C , Slope = 0.0239 
CVT(41J) = 65. C , CVT(68J) = 106. C , 
Fluence = 1.200E+19 , Irr. Temp. = 304 C 

Spec. I D  

R48 
R43 
R45 
R44 
R41 
R47 
R42 
R46 

180 

80 

6H 

48 

28 

e 

T e s t  
C 

-1. 
22. 
43. 
60. 
71. 
97. 
149. 
193. 

30. 
72 
110 . 
140 
160. 

300. 
207 

380 

Impact 
J 

9. 
15. 
30. 
29. 
42. 
74. 
76. 
74. 

Energy 
f t - lb  

6. 
11. 
22. 
21. 
31 
55. 
56 
54. 

Lat . 
mIn 

0.15 
0.30 
0.46 
0.56 
0.74 
1.24 
1-19 
1.40 

h3llZll Referem Material 
so1 A s m n  SRn LI 

Exp . 
m i l  

6. 
12 . 
18. 
22 . 
29. 
49 . 
47 . 
55 . 

0 166 488 

% Shear 

2. 
5. 
5. 
10. 
20. 
95. 
100. 
100. 

"F 

60 

4t3Z 
sr 

20 

e 
-56 0 50 188 158 290 258 'C 

Test Temperature 
NUREGiCR-64 13 

A-58 



Appendix A 
A302B REFERENCE MATERIAL, 

san on0 fie Unit 1. Cjgisule A 

Impact Energy Uncertainty = 10.0 J 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, M ? x i m u m  = 1000 

SO1 A SASTM SRM LT : Fluence = 1.200E+19 I Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coeff ic ients  

Upper Shelf Energy (J )  78.9 5.5 0 . 074 
CVT at  Midpoint ( C )  63.3 7.5 0.302 0.468 
l / s l o p e  (C) 47.2 13.6 -0.364 0.182 -0.060 
CVT at 41 Joule (C) 63.5 6.6 0.302 -0.043 0.853 -0.151 
CVT at  68 Joule (C) 108.9 18.4 -0.212 -0.491 -0.061 0.627 

L o w e r  Shelf Energy ( J )  3.0 0.0 

A382B Reference Haterial 
so1 A SflSTtl SRH LT 

88 

68 

40 

28 

e 
-58 8 59 im 158 299 P 8  

Test Temperature 

0.262 

6a 

28 

e .  
'C 

A-59 NUREGICR-64 13 



Appendix A 

A302B REFERENCE MATERIAL 
San Onofre Unit 1. Capsule D 

USE= 77.6 J, LSE= 3.0 J, CVT(1/2)= 84.C , Slope = 0.0213 
CVT(415) = 8 5 .  C , CVT(685) = 129. C , 
Fluence = 2.3603+19 , Irr. Temp. = 304 C 

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear 
C F J ft-lb m m i l  

R13 21. 70. 
R10 43. 110. 
R11 66. 150. 
R9 79. 175. 
R16 93. 200. 
R12 121. 250. 
R15 149. 300. 
R14 177. 350. 

9. 7. 
18 . 13. 
26- 19. 
34. 25. 
45. 33. 
69. 51. 
75. 55. 
75. 55. 

0.13 5. 
0.30 12. 
0.41 16. 
0.58 23. 
0.76 30. 
1-27 50. 
1.42 56. 
0.91 36. 

2. 
5. 

20. 
20 . 
40. 
100. 
90. 
100 . 

A392B Reference Hater ial 
SO1 D SASTH SRH L1 

8 le0 288 388 488 
me I 1 

8 8 -  

c1 8 

8 le0 288 388 488 
me . -  I I 1 

8 8 -  

6 8 -  

4 8 -  

- 
2 0 -  

8 .  I , L 

-58 e 58 160 158 zee m 

68 

48 

20 

8 I , L 

-58 e 58 160 158 zee m 

'F 

60 

28 

8 
'C 

NUREG/CR-64 13 
Test Temperature 

A 4 0  



Appendix A 
A302B REFERENCE MATERIAL 

San Onofie Unit 1 - Czgm&.R 

Impact Energy Uncertainty = 10.0 J 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

SO1 D ' SASTM SRM LT : Pluence = 2.360B+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coeff ic ients  

Upper Shelf Energy ( J )  81.7 8.5 -0.113 
CVT at Midpoint ( C )  88.0 10.8 0.081 0.717 
l/SlOPe ( C )  49.9 15.7 -0.341 0.589 0.394 
CVT a t  41 Joule ( C )  85.9 7.6  0.210 0.249 0.843 0.058 
CVT at  68 Joule ( C )  129.6 14.9 -0.155 -0,175 0.212 0.485 0.407 

Lower Shelf Energy ( J )  3 .0  0.0 

A382B Reference Haterial 
so1 D SASTH SRH LT 

0 lee 298 309 488 
lee . I I I I I 

8 8 -  

6 e -  

48 - 
- 

2 8 -  

6 
-58 8 se 109 158 . mi 258 

Test Teaperaturc 

, t I I 

'F 

6a 

48 
h 

28 

8 
'C 

NUREGKR-64 13 A-61 



Appcndix A 

A302B REFERENCE MATERIAL 

. USEX 85 .0  JI LSE- 3.0 J, CVT(1/2)= 75 .C  S l o p  = 0.0281 
CVT(41J) = 72. C I CVT(68J) = 99. C , 
Fluence = 5.140E+19 , Irr. Temp. = 304 C 

Spec. ID 

R5 7 
R63 
R58 
R6 1 
R60 
R62 
R64 
R5 9 

lee 

88 

a rn 
CI 

w- !!a 6% 

& 6 
a 
I = 48 

28 

e 

T e s t  Temp. Impact Energy 
C F J f t - lb  

21. 70. 
66. 150. 
79. 175. 
93. 200. 
100. 212. 
121. 250. 
149. 300. 
177. 350. 

16. 12. 
35. 26. 
39. 29. 
72. 53. 
64. 47 
89. 66. 
81. 60. 
80. 59. 

L a t .  Exp. 
PlIP 

0.41 
0.61 
0.71 
1.12 
1-02 
1-32 
1.19 
1-30 

mil 

16. 
24. 
28. 
44. 
40. 
52. 
47. 
51. 

% Shear 

10. 
20 . 
25. 
80. 
85. 
100. 
100. 
100. 

p1382B Reference Haterial 
SO1 P s m n  SRU LT 

'F 

48 5 
c 

28 

8 
-58 8 58 18% 158 I 288 258 'C 

Test Temperature 
NUREGKR-64 13 

A42 



A302B REFERENCE MATERIAL 
Appendix A 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Succeaeful Iteration8 f 200, Maximum = 1000 

10.0 J 
4 .0  Degree C 

SO1 F SASTM SRM LT : Pluence = 5.140E+19 , Irr.  Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shel f  Energy (J) 86.2 6.5 0.117 
CVT at  Midpoint { C )  74.3 8.3 0.411 0.498 
l/sloPe ( C )  36.4 12.2 -0,394 0.273 -0.377 
CVT at  41 Joule (C)  71.1 7.9 0.451 0.150 0.921 -0.631 
CVT a t  68 Joule (C)  98.1 6.4 -0.064 -0.075 0.274 0.427 0.258 

Lower Shel f  Energy (J) 3 . 0  0.0 

190 

80 

6e 

48 

28 

8 
-58 8 58 188 158 zsa 

Test Temperature 

"F 

68 

48 
c 

28 

8 
'C 

A43 NUREGKR-64 13 



Appendix A 

A302B REFERENCE MATERIAL 
ev Poult Unit 3. c w  

USE= 85.8 J, LSE= 3.0 J I  CVT(1/2)= 73.C , Slope = 0.0230 
CVT(41J) = 69. C , CVT(68J) = 101. C I 

Fluence = 1.410E+19 , Irr. Temp. = 304 C 

Spec. ID 

Rl 
R2 
*R5 
R6 
R8 
R3 
*R7 
R4 

Test Temp. 
C F 

22. 72 
60. 140. 
71. 160. 
82. 180. 
93. 200. 
99. 210. 
121. 250. 
149. 300. 

Impact Energy L a t .  Exp. 
J f t - l b  ann mil 

20. 15 . 
28. 21 . 
67. 49. 
45. 33 . 
70. 51. 
72. 53 . 
48. 35 . 
81. 60. 

0.33 13 
0.48 19. 
1.02 40. 
0.79 31. 
1.27 50. 
1.19 47. 
0.86 34. 
1.30 51. 

A3828 Reference Material 
f P 3  S SASTn SRtl LI 

% Shear 

5. 
15. 
40. 
50. 
95. 
90. 
60. 
100. 

0 lee 288 388 488 
160 . 1 , I I I 

86 - 

68 - 

40 - 

2 8 -  

0 -  , 
-58 e 50 lee 158 iet3 250 

Test Temperature 

"F 

60 

28 

0 
'C 

NUREGiCR-64 13 
A-64 



A302B REFERENCE MATERIAL 

Turkey Point Unit 3. CaDsule S 

Appendix A 

Impact Energy Uncertainty = 10.0 J 
T e s t  Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

4 . 0  Degree C 

TP3 S SASTM SRM LT : Fluence = 1.410E+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coeff ic ients  

Upper Shelf Energy (J) 89.2 11.9 0.135 
CVT a t  Midpoint ( C )  72.1 11.5 0.266 0.778 
l/elope ( C )  54.9 18.3 -0.313 0.342 0.048 
CVT a t  41 Joule ( C )  65.7 7 .9  0.346 0.143 0.694 -0.489 
CVT a t  68 Joule ( C )  106.7 14.2 -0.243 -0.402 -0.291 0.459 -0.091 

Lower Shelf Energy (J) 3.0 0.0 

A382B Reference Material 
TP3 s s m n  SRH LT 

-58 8 58 160 s a  Z88 258 "C 
Test Temperature 

A45 NUR.EG/CR-64 13 



Appendix A 

A302B REFERENCE MATERlAL 
T u I ~ ~  Point Unit 3. Capsule T 

USE= 101.8 J, LSE= 3.0 J r  CVT(1/2)= 64.C Slope = 0,0147 
CVT(43.J) = 48. C CVT(68J) = 86. C , 
Fluence = 5.6803+18 , Irr. Temp. = 304 C 

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear 

R59 
R63 
R60 
R6 1 
R5 7 
R64 
R58 
R62 

C 

4. 
24. 
60. 
60. 
98. 
99. 
149. 
149. 

8 

F J ft-lb 

40. 15. 11. 
75. 34. 25. 
140. 49. 36. 
140. 46. 34. 
208. 76. 56. 
210. 73. 54. 
300 - 99. 73. 
300. 96. 71. 

mm 

0.15 
0.43 
0.69 
0.61 
1.19 
0.89 
1.42 
1.24 

A382B Reference Material 
TP3 T sfim sRn LI 

lee 288 388 

mil 

6. 3. 
17. 5. 
27. 30. 
24. 15. 
47. 75. 
35. 70. 
56. 100. 
49. 100. 

488 
128 I I I I I 

t 

-58 e 58 158 258 'C 

NUREG/CR-64 13 
Test Temperature 

A-66 



A302B REFERENCE MATERTAL 

Turkey Point Unit 3. Cirpsule T 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0  Degree C 

TP3 T SASTM SRM LT : Fluence = 5.6803+18 , Irr. Temp. = 304 

Parameter Mean Std-Dev. Correlation Coefficients 

Upper Shelf Energy (J) 107.4 13.1 0.256 
CVT at Midpoint (C) 67.6 13.9 0.365 0.871 
l/slope ( C )  76.1 17.9 0.089 0.616 0.455 
CVT at 41 Joule (C) 46.0 8.6 0.322 0.146 0.550 -0.407 
CVT at 68 Joule (C) 87.0 7.2 0.322 0.250 0.595 0.401 

Lower Shelf Energy (J) 3 .0  0.0 

M62B Referem Material 
TP3 I s w n  SRCI LI 

Appendix A 

0.524 

lee - 

8 8 -  

60 - 

48 - 

e I I L 

-50 6 58 108 158 288 zse 
Test Temperature 

A47 NUREGICR-64 13 



Appcndix A 

A302B REFERENCE MATERIAL 
Turkey Point Unit 3. C w d e  V 

USE= 95.7 J, LSE= 3.0 J, CVT(1/2)= 66.C , Slope = 0.0176 ' 

CVT(41J) = 56. C , CVT(68J) = 90. C , 
Fluence = 1.2293+19 , Irr. Temp. = 304 C 

Spec. ID 

R47 
R42 
R4 5 
R48 
R44 
R46 
R41 
R43 

198 

88 

68 

48 

Test Temp. 
C F 

4. 
23. 
71. 
71. 
116. 
116. 
163. 
163. 

40. 
74. 
160. 
160. 
240. 
240. 
325. 
325. 

Impact Energy 
J f t - lb 

13 
24. 
64. 
37. 
83. 
87. 
92 
95 . 

9. 
18. 
47. 
27. 
61. 
64. 
67. 
70. 

L a t .  Exp. 
null mil 

0.20 80 
0.36 14 
1-07 42. 
0.66 26. 
1.37 54 . 
1.30 51. 
1.50 59. 
1.57 62. 

MZB Reference Material 
TP3 u SASIH SRtl LI 

e lee 488 

% Shear 

0 .  
5. 
60 
30. 
100 . 
100 . 
100 0 

100 . 

NUREGKR-64 13 
Test Temperature 

'F 

68 

e 
'C 



A302B REFERENCE MATERIAL 

Turkey Point Unit 3. Capsule V 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

4.0 Degree C 

TP3 V SASTM SRM LT : Fluence = 1.2293+19 , Irr. Temp. = 304 

Appendix A 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 99.5 8.9 0.032 
CVT at Midpoint (C) 68.9 11.1 0.171 0.776 
l/elope (C) 63.0 17.3 -0.140 0.553 0.339 
CVT at 41 Joule (C) 55.0 8.3 0.283 0.161 0.689 -0.364 
CVT at 68 Joule (C) 91.7 8.4 0.091 0.303 0.682 0.553 0.475 

Lower Shelf Energy (J) 3.0 0.0 

iee 

t3e 

60 

48 

28 

6 

A382B Reference Material 
TP3 U stwn SRn LT 

8 190 z88 388 488 "F 

60 

48: 
(r 

28 

9 
-58 e 58 1W 158 296 zse oc 

Test Tenperature 

A49 NUREGKR-64 13 



Appendix A 

A533B HSSTOl REFERENCE MATERIAL 
ansasUmt3 B a s e b  

USE= 201.7 J, LSE= 3.0 J, CVT(1/2)= 26.C , Slope = 0.0272 
Unirradiated Charpy Spechen, CVT(41J) = -1. C , CVT(685) = 13. c 
Spec. ID T e s t  Temp. Impact Energy Lat. Exp. % Shear 

C F J f t - lb  Ilpp m i l  

7A3 
7AA 
7AL 
7A1 
7AK 
7A2 
7 A7 
7 A5 
7AC 
7A4 
7AJ 
7A6 
7AD 
7AB 
7AE 

228 

200 

180 

168 

140 

UB 

100 

00 

60 

40 

28 

0 

-62. 
-40. 
-40. 
-18. 
-18 . 
4. 
4. 
27. 
27. 
49. 
49. 
71. 
71. 
99. 
99. 

-80 . 
-40. 
-40. 
0. 
0. 
40. 
40. 
80 . 
80. 
120. 
120. 
160. 
160 . 
210. 
210. 

6. 
11. 
9. 
22 . 
20 . 
34. 
52. 
110. 
115. 
149. 
157. 
188. 
178. 
196. 
207. 

4. 
8. 
7. 
16. 
14. 
25 . 
38. 
81. 
85. 
110. 
116. 
139. 
131. 
144. 
153. 

0.05 
0.18 

0.43 
0.36 

0.84 
1.60 
1.73 
1.98 
2.13 
2.31 

0. 15 

0.66 

2.16 
2.31 
2.13 

2. 
7. 
6.  
17. 
14. 
26. 
33 . 
63. 
68. 
78 . 
84. 
91. 
85. 
91. 
a4. 

0. 
5. 
5. 
15. 
15. 
25 . 
25. 
40. 
50. 
70. 
70. 
95. 
90. 
100. 
100. 

WB Reference Material (HSST Plate Ill) 
MI2 SHSSB1 SRIl LT 

NUREGKR-6413 
Test Temperature 

A-70 



Appendix A 
A533B HSSTOl REFERENCE MATERJAL 

ansa Unit 2. Baseline 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200 ,  M a x ~ ~  = 1000 

10.0 J 
4.0 Degree C 

AN2 SRSSOl SRM LT 

Parameter Mean Std.Dev. Correlation Coefficient8 
Lower Shelf Energy (J) 3.0 0.1 
Upper Shelf Energy (J) 202.5 8.9 -0 . 093 
CVT at Midpoint (C) 26.2  3.5 0.034 0.768 
ljslope (c) 36.9 5.9 -0,250 0.721 0.591 
CVT at 41 Joule (C) -0.6 3.8 0.324 -0.363 0.059 -0.760 
CVT at 68 Joule (C) 12.7 2.6 0.284 -0.024 0.510 -0.356 0.877 

za 
288 

189 

169 

e 149 
a 
0 
E O  

+ O  
w3 128 
2” 199 
8 
m 

89 

68 

48 

28 

e 

A533B Referem Material IHSST Plate 01) 
AN2 sHss91 SRn LI 

OF 
168 

140 

128 

= A  4 

I 

mt: 

68 

46 

28 

e 
-188 -58 e 58 me 158 258 ‘C 

Test Temperature 

A-7 1 NUREGKR-64 13 



Appendix A 

A533B HSSTOl REFERENCE MATERIAL 
Calvert Cliffs Unit 1. Baselk 

USE= 186.5 J, LSE= 3.0 J, cVr(1/2)= 23.C , Slope = 0.0291 
Unirradiated Charpy Specimen, CVT(41J) = 0. C , CVT(68J) = 13. C 
Spec. ID Teet Temp. Impact Energy Lat. Exp. % Shear 

C F J f t - lb mal m i l  

64U 
657 
64L 
655 
653 
64K 
64T 
651 
654 
64M 
652 
64Y 
656 
64P 
65A 

-62 . 
-40. 
-18. 
-18. 
-7. 
4. 
4. 
16 
16. 
27. 
27. 
49. 
49. 
71. 
99. 

-80. 
-40 . 
0. 
0. 
20. 
40 
40. 
60. 
60. 
80. 
80. 
120. 
120. 
160. 
210. 

5. 3. 
8 ,  6. 
11. 8. 
17. 12. 
49. 36. 
42. 31. 
61. 45. 
58. 43. 
64. 47. 
117. 86. 
110. 81 . 
152. 112. 
152. 112. 
176. 130. 
184. 135. 

0.15 6. 
0.15 6. 

0.51 20, 
0.81 32. 

0.30 12, 

0.79 31. 
1-02 40. 
1.02 40. 
1-09 43. 
1.68 66. 
1.63 64. 
2.18 86, 
2.03 80. 
2.39 94. 
2.34 92. 

0. 
10 . 
15. 
15. 
20 . 
20. 
25. 
30. 
30. 
40. 
45. 
75. 
75. 
90. 
100. 

A533B Reference Haterial (HSSI Plate 811 
(Xi SHSSBl SRH LT 

288 

188 

166 

60 

40 

28 

8 

-58 58 158 258 350 458 "F 

148 

la 

188 

8 8 3  
CI 

60 

48 

28 

8 
-100 -58 a 58 1w 158 . am Pg 'C 

Test Temperature 
NUREGKR-64 13 

A-72 



Appendix A 
A533B HSSTOl REFERENCE MATERIAL 

lvert Cliffs Unit 1. B a s k  

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

cc1 SHSSOl SRM LT 

Parameter M e a n  Std.Deo. Correlation Coefficients 

Upper Shelf Energy (J) 187.1 9.2 -0.071 
CVT at Midpoint (C) 23.4 3.1 0.075 0.758 
l/slope (C) 35.2 4.7 -0.156 0.611 0,555 
CVT at 41 Joule (C) -0.4 3.0 0.255 -0.246 0,151 -0.715 
CVT at 68 Joule (C) 12.6 2.1 0.246 0.039 0.585 -0.257 0.857 

Lower Shelf Energy (J) 3.0 0.1 

A533B Reference Material (HSSI Plate #i) 
C C l  SHssB1 SRH LI 

288 

188 

160 

148 

128 

160 

00 

68 

48 

28 

e 

'F 

149 

128 

1w 

88T 
c., 

60 

49 

28 

8 
-169 -58 8 58 168 158 286 E a  oc 

Test Temperature 

A-73 NUREGKR-64 I3 



Appendix A 

A533B HSSTOl REFERENCE MATERIAL 
1 - C@e W263 

USE= 152.2 J, LSE= 3.0 J, CVT(1/2)= 82.C , Slope = 0.0205 

Fluence = 5.9003+18 , Irr. Temp. = 288 C 
CVT(41J) = 56. C CVT(68J) = 75, C 

Spec. I D  Test Temp. Impact Energy Lat. Exp. 
C F J ft-lb mm m i l  

64B 
644 
645 
647 
643 
64C 
645 
64D 
64E 
6 42 
646 
64A 

160 

i+e 

128 

100 

88 

60 

48 

28 

0 

4. 
26. 
48. 
54. 
66. 
77. 
85. 
99 . 
118. 
149. 
186. 
186. 

40. 
78. 
118. 
130. 
150. 
170. 
185. 
210. 
245. 
300. 
366. 
366. 

8. 
16. 
37. 
43. 
55. 
68. 
80. 
94 0 

134. 
153. 
147. 
145. 

6. 
12 . 
27. 
32. 
40. 
50. 
59. 
69. 
99 0 

113. 
108. 
107. 

0.15 
0.33 
0.66 
0.84 
0.97 
1.17 
1.30 
1.57 
1.93 
2.31 
2.18 
2.18 

6. 
13. 
26. 
33 . 
38. 
46. 
51. 
62. 
76. 
91 . 
86. 
86. 

p533B Refereice Material (HSST Plate 11) 
C C l  UZ63 SHSS91 SRH LT 

8 100 

% Shear 

5. 
5, 

25 
20. 
35. 
35. 
35. 
50. 
85 
100. 
100. 
100. 

"F 

188 

80 

2 
6w 

I 

48 

29 

8 
'C 

NUREGKR-64 13 
Test Temperature 

A-74 



Appendix A 
A533B HSSTO REFERENCE TEN 

Calvert Cliffs Unit 1. CaDsule W26 3 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

10.0 J 
4.0 Degree C 

CC1 W263 SHSSOl SRM LT : Pluence = 5.900E+18 , Irr. Temp. - 288 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.0 0.0 
U p p e r  Shelf Energy (J) 152.8 6.3 -0.050 
CVT at Midpoint (C 82.2 4.2 0.040 0.626 
l/elope (C) 49.1 6.5 -0.172 0.345 0.282 
CVT at 41 Joule (C) 55.7 4.4 0.184 0.005 0.529 -0.630 
CVT at 68 Joule (C) 75.7 3.3 , 0.116 0.144 0.839 -0.084 

169 

148 

128 

108 

80 

60 

4e 

28 

e 

fi533B Reference Haterial (MI Plate ti) 
cc1 YZ63 SHSS81 SRH LI 

e 188 388 488 

-58 e 58 lee 158 . zee 
Test Temperature 

0.820 

'F 

A-75 NUREGKR-64 13 



Appendix A 

A533B HSSTO 1 REFERENCE MATERIAL 
CaIvert Cliffs Unit 2. B& 

USE= 200.0 J, LSE= 3.0 J, CVT(1/2)= 29.C , Slope = 0.0212 
Unirradiated Charpy Specimen, CVT(41J) = -5. C , CVT(68.7) = 
Spec. I D  Test Temp. Impact Energy L a t .  Exp. 

C F J f t-lb mm mil 

6A7 
6A5 
67 5 
6A6 
674 
67U 
671 
6A4 
66Y 
6A2 
67T 
67Y 
6A1 
6 6U 
6A3 

-62. 
-40. 
-18. 
-18. 

4. 
4. 

16. 
16. 
27. 
27. 
49. 
49. 
71. 
99. 
99. 

-80. 
-40. 

0. 
0. 

40. 
40. 
60. 
60. 
80. 
80. 

120. 
120. 
160. 
210. 
210. 

6. 4. 
8. 6. 

25. 18. 
20. 15. 
55. 40. 
44. 32. 
76. 56. 
98. 72. 
90. 66. 
95. 70. 

138. 101. 
136. 100. 
172. 127. 
201. 148. 
182. 134. 

p533B Reference Material 
ccz SHSSB1 

-58 se 158 

0.05 2. 
0.13 5. 
0.43 17. 
0.36 14. 
0.86 34. 
0.76 30. 
1.22 48. 
1.40 55. 
1.35 53. 
1.42 56. 
1.83 72. 
1.75 69. 
2.29 90. 
2.34 92. 
2.18 86. 

(HSSI Plate 811 
SRH Lf 

258 358 

'12. c 
b Shear 

0. 
10. 
15. 
15. 
20. 
20. 
30. 
35 . 
40. 
40. 
65. 
60. 
90. 

100. 
100. 

458 

-100 -58 e 58 1BB 258 'C 
Test Temperature NUREG/CR-64 13 

A-76 



Appendix A 
A533B HSSTOl REFERENCE MATERIAL 

Calvert Cliffs Unit 2. Bas&~g 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

cc2 SHSSOl SRM LT 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 200.5 11.3 0.028 
CVT at Midpoint (C) 29.6 4.5 0.025 0.854 

CVT at 4 1  Joule (C) -4.8 3.7 0.074 -0.171 
CVT at 68 Joule (C) 12.5 2.6 0.060 0.142 

Lower Shelf Energy (J) 3.0 0.0 

l/elope ( C )  47.8 6.0 -0.056 0.622 0.626 
0.068 -0.712 
0.509 -0.268 0.864 

EBB Reference Haterial (NI Plate til 
CCZ SHSSBl SRn Lf 

228 

288 

188 

168 

148 

128 

100 

00 

68 

48 

28 

8 
-me -58 6 58 109 158 280 258 

T e s t  Temperature 

A-77 

'F 
l60 

148 

128 

183 
ff 

I 

8et: 

60 

48 

28 

8 
"C 

W G / C R - 6 4  13 



Appendix A 

A533B HSSTOI REFERENCE MATERIAL 
vert Cliffs Umt 2. C&e W263 

USE= 131.3 J, LSE= 3.1 J, CVT(1/2)= 83.C , Slope = 0.0252 
CVT(41J) = 66. C ,. CVT(68J) = 84. C , 
Fluence = 8.1403+18 , Irr. Temp. = 288 C 

Spec. ID 

67A 
66D 
676 
677 
67P 
66T 
6 6A 
66C 
6 7K 
667 
66M 
67L 

Test Temp. 
C F 

Impact Energy 
J f t - l b  

Lat . 
llllIL 

Expo 
m i l  

10. 50. 
24 75. 
38. 100. 
49. 120. 
60. 140. 
71, 160. 
82. 180. 
99. 210. 
110. 230. 
121. 250- 
149. 300. 
177. 350. 

12. 
12. 
15. 
24. 
42. 
43. 
57. 
88. 
114. 
119. 
127. 
127. 

9. 
9. 
11. 
17 
31. 
32. 
42. 
65. 
84. 
87. 
94. 
94. 

0.28 
0.28 
0.33 
0.51 
0.76 
0.76 
1.70 
1.45 
1.88 
1.90 
2.06 
1.93 

11. 
11. 
13. 
20. 
30. 
30 .. 
67. 
57. 
74. 
75. 
81. 
76. 

140 

I20 

100 

88 

60 

48 

28 

B 

% Shear 

0. 
5. 
5. 
10. 
10. 
20. 
25. 
25. 
100. 
100 . 
100. 
100 

A533B Reference Material (HSST Plate #il 
CCZ U263 SHSS81 SRH LI 

6 100 me 388 488 
* I 

O 
- 

- 

- - 

- 

- 

- 

I 

-58 0 58 la0 isB ZB6 zsa 'C 
Test Temperature 

NUREGICR-64 13 
A-78 

'F 

188 

88 

40 

8 



Appendix A 
A533B HSSTOl REFERENCE MATERIAL 

Calvert Cliffs Unit 2. Cwule W263 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

CC2 W263 SHSSOl SRX LT : Fluence = 8,14OE+18 , Irr. Temp. = 288 

0.702 
0.425 0.286 
0.043 0,556 -0.601 
0,264 0.867 0.076 0.740 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 133.6 7.8 0 046 
CVT at Midpoint (C) 84.8 4.9 0,243 
l/slope (C) 39.7 7.8 -0.387 
CVT at 41 Joule (C) 67.0 4.7 0.518 
CVT at 68 Joule (C) 84.6 3.6 0.309 

Lower Shelf Energy (J) 3.1 O*l 

)"1533B Reference Haterial (HSSI Plate #i) 
cc2 b1263 SHSS8l SRCI LI 

-58 e se 1BB 158 zee 258 'C 
Test Temperature 

149 

128 

iee 

88 

68 

48 

28 

8 

'F 

180 

te 

e 

A-79 NUREGKR-64 13 



Appendix A 

A533B HSSTOl REFERENCE MATERIAL 
Fort Calhoun Unit 1. Cwule W225, 

USE- 145.3 J, LSE= 3.0 J, CVT(1/2)= 92.C , Slope = 0,0180 
CVT(415) = 64. C , CVT(68J) = 87. C , 
Fluence = 4.800E+18 , Irt. Temp. = 288 C 

Spec. I D  

55T 
566 
573 
55N 
5 5Y 
563 
565 
565 
5 6A 
5 6D 
55P 
575 

Test Temp. 
C F 

27. 
49. 
49. 
71. 
71. 
93. 
93 . 
121. 
121. 
149. 
177. 
177. 

80. 
120 . 
120 
160. 
160. 
200. 
200. 
250.  
250. 
300. 
350. 
350. 

Impact Energy 
J f t - l b  

12 . 
30. 
23. 
52. 
52. 
85. 
68. 
114. 
102 . 
125. 
145. 
138. 

9. 
22 . 
17 - 
38. 

63. 
50 . 
84 
75. 
92. 
107 - 
102. 

38. 

Lat .  Exp.  % Shear 
mm m i 1  

0.18 
0.53 
0.48 
0.61 
0.84 
1-19 
0.97 
1.78 
1.27 
1.90 
2-11 
2.03 

7. 
21. 
19 
24 
33. 
47. 
30. 
70 .  
50. 
75. 
83. 
80. 

0 .  
0 .  
0 .  
20. 
20. 
30. 
30. 
80. 
70. 
90. 
100 . 
100. 

A533B Reference Material (HT Plate all 
Fci u2zs sHssei sm LS 

e 108 ma 3w 488 "F 
168 

lie 
100 

88 
100 

88 

be 
48 

48 

28 

0 R 

NUREGKR-64 13 
rest Temperature 

A430 



Appendix A 
A533B HSSTO 1 REFERENCE MATERIAL 

End Calhoun 1 Jnit I .  Cwule W225 

ct Energy Uncert inty = 10.0 J 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum - 1000 4.0 Degree C 

FC1 W225 SHSSOl SRM LT : Fluence = 4.8003+18 , Irr, Temp. = 288 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower S h e l f  Energy (J) 3.0 0.0 
Upper S h e l f  Energy (J) 147.0 9.9 0.109 
CVT at Midpoint (C) 92.1 6.6 0.105 0.839 
l/slope (C) 56.3 9.6 0.132 0,723 
CVT at 41 Joule (C) 63-1 4.8 -0.050 -0.167 
CVT at 68 Joule (C) 86-5 3.8 0.056 0.315 

0.644 
0.233 -0,556 
0.769 0.189 0.700 

A5331 Reference Material IHSSI Plate ti) 
FC1 yzzs SHSSOl sm LT 

168 

140 

128 

88 

68 

48 

28 

0 1138 288 488 'F 

180 

0 
-58 8 58 186 158 ' 280 zs8 'C 

Test Temperature 

8 

A-8 1 NUREGXR-64 13 



Appendix A 

A533B HSSTOl REFERENCE MATERIAL, 
Fort Ca lhoun u nit 1. Capsule W2 75 

USE= 129.1 J, LSE= 3.0 J, CVT(1/2)= 117.C , Slope = 0.0135 

Fluence = 1.280E+19 , Irr. Temp. = 280 C 
CVT(41J) 8 86* C , CVT(68J) = 119. C , 

Spec. I D  Test Temp. Impact Energy Lat .  Exp. 0 Shear 
C F J ft-lb llpD mil 

5 6 T  21. 70  9. 6. 0.15 6. 0. 
56E 38. 100. 17. 12. 0.33 13. 5. 
5 64 104. 220. 64. 47. 1-17 46. 50. 
572 149. 300. 33. 53 * 1.32 52. 95. 
5 6R 177. 350. 123. 90 1.98 78. 100. 
563 204. 400. 121. 89 2.11 83. 100. 

A533B Reference Haterial (REI Plate #l) 
FC1 UZ75 SHSSB1 SRtl LI 

9 188 488 'F 
148 

128 

188 

88 

68 

48 

28 

0 
-58 0 58 188 158 258 'C 

Test Temperature 

A42 
NUREGKR-64 13 



Append& A 
A533B HSSTOl REFERENCE h4ATERlAL 

Fort Ca zhoun u nit 1 - Cmsule W2 75 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

FC1 W275 SHSSOl SRM LT : Fluence = 1.280E+19 , Irr. Temp. = 280 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 137.0 17-8 0.218 
CVT at Midpoint (C) 121.7 15.6 0.236 
l/slope (C) 77.7 14.8 0-176 
CVT at 41 Joule (C) 85.6 10.8 0.085 
CVT at 68 Joule (C) 119.5 8.6 0.171 

Lower Shelf Energy (J) 3.0 0.0 

0.870 
0.596 
0.196 
0.390 

0.420 
0.586 -0.435 
0.786 0.023 0.872 

WB Reference Material (ET Plate ti) 
FC1 wz75 sHssai SRIl LT 

a lee 288 388 488 
148 . I I 1 1 I 

128- 

lee - 

0 0 -  

6 8 -  

4 0 -  

2 8 -  

8 
5 8  8 se lee 158 zae 258 

Test Temperature 

L 

'F 

3.00 

88 

ie 

28 

a 
"C 

A-83 NUREGKR-64 13 



Appendix A 

A533B HSSTOI REFERENCE MATERIAL 
Jbfillstone U nit 2. Base line 

USE= 199.8 J, LSE= 3.0 J, CVT(1/2)= 26.C , 
Unirradiated Charpy Specimen, CVT(41J) = -1. 
Spec. ID T e s t  Temp. Impact Energy 

C F J f t - lb 

755 
75u 
757 
755 
7 5B 
75M 
7 5c 
75D 
75A 
75P 
7 5K 
75T 
75L 
756 
75E 

288 

0 

-62. -80, 
-40. -40. 
-18. 0. 
-18. 0. 
4. 40. 
4. 40. 
27. 80. 
27. 80. 
49. 120. 
49. 120. 
71. 160. 
71. 160. 
82. 180. 
99. 210. 
99. 210. 

5. 3. 
7. 5. 
18. 13. 
20. 14 
59. 43. 
53. 39. 
100. 73 0 

94. 69. 
155. 114. 
155. 114. 
187. 138. 
181. 133. 
190. 140. 
193. 142. 
197. 145. 

Slope = 0.0261 
C , CVT(68J) = 

L a t .  Exp. 
msp mil 

0.08 3. 
0.18 7 ,  
0.38 15. 
0.41 16. 
0.91 36. 
0.89 35. 
1.52 60. 
1.35 53. 
2.01 79. 
2.16 85. 
2.26 89. 
2.34 92. 
2.26 89. 
2.26 89. 
2.34 92. 

M3B Reference Material (WT Plate It11 
n u  sHssei SRtl LI 

-58 58 158 258 358 

13. C 
% Shear 

0. 
0. 
15. 
15. 
25. 
20. 
45. 
45. 
80. 
80. 
100. 
90. 
100. 
100. 
100. 

450 'F 

146 

6 
-188 -58 0 58 l0e ise *zB8 256 'C 

NUREGXR-64 13 
Test Temperature 

A-84 



Appendix A 
A533B HSSTOl REFERENCE MATERIAL 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

ML2 SHSSOl SRM LT 

Parameter M e a n  Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.0  0.1 
Upper Shelf Energy (J) 200.7 7.6 -0.190 
CVT at Midpoint (C) 26.8 3.4 0.068 0.669 
l/slope (C) 38.5 5.4 -0.381 0.676 0.356 
CVT at 41 Joule (C) -0.9 4.3 0.429 -0.295 0.324 -0.760 
CVT at 68 Joule (C) 13.0 3.1 0.372 -0.047 0.632 -0.470 0.930 

fi!i33B Reference Haterial (tlssr Plate #ll 
nLz SHSS8l SRtl LT 

58 58 458 
228 

288 

186 

160 

ite 
128 

I00 

88 

68 

48 

28 

e 
-188 -58 9 !a 166 158 * 288 258 

T e s t  Temperature 

'F 
160 

148 

128 

166 
I 

88;  

68 

40 

28 

9 
'C 

A45 NUREGKR-64 13 



Appendix A 

A533B HSSTOl REFERENCE MATERIAL 
Millstone Unit 2. Caosu le W104 

USE= 127.0 J, LSE= 3.0 J, CVT(1/2)= 91.C , Slope = 0,0236 
cvT(41J) = 74. C , CVT(68J) = 93. C , 
Fluence = 8.840E+18 , Itr. Temp. = 288 C 

Spec. ID 

74L 
745 
747 
7 4D 
751 
741 
754 
74P 
74A 
74K 
74E 
742 

T e s t  Temp. 
C F 

21. 70. 

77. 170. 
85. 185. 
93- 200. 
99. 210. 
104. 220. 
116. 240. 
135. 275. 

66. 150- 

149. 300. 
204. 400. 
288. 550.  

Impact Energy 
J f t - l b  

6. 4. 
28. 21. 
53. 39. 
56. 41. 
63. 46- 
82. 60. 
81. 60. 
81. 60. 
128. 94 0 

123. 90 0 

130. 96. 
118. 87. 

L a t .  Exp. 
mm mil 

0.20 8. 
0.56 22 . 
0.91 36 . 
0.97 38. 
1-19 47 . 
1.30 51. 
1.37 54 . 
1.45 57. 
2.01 79. 
1.96 77 0 

2.16 8 5 .  
1.98 78 . 

% Shear 

0. 
20. 
40. 
40. 
50. 
60. 
60 - 
60. 
100. 
100. 
100. 
100. 

f E l B  Reference Material (HSST Plate #l) 
HL2 W10t SHSS01 SRH LT 

e 186 zB8 388 488 588 'F 
148 . I I I I - lee 

0 13 

0 128- 

88 
100 - 

a 

- a 5  
E 

a = 6 8 -  

g 2  00 - 
z2 cr 
a I .+r 

te L 

48 - 

aa 
2 8 -  

0 L 8 
-58 8 58 188 1 9  206 '258 388 "C 

Test Temperature 
NUREGKR-64 13 

A46  



A533B HSSTOl REFERENCE MATERIAL 
Appendix A 

Millstone Unit 2, Causule W 104 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

ML2 W104 SHSSOl SRM LT : Fluence = 8.8403+18 , Irr. Temp. = 288 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 127.4 5.2 0.108 
CVT at Midpoint (C) 91.2 4.1 0.257 0.591 
l/slope (C) 44.1 7.4 -0.134 0.364 0.019 
CVT at 41 Joule (C) 73.0 4.9 0.262 -0.004 0.664 -0.708 
CVT at 68 Joule (C) 93.2 3.3 0.231 0.181 0.894 -0.101 0.765 

Lower Shelf Energy (J) 3.0 0.0 

148 

lm 

100 

80 

68 

48 

28 

8 

KXIB Reference Haterial (HI Plate ai) 
nLz Yl8f SHSSBl sRn LT 

8 lee 288 360 488 568 

8 50 100 158 ZB6 * 258 388 
Test Temperature 

A-87 NUREGKR-64 13 



Appendix A 

A533B HSSTOl REFERENCE MATERIAL, 
Maine Yankee. Baseline 

USE= 183.2 J, LSE= 3.0 J, CVT(1/2)= 19.C , Slope = 0.0233 
Unirradiated Charpy Specimen, CVT(41J = -10. C , CVT(685) = 
Spec. ID Teat Temp. Impact Energy Lat. Exp. 

C F J ft-lb mm . mil 

SAY 
SAP 
62U 
5AJ 
62Y 
631 
62T 
632 
633 
5AK 
SAU 
5AM 
SAL 

280 

180 

160 

140 

128 

100 

80 

60 

40 

28 

0 

-101. 
-73. 
-46. 
-23. 
-12. 
-1. 
13. 
22. 
38. 
49. 
66. 
121. 
177. 

-150. 
-100. 
-50. 
-10. 
10. 
30. 
55. 
71. 
100. 
120. 
150. 
250. 
350. 

2. 
5. 
7. 
30. 
28 
78. 
63. 
104. 
125. 
148. 
175. 
179. 
181. 

2. 
3. 
5. 
22. 
21. 
57. 
47. 
77. 
92. 
109. 
129. 
132. 
134. 

0.03 
0.10 
0.20 
0.63 
0.56 
1.24 
0.99 
1.63 
2.01 
2.21 
2.29 
2.46 
2.08 

1. 
4. 

25. 
22. 
49 . 
39 . 
64. 
79. 
87. 
90. 
97. 
82. 

a. 

A533B Reference Material (HSSI Plate #i) 
HY sxssei SRH Lf 

-158 -56 se ise zse 358 

6. C 
% Shear 

0 .  
0 .  
1. 
20. 
20. 
30 
40. 
50. 
70. 
80. 
90. 
99. 
99. 

450 "F 

lie 

ize 

1.88 

88 $ 
68 

h 

413 

ze 

8 
-19 -108 -50 a 50 168 158 - 200 258 'C 

Test Temperature 
NUREGlCR-64 13 

A-88 



Appendix A 
A533B HSSTOl REFERENCE UATERIAL 

Maine Yankee. Base line 

Impact Energy Uncertainty = 10.0 J 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

MY SHSSOl SRM LT 

Parameter Mean Std-Dev. Correlation Coef f i c i ent s  
Lower Shelf Energy ( J )  3.0 0.1 
Upper S h e l f  Energy ( J )  184.4 6.4 -0.119 
CVT a t  Midpoint ( C )  18.8 3.4 0.022 0,610 
l / s lope  ( C )  44.2 5.3 -0.323 0.403 0.277 

CVT a t  68 Joule ( C )  5.9 3.0 0.234 0.075 0.739 -0.372 0.906 
CVT a t  41 Joule ( C )  -10.6 4.1 0.315 -0,084 0,436 -0,726 

288 

188 

168 

68 

48 

28 

8 
-158 -188 -58 0 58 188 158 * 288 258-c 

Test Temperature 

A-89 NUREG/CR-64 13 



Appendix A 

A533B HSSTO 1 REFERENCE MATERIAL 
Maine Yankee. Capsule A25 

USE= 133.7 J, LSE= 3.0 J, CVT(1/2)= 97.C , 
Fluence = 1.300E+19 , Irr. Temp. = 288 C 
CVT(415) = 76. C , CVT(68J) = 970 C 

Spec. ID Test Temp. Impact Energy 
C F J ft-lb 

Slope = 0.0212 

L a t .  ~ x p .  
mrm m i l  

% Shear 

62E 
61Y 
6 18 
628 
62M 
62C 
611 
620 
617 
62L 
62K 
62 J 

168 

149 

128 

100 

88 

66 

48 

28 

e 

-64. 
4. 
26. 
49. 
71. 
93. 
104. 
121. 
149. 
180. 
204. 
262. 

-a4 . 
40 . 
79. 
120. 
160. 
200. 
220. 
250. 
300. 
356. 
400. 
504 

3. 2. 
8. 6. 
12 . 9. 
19 . 14. 
45. 33 
52. 38. 
76. 56. 
103 . 76. 
131. 96.  
119. 87. 

120 . 09. 
149. 1100 

0.10 4. 
0.10 4. 
0.15 6. 
0.30 12. 
0.74 29. 
0.84 33. 
1.07 42. 
1.32 52. 
1.47 58. 
1.47 50. 
1.52 60. 
1.45 57. 

E15331 Reference Haterial (HSST Plate #il 
HY A 2 5  sHssei SRH LT 

58 58 158 258 358 458 

0 .  
5. 
10 . 
20 . 
30. 
35 . 
50. 
70. 
100. 
100. 
100. 
100 . 

"F 

iee 

88 

P, 
I 

66 

48 

ze 

e 
-1- -56 e 5a 100 158 2 8 8 %  258 388 'C 

NUREGICR-64 13 
Test Temperature 

A-90 



Appendix A 
A533B HSSTOl REFERENCE MATERIAL 

Maine Yankee. Can - sule A75 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

MY A25 SHSSOI SRM LT : Fluence = 1.300E+19 , Irr. Temp. = 288 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 

CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

l/sloPe ( C )  

Mean Std.Dev. Correlation Coefficients 
3.1 0.1 

133.6 5.8 0.01s 
96.7 5.2 0.208 0.566 
47.1 9.0 -0.177 0.284 0.009 
75.7 6.3 0.273 0.048 0.683 -0.700 
96.5 4.3 0.234 0.188 0.914 -0.133 0.795 

A5331 Reference Material (MI Plate all 
MY A 2 5  smei SRtl Lf 

-58 sa 150 258 358 458 558 'F 
169 1 I I I I 1 I 

i ie - 
0 

iae 
l m -  a 

a m 
c u  w- 
1 

* O  
6 a 
8 

b 188 

u- 88 

- 

- 

LI 

6 0 -  

48 - 

2 8 -  
- 

- 
Y I  I I 0 ;  a -lee -58 e !% iee ise ma * zs 388 oc 

Test Temperature 

2 
I 

68 

4e 

28 

88 

A-9 1 NUREGKR-64 13 



Appendix A 

A53333 HSSTOl REFERENCE MATERIAL 
Maine Yankee. CaD sule W253 

USE= 144.3 J, LSE= 3.1 J, CVT(1/2)= 101.C , Slope = 0.0263 
CVT(41J) = 82. C , CVT(68J) = 98. C , 
Fluence = 1.2503+19 , Irr. Temp. = 288 c 

Spec. ID 

61E 
614 
61P 
61C 
6 1M 
627 
62A 

*61A 
6 1D 
6 1T 
6 1U 
615 

lfie 

It0 

106 

89 

60 

46 

Teat Temp. 
C 

4. 
46. 
49. 
68. 
79. 
85. 
99. 
102 . 
110. 
121. 
149. 
204. 

F 

40. 
115. 
120 . 
155 
175. 
185. 
210. 
215. 
230. 
250. 
300. 
400. 

Impact 
J 

7. 
23. 
19. 
24. 
37. 
45. 
52. 
35. 
98. 
121. 
126. 
145. 

Energy 
f t - lb  

5. 
17. 
14. 
18. 
27. 
33. 
38. 
26. 
72. 
89. 
93. 
107. 

Lat. Exp.  % Shear 
mm mil 

0.25 10. 
0.41 16. 
0.30 12. 
0.41 16. 
0.66 26. 
0.74 29. 
0.89 35. 
0.69 27. 
1.45 57. 
1.75 69. 
1.93 76. 
2.29 90. 

6331 Referem Material (HSST Plate 41) 
n y  U253 SHSS61 SRH LT 

8 188 400 

5. 
15. 
15. 
20. 
35. 
35. 
45. 
40. 
95. 
100. 
100. 
100. 

"F 

lee 

40 

0 
-56 8 58 188 150 258 "C 

Test Temperature 
NUREGICR-64 13 

A-92 

8 



A533B HSSTOl REFERENCE MATERIAL 

Maine Yankee. CaD sule W253 

Appendix A 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

MY W253 SHSSOl SRM LT : Fluence = 1.250E+19 , Irr. Temp. = 288 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 144.9 9.7 -0.178 
CVT at Midpoint (C) 101.7 4.9 -0-007 0,739 
l/slope ( C )  39.3 9.4 -0.486 0.551 0.501 
CVT at 41 Joule (C) 81.7 4.8 0.536 -0,187 0.219 -0.706 
CVT at 68 Joule (C) 98.2 3.2 0.237 0.189 0.778 0.060 

Lower Shelf Energy (J) 3.1 0.1 

Reference Haterial ME1 Plate #l) 
t lY w253 SHssei SRH LT 

8 18@ me 388 488 
168 . , I 1 I I 

0 
8 * * I 

-58 8 58 108 158 iee zse 
Test Temperature 

'F 

0.655 

48 

e 
'C 

A-93 NUREGKR-64 13 



Appendix A 

A533B HSSTOl REFERENCE MATERIAL 
Palisades. Capsule W 1 1Q 

USE= 137.9 J, LSE= 3.0 J, CVT(1/2)= 96.C , Slope = 0.0238 

Fluence = 1.7793+19 , Irr. Temp. = 280 C 
CVT(4l.J) = 76. C CVT(68J) = 94. C t 

Spec. ID 

52Y 
52H 
52T 
52K 
5 2D 
52 J 
52U 
514 
52P 
5 12 
5 13 
52E 

Test Temp. 
C F 

Impact Energy 
J f t - lb  

L a t .  Exp. 
m m i l  

38. 
46. 
52. 
54. 
66. 
93. 
107. 
121. 
135 
149. 
177. 
218. 

100. 
115. 
125. 
130. 
150. 
200. 
225. 
250. 
275. 
300. 
350. 
425. 

11. 8. 
14 10 . 
24 18. 
28. 21 . 
31 . 23 . 
45. 33. 
104. 77. 
104. 77. 
123. 91. 
132. 97. 
138. 102. 
132. 97. 

0.18 7. 
0.28 11. 

0.46 18. 
0.56 22. 
0.69 27. 
1.45 57. 
1.42 56. 
1.37 54. 
1.90 75. 
1.98 78. 
1.93 76. 

0.58 23. 

% Shear 

5. 
10. 

15 
. 10. 

15. 
25. 
60. 
80 
80 . 
100 . 
100. 
100 . 

A533B Reference Material (WT Plate til 
P(IL uiie SHSSB~ SRn LT 

0 10Q 200 368 400 'F 
140 . I I 0 I 1 

0 

128- 

le0 - 

80 - 

6 8 -  

48 - 

2 8 -  

e I i 

-58 0 58 100 158 280 258 

188 

80 

- 2  
I 

Y .r 

ie 

e 
'C 

NuREG/CR.-64 13 
Test Temperature 

A-94 



A533B HSSTOl REFERENCE MATERIAL 

Palisades. Capsu leW1I 0 

Impact Energy Uncertainty = 10.0 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

4.0 Degree C 

Appendix A 

PAL WllO SHSSOl  SRM LT : Fluence = 1,7793+19 , Irr. Temp. = 280 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 138.9 6.4 -0.040 
CVT at Midpoint (C) 96.0 4.5 0,298 0.573 
l/slope (C) 42.2 6.7 -0.497 0.334 0,056 
CVT at 41 Joule (C) 76.0 5.1 0.574 0.025 0.682 -0.662 

Lower Shelf Energy (J) 3.1 0.1 

CVT at 68 Joule (C) 94.1 3.7 0.404 0.152 0.893 -0.175 0.848 

A533B Reference Material (HSST Plate #ll 
PAL U l l 6  S H S s B l  SRH LI 

-58 e 56 188 isB 266 258 'C 
Test Temperature 

A-95 NUREG/CR-6413 



Appendix A 

A533B HSSTOl REFERENCE MATERIAL 
Palo Verde Unit 2. Capsule W 1 37 

USE= 152.1 J, LSE= 3.0 J, CVT(1/2)= 78.C , Slope = 0.0155 
CVT(41J) = 43, C , CVT(68J) = 70. C , 
Fluence = 4.0713+18 , Irr. Temp. = 288 C 

Spec. I D  

1BD3Y 
1BD43 
1BD4P 
1 B D 3  5 

*1BD2D 
1BD52 
1BD3E 
lBD2M 
lBD2B 

T e s t  Temp. 
C F 

-18. 0. 
10 . 5 0 .  
38. 100. 
66. 150. 
93. 200. 
93. 200. 

107. 225. 
135. 275. 
177. 350. 

Impact Energy 
J ft-lb 

9. 7. 
23. 17. 
43 . 32. 
61. 45. 
47. 35. 
77. 57. 

119. 88. 
141. 104- 
144. 106. 

Lat .  Exp. 
mm mil 

0.20 
0-  51 
0.76 
1.17 
0.81 
1.35 
1.90 
2-13  
2.21 

8.  
20 
30 . 
46 . 
32 
53. 
75. 
a4. 
a7. 

A5331 Reference Material (HSSI Plate 31) 
PUZ U137 SHSSBl SRn LI 

8 

% Shear 

5 .  
15  
20. 
40. 
35. 
60. 
85. 

100. 
100 . 

e 188 286 388 988 'F 
160 . I 1 I I 

1# - 

128- 

6 0 -  

48 - 

I L 0 8 
-50 0 58 188 158 266 258 'C 

Test Temperature 
NUREGKR-64 13 

A-% 

100 

88 



A533B HSSTOl REFERENCE MATERIAL 

Palo Verde Unit 2. Capsule W 137 

Appendix A 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Successful Iterations = 200, MaxFmum = 1000 

10.0 J 
4.0 Degree C 

PV2 W137 SHSSOl SRM LT : Fluence = 4.0713+18 , Irr. Temp. = 288 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J)  157.7 12.7 -0.163 
CVT a t  Midpoint (C)  80.8 0.7 0.061 0.820 
l/slope (= I  66.2 12.3 -0.395 0,615 0.419 
CVT a t  41 Joule (C)  43.5 8.0 0.473 -0.120 0.317 -0.703 
CVT at 68 Joule (C) 70.0 5.4 0.372 0.174 0,676 -0,259 

L o w e r  Shelf Energy (J)  3 .0  0.0 

WB Reference Material (HSSI Plate #l) 
PVZ w 1 3 7  SHSSB1 SRH LI 

'F 

0.863 

e 1w z88 388 488 
168 - I I I I 

149 - 
128 - 

188- 

8 8 -  

6 0 -  

49 - 

e 
-58 e se 1m 158 .288 258 

Test Temperature 

A 

88 

48 

e 
'C 

A-97 NUREGKR-64 13 



Appendix A 

A533B HSSTOl REFERENCE MATERIAL 
St. Lucie Unit I. Baselinc 

USE= 195.1 J, LSE= 3.0 J, CVT(1/2)= 33.C , Slope = 0.0229 
Unirradiated Charpy Specimen, CVT(41J) = 2. C , CVT(685) = 18. C 
Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear 

C F J f t - l b  mm m i l  

725 
72L 
72U 
732 
72K 
731 
72P 
72E 
72T 
72C 
72B 
7 2Y 
72D 
72M 
72A 

-40. -40. 
-40. -40. 
-18. 0. 
-18. 0. 
4. 40 
4. 40. 
16. 60. 
27. 80. 
27. 80. 
38. 100. 
49. 120. 
49. 120. 
71. 160. 
71. 160. 
99. 210. 

9. 7. 

17 . 12. 
16 . 12 0 

33. 25 . 
51. 37. 
64. 48. 
87. 64. 
106 . 78. 
100. 73. 
126. 93 . 
122 . 90. 
180. 133. 
171. 126. 
181. 133. 

12. a. 
0.03 1. 
0.03 1. 
0.15 6. 
0.15 6. 
0.46 18. 
0.71 28. 
0.89 35. 
1.19 47 . 
1.50 59. 
1.32 52 
1.68 66. 
1.68 66 . 
2.11 83. 
2.11 83. 
2.21 87. 

A533B Reference Haterial (HSST Plate 311 
SL1 SHSSB1 SRcl LT 

0 .  
0 .  
10 . 
10 . 
10. 
20. 
30. 
40. 
40. 
40. 
60. 
60. 
95. 
95. 
100. 

1w 

3 8 e 
-58 e 58 1.88 l!ja zee 258 'C 

Test Temperature 
NUREGKR-64 13 

A-98 



A533B HSSTOl REFERENCE MATERlAL 
Appendix A 

St. Lucie Unit 1. BaselinG 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4 .0  Degree C 

SL1 SHSSOl SRM LT 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.0  0.1 
Upper Shelf Energy (J) 195.2 12.3 -0.011 
CVT at Midpoint (C) 32.7 4 .5  0.024 0.877 
l/slope (C)  43.4 5.7 -0.095 0.743 0.728 
CVT at 41 Joule (C) 2.2 3 . 1  0.151 -0.258 0.007 -0.657 
CVT at 68 Joule (C) 18.0 2 . 2  0.128 0.165 0.536 -0.105 0.815 

A5331 Reference Haterial (WI Plate #l) 
SL1 SHSS01 SRn LT 

8 106 288 388 tee 
2 8 8 .  I I I 

188 - 
168 - 
148 - 
lzn 

a 

- 

8 8 -  a 
W 

'F 

148 

128 

188 

P 883 
zr 

68 

48 

28 

e 
-58 e 58 168 150 288 258 "C 

Test Temperature 

W G K R - 6 4  13 A-99 



Appendix A 

A533B HSSTO 1 REFERENCE MATERIAL 
St. Lucie Unit 1. C w u  le W104 

USE= 133.4 J, LSE= 3.1 J, CVT(1/2)= 94.C , 
CVT(41J) = 71. C , CVT(68J) = 94. C , 
Fluence = 7.1603+18 , Irr. Temp. = 288 C 

Spec. ID 

721 
7 1L 
7 1P 
724 
723 
726 
725 
7 1U 
7 1T 
7 1Y 
7 1M 
7 1A 

48 

28 

8 

Test Temp. Impact E n e r g y  
C F J f t - lb  

-4. 25. 
21. 70. 
38. 100. 
49. 120. 
66. 150. 
66. 150. 
82. 180. 
93. 200. 
107. 225. 
121. 250. 
135. 275. 
149. 300. 

8.  6 .  
16. 12 . 
16. 12. 
27. 20. 
46. 34. 
39. 29. 
41. 30. 
61. 45. 
69. 51. 
115. 8s. 
117. 86. 
123. 91. 

Slope = 0.0192 

L a t .  E x p .  
nrm m i l  

0.23 9. 
0.18 7. 
0-36 14. 
0-46 18. 
0.71 28. 
0.58 23. 
0.74 29. 
0.91 36. 
1.22 48. 
1.90 75. 
1.80 71. 
1.93 76. 

REIB Reference Material (HSSI Plate rtl) 
s L i  uiei sHssBi SRn LI 

% Shear 

5 .  
10 . 
10. 
15. 
30 . 
20. 
40 . 
40. 
90. 
100. 
100. 
100. 

~ 

-58 e 188 *288 258 'C 

NUREG/CR-64 13 
Test Temperature 

A-100 



Appendix A 
A533B HSSTOl REFERENCE MATERIAL 

St. Lucie Unit 1. Capsu le W104 

Impact Energy Uncertainty = 10.0 J 
T e s t  Temperature Uncertainty - 
Number of successful  I t era t ions  = 200, ~ a x i m u m  = 1000 

4.0  Degree C 

SL1 W104 SHSSOl SRM LT : Fluence = 7.1603+18 , Irr. Temp. = 288 

Parameter M e a n  Std.Dev. Correlation Coefficients 
Lower Shel f  Energy (J)  3.1 0.1 
Upper Shel f  Energy (J )  152.8 23.5 -0 . 183 
CVT at Midpoint ( C )  103.3 11.1 -0.112 0.939 
l / s l o p e  (C) 59.6 10.6 -0.378 0.645 0.637 
CVT at 4 1  Joule (C)  71.0 5.3 0.367 0.094 0,293 -0,480 
CVT at  68 Joule ( C )  95.5 3.9 0.159 0.340 0.622 0.145 

A533B Reference Material (HSST Plate #l) 
SL1 Ul3f SHSSBl sm LT 

0.753 

128 

100 

88 

be 

48 

28 

e 

a 380 

-58 e 58 1- 158 
Test Temperature 

"F 

80 

4a 

te 

8 
'C 

A- 10 1 NUREGKR-64 13 



Appendix A 

A533B HSSTOl REFERENCE MATERIAL 
St. Lucie Unit 2. Baseling 

USE= 168.6 JI LSE- 3.0 JI w(1/2)= 21.C , S l o p  = 0.0252 
U n i r r a d i a t e d  Charpy Specimen, CVT(41J) = -3. C , CVT(68J) = 
Spec. ID T e s t  Temp. I m p a c t  E n e r g y  Lat. Exp. 

C F 3 f t - lb  lllllp mil 

B17 -40. -40. 14 . 
AAL -18. 0. 22. 
AAT -7. 20. 24 
B13 -4. 25. 50 . 
B11 2. 35 . 37. 
AAK 4. 40- 69. 
AAJ 21. 70-  92. 
AAM 29. 85. 89. 
812 41. 105. 34. 
814 66, 150. 146. 
B16 93. 200. 171. 
AAP 121. 250. 164. 
AAU 149. 300. 165. 
B15 177. 350. 165. 
AAY 204. 400. 176. 

10. 
16. 
18. 
37 
27. 
51. 
68. 
66. 
99. 
108. 
126. 
121. 
122. 
122. 
130. 

0.28 
0.46 
0.43 
0.79 
0.66 
1.14 
1.40 
1.35 
1.85 
2.08 
2.01 
1.80 
1.88 
1-98 
1.93 

11. 
18. 
17 
31. 
26. 
45. 
55 . 
53. 
73. 
82. 
79. 
71. 
74. 
78. 
76. 

WB Reference Material (MI Plate all 
SL2 sHSs01 Sml LT 

8 lee 288 388 488 

12. c 
% Shear 

0. 
10 . 
10 
10 . 
10 . 
20. 
5 0 .  
so. 
70. 
100. 
100. 
100. 
100. 
100. 
100. 

180 . I 

16a - 
148 - 

128- 

0 
tl 

0 0 0 

- 
180 - 

- 

8 
-58 0 se 18B 158 .200 258 

I t A 

'F 

128 

108 

40 

28 

e 
' C  

NUREG/CR-64 13 
Test Temperature 

A-102 



A5 3 
Appendix A 

B HSSTOl REFERENCE MATERIAL 

St. Lucie Unit 2. Baseline 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximurn = 1000 

10.0 J 

SL2 SHSSOl SRM LT 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.0 0.0 
Upper Shelf Energy (J) 168.7 4.6 -0.011 
CVT at Midpoint (C) 20.8 3.2 -0.051 0,430 
l/alope (C) 40.9 4.8 -0.094 0.337 0.368 
CVT at 41 Joule (C) -4.0 3.5 0.030 -0.102 0.525 -0.577 
CVT at 68 Joule (C) 11.9 2.8 -0.020 0,026 0.858 -0.072 0.854 

A533B Reference Material ( H S T  Plate #l) 
SLZ SHSs81 SRtl LT 

188 

160 

140 

128 

180 

88 

68 

48 

28 

8 
-50 e 59 1BB 158 zee 258 'C 

Test Temperature 

A-103 NLTREGKR-64 I3 



Appendix A 
A533B HSST02 REFERENCE MATERIAL, Baceline 

_ _  . 
Spc. ID Temt Temp. Impact tnorgy U t .  Exp. 

USt= 167.4 J, LSE- 2.9 J, cVr(l/2)- 36.C , S l o p  .I 0.0220 
Unirr.di&ted Charpy SpccimsnCVT(4lJ) - 8. C , CVT(68J) - 26. C 

C 

-46. 
-46. 
-46. 
-29. 
-29. 
-29. 
-12. 
-12. 
-12. 
4. 
4. 
4. 
29. 
29. 
29. 
43. 
43. 
43. 
71. 
71. 
71. 
99. 
99. 
99. 

149. 
149. 
149. 

? J 

-so. 7. 
-50. 7. 
-so. 4. 
-20. 9. 
-20. 12. 
-20. 8. 
10. 16. 
10. 20. 
10. 18. 
40. 30. 
40. 49. 
40. 47. 
85. 79. 
85. 56. 
85.  70. 
110. 112. 
110. 116. 
110. 86. 
160. 147. 
160. 110. 
160. 148. 
210. 159. 
210. 156. 
210. 164. 
300. 169. 
300. 159. 
300. 172. 

f t - lb  m 

I. 0.08 
5. 0.13 
3. 0.10 
6. 0.1s 
9. 0.2s 
6. 0.23 
12. 0.38 
14. 0.36 
13. 0.36 
22. 0. 58 
36. 0.81 
3s. 0.81 
58 * 1.30 
41. 1.07 
s2. 1.14 
82. 1.52 
85. 1.80 
63. 1.37 
108. 1.83 
81 * 1.7s 
109. 2.01 
117. 2.13 
115. 2.24 
121. 2.21 
12s. 2.21 
117. 2.11 
127. 2.13 

mil 

3. 
I. 
4. 
6. 
10. 
9. 

15. 
14. 
14. 
23. 
32. 
32. 
Sl. 
42. 
45. 
60. 
71. 
54. 
72. 
69. 
79. 
84. 
88. 
87 .  
87. 
83 f 
84. 

# She8r 

9. 
9. 
9. 
9. 
13 - 
13 
23 
23 - 
23. 
33. 
29. 
29. 
43. 
41. 
42. 
58. 
67. 
55. 
84. 
85. 
8 7 .  
98. 
98 - 
100. 
100. 
106. 
100. 

A5331 Reference Material 
fSST82 Baseline LT 

6 189 288 388 488 

-58 8 58 158 zee 258 'C 
NUREGKR-64 13 test Ieaperaturc 

A- 104 



A533B HSST02 REFERENCE MATERIAL 

BaseIine 

Impact Energy Uncertainty = 10.0 J 
T e s t  Temperature Uncertainty = 
Number of Successful  I t era t ions  = 200, Maximum = 1000 

4 .0  Degree C 

SHSS02 Base l ine  SRM LT 

Par arne t er Mean Std.Dev. Correlation C o e f f i c i e n t s  

Upper Shel f  Energy ( J )  167.9 5.9 -0.042 
CVT at Midpoint (C)  3 5 . 7  3 .4  0.024 0.741 
l / s l o p e  ( C )  46.5 4 .6  -0.251 0.582 0.607 
CVT at 41 Joule (C)  7 .6  2 .6  0.295 -0.077 0.331 -0,518 
CVT at 68 Joule ( C )  25.7 2 .2  0.162 0.250 0.792 0.118 0.784 

Lower Shel f  Energy ( J )  3 .0  0.1 

A533B Reference Materia I 
SHSS02 Baseline SRH LI 

e 100 300 488 
180 

160 

140 

120 

100 

80 

68 

40 

20 

0 
-50 0 5% 1013 158 250 "C 

Test Temperature 

A-105 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL, 
Arkansas U nit 1 ~ Capsule 4 

USE= 129.0 J, LSE= 3.0 J, CVT(1/2)= 73.C , Slope = 0.0180 
CVT(41J) = 49. C , CVT(68J) = 74. C , 
F l u e n c e  = 1.030E+19 , Irr. Temp. = 303 C 

% Shear Spec. I D  T e s t  Temp. Impact E n e r g y  
C F J f t - lb 

L a t .  Exp. 
lllRL mil 

0. 32. 
24. 75. 
69. 156. 
89. 192. 
106. 222. 
150. 302- 
192. 378, 
234. 454. 

14. 10. 
31, 23. 
43. 32. 
98. 72 
102. 75 0 

130. 96. 
127. 94. 

118. a7. 

66940 
66939 
66942 
66918 
66932 
66904 
GG935 
GG949 

0.23 9. 
0.51 20. 
0.76 30 * 
1.42 56. 
1.40 55 * 

1-90 75 0 

1.85 73. 

1.98 7a 

0 .  
5. 
15. 
80. 
95 0 

100. 
100. 
100. 

f l3B Reference baterial (HSST Plate #Z) 
AN1 A SHSs82 SRn LT 

0 100 280 388 488 "F 
140 ' 1 I 1 

160 
0 u 

128 - 
00 

100 - s 
w- L 88 - - 5  

a 1 
e0 * 

cr 27 
6 0 -  

49 w 

48 - 
28 

2 8 -  

e -  
-56 0 58 10@ l.50 206 258 'C 

I 

Test Temperature 
NUREGKR-64 13 

A-106 

9 



Appendix A 
A533B HSSTO2 REFERENCE MATERIAL, 

Arkansas U nit 1. Capsu le A 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Succeeeful Iterations = 200, Maximum = 1000 

10.0 J 
4 .0  Degree C 

AN1 A SHSS02 SRM LT : Fluence = 1.030E+19 , Irr. Temp. = 303 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 130.3 7.6 0.040 
CVT at Midpoint (C) 72.5 7.7 0.251 0.565 
I/slope (C)  60.0 13.6 -0.412 0.386 0.101 
CVT at 41 Joule (C) 46.7 9 . 0  0.472 -0.060 0.625 -0.679 
CVT at 68 Joule (C) 73.7 6 . 4  0.260 0.106 0.873 -0.062 

Lower Shelf Energy (J) 3.0 0.0 

A533B Refereice Material (HSSI' Plate #Z) 
sm LI AN1 A SHSS82 

e 166 288 388 400 "F 

-58 6 se 1- 158 266 258 
Test Ienptrature 

'C 
9 

A-107 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERLAL 
Arkansas U nit 1. Cilppsu le B 

USE= 135.6 J, LSE- 3.0 J, CVT(1/2)= 65.C , 

Fluence = 4.2803+18 , Irr. Temp. = 309 C 
CVT(41J) = 36- C CVT(68J) = 64. C 

Spec. I D  Test Temp. Impact Energy 
c F J f t - l b  

Hii9 16 
HH909 
HE922 
m936 
m 9 3 1  
a 9 2 9  
m943 
HH905 

3. 38. 15. 11 . 
24. 75. 28. 21. 
43. 110. 46. 34 * 
54. 130. 62. 46 . 
60. 140. 70. 51 . 
91. 196. 90. 66. 
138. 280. 122. 90. 
204. 400. 137. 101. 

Slope = 0.0160 

Lat. Exp. 
mm m i l  

0.15 6. 
0.48 19 . 
0.76 30. 
0.84 33. 
1.12 44. 
1.57 62. 
1.96 77. 
1.98 78 .  

% Shear 

0. 
10. 
10. 
30. 
30. 
100. 
100. 
100. 

A533B Reference Material (HSST Plate &!I 
AN1 B SHSS02 SRH LI 

e 188 288 380 488 "F 
140 . I 1 I I 15 

120 - 

100 - 
sl 

u 
& Z  88 - 

=I 
Y O  

U 

48 - 

8 L 

-58 e 58 188 isB .208 258 
Test Temperature 

NUREGKR-64 13 
A- 10s 

88 

re 

28 

e 
"C 



A533B HSSTO2 REFERENCE MATERIAL 

pirkansas U nit 1. C a y  le B 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 

AN1 B SHSSOZ SRM LT : Fluence = 4.2803+18 , Irr. Temp. = 309 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 

CVT at 4 1  Joule (C) 
CVT at 68 Joule (C) 

l/slope (C) 

Mean 
3.0 

136.7 
65.6 
62.6 
36.4 
63.6 

Std.Dev. Correlation Coefficients 
0.0 

9.9 -0.044 0.839 

5.8 -0.179 -0.008 0.333 -0.384 
5.8 -0.079 0.444 0.852 0.487 

11.3 0.010 

13.9 0.094 0.681 0.704 

8 

A533B Reference Material (HSST Plate #Z) 
AN1 B SHSS82 SRH LT 

lB@ ZBB 388 988 

la 

80 

68 

n 

Appendix A 

0.602 

'F 

100 

te 

n 

A-109 NUREGKR-64 13 



Appcndix A 

A533B HSSTOZ REFERENCE MATERIAL 
a s a s  Unit 1. C5jpsule C 

USE= 133.6 J, LSE= 3.0 J, CVT(1/2)= 75.C , Slope = 0,0181 
CVT(41J) = 50. C , cvT(68J) = 74. C , 
Fluence = 3.4603+19 , Irr. Temp. = 303 C 

Spec. I D  T e s t  Temp. Impact Energy L a t .  E x p .  % Shear 
C F J f t - l b  nrm mil 

66946 
66920 
66915 
66937 
66903 
66941 
66948 
66927 

148 

128 

21- 70. 17. 12. 
38, 100- 31. 22 * 
66. 150. 62. 46. 

107. 225. 95. 70. 
149. 300. 133. 98. 
191. 375. 139. 102. 
232. 450. 131. 96. 
288. 550. 127. 93. 

0.33 13. 10 * 
0-46 18. 20. 
0.89 35. 40 
1.55 61. 90. 
1.90 75. 100. 
2.06 81. 100. 
1.98 78. 100. 
2.08 82. 100. 

A533B Reference Material (HSSI Plate #Z) 
QNl  C SHSS82 SRH LI 

e 100 388 400 500 'F 

NUREGKR-64 13 
Test Temperature 

A-110 

im 

8 
"C 



533B HSST02 REFERENCE MATERIAL 

a n s a  u nit 1. W s u  le C 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

4,O'Degree C 

AN1 c SHSSOZ SRM LT : Fluence = 1.460E+19 , Irr. Temp. = 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 134.0 5.6 0.094 
CVT at Midpoint (C) 74.3 7.7 0.255 0,543 

CVT at 41 Joule (C) 49.3 7.0 0.132 0.144 0.757 -0.333 
CVT at 68 Joule (C) 73.9 6.7 0.255 0.259 0.951 0.260 

Lower Shelf Energy (J) 3-0 0.0 

l/slope (C) 55.8 9.8 0.197 0.332 0.333 

A533B Reference Material (HSSf Plate #Z) 
AN1 C SHSSBZ SRtl LT 

0.819 

'F 

a 
-58 e se 168 158 288 258 388 'C 

T e s t  Temperature 

A-111 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
kkansas U nit 1. Capsu le E 

USE= 166.5 J, LSE= 3.0 J, CVT(1/2)= 50.C , Slope = 0.0230 
CVT(41J) = 24. C , CVT(68J) = 41. C , 
Fluence = 7.2703+17 , Irr. Temp. = 304 C 

Spec. ID Test Temp. Impact Energy Lat. Exp. 
C F J f t - l b  111111 mil 

*a928 
GG917 
66924 
GG930 
66912 
66938 
GG9 13 
GG9 14 

180 

160 

140 

s =  
Pa, 
+d 
B 

h 

w- 188 

80 
tu U? 

n 

b0 

40 

28 

e 

16. 60 . 
28. 83. 
38. 101. 
44. 111. 
61. 141. 
77. 171. 
94. 202. 
127. 260. 

62. 46. 
65. 48. 
61. 45. 
55. 40. 
106 . 78. 
130. 96. 
157. 116. 
159. 117. 

0.74 29. 
0.94 37. 
0.81 32. 
0.69 27. 
1.30 51. 
1.52 60. 
1.70 67. 
1.52 60. 

M3B Reference Material (HSST Plate #Zl 
M l  E SHSSEZ SRH LI 

8 188 388 488 

% Shear 

6. 
18. 
20. 
50. 
50. 
85. 
100. 
100. 

-50 0 58 188 158 208 256 'C 

NUREGKR-64 13 
Test Temperature 

A-112 



Appendix A 
A533B HSST02 REFERENCE MATERTAL 

Arkansas U nit 1. Capsule E 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

10.0 J 
4.0 Degree C 

AN1 E SHSSO2 SRM LT : Fluence = 7.2703+17 , Irr. Temp. = 304 

Parameter Mean Std-Dev. Correlation Coefficients 

Upper Shelf Energy (J) 170.4 12.8 -0.029 
CVT at Midpoint (C) 51.4 6.0 0.126 0.803 
l/slope (C)  46.5 10.6 -0.206 0.665 0,443 
CVT at 4 1  Joule (C) 22.7 6.9 0,331 -0.300 0.146 -0.807 
CVT at 68 Joule (C) 40.6 4.3 0,346 0.004 0.538 -0.440 0.882 

Lower Shelf Energy (J) 3.0 o*o 

A533B Reference Material (RET Plate #Zl 
AH1 E SHSS92 SRH Lt 

149 

128 

180 

88 

69 

49 

28 

-se 0 58 lee 159 258 'C 
Test Temperature 

A-1 13 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Donald C. Coo k Unit 1. Capsu le T 

USE= 141.4 J, LSE= 3.0 J, CVT(1/2)= 65.C , Slope = 0.0202 
CVT(41J) = 41. C , CVT(68J) = 62. C , 
Fluence = 1,80OE+18 , Irr. Temp. = 304 C 

Spec. ID 

R3 3 
R3 7 
R3 8 
R39 
€240 
R34 
R3 5 
R3 6 

T e s t  Temp. 
C F 

4. 
28. 
43. 
71. 
99. 
149 
177. 
204. 

40. 
82. 
110. 
160. 
210. 
300. 
350. 
400. 

Impact Energy 
J f t - lb  

Late Exp. % Shear 
mm mil 

la. 13. 
25. 18. 
47. 3s . 
75. 55 . 
117. 86. 
136. 100- 
150. 111. 
131. 96 - 

0.33 13. 
0.46 18. 
0.81 32. 
1.14 45. 
1.68 66. 
1.45 57. 
2.13 84. 
2.13 84. 

5. 
10 . 
20 . 
40. 
95. 
100 . 
100. 
100. 

A533B Reference Material (HSSI Plate #Z) 
CK1 1 SHSSBZ SRIl LI 

168 

1zB 

10Ei 

86 

68 

4e 

28 

8 
-58 

NUREGKR-64 13 

‘F 

188 

88 

te 

e 
a sa 1UB 158 

Test Tenperature 
zag 258 ‘C 

A-1 14 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Donald C. Coo k Unit 1. Capsule T 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

CK1 T SHSSO2 SRM LT : Fluence = 1.800E+18 , Irr. Temp. = 304 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy ( J )  
CVT at Midpoint (C) 
l/slope (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Mean Std.Dev. Correlation Coefficients 
3.0 0.0 

141.8 6.5 0.022 
65.1 5.6 0.160 0.510 
49.8 10.8 -0.140 0.475 
40.7 7.3 0.214 -0.183 
61.8 4.9 0.184 0.051 

0.135 
0.546 -0.739 
0.872 -0.220 0.816 

A533B Reference hterial (HSSI Plate 
C K l  T SHSSBZ SRIl LT 

166 

148 

128 

186 

88 

68 

48 

28 

e 
-56 8 58 188 158 

Test Temperature 
288 258 

"F 

188 

88 

40 

28 

8 
"C 

A-1 15 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE M A T E W  
Bnald C. Coo k Unit 1. Capsule U 

USE= 152.8 J, LSE= 3.1 J, CVT(1/2)= 105.C , 
CVT(41J) = 86. C , CVT(683) = 100. C , 
Fluence = 1.8803+19 , Irr. Temp. = 288 C 

Spec. ID T e s t  Temp. Impact Energy 
C F J ft-lb 

R44 
R42 
R43 
R48 
R4 5 
R4 6 
R47 
R4 1 

168 

148 

128 

188 

88 

68 

48 

28 

8 

38. 100. 19. 
79. 175. 35. 
93. 200. 42. 
107. 225. 92 
121. 250. 110. 
135. 275. 121. 
149. 300. 152. 
177. 350. 146. 

14. 
26. 
31. 
68. 
81. 
89. 
112. 
108. 

Slope = 0.0281 

Lat. Exp. 
Iran mil 

0.30 12. 
0.51 20. 
0.63 25. 
1.24 49. 
1.50 59. 
1.70 67. 
1.78 70 . 
1.88 74 * 

A533B Reference Material (HSST Plate lt21 
cx1 u SHSSBZ SRtl LI 

% Shear 

10. 
25 
30. 
90. 
100. 
100. 
100. 
100. 

-58 6 10U 158 me 
NUREGKR-6413 

Test Temperature 

A-116 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Donald C. Coo k Unit 1. CaD - suleU 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty - 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

U SHSSO2 SRM LT : Fluence = 1.8803+19 , Irr. Temp. = 288 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 
l/slope (C) 
CVT at 41 Joule (e) 
CVT at 68 Joule (C) 

Mean Std-Dev. Correlation Coefficients 
3.1 0.1 

153.6 12.7 -0.249 
105.5 5.1 -0.109 0.771 
36.5 9.5 -0.418 0.721 0.493 
85.3 5.5 0.381 -0.381 0.125 -0.780 
100.1 3.4 0.192 -0.001 0.600 -0,275 0.811 

f f i33B Reference Material (HSST Plate &I 
CK1 U SHSS82 SRH LT 

8 lee me 388 408 

140 

128 

88 

49 

8 
-5a e 58 108 lS8 iee 

T e s t  Temperature 

"F 

8 
'C 

A-117 NuREG/CR-6413 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Donald C. Coo k Unit 1. Capsu le X 

USE= 114.5 J, LSE= 3.0 J, CVT(1/2)= 78.C , Slope = 0.0242 
cVT(41J) = 64. C , CVT(68J) = 85. C , 
Fluence = 6.9003+18 , Irr. Temp. = 304 c 

Spec. I D  T e s t  Temp. Impact  Energy Lat. Exp. % Shear 
C F J f t - lb  m mil 

. 
R26 
R32 
R27 
R28 
R29 
R30 
R3 1 

128 

100 

88 

60 

48 

28 

e 

24. 75. 9. 7. 0.15 6.  
43. 110. 20. 14. 0.38 15. 
57.  135. 31- 23. 0.58 23. 
71. 160. 55. 40. 0.89 35. 
99. 210. 78.  57. 1.35 53. 
121. 250.  107. 79. 1.78 7 0 .  
149. 300. 117. 86. 1.85 73. 
149. 300. 106. 78 - 1.78 70 .  

b331 Reference llaterial lHXi1 Plate E )  
C K l  x SHSSBZ SRH LI 

8 108 488 

-58 0 58 208 250 'C 

NUREGICR-64 13 
Test Temperature 

A-118 

"F 

88 

68 

5 
t: 

I 

48 

28 

8 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Donald C. Coo k Unit 1. CaDsu le X 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

10.0 J 
4.0 Degree C 

CK1 X SHSSO2 SRM LT : Fluence = 6.9003+18 , Irr. Temp. f 304 

Par meter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 
1/5lOpe (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Mean Std.Dev. Correlation Coefficients 
3.0 0.0 

117.8 11.7 
80.2 9.2 
42.4 10.9 
64.9 5.3 
85.5 6.2 

-0.054 
0.001 0.851 

0.045 0.262 0.659 -0.055 
0.029 0,564 0.897 0.608 0.737 

-0.028 0.727 0.669 

KEIB Reference Material (RET Plate t2) 
CK1 X SHSSBZ SRH LT 

B 1138 288 388 488 
128 -- I a a I I 

lee - 

8 8 -  P 

* O  68 - 2- 
w- 

=I 

a 
L m 

48 - 

2 8 -  

8 1 

-58 9 58 169 158 zee 258 'C 
Test Temperuturt 

"F 

80 

8 

A-1 19 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Donald C. Coo k Unit 1. Capsu le Y 

USE= 144.2 J, LSE=- 3.0 J, CVT 
CVT(41J) = 69. C , CVT(68J) = 
Fluence = 1.060E+19 , Irr. Temp 

Spec. ID 

R5O 
R5 5 
R52 
R49 
R5 1 
R54 
R5 3 
R5 6 

160 

140 

120 

100 

88 

60 

4e 

28 

0 

Test Temp. 
C F 

24. 75. 
38. 100. 
49. 120. 
71. 160. 
82. 180. 
99. 210. 
121. 250. 
149. 300. 

1/2)= 95.c , Slope = 0.0190 
91. c , 

= 304 C 

Impact Energy Lat. Exp. 0 Shear 
J f t - lb nnn mil 

12. 8 .  0.18 7. 2. 
18. 13. 0.33 13 . 5. 
31. 22. 0.53 21. 10 * 
43. 32. 0.76 30. 15 * 
54. 40. 0.97 38. 25. 
71. 52 . 1.19 47. 60. 
114. 84 . 1.80 71. 100. 
127. 94. 2.06 81. 100 . 

A533B Reference Material (HSST Plate #Z) 
CK1 Y SHSs82 SRIl LT 

6 488 

-50 e 58 1- 158 208 258 'C 
T e s t  Temperature 

NUREG/CR-64 13 
A-120 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Donald C. Coo k Unit 1. CaDsu le Y 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

CK1 Y SHSSO2 SRM LT : Fluence = 1.060E+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 148.5 24.1 -0 . 134 
CVT at Midpoint (C) 97.5 11.8 -0.095 0.918 
l/slope (C) 53.6 13.3 -0,273 0.778 0,754 
CVT at 41 Joule (C) 69.1 5.9 0.261 -0,148 0.123 -0.501 
CVT at 68 Joule (C) 91.4 4.8 0.064 0.300 0.635 0.214 0.711 

Lower Shelf Energy (J) 3.0 0.0 

A533B Reference Material (HSST Plate #Zl 
CK1 Y SHSSBZ SRH L1 

"F 

169 

80 

5 
at: 

I 

48 

28 

e 
"C 

A-121 NuREG/CR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Crvsta 1 River Unit 3. Capsu le 

USE= 144.8 J, LSE= 3.0 J, CVT(1/2)= 83.C , Slope = 0.0175 
CVT(41J) = 55. C , CVT(685) = 78. C , 
F l u e n c e  = 6.5603+18 , Irr. Temp. = 303 C 

Spec. ID 

NN918 
NN903 
NN901 
NN911 
NN909 
NN9 12 

Test Temp. 
C F 

21 . 
41. 
68. 
93. 
149. 
204. 

69. 
105. 
155. 
200. 
300. 
400. 

Impact E n e r g y  
J ft-lb 

L a t .  Exp.  
m m i l  

% Shear 

18 . 13. 0.33 13. 5. 
34. 25. 0.51 20 . 20. 
56. 41. 0.84 33 . 35. 
80. 59. 1.22 48. 60. 
142. 105. 2.03 80. 100. 
138. 102. 1.90 7 5 .  100. 

fK33B Reference Material (HSST Plate 821 
CR3 C SHSS02 SRH LI 

e 10Q 288 388 488 
160 . I I 1 

i4e - 

120 - 

180 - 

8 8 -  

b a -  - 
40 - 

2 8 -  

0 '  I A 

-58 0 58 188 isB 208 256 

NUREGICR-64 13 
Test Temperature 

A-122 

'F 

188 

88 

28 

.e 
"C 



Append& A 
A533B HSST02 REFERENCE MATERIAL 

Crystal River Unit 3. CaDsule C 

Impact Energy Uncertainty = 10.0 J 
T e s t  Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

4.0 Degree C 

CR3 C SHSS02 SRM LT : Fluence = 6.5603+18 , Irr. Temp. = 303 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy ( J )  146.7 9.6 0.174 
CVT at  Midpoint ( C  83.8 8.3 0.235 0.713 
l/slope (C) 58.3 11.5 -0.129 0.409 0.340 
CVT at 41 Joule (C) 53.9 7 . 6  0.299 0.073 0.536 -0.574 
CVT at 68 Joule (C) 78.2 5.9 0.254 0,261 0.845 0.002 0.809 

Lower Shelf Energy (J)  3.0 0.0 

160 

1% 

la 

188 

88 

68 

49 

28 

8 

E1533B Reference tiaterial (W1 Plate #Z) 
CR3 C SHSSBZ SRH LT 

e 

-58 R 58 lm 158 200 
Test Temperature 

A-123 NUR.EG/CR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Davis-Besse U nit 1. Capsu le A 

USE= 131.5 J, LSE= 3.0 J, CVT(1/2)= 100.C , Slope = 0.0150 
CVT(41J) = 71. C , CVT(68J) = 101. C , 
Fluence = 1.290E+19 , Irr. Temp. = 303 C 

Spec. ID Test Temp. Impact Energy 
C F J f t - l b  

SS928 20 0 68. 11 8, 
SS905 52-  125. 28. 21. 
SS913 79. 175. 49. 36. 
SS930 93, 200. 61. 45 0 

SS901 149. 300. 106. 78 
SS92 1 204, 400. 127. 94. 

140 

128 

180 

88 

60 

48 

28 

CI 

L a t .  Exp. 
lam m i l  

0.20 8. 
0.46 18. 
0.76 30. 
1.02 40. 
1.60 63. 
1.85 73. 

A5331 Reference Material (HSST Plate a) 
DB1 A SHSS02 SRH LT 

% Shear 

0. 
20. 
40. 
50.  
70. 
100. 

'F 

10U 

Y 

-58 e 50 100 158 200 258 

NUREG/CR-64 13 Test Temperature 

A-124 

89 

28 

6 
'C 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 

Davis-Besse U nit 1. CaD - sule A 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 

D B 1  A SHSS02 SRM LT : Fluence = 1.2901+19 , Irr. Temp. = 303 

Par meter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 135.4 14.3 -0.036 
CVT a t  Midpoint ( C )  103.9 13.4 -0.013 0.837 
l/sloPe ( C )  70.8 17.4 -0.055 0.589 
CVT a t  41 Joule ( C )  71.3 7.7 0.035 0.107 
CVT a t  68 Joule (C) 102.3 8.1 -0.014 0.386 

Lower Shel f  Energy ( J )  3 .0  0.0 

0.662 
0.440 -0.297 
0.817 0.508 0.644 

A5333 Reference tlaterial (HSSI Plate 112) 
DBl f3 SHSSBZ SRH LT 

128 

iee 

88 

68 

48 

ae 

8 '  
-58 e se 160 158 * zee 258 

Test Temperature 

'F 
186 

80 

ae 

8 
'C 

A-125 NUREGKR-6413 



Appendix A 

A533B HSSTOZ REFERENCE MATERIAL 
Diablo Canvo n Unit 1. Capsule S 

USE= 165.9 J, LSE= 3.0 J, CVT(1/2)= 71.C , 
CVT(415) = 45. C , CVT(68J) = 62. C , 
Fluence = 2.9803+18 , Irr. Temp. = 304 C 

Spec. I D  Test Temp. Impact Energy 
C F J f t - l b  

R43 
R42 
R45 
R46 
R44 
R48 
R47 
R41 

180 

160 

140 

128 

108 

88 

60 

48 

28 

0 

-4. 25. 8. 6. 
24. 76. 26 19. 
52. 125. 42 31. 
52. 125. 64 47. 
66. 150. 70. 52. 
93. 200. 110. 81. 
121. 250. 169. 125. 
204. 400. 156. 115. 

Slope = 0,0222 

L a t .  Exp. 
nnn m i l  

0.18 7. 
0-51 20. 
0 ,76  30. 
1-09 43. 
1.14 45. 
1.52 60. 
2.13 84. 
2.11 83. 

c1533B Reference Haterial (HSST Plate t2) 
DC1 S SHSSBZ sRn LI 

e 100 4ea 

% Shear 

1. 
10. 
30 . 
45. 
45. 
60. 
100. 
100. 

-58 0 58 188 158 200 
T e s t  Temperature 

NUREGKR-64 I3 
A-126 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 

Diablo Canv on Unit 1. CaD - sule S 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, M a x h n u m  = 1000 

DC1 S SHSSO2 SRM LT : Fluence = 2.9803+18 , Irr. Temp. = 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 166.5 8.4  0.126 
CVT at Midpoint (C) 71.8 4.6 0.308 0.666 

Lower Shelf Energy (J) 3.0 0.1 

l/slope (C) 45.0 6 .8  -0.198 0.252 0.212 
CVT at 41  Joule (C) 44.9 5 .1  0.396 0.102 0.536 -0.682 
CVT at 68 Joule (C) 62.5 3.7 0.390 0.208 0.814 -0.247 0.873 

KtIB Reference Material (&SI Plate #Zl 
DC1 S SHSS62 SRH LT 

8 3 m -  488 
186 

168 

146 

128 

lee 

86 

66 

48 

28 

8 

I * 
(r 

6e 

48 

28 

1 

8 
-50 6 58 109 158 286 258 'C 

T e s t  Temperature 

A-127 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Diablo Canv on Unit 1. Capsule Y 

USE= 163.9 3, LSE= 3.1 J, CVT(1/2)= 96.C , 
CVT(41J) = 71- C , CVT(68J) = 88. C , 
Fluence = 1.020E+l9 , Irr. Temp. = 288 C 

Spec. ID Test Temp. Impact Energy 
C F J f t - l b  

R60 
R62 
R61 
R5 7 
R5 9 
R64 
R58 
R63 

180 

160 

140 

" l m  E 
ba- 100 a 5 

g 8 4 3  8 
CI 

60 

40 

28 

8 

10. 50. 14. 10. 
38. 100. 19. 14. 
66, 150. 34. 25 . 
79. 175. 52. 38 . 
93. 200. 73. 54 . 
121. 250. 136- 100. 
146. 295. 141. 104. 
163. 325. 161. 119. 

Slope = 0.0234 

Lat. Exp. 
mm mil 

% Shear 

0.25 10 . 
0.36 14 
0.58 23. 
0-81 32. 
1-07 42 . 
1.05 73. 
2.11 83. 
2-29 90. 

10 . 
15 . 
25. 
40. 
50. 
96. 
100. 
100. 

fEJ3ll Reference Material (MI Plate 112) 
DC1 Y SHSSBZ SRn LI 

e 388 488 

-58 e 50 100 '200 258 'C 

NUREGKR-64 13 
Test Temperature 

A-128 



Appendix A 
A533B HSST02 REFERENCE MATERLAL 

Diablo Canvo n Unit 1. Caosule Y 

Impact Energy Uncer ta in ty  = 10.0 J 
T e s t  Temperature Uncer ta in ty  = 
N u m b e r  of Success fu l  I teration8 = 200, Maximum = 1000 

4.0 Degree C 

DC1 Y SHSSO2 SRM LT : Fluence = 1.020E+19 , Irr. Temp. = 288 

Par meter 
Lower Shelf  Energy (J) 
Upper Shelf  Energy (J) 
CVT a t  Midpoint (C) 
l /slope (C) 
CVT a t  41 Joule  (C) 
CVT a t  68 J o u l e  (C) 

Mean Std.Dev. Correlation Coefficients 
3.1 0.1 

166.7 14.6 -0.285 
97.4 6.6 -0.136 0.836 
43.2 11.1 -0.439 0.736 
71.2 6.0 0.452 -0.353 
88.0 3.9 0.264 0.090 

0 . 630 
0.012 -0.748 
0.568 -0.181 0.783 

ffi33B Referme Material (HSSI Plate lf21 
DC1 Y SHSSBZ SRH LI 

180 

88 

60 

48 

28 

e 
-58 e 58 lee l!ja me zse 

Xes t Tempera t u r t  

'F 

lm 

I 
+r 
CI 

6e 

ae 

e 
'C 

A-129 NUREGICR-64 13 



Appendix A 

A533B HSSTO2 REFERENCE MATERlAL 
Indian Point Unit 3. Cau sule Y 

USE= 135.9 J, LSE= 3.1 J, CVT(1/2)= 106.C , Slope = 0.0291 
CVT(41J) = 90. C , CVT(685) = 105. C , 
Fluence = 8.050E+18 , Irr. Temp. = 304 C 

Spec. I D  

R15 
R11 
R14 
R16 
R9 
R10 
R12 
R13 

Test Temp. 
C F 

Impact Energy 
J ft-lb 

Lat. Exp. 
mil 

52. 125. 
93. 200. 
93. 200. 
107. 225. 
121. 250. 
149. 300. 
204. 400. 
232. 450. 

24. 
38. 
54. 
61. 
106. 
129. 
131. 
138. 

18. 
28. 
40. 
45. 
78. 
95. 
96. 
101. 

0.25 10. 
0.58 23. 
0.76 30. 
0.94 37. 
1.50 59 * 
1.96 77 . 
1.85 73. 
1.90 75. 

% Shear 

26. 
36. 
44. 
52. 
67. 
100. 
100. 
100. 

M31 Reference flaterial (Nf Plate #Zl 
IP3 Y SHSSBZ SRCI LI 

8 lee Zm 388 488 'F 
148 . 1 I 1 0 

188 
0 

m -  
88 

lW - 
a 

w- 88 Z a  - 
3 

4e - 

2 0 -  

8 
-50 0 58 1138 158 zee 250 'C 

Test Temperature 
NUREG/CR-64 13 

A-130 

0 

6@= 
1 
Y sr 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Indian Point Unit 3. Capsule Y 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 

IP3 Y SHSSO2 SRM LT : Fluence = 8.0503+18 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coeff ic ients  
Lower  Shelf Energy ( J )  3.1 0.0 
Upper Shelf Energy ( J )  137.4 6.2 -0.141 
CVT a t  Midpoint ( C )  106.1 3.9 0.074 0.424 
l/slope (C) 37.8 11.2 -0.495 0.463 0.174 
CVT a t  41 Joule [C) 88.3 6.3 0.485 -0.332 0.373 -0.833 
CVT a t  68 Joule ( C )  104.7 3.5 0.207 -0.101 0.841 -0.187 0.694 

A5331 Reference Material (E1 Plate #Z) 
IP3 Y SHSSBZ SRH LT 

148 

128 

lee 

88 

68 

48 

ze 

e 

e 160 288 388 488 

-58 8 58 188 1sB 288 zse 
Test Temperature 

"F 

lee 

88 

48 

28 

8 
'C 

A-131 NUREG/CR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Kewaunee. CaDsu le P 

USE= 143.4 J, LSE= 3.1 J, CVT(1/2)= 114.C , Slope = 0.0251 
CVT(41J) = 94. C , CVT(685) = 111. C , 
Fluence = 2.8903+19 , Irr. Temp. = 304 C 

Spec. ID Test Temp. 
C F 

Impact Energy 
J ft-lb 

Lat. Exp. 
rrrm m i l  

R41 
R45 
R42 
R46 
R47 
R44 
R48 
R43 

38. 
66 (. 
93. 
93. 
121. 
149. 
177. 
232 

100. 
150. 
200. 
200. 
250. 
300. 
350. 
450. 

12. 9. 
31. 23 * 
34. 2s * 
39. 29. 
81. 60. 
130. 96. 
146. 108. 
133. 98. 

0.23 9. 
0.53 21. 
0.61 24. 
0.61 24 
1.22 48. 
2.01 79 . 
2.08 82 - 
2.26 89. 

A533B Reference Haterial (HSST Plate lt2) 
KUE P SHss82 SRtl LT 

160 

146 

128 

186 

88 

68 

48 

28 

6 
-9 

NUREG/CR-64 13 

e 288 388 488 

% Shear 

10. 
20. 
25. 
30. 
65. 
100. 
100. 
100. 

'F 

100 

00 

c8 

28 

e 
8 50 I00 158 

Test Temperature 

A- 132 

zee 298 "C 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

I(ewaunee. Capsule P 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4 .0  Degree C . 
Number of Succeesful Iteration8 = 200, Maximum = 1000 

K W E P  SHSS02 SRM LT : Fluence = 2.8903+19 , Irr. Temp, = 304 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 
ljelope (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Mean Std.Dev. Correlation Coefficients 
3.1 0.1 

144.2 7 .6  -0.003 
113.9 5.3 0.142 0.501 
40.1 8 .8  -0.475 0.372 0.220 
93.8 6.0 0,470 -0,075 0.593 -0.630 

110.6 4 .6  0-232 0.088 0.895 -0.056 0.807 

A533B Reference Material (HSSI Plate t121 
KVE P SHSS82 SRn Lf 

160 

-58 e 58 100 158 208 258 

"F 

48 

8 
"C 

T e s t  Temperature 

A-133 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
J<ewaunee. Capsule R 

, .  

USE= 131.2 J, LSE= 3.2 J, CVT(1/2)= 1OO.C , Slope = 0.0837 
CVT(415) = 95. C , CVT(685) = 100. C , 
Fluence = 2,0703+19 , Irr. Temp. = 304 C 

Spec. I D  Test Temp. Impact Energy L a t .  Exp. 
C F J f t - lb  Lmn m i l  

140 

lz0 

100 

88 

69 

48 

28 

0 

26 78. 
66. 150. 
93. 200. 
99. 210. 
107. 225. 
121. 250. 
149. 300. 
177. 350. 

10. 8. 0.13 5. 
31. 22. 0.48 19. 
44 32. 0.76 30. 
50. 37. 0.76 30. 
109. 80. 1.40 55. 
132. 97. 1.75 69. 
123. 90. 1.90 75. 
134. 99. 2.36 93, 

mB Reference Material (HSST Plate &I 
KUE R SHSSBZ SRH Lt 

8 100 488 

% Shear 

14. 
25 . 
27. 
35 . 
70 . 
69. 
100. 
100. 

-50 0 se 1BB 158 - 288 250 'C 
Test Temperature 

NUREGKR-64 13 
A-134 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Kewaunee. Capsu le R 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

R SHSSOZ SRM LT : Fluence = 2.0703+19 , Irr. Temp. = 304 

Parameter 
Lower Shelf  Energy ( J )  
Upper Shelf Energy ( J )  
CVT at Midpoint (C)  
l / s lope  ( C )  
CVT at 41 Joule (C)  
CVT at 68 Joule (C)  

Mean 
3.2 

133.5 
99.2 
20.1 
90.1 
99.0 

Std.Dev. Correlation Coeff ic ients  
0.1 
7.0 -0.043 
3.5 0.245 0.321 
7.8 -0.534 0.326 -0.319 
5.7 0.480 -0.142 0.752 -0,854 
3.3 0.285 -0.003 0.938 -0,475 0.861 

148 

188 

88 

68 

48 

28 c 

El33 Reference Material (MI Plate &I 
KUE R SHSS82 SRn LT 

"F 

198 

88 

e 
-58 8 50 100 158 288 258 'C 

Test Temperature 

A- 135 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Kewaunee. Capsu le V 

USE= 157.8 J, LSE= 3.1 J, CVT(1/2)= 83.C , Slope = 0.0272 
CVT(41J) = 62. C , CVT(68J) = 77. C , 
Fluence = 5.5903+18 , Irr. Temp. = 304 C 

Spec. ID Test Temp. 
C F 

Impact Energy 
J f t - l b  

Lat. Expo 
mm m i l  

R2 
R7 
R8 
R1 
R3 
R6 
R4 
R5 

24. 75 . 
66, 150. 
79. 175. 
99. 210. 
104. 220. 
116, 240. 
127. 260. 
177. 350. 

19. 14. 
52. 38 * 
77. 56. 
73. 54. 
144. 106. 
142. 105. 
166. 122. 
142. 105. 

0.30 12. 
0.66 26. 
1.12 44. 
1.07 42. 
1.80 71. 
1.83 72. 
1.98 78. 
1.96 77. 

A533B Reference Material (HSST Plate 82) 
KUE U SHSSBZ SRrl LI 

3 Shear 

10 . 
3 0 .  
40. 
50.  
100 0 

100. 
100. 
100. 

180 

i6e 

140 

128 

100 

80 

60 

40 

28 

0 

8 109 200 300 488 "F 

128 

lee 

68 

28 

8 
-58 0 58 1- 158 ze0 258 'C 

MJREGICR-64 13 
Test Temperature 

A- 136 



AppendkrA . 

A533B HSST02 REFERENCE MATERIAL 

Kewaunee.C aDsule V 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

SHSS02 SRM LT : Fluence = 5.5903+18 , Irr. Temp. = 304 

Parameter Mean 
Lower Shelf Energy ( J )  3.1 
Upper Shelf Energy ( J )  157.2 
CVT a t  Midpoint ( C )  81.6 
l / s l o p e  (C) 37.6 
CVT a t  41 Joule ( C )  60.5 
CVT a t  68 Joule ( C )  75.6 

Std.Dev. Correlation Coef f i c i ent s  
0.0 
7.6 0.027 
4.6 0.365 0.530 
7.2 -0.314 0.410 -0.135 
6.5 0.445 -0.072 0.688 -0.799 
4.5 0.440 0.073 0.862 -0.551 

fi!i33B Reference Material (HSST Plate #Z) 
KbJE U SHSSBZ SRH LI 

180 

1.68 

146 

88 

68 

46 

28 

e 

8 106 488 

0.940 

"F 

rte 

160 

60 

40 

0 
-58 e 56 188 158 286 258 'C 

Test Temperature 

A-137 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Ownee Unit 1. Causu le A 

USE= 130.4 J, LSE= 3.0 J, CVT(1/2)= 79.C , Slope = 0.0178 
CVT(41J) = 54. C , CVT(68J) = 80. C , 
Fluence = 8.950E+18 , Irr. Temp. = 303 C 

Spec. ID 

AA922 
AA974 
AA950 
AA903 
AA920 
-946 
AA961 
AA948 

Test Temp. 
C F 

24. 75. 
24. 75. 
46. 115. 
69. 156. 

150. 302. 
192. 378. 
287. 548. 

107. 225. 

0 

Impact Energy 
J ft-lb 

23. 17. 
19. 14. 
26 19. 
64 47. 
88. 65. 
134. 99. 
118. 87. 
133. 98. 

Lat. Exp. 
nnn mil 

0.46 18 . 
0.36 14. 
0.46 18. 
0.89 35. 
1.24 49. 
1.30 75. 
1.75 69. 
1.96 77. 

ffi33B Reference Material (WT Plate #Z) 
oc1 A SHSSBZ sm LI 

100 208 300 408 588 

% Shear 

0. 
0. 
5. 
15. 
100. 
100. 
100. 
100. 

140 - I 4 I 1 I I 

0 0 

128 0 
- 

100 - 

0 0 -  - 

6 8 -  

48 - 
- 

e L 

-58 8 58 1m 158 208 258 300 

'F 

80 

40 

e 
'C 

NUREGICR-64 13 
Test Temperature 

A-138 



A533B HSST02 REFERENCE MATERIAL 
Appendix A 

Oconee Unit 1. Capsu le A 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

OC1 A SHSS02 SRM LT : Fluence = 8.9503+18 , Irr. Temp. = 303 

Par meter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 131.2 6.9 0.018 
CVT at Midpoint (C) 79.3 7.7 0.063 0.590 
l/slope (C) 56.3 10.8 -0.087 0.399 0.472 
CVT at 41 Joule (C) 54.9 6.4 0.136 0.070 0.649 -0.319 
CVT at 68 Joule (C) 80.0 6.4 0.070 0.227 0.918 0.380 0.747 

Lower Shelf Energy (J) 3.0 0.0 

A533B Reference Material (IBI Plate &I 
SRn Lf oc1 A SHSSBZ 

-56 0 58 lee 1 s  388 'C 
Test Temperature 

A-139 NUREGKR-64 13 



USE= 134.6 J, LSE= 3.0 J, CVT(1/2)= 78.C , Slope = 0.0161 
CVT(41J) = 50. C , CVT(68J) = 77. C , 
Fluence = 9.8603+18 , Irr. Temp. = 303 C 

Spec. I D  

AAc949 
AAC9 3 1 
AACS 42 
AAc939 
AAc9 5 9 
AAC9 5 6 
AAC905 
AAc954 

T e s t  Temp. 
C F 

Impact Energy 
J ft-lb 

L a t .  Exp. % Shear 
mm mil 

21. 70. 
43. 110. 
73- 160. 
93- 200. 
127. 260. 
166. 330. 
204. 400. 
288 .  5 5 0 -  

14. 10. 
37. 27. 
66. 49. 
86. 63. 

107. 79. 
122. 90. 
140. 103. 
134. 99. 

0.18 7 -  
0.61 24. 
0-91 36. 
1.42 56. 
1-57  62. 
1-93 76. 
1.96 77 
1-90 75.  

10. 
30. 
50. 
60. 
95. 
100. 
100. 
1'00. 

140 

1z0 

100 

80 

6e 

40 

28 

fi533B Reference Material (HSST Plate t121 
oc1 c SHSS02 SRtl LT 

8 100 200 388 488 500 'F 
lee 

-58 !a 1138 158 
Test Temperature 

NUREG/CR-64 13 
A-140 



A533B HSST02 REFERENCE MATERIAL 

Oconee Unit 1. Capsu le C 

Impact Energy Uncertainty = 10.0 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of Successful  Iterations = 200, Maximum = 1000 

oc1 c SHSS02 SRM LT : Fluence = 9.8603+18 , Irr. Temp, = 303 

Parameter Mean Std.Dev. Correlation Coeff ic ients  
Lower Shelf Energy ( J )  3.0 0 .0  
Upper Shelf Energy ( J )  136.4 8.1 0.112 
CVT a t  Midpoint (C)  79.3 8.4  0,068 0,754 
l / s l o p e  (C)  63.9 14.7 0.149 0.600 0,567 
CVT at  41 Joule ( C )  49.7 7 . 0  -0.114 -0.094 0.336 -0.552 
CVT a t  68 Joule ( C )  77.4 5.9 0.006 0.351 0.870 0.314 

A533B Reference Material (HSST Plate 
oc1 C sHss82 SRH LI 

Appendix A 

0.609 

-58 e 58 lee 158 200 '258 388 "C 
Test Temperature 

A- 14 1 NUREGKR-64 13 



Appcndix A 

A533B HSST02 REFERENCE MATERIAL 
Oconee Unit 1- Capsu le E 

USE= 149.4 J, LSE= 3.0 J, CVT(1/2)= 61.C , Slope = 0.0147 
CVT(41J) = 25. C , CVT(68J) = 53. C , 
Fluence = 1.500E+18 , Irr. Temp. = 309 C 

Spec. ID 

-967 
AAE971 
AAE927 
AAE908 
-964 
-966 
-935 
-929 

160 

i+a 

128 

180 

80 

68 

48 

Test Temp. 
C F 

17. 62. 
37. 99. 
49. 120. 
68. 154. 
92. 197. 
127. 260. 
161. 321. 
220. 428. 

Impact Energy 
J f t - l b  

38. 28. 
49. 36. 
68. 50. 
77. 57. 
106. 78. 
133. 98. 
150. 111. 
141. 104. 

Lat. Exp. 
rn m i l  

0.58 23. 
0.76 30. 
0.99 39. 
1.09 43. 
1.32 52. 
1.75 69 + 

1.80 71. 
1.88 74. 

% Shear 

H3ll Reference Haterial (HSST Plate 
OC1 E SHSSBZ SRH Lf 

e 100 488 

18@ 

80 

2. 
6. 
30. 
30. 
65. 
95 . 
100. 
100 * 

'F 

a 
-50 a 58 100 158 'ma 250 

NUREG/CR-6413 
Test Temperature 

A- I42 

e 
'C 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 

Oconee Unit 1. CaD sule E 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C .  
Number of Successful Iterations = 200, Maximum = 1000 

OC1 E SHSSOZ SRM LT : Fluence = 1.500Ei18 , Irr. Temp. = 309 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 
l/slope (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Mean Std.Dev. Correlation Coefficients 
3.0 0.0 

149.3 8.5 0.147 
60.9 6.9 0.178 0.710 
67.9 13.1 -0.040 0.593 
25.1 7.9 0.156 -0.238 
53.1 5.2 0.177 0.079 

0,397 
0.289 -0.739 
0.725 -0.190 0.796 

t1533B Reference Material (MI Plate 82) 
oc1 E sHssez SRH LI 

288 388 488 

e '  I i 
-58 8 50 11)8 158 zee 258 

Test Temperature 

'F 

88 

e 
'C 

A-143 NUREGICR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Dconee Unit 1. Cqxu le F 

USE= 146.7 J, LSE= 3.0 J, CVT(1/2)= 37-C , Slope = 0.0221 
CVT(415) = 14. C , CVT(68J) = 32. C , 
Fluence = 8.300E+17 , Irr. Temp. = 309 C 

Spec. ID 

BBF936 
BBF921 
BBF969 
BBF968 
BBF958 
BBF901 
BBF940 
BBF9lO 

160 

148 

128 

100 

88 

be 

48 

28 

CI 

Test Temp. 
C F 

-17. 
18. 
38. 
54. 
71. 
93. 
160. 
211. 

8 

1. 
65. 
101. 
130. 
160. 
199. 
320. 
411. 

Impact Energy 
J f t - lb  

15. 11. 
47. 35 0 

77. 57. 
102. 75 0 

122. 90. 
134. 99. 
149. 110- 
145. 107- 

Lat. Exp. 
m mil 

0.2s 10. 
0.74 29. 
1.07 42. 
1.32 52. 
1.42 56. 
1.60 63- 
1.57 62. 
1.57 62. 

A533B Reference Haterial (&I Plate &I 
OC1 F SHSS0Z SRil LI 

lB8 388 488 

% Shear 

2. 
12. 
30. 
35. 
55. 
100. 
100. 
100. 

v 

-50 

NUREGKR-64 13 

8 56 188 
Test Temperature 

158 208 

'F 

188 

00 

48 

20 

n " 
250 'C 

A- 144 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Qconee Unit 1. CaasuIe F 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, ~ a x i m u m  = 1000 

10.0 J 

SHSSO2 SRM LT : Fluence = 8.3003+17 , Irr. Temp. = 309 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 
l/slope (c) 
CVT at 41 Joule [C) 
CVT at 68 Joule (C) 

Mean Std.Dev. Correlation Coefficients 
3.0 0.0 

146.8 6.5 -0 . 047 
36.8 5.3 0.016 0.575 
45.7 9.7 -0.181 0.493 
13.3 6.9 0.152 -0.120 
32.2 4.7 0.075 0.141 

0.121 
0.568 -0.734 
0.876 -0.271 0.850 

A533B Reference Material (HSST Plate &?I 
oc1 F SHSS82 sRn LI 

8 160 288 388 480 
160 . , I r 1 

l i e  - 

128- 

100 - 

0 
U 

8 8 -  - 
6 0 -  

8 b 

-58 e 58 lee 158 288 250 
Test Temperature 

'F 

100 

80 

48 

e 
"C 

A-145 NUREGKR-64 13 



Appendix A 

A533B HSSTOZ REFERENCE MATERIAL 
Oconee Unit 2. Can - sule A 

USE= 138.2 J, LSE= 3.0 J, CVT(1/2)= 63.C , Slope = 0.028s 
CVT(41J) = 47. C , CVT(68J) = 62. C , 
F l u e n c e  = 3,37OE+18 , Irr. Temp. = 321 C 

Spec. ID 

EE950 
EE942 
EE903 
EE904 
EE934 
EE919 
EE914 
EE935 

Test Temp. 
C F 

Impact E n e r g y  
J ft-lb 

Lat. Expo 
nmr m i l  

22. 72. 
43. 110. 
49. 120. 
54. 130. 
60. 140. 
96. 204. 
159. 318. 
227. 440. 

17. 12. 
35. 25. 
45. 33. 
37. 27. 
84. 62. 
115. 84. 
140. 103. 
139. 102. 

0.25 10 . 
0.53 21. 
0.76 30. 
0.81 32. 
1.35 53. 
1.63 64 

1.98 78. 
2.13 84. 

% Shear 

2. 
30. 
15. 
30. 
35. 
100. 
100. 
100. 

EBB Reference Material (HSST Plate tt21 
oc2 A SHSSBZ SRW LT 

8 188 388 488 

60 

40 

148 

88 

'F 

0 
-58 0 58 188 158 zee 258 "C 

Test Temperature 
NUREGiCR-64 13 

A- 146 



Appendix A 

A533B HSSTOZ REFERENCE MATERIAL 

Omnee Unit 2. Caosu le A 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

A SHSSOZ SRM LT : Fluence = 3.3703+18 , Irr. Temp. = 321 

Par meter 
Lower Shelf  Energy (3) 
Upper Shelf  Energy (J) 
CVT a t  Midpoint ( C )  
l/slope ( C )  
CVT a t  41 Joule ( C )  
CVT a t  68 Joule ( C )  

Mean Std.Dev. Correlation Coeff ic ients  
3.0 0.0 

139.9 8.0 -0.023 
65.0 5.6 -0.071 0.650 
38.7 9.4 -0.228 0.484 0.625 
46.4 4.2 0.150 -0.045 0.395 -0.431 
62.9 4.2 -0 .065 0.274 0.900 0.456 

148 

128 

68 

40 

28 

CI 

E15331 Reference Material (MI Plate #2) 
OCZ A SHSSBZ sm LT 

9 188 388 "F 

0.598 

160 

n 
v v 

-58 6 se le0 158 iee 258 "C 
Test Temperature 

A-I47 NUREGKR-64 13 



Appendix A 

A533B HSSTOZ REFERENCE MATERIAL 
Oconee Unit 2. Capsu le C 

USE= 150.7 J, LSE= 3.0 J, CVT(1/2)= S1.C , Slope = 0.0193 
CVT(41J) = 23. C , CVT(68J) = 45. C , 
Fluence = 9.4303+17 , Irr. Temp. = 309 C 

Spec, ID T e s t  Temp. Impact Energy Lat. Exp. % Shear 
C F S f t - l b  m mil 

El39 11 
EE928 
EE930 
EE939 
EE912 
EE941 
*EE958 
EE921 

4. 40. 
21. 70. 
38. 100. 
49. 120. 
60. 140. 
88. 190. 
110. 230. 
159. 319- 

31. 23. 0.51 20. 4. 
38. 28. 0.58 23, 12 . 
50. 37. 0.66 26. 18. 
79. 58. 0.99 39. 28. 
88. 65. 1.22 48. 40. 
125. 92. 1.37 54. 88. 
262. 193. 1.50 59. 95. 
147. 108. 1.47 58. 100. 

ffi33Il Reference Material (HT Plate &I 
oc2 c wssaz SRtl LT 

a 
U J  

0 , 

'F 

288 

188 

169 

148 

a: 
100' 

80 

60 

46 

28 

e 
-58 e 58 188 158 288 250 'C 

Test Temperature 
NUREG/CR-64 13 

A-148 



Appendix A 

A B HSSTO EFERENCE MATERIAL 

Omnee Unit 2. C w u  le C 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iteration8 = 200, Maximum = 1000 

10.0 J 

oc2 c SHSSOZ SRM LT : Fluence = 9.4303+17 , Irr. Temp. = 309 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.0 0.0 
Upper Shelf Energy (J) 151.2 10.1 -0.059 
CVT at Midpoint (C) 51.3 6.1 0.041 0.748 
l/slope (C )  53.4 12.5 -0,297 0.464 0.495 
CVT at 4 1  Joule (C) 22.8 6.3 0.365 -0.177 0.117 -0.776 
CVT at 68 Joule (C) 44.6 3.8 0.216 0.109 0,687 -0.050 0.658 

A533B Reference Material (HSST Plate 421 
oc2 C SHSS82 SRIl LT 

8 169 z88 488 

-56 8 se l R 0  158 258 'C 
Test Tenperaturt 

A- 149 NUREGKR-64 13 



Appendix A 

A533B HSSTOZ REFERENCE MATERIAL 
Dconee Unit 2. Capsu le E 

USE= 133.6 J, LSE= 3.0 J, CVT(1/2)= 101.C , 
CVT(41J) = 77. C , ,  cvT(685) = 101. C , 
Fluence = 1*210E+19 ,. Irr. Temp, = 303 C 

Spec. ID Test Temp. Impact Energy 
C F J ft-lb 

EE944 21. 7 0 -  
EE9 3 7 66. 150. 
EE947 93. 200. 
EE916 110. 230. 
EE959 127. 260. 
EE955 166. 330. 
EE929 204. 400. 
EE925 288. 550. 

16. 12 * 
43. 32. 
38. 28. 
85 63. 
102. 75. 
125. 92. 
134 99. 
129. 95. 

Slope = 0.0183 

Lat. Exp. 
nrm mil 

0.30 12, 
0.66 26, 
0.61 24. 
1.24 49. 
1.57 62- 
1.85 73- 
2.03 80. 
2.41 95- 

A533B Reference Material (HSST Plate 82) 
OC2 E sHss02 SRH LI 

9 188 288 300 488 see 

% Shear 

20. 
40. 
70 
80. 
95 * 
100. 
100. 
100. 

I - 1  I - 1  

-56 e se 188 m zee * 258 388 "C 
Test Temperature 

NUREG/CR-64 13 
A- 150 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Qconee Unit 2. Casu le E 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

10.0 J 

E SHSS02 SRM LT : Fluence f lO210E+19 , Irr. Temp. = 303 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 

CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

l/slope (C) 

Mean Std.Dev. Correlation Coefficients 
3.0 0.0 

134.6 7.0 -0.061 
101.1 6.4 0.242 0.467 
56.8 13.2 -0.409 0,491 -0.092 
75.3 9.4 0.433 -0.234 0.620 -0.820 
100.2 5.7 0.306 -0.043 0.855 -0.412 

89 

be 

48 

28 

e 

0.854 

AWB Reference Material IHSSI Plate a) 
ocz E SHSS6Z SRH LT 

-58 e 58 188 158 zee 258 388 
Test Temperature 

"F 

1Ei9 

28 

8 
"C 

A-151 NUREGKR-64 13 



Appendix A 

A533B HSSTOZ REFERENCE MATERIAL 
Qconee Unit 3. Causu le B 

USE= 135.4 5 ,  LSE= 3.0 5 ,  CVT(1/2)= 55.C , Slope = 0.0254 
CVT(41J) = 37. C , CVT(685) = 54. C , 
Fluence = 3.120E+18 , Irr. Temp. = 309 C 

Spec. ID Test Temp. 
C F 

Impact Energy 
5 f t - lb  

L a t .  Exp. 
llpl m i l  

55918 
33916 
55908 
55902 
35914 
55911 

22. 72. 
34. 94. 
43. 110. 
60-  140- 
99. 210. 
117. 242. 

29 21. 
26. 19. 
62. 46. 
7 0 .  52 
127. 93. 
132. 97. 

0.43 17 
0.41 16. 
0.89 35. 
1.07 42 . 
1.85 73 . 
1.90 75 . 

115331 Reference Haterial (MI Plate &I 
O C 3  B sHssez SRn LT 

% Shear 

5. 
10. 
20. 
40. 
100. 
100. 

48 

28 

8 
-58 

NUREGKR-64 13 

e se zee 258 
Test Temperature 

A-152 

"F 

188 

8 
"C 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Oconee Unit 3. CaD suie B 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, ~ a x i m u m  = 1000 

10.0 J 
4.0 Degree C 

SHSS02 SRM LT : Fluence = 3.1203+18 , Irr. Temp. = 309 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 
l/slope (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Mean Std.Dev. Correlation Coefficients 
3.0 0.0 

143.2 16.5 -0.013 
50.4 9.0 0.079 0.870 
42.5 11.2 -0,003 0.753 
37.0 4.8 0.172 -0.042 
54.9 4.7 0.178 0.450 

0.749 
0.294 -0.360 
0.820 0.441 0.664 

fi!i33B Reference Material (HSSI Plate #21 
OC3 B SHSSBZ SRn Lf 

168 

1% 

80 

68 

48 

28 

8 
-58 e 58 160 158 ' 288 258 

Test Temperature 

"F 

lm 

6 
'C 

A-153 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Dconee Unit 3. Cwsu le D 

USE= 133.9 J, LSE= 3.0 J, CVT(1/2)= 90-C , Slope = 0.0195 
CVT(41J) = 67. C , CVT(68J) = 90. C , 
Fluence = 1.4503+19 , Irr. Temp. = 292 C 

Spec. ID Test Temp. Impact Energy Lato Exp. 
C F J f t - l b  mm m i l  

55907 21. 70. 19 14. 0.28 11. 

JJ906 79. 175. 42. 31. 0-74 29. 
55912 121. 250. 107. 79 1-68 66. 
JJ913 149. 300. 132. 97. 1.96 77. 
JJ909 191. 375. 123 91. 2-08 82. 

55904 52. 125. 37. 27. 0.56 22. 

A5331 Reference Material (HSSF Plate &I 
OC3 I) SHSSBZ SRH LT 

8 100 388 
140 

128 

100 

88 

68 

40 

20 

e 

% Shear 

10. 
20. 
30. 
70. 
90. 
100. 

"F 

100 

80 

wf i  
t: 
I 

t e  

ZB 

e 

NUREG/CR-64 13 
Test Temperature 

A-154 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Qconee Unit 3. CaDsu le D 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Successful  I terat ions  = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

D SHSS02 SRM LT : Fluence = 1.4503+19 , Irr. Temp. = 292 

Parameter 
Lower Shel f  Energy (J)  
Upper Shelf  Energy (J)  
CVT a t  Midpoint ( C )  
l/elope ( C )  
CVT a t  41 Joule ( C )  
CVT a t  68 Joule ( C )  

Mean Std.bev. Correlation Coeff ic ients  
3.0 0.0 

135.5 10.0 0.060 
90.2 8.2 0,289 0.645 
53.5 13.0 -0.419 0.511 0,149 
65.6 9.2 0.517 -0.071 0.589 -0.686 
89.0 6.4 0.361 0.171 0.856 -0.190 

A533B Reference Material (IN1 Plate #Z) 
OC3 D SHSSBZ SRH LT 

e 
'C 

0.837 

9 16% ma 388 488 "F 
148 . I I - 
128- 

lee - 

8 8 -  

6 8 -  

48 - 
- 

2 8 -  

8 
-58 8 543 169 158 zaa 258 

Test Temperature 

A 

lee 

80 

20 

A-155 NUREGKR-64 13 



AppendixA ' ' 

A533B HSST02 REFERENCE MATERIAL 
Point Beach Unit 2. Capsule R 

USE= 137.6 J, LSE= 3.0 3, CVT(1/2)= 114.C , Slope = 0.0230 
CVT(41J) = 94. C , CVT(68J) = 113. C , 
Fluence = 2.010E+19 , frr. Temp. = 304 C 

Spec. I D  T e s t  Temp. Impact Energy Lat. Exp. % Shear 
C F J f t - l b  111111 mil 

R14 24. 75. 
R12 79. 174. 
R13 99. 210. 
R11 107. 225. 
R10 123. 253. 
R9 134. 273. 
R15 175. 347. 
R16 204. 399. 

6. 4. 0.05 
33. 24. 0.66 
46. 34. 0.71 
57. 42. 0.99 
72. 53. 0.76 
111. 82. 1.52 
130. 96. 1.68 
136. 100. 2.01 

2. 5. 
26. 23. 
28. 34. 
39. 38. 
30. 62. 
60. 52. 
66. 100. 
79. 100. 

A533B Reference Material (HSST Plate #Zl 
PBZ R SHSSBZ SRH LI 

0 100 300 "F 
140 

128 

100 

88 

60 

40 

28 

0 
-58 0 se lee 156 208 256 

NUREG/CR-64 13 
Test Temperature 

A- 156 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 

Point Beach Unit 2. CaD sule R 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of successful Iterations = 200, M a x i m u m  = 1000 

PB2 R SHSSOZ SRM LT : Fluence = 2.010E+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation coefficients 

Upper Shelf Energy (J) 140.3 8.9 -0.085 
CVT at Midpoint (C) 115.6 5.8 0.115 0.708 
l/slope (C) 46.1 12.0 -0.356 0.400 0.306 
CVT at 41 Joule (C) 93.3 6.7 0.438 -0.057 0.364 -0.750 
CVT at 68 Joule (C) 113.0 4.2 0.279 0.214 0.819 -0.048 0.688 

Lower Shelf Energy (J) 3.0 0.0 

A533B Reference Material (HSSI Plate &I 
PB2 R siissez SRn LT 

6 1w 488 
149 

128 

196 

88 

68 

48 

28 

9 

'F 
166 

80 

I + 
6 I a  

48 

28 

e 
-56 8 59 1BB 158 290 258 "C 

T e s t  Teaperaturt 

A- 157 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Point Beach Unit 2. Cau sule S 

USE= 115.0 J, LSE= 3.0 J, CVT 
CVT(41J) = 92. C , CVT(68J) = 
Fluence = 3.4703+19 , Irr. Temp 
Spec. ID Test Temp. 

C F 

R18 
R2 2 
R20 
R17 
R2 1 
R2 4 
R2 3 
R19 

52. 125. 
79. 175. 
93. 200. 
121. 250. 
149. 300. 
177. 350. 
204. 400. 
288. 550. 

1/2)= ll0.C , Slope = 0.0185 
119. c , 
= 304 C 

Impact Energy Lat. Exp. % Shear 
J f t - l b  mm mil 

16. 12. 
18 13. 
48 . 35 
83 . 61. 
76 . 56. 
111. 82 
117. 86. 
114 84. 

0.25 10. 10. 
0.28 11 . 45. 
0.76 30 - 40. 
1.19 47 . 60. 
1.24 490 90. 
1.75 69 100. 
1.80 71 100. 
1.78 70. 100 . 

A5331 Reference Material (HSSI Plate 1121 
PBZ S SHSSBZ SRn Lf 

9 188 388 488 'F 

60 

e 
-50 0 58 108 158 208 300 'C 

Test Temperature NUREG'CR-64 13 
A-158 



A533B HSST02 REFERENCE h4ATERlAL 

Point Beach Unit 2. CaDsule S 

Appendix A 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of Successful I terat ions  = 200, Maximum = 1000 

10.0 J 

PB2 S SHSSO2 SRM LT : Fluence = 3.4703+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coeff ic ients  
Lower Shelf Energy ( J )  3.0 0.0 
Upper Shelf Energy ( J )  116-8 8.0 -0.073 
CVT a t  Midpoint ( C )  111 . 2 8.6 -0.001 0.683 
l / s l o p e  (C) 56.3 12.2 -0.012 0.603 0.456 
CVT a t  41 Joule ( C )  91.6 6.9 0.034 0.020 0.643 -0.333 
CVT a t  68 Joule ( C )  119.1 6 . 8  0.041 0.299 0.881 0.387 

lm 

180 

88 

6e 

48 

28 

6 
-58 6 58 109 158 288 * 258 388 

Test Temperature 

0.721 

"F 

80 

P 
r )  

I 

48 

28 

8 
'C 

A- 159 NUREGICR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 

Point Beach Unit 2. C a p  le T 
USE= 156.1 J, LSE= 3.0 J, CVT(l/2)= 102.C , Slope = 0.0209 
CVT(41J) = 76. C , CVT(68J) = 95. C , 
Fluence = 9.4503+18 , Irr. Temp. = 304 C 

Spec. ID Test Temp. Impact Energy L a t .  Exp. % Shear 
C F J f t - l b  Ipm mil 

R3 0 
R32 
R2 6 
R2 7 
R3 1 
R2 8 
R2 5 
R2 9 

168 

140 

128 

100 

80 

68 

40 

20 

0 

21. 70. 9. 7. 0.08 3. 5. 
660 150. 46. 34. 0.66 26. 20. 
930 200- 61 - 45. 0.86 34. 30. 
99, 210. 58. 43. 0.86 34. 40. 
121, 250. 119. 88. 1.57 62. 70. 
149. 300. 138. 102. 1.98 78. 100. 
177. 350. 157. 116. 2.13 84. 100. 
218. 425. 146. 108. 1.13 68. 100. 

El31 Reference Material (MI Plate &I 
PBZ T SHSSBZ sm LT 

0 100 360 488 "F 

NUREGKR-64 13 

-5B 8 50 158 - 200 
Test Temperature 

A-160 

109 

48 

28 

e 
"C 



Appendix A 

A533B HSSTO2 REFERENCE MATERIAL 

Point Beach Unit 2. CaD sule T 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = . 4.0 Degree C 
Number of Successful Iterations = 200,  Maximum = 1000 

PB2 T SHSSO2 SRM LT : Fluence = 9.4503318 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.0 0.0 
Upper Shelf Energy (J) 156.1 7.5 -0.060 
CVT at Midpoint (C) 102.5 5.1 0.265 0.503 

CVT at 41 Joule (C) 75.4 7.4 0.460 -0.292 0.486 -0.793 
CVT at 68 Joule (C) 95.0 4.9 0.407 -0.089 0.786 -0.430 0.888 

l/slope (c) 48.7 10.1 -0.357 0.553 0.121 

A5331 Reference Material (HSS'I Plate 82) 
PB2 T SHSS82 SRH LT 

a 100 488 
168 

148 

1zB 

188 

88 

68 

4a 

28 

8 
-58 e sa 100 159 258 

Test Temperature 

"F 

188 

88 

A 
I 
c.l 

set: 

48 

28 

e 
"C 

A- 16 1 NUREGKR-64 13 



Appendix A 
I 

A533B HSST02 REFERENCE MATERIAL 
Point Beach Unit 2. CaDsule V 

USE= 128.6 J, LSE= 3.0 J, CVT(1/2)= 83.C , Slope = 0.0182 
CVT(41J) = 61. C , CVT(685) = 85. C I 

Fluence = 4.7403+18 , Irr. Temp. = 310 C 

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear 
C F J f t - l b  nrm mil 

R7 
R2 
R4 
R5 
R6' 
R8 
R1 
R3 

140 

128 

100 

88 

69 

40 

28 

0 

24. 76. 
27. a0 . 
63. 145- 
63. 145. 
93. 200. 
143. 290. 
174. 345. 
174. 345. 

13. 9. 
9. 7. 
53. 39. 
42. 31. 
75. 55. 
110. 81. 
131. 96. 
123. 90. 

0.36 14. 10. 
0.28 11, 10. 
1.12 44. 25. 
0.91 36, 30. 
1.40 55. 50. 
1.93 76. 90. 
2.13 84. 100. 
2.24 88. 100. 

A533B Reference Material (HSST Plate @I 
PBZ u SHSSBE SRH LI 

8 106 488 "F 
100 

88 

@ S  
I + rr 

38 

28 

8 
-58 0 56 188 158 is0 250 "C 

Test Temperature 

NUREGKR-64 I3 A-162 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 

Point Beach Unit 2. Capsule V 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Succeseful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

SHSS02 SRM LT : Fluence = 4.7403+18 , Irr. Temp. = 310 

Parameter Mean Std.Dev. Correlation Coeff ic ients  

Upper Shelf  Energy (J )  132.4 12.6 0.105 
CVT at  Midpoint ( C )  86.2 11.4 0.196 0.855 
l / s l o p e  (C) 56.7 14.9 0.222 0.769 
CVT a t  41 Joule ( C )  60.8 5.9 0.038 0.074 
CVT a t  68 Joule IC)  85.9 7.1 0.212 0.544 

Lower  Shelf  Energy ( J )  3 .0  0.0 

0.774 
0.446 -0.171 
0.895 0.609 0.664 

WE Reference Material (HSST Plate &I 
SRH LT PB2 U SHSS82 

6 

148 

128 

106 

80 

66 

48 

28 

"F 

166 

48 

28 

6 
'C 

A- 163 NuREG/CR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
prairie Island U nit 1. Capsu le P 

USE= 115.7 J, LSE= 3.0 J, CVT(1/2)= 106.C , Slope 
CVT(41.J) = 98. C , CVT(68J) = 109. C , 
Fluence = 1.2503+19 , I n .  Temp. = 304 C 

= 0.0435 

Spec. I D  T e s t  Temp. 
C F 

Impact Energy 
J ft-lb 

La,, 
m 

R4 7 
R44 
R48 
R43 
R45 
R4 1 
R42 
R46 

52. 125. 
93. 200. 
99. 210. 
107. 225. 
121. 250. 
149. 300. 

218. 425. 
177. 350. 

12. 
34. 
38. 
67. 
91. 
119. 
100. 
127. 

9 .  
25. 
28. 
49. 
67. 
87. 
73. 
93. 

0.13 
0.53 
0.84 
0.91 
1.47 
1.19 
1.75 
1.55 

Exp . 
mil 

5. 
21. 
33. 
36. 
58. 
47. 
69. 
61. 

A5331 Reference Material (HSST Plate #Z) 
PI1 P sHss02 SRH LT 

0 

% Shear 

9. 
38. 
34. 
58, 
65. 
100. 
100. 
100. 

Test Temperature 

80 

0 iae 200 388 488 "F 
140 . I I I I I 

10% 
0 

128 0 - 

100 

8 % -  

6 8 -  

48 - 
- 

2 8 -  

I I L 0 0 
-50 0 se 168 158 200 258 'C 

te 

ZB 

NUREG/CR-64 13 A-164 



A533B HSSTOZ REFERENCE MATERIAL 

Prairie Island Unit 1. CaDsuie P 

Appendix A 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4 - 0  Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

SHSSO2 SRM LT : Fluence = 1.250E+19 , Irr. Temp. = 304 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 
l/slope (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Mean Std.Dev. Correlation Coefficients 
3.0 0.0 

118.6 6.5 -0.058 
106.8 4.1 0.084 0.540 
27.0 9.4 -0.244 0.492 0.303 
97.0 4-5 0.271 -0.159 0.513 -0.637 
110.0 3.6 0.045 0.237 0.914 0.354 

A533B Reference Material (ET Plate 112) 

149 

128 

iee 

88 

68 

48 

28 

9 

0.486 

P I 1  P SHSSBZ SRH LT 

0 

-56 8 59 188 158 '268 256 
Test Temperature 

'F 

198 

88 

49 

28 

9 
'C 

A-165 NUREGKR-6413 



Appendix A 
A533B HSST02 REFERENCE MATERLAL 
Prairie Island U nit 1. CaD sule R 

USE= 122.3 J, LSE= 3.0 J, cvT(1/2)= 135.C , Slope = 0,0198 
CVT(41J) = 116. C , CVT(68J) = 140. C , 
Fluence = 4.0303+19 , Irr. Temp. = 304 C 

Spec. I D  

R9 
R14 
R15 
R12 
R16 
R13 
R11 
R10 

28 

T e s t  Temp. 
C F 

66. 
93. 
107. 
121. 
149. 
177. 
191. 
218. 

150. 
200. 
225. 
250. 
300. 
350 
375. 
425 

Impact Energy 
J f t - lb  

12. 9. 
14. 10. 
41. 30. 
42. 31. 
84. 62. 
98. 72. 
107. 79. 
123. 91. 

L a t .  Exp, 
mm m i l  

0.15 6. 
0.25 10. 
0.58 23. 
0.46 18. 
1.04 41. 
1.42 56. 
0.99 39. 
1.78 70. 

M3lI Reference Material (HSST Plate 112) 
PI1 R sHss0z SRtl LI 

3 Shear 

13. 
23. 
32. 
32 . 
59. 
100. 
100. 
100. 

100 

88 

60 

46 

0 189 200 388 488 
1 I I I I 

- 

- 

- 

Y 
1 

-50 0 se 100 158 zee 258 
Test Temperature 

'F 

188 

88 

ie 

28 

e 
'C 

NUREGKR-64 13 A- 166 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Prairie Island Unit 1. Capsule R 

Impact Energy Uncertainty = 10.0 J 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of Successful  Iterations = 200, Maximum = 1000 

PI1 R SHSSOZ SRM LT : Fluence = 4.0303+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coeff ic ients  
Lower Shelf Energy ( J )  3.0 0.0 
Upper Shelf Energy (J) 130.6 18.2 -0.175 
CVT a t  Midpoint ( C )  140.4 12.6 -0.136 0.916 
l / s lope  (c) 55.8 15.3 -0.129 0.833 
CVT a t  41 Joule ( C )  115.8 5 .5  -0.008 -0.013 
CVT a t  68 Joule ( C )  140.8 6.3 -0.086 0.522 

0.822 
0.292 -0.232 
0.810 0 .598  0.633 

A533B Reference Material (IN1 Plate #21 
P I 1  R SHSS02 SRH LI 

148 

128 

100 

88 

68 

40 

ze 

P 
Y 

-58 0 se lea 158 288 258 
Test Temperature 

'F 

im 

8 
'C 
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Appendix A 

A533B HSST02 REFERENCE MATERLAL 
Prairie Island U nit 1 - Capsule V 

USE= 126.8 J I  LSE= 3.0 J, CVT(1/2)= 84.C I Slope = 0.0234' 
CVT(415) = 66. C , CVT(685) = 86. C , 
Fluence = 5.210E+18 , Irr. Temp. = 304 C 

Spec. ID T e s t  Temp. 
C F 

Impact Energy 
J f t - l b  

Lat. Exp. % Shear 
lllIll m i l  

R3 
R7 
R1 
R2 
*R8 
R5 
R6 
R4 

24. 75. 
66. 150. 
79. 175. 
99. 210. 
121. 250. 
135. 275. 
149. 300. 
177. 350. 

14. 
33. 
63. 
89. 
71. 
114. 
117. 
131. 

10 . 
25. 
46. 
65. 
52. 
84. 
86. 
96. 

0.05 2. 
0.46 18. 
0.91 36. 
1.19 47. 
1.17 46. 
1-50 59. 
1.73 68. 
1.93 76. 

10. 
20. 
35. 
50. 
50. 
70. 
100. 
100. 

A533B Reference Material (HI Plate &I 
P I 1  u SHSSBZ SRn LI 

e 100 288 300 iee 
140 . I I I 1 

0 

128- 

lee - 

8 8 -  

6 8 -  

4 8 -  

2 8 -  

e L 

-58 0 se 188 158 * 288 258 
Test Tempera turt 

89 

20 

e 
'C 

NUREGKR-64 13 A-168 



A533B HSST02 REFERENCE MATERlAL 

Prairie Island U nit 1. CaDIule V 

Impact Energy Unce r t a in ty  = 10.0 J 
T e s t  Temperature Unce r t a in ty  = 
Number of Successfu l  I t e r a t i o n s  = 200, ~ a x i m u m  = 1000 

4.0 Degree C 

P I 1  v SHSSOZ SRM LT : Fluence = 5.2103+18 , Irr. Temp. = 304 

P a r  meter Mean Std.Dev. Corre la t ion  C o e f f i c i e n t s  

Upper Shel f  Energy (J) 129.3 12.0 -0.127 
CVT a t  Midpoint ( C )  84.9 8.0 -0.074 0.809 
l/slope ( C )  44.5 14.1 -0.179 0.768 0.627 
CVT a t  4 1  J o u l e  ( C )  65.6 6.1 0.150 -0.252 0.220 -0.591 
CVT a t  68 J o u l e  ( C )  85.6 4.9 -0.007 0.395 0.846 0.338 

Lower Shel f  Energy (J) 3.0 0.0 

A533B Reference Haterial (HSST Plate E) 
PI1 U SHSSBZ SRR LI 

Appendix A 

0.547 

148 

128 

288 

88 

68 

48 

28 

8 
-58 58 188 158 288 258 'C 

Test Temperature 
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Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Prairie Island U nit 2. Capsu le R 

USE= 117.7 J, LSE= 3.0 J, CVT(1/2)= 126.C , Slope = 0.0228 

Fluence = 4.4203+19 , Irr. Temp. = 304 C 
CVT(41J) = 110. C , CVT(685) = 132. C , 

Spec. ID T e s t  Temp. Impact E n e r g y  Lat. E x p .  
C F J f t - lb  mm m i l  

R15 66. 150. 
R10 107. 225. 
R16 107. 225. 
R11 121. 250. 
R9 121. 250. 
R14 149. 300. 
R12 177. 350. 
R13 232. 450. 

11. 8. 
37. 27. 
45. 33. 
61. 45 0 

42. 31. 
84. 62. 
118. 87. 
111. 82. 

0.25 10. 
0.74 29. 
0.66 26. 
0.86 34. 
0.63 25. 
1.42 56. 
1-78 70. 
1.37 54. 

128 

188 

88 

60 

48 

ZB 

0 

% Shear 

13. 
33 0 

41. 
56. 
46. 
100. 
100. 
100. 

A5331 Reference Material (HSST Plate #Z) 
PI2 R SHSS02 SRH LI 

e 100 tee 'F 

-58 50 188 158 
Test Temperature 

NUREGKR-64 13 
A-170 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Prairie Island U nit 2. CaD sule R 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4 .0  Degree C 
Number of Successful Iterations = 2 0 0 ,  M a x i m u m  = 1000 

PI2 R SHSSOZ SRM LT : Fluence = 4.4203+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 119.2 10-4 -0.029 

1/8lOpe (C) 46.8 11.8 -0.158 0.497 0.395 

CVT at 68 Joule (C) 131.9 4.6 0.116 0.190 0 , 7 4 8  0.321 0.540 

Lower Shelf Energy (J) 3.0 o*o 

CVT at Midpoint (C) 126.4 6.8 0-066 0.760 

CVT at  41 Joule (C)  109.3 5 .7  0.233 -0.046 0.439 -0 .585 

A!i33B Reference Material (HSSI Plate #Z) 
P I2 R SHSS62 SRH LI 

8 388 
128 

1- 

88 

68 

40 

28 

8 
-56 9 58 lee 158 258 "C 

Test Temperature 

A- 17 1 NUREGKR4413 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Prairie Island U nit 2. Capsu le T 

USE= 120.0 3, LSE= 3.0 3, CVT(1/2)= 107.C , Slope = 0.0333 
CVT(415) = 96. C , CVT(685) = 111. C , 
Pluence = 1.050E+19 , Irr. Temp. = 304 C 

S p e c .  ID Te 8 t Temp. Impact Energy Lat. Exp. % Shear 
C F J f t - lb  m mil 

R3 1 
R32 
R2S 
R27 
R28 
R3 0 
R29 
R2 6 

38. 100. 
93. 200. 
99. 210. 
107. 225. 
121. 250. 
149. 300. 
177. 350. 
204. 400. 

10. 8. 0.15 6. 14. 
28. 21. 0.46 18. 25.  
45. 33. 0.71 28. 30. 
77. 56. 1.19 47. 53. 
74. 54. 1.04 41. 62. 
120. 88. 2-01 79. 100. 
122. 90. 1-75 69. 100. 
115. 84. 2.01 79. 100 * 

M3B Reference Haterial (HSSI Plate #Z) 
PI2 I sHssez SRH LT 

0 4ee 
148 

128 

lee 

88 

68 

48 

2e 

8 
-58 8 58 lm 158 258 'C 

Test Temperature 

NUREGKR-64 13 A-172 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Prairie Island Unit 2. CaDsu le T 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, M a x i m u m  = 1000 

10.0 J 
4.0 Degree C 

PI2 T SHSS02 SRM LT : Fluence = 1.050E+19 , Irr. Temp. = 304 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 
l/slope (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Mean Std.Dev. Correlation Coefficients 
3.0 0.0 

121.4 6.1 -0.060 
107.7 4.2 0.025 0.455 
32.0 8.0 -0.184 0.402 
95.6 4.9 0.148 -0.122 
110.8 3.8 0.015 0.073 

0.131 
0.667 -0.617 
0.900 0.144 0.680 

ffi33B Reference Material (HSST Plate &I 
P 12 1 SHSS92 SRCl Lf 

e 180 ZBB 488 "F 

180 

88 

6 
"C 

iee 

88 

68 

148 

128 

48 

28 

8 

A-173 NUREG/CR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Prairie Island U nit 2. Causu le V 

USE= 141.1 3, LSE- 3.1 J, CVT 
CVT(41J) = 77. C , CVT(68J) = 
Fluence = 5.490E+18 , Irr. Temp 

Spec. I D  

R5 
R8 
R3 
R2 
R7 
R6 
R1 
R4 

T e s t  Temp. 
C F 

21. 70. 
60. 140. 
79. 175. 
99. 210. 
99. 210. 
121. 250. 
149. 300. 
177. 350. 

1/2)= 95.C , Slope = 0.0271 
93. c , 

= 304 C 

Impact Energy 
J ft-lb 

16. 12. 
24. 18. 
41. 30. 
89. 66. 
71. 52. 
114. 84. 
141. 104. 
135. 99. 

Lat. Exp. 
mm mil 

0.18 7. 
0.41 16. 
0.66 26. 
1.02 40. 
0.81 32. 
1.19 47. 
1.55 61. 
1.65 65. 

% Shear 

5. 
30. 
40. 
50.  
50. 
80. 
100. 
100. 

fEl3B Reference Material (HI Plate lt2) 
PI2 u SHSSBZ SRH LT 

8 188 'F 

lte 

120 

100 

80 

60 

18 

20 

e -  
-58 0 58 188 158 280 258 

Test Temperature 

im 

88 

f! 

40 

9 
'C 

NUREGiCR-64 13 A-174 



A533B HSST02 REFERENCE MATERIAL 
Appendix A 

Prairie Island Unit 2. CaD - sule V 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Succe8eful Iterations = 200, M a x i m u m  = 1000 

PI2 v SHSS02 SRM LT : Fluence = 5.4903+18 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.1 0.1 
Upper Shelf Energy (J) 142.2 8.5 0.000 

l/slope (C) 38.3 9.7 -0.284 0.494 
CVT at Midpoint (C) 95.0 4.6 0.142 0.598 

CVT at 41 Joule (C) 76.1 6.2 0.313 -0.211 
CVT at 68 Joule (C) 92.3 3.8 0.194 0.036 

0.173 
0.444 -0.784 
0.805 -0,260 0.798 

A533B Reference Material (HSS? Plate lt2) 
P I 2  U smsez SRH LT 

e 188 488 'F 
168 

148 

128 

180 

80 

60 

48 

28 

8 

4e 

te 

e 
-se 8 58 1eB 150 250 "C 

Test Temperature 

A- 175 NUREGICR-6413 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
&Iem Unit 1. CaDsule T 

USE= 180.8 J, LSE= 3.0 J, CVT(1/2)= 87.C , Slope = 0.0156 

Fluence = 2.5603+18 , fr;. Temp. = 304 C 
CVT(41J) = 45- C CVT(685) = 69. C , 

Spec. ID T e s t  Temp. 
C F 

Impact Energy 
J f t - l b  

Lat. Exp. 
111111 mil 

% Shear 

R2 
R1 
R8 
R6 
R3 
*R7 
R5 
R4 

0.23 9. 
0.36 14. 
0.81 32. 
1.04 41. 
1.37 54. 
1.09 43, 
2-18 86. 
2.06 81. 

1. 
10. 
25. 
35 
65. 
45. 
95 * 
100. 

10. 
27. 
52. 
66. 
99. 
99. 
121. 
149. 

50. 
80. 
125. 
151. 
210, 
210. 
250. 
300. 

14. 10. 
28 21. 
50.  37. 
72. 53 * 
85 * 63. 
57. 42 
156. 115. 
155. 114. 

A5331 Reference Material (HSST Plate t2) 
SA1 I SHSS0Z SRR LI 

"F e 188 200 388 488 
180 . , 

160 - 128 

108 140 - 
s 128- 
F "  

2- 

SI 

ha- 109 - 
8 8 -  

6 8 -  

3 
+ O  

a e 
L 

- 
4e - 

28 
2 8 -  

- 
I L 0 9 

-58 0 58 188 158 zee 258 "C 
Test Temperature 

8- 48 

NUREG/CR-64 13 A-176 



Appendix A 
A533B HSST02 REFERENCE MATERLAL 

Salem Unit 1. Causule T 

Impact Energy Uncert inty = 10.0 J 
Teot Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iteration8 = 200, Maximum = 1000 

SA1 T SHSS02 SRM LT : Fluence = 2.5603+18 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 182.6 18.9 0.237 
CVT at Midpoint (C) 87.3 9.6 0.340 0.867 
l/slope (C) 63.6 9.7 0.138 0.609 0.567 
CVT at 41 Joule C) 45.4 6.6 0.198 0.026 0.343 -0.537 
CVT at 68 Joule C) 69.2 5.2 0.303 0.273 0.666 -0.094 0.884 

Lower Shelf Energy (J) 3.0 0.0 

ffi33B Reference Haterial (HSST Plate #Z) 
SA1 T SHSSBE SRH LT 

a 388 
a8 

188 

168 

148 

128 

188 

80 

be4 

48 

28 

9 

"F 

148 

lee 

88: 

60 

48 

28 

9 
-58 58 I00 158 zaa 258 "C 

Test Temperature 

A-177 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Salem Unit 1. CaD sule Y 

USE= 141.7 J, LSE= 3.1 J, CVT(1/2)= 102.C ; Slope = 0.0254 
CVT(41J) = 82. C , CVT(68J) = 99. C , 
Fluence = 8.910E+18 , Irr. Temp. = 304 C 

Spec. ID Test Temp. Impact Energy 
C F J f t - l b  

L a t .  Exp. 
rmn mil 

R62 
R59 
RS7 
R64 
R58 
R60 
R63 
R6 1 

38. 100. 14. 16. 
66. 150. 31. 23. 
79. 175. 38. 28. 
93. 200. 52. 38. 
107. 225. 73. 54. 
121. 250. 115. 85. 
177. 350. 150. 111. 
204. 400. 127. 94. 

0.23 9. 
0.56 22. 
0.79 31. 
0.76 30. 
0.94 37. 
1.55 61. 
2.08 82. 
1.83 72. 

16. 
24. 
27. 
33. 
48. 
64. 
100. 
100. 

I 
'F 

A533B Reference Material (HSSI Plate &I 
SA1 Y SHSSBZ SRn LT 

e 188 488 

lzO t = L 

18% - 
s u  
W- 

5 
zls: 80 - 
A a 
13 

6 0 -  
CI 

28 
40 I 

-50 0 50 im 158 200 250 
Test Temperature 

NUREG/CR-64 13 
A-178 
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Appendix A 

A533B HSST02 REFERENCE MATERIAL 

Salem Unit 1. Camule Y 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

SHSS02 SRM LT : Fluence = 8.910E+18 , Irr. Temp. = 304 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C)  
l/slope (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Mean Std.Dev. Correlation Coefficients 
3.1 0.0 

142.0 7.8 -0.049 
102.4 4.2 0.085 0,563 
41.1 8.5 -0.294 0.283 0.271 
82.3 4.9 0.337 -0.080 0.437 -0.709 
99.7 3.4 0.189 0.009 0,815 -0.022 0.712 

160 

148 

128 

180 

80 

60 

48 

28 

8 

AUB Reference Material (HSST Plate #Z) 
SA1 Y siissm SRll LT 

-58 a sa 188 158 288 258 
Test Temperature 

OF 

180 

80 

48 

8 
"C 

A-179 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERLAL 
Salem Unit 1 - Car> sule 2 

USE= 134.2 J, LSE= 3.0 J, CVT(1/2)= 104.C 

F l u e n c e  = 1.330E+19 Irr. Temp. = 304 C 
CVT(4l.J) = 84. C CVT(685) = 104. C 

Spec. ID T e s t  Temp. Impact E n e r g y  
C F J f t - lb  

R3 5 
R33 
R40 
R3 8 
R3 9 
R3 6 
R3 7 
R3 4 

66. 150. 
79. 175. 
79. 175. 
93. 200. 
121. '250. 
149. 300. 
204. 400. 
232. 450. 

27. 20. 
37. 27. 
33. 24. 
56. 41 
89. 66. 
121. 09. 
140. 103. 
126. 93. 

Slope = 0.0220 

Lat. Exp. 
m mil 

0.56 22. 
0.76 30. 
0.63 25. 
0.99 39 * 

1.98 70, 
2.26 09- 
2.03 80. 

1.78 70, 

A533B Reference Material (HSST Plate lt21 
SA1 z SHSSBZ SRH LT 

I00 488 

% Shear 

15. 
25. 
20 * 
35. 
65. 
95. 
100. 
100. 

'F 
me 

88 

W f  
I + 
I, 

te  

ZB 

e 
-50 0 se 100 158 280 258 'C 

Test Temperature 

NUR€G/CR-64 13 A-180 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 

Salem Unit I ~ C a D  sule Z 

Impact Energy Uncertainty = 10.0 J 
T e s t  Temperature Uncertainty = 4.0 Degree C 
N u m b e r  of Successful Iterations = 200, Maximum = 1000 

SA1 Z SHSSOZ SRM LT : Fluence = 1.3303+19 , Irr.  Temp. = 304 

Parameter Mean Std.Dev. Correlation Coeff ic ients  
Lower Shel f  Energy (J) 3.0 0.0 
Upper Shel f  Energy ( J )  135.7 8.0 -0.003 
CVT a t  Midpoint (C)  104.9 5 .6  0.122 0.682 
l/slope (C)  47.2 10.4 -0.077 0.549 
CVT a t  4 1  Joule ( C )  83.2 4.7 0.227 -0.178 
CVT a t  6 8  Joule (C)  103.8 4.2 0.173 0.197 

0.598 
0.295 -0.543 
0.843 0.368 0.568 

A533B kference Material (BST Plate tf2) 
S A 1  z s m e z  SRtl LI 

0 lee z88 388 488 OF 
149 lR0 

128 

88 

68 
te 

1 I I 
9-m 
Y 

0 - 

- 

- 

- 
- 

- 

I 

-58 e se iee 158 zee 258 'C 
Test Temperature 

A-181 NUREGKR-64 13 
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Appendix A 

A533B HSSTOZ REFERENCE MATERIAL 
SUnyU IT& 1. CaDSU le T 

USE= 148.2 J, LSE= 3.0 J, CVT(1/2)= 77.C , Slope = 0.0179 
CVT(41J) = 48. C , CVT(68J) = 71. C , 
Fluence = 2.5003+18 , Irr. Temp. = 310 C 

Spec. ID 

R3 3 
R40 
R3 8 
R36 
R3 9 
R3 7 
R3 4 
R3 5 

Test Temp. 
C F 

-9. 15. 
25. 77. 
49. 120. 
66. 150. 
100- 212. 
146. 295. 
177. 350. 
199. 390. 

Impact Energy 
J ft-lb 

Lat. Exp. 
mm mil 

5. 4. 0.18 7- 
18. 13. 0.43 17 
45. 33. 0-94 37 
68. 50. 1.24 49 
92. 68 1-57 62 - 
145. 107. 2.26 89. 
155. 114. 1.80 71. 
133. 98. 1.88 74. 

168 

lie 

128 

188 

88 

60 

40 

28 

e 

% Shear 

0 ,  
20. 
25. 
45 
70 
100. 
100. 
100 * 

A533B Reference Material (HSSI Plate 821 
SUl T SHSSBZ SRn LT 

"F 

88 

40 

e 
-58 0 58 1m 158 '288 258 'C 

Test Temperature 

NUREGKR-64 13 A- 182 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 

S W U  nit 1. Capsule T 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
N u m b e r  of Successful I te ra t ions  = 200, M a x i m u m  = 1000 

10.0 J 
4.0 Degree C 

SU1 T SHSS02 SRM LT : Fluence = 2.500E+18 , Irr. Temp. = 310 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J)  148.9 6.9 0.067 
CVT a t  Midpoint ( C )  77 .O 6.4 0.143 0.571 

Lower Shelf Energy (J) 3.0 0.0 

l /s lope (C) 56.9 8.9 0.007 0.510 0.408 
CVT a t  41 Joule (C) 47.2 6. 1 0.119 -0,093 0.564 -0.494 
CVT a t  68 Joule (C) 70.7 5.2 0.137 0.137 0.879 0.072 0.827 

A5331 Reference Material (HSSI Plate lt2) 
SUI T SHSSHZ SRn LT 

168 

140 

128 

180 

88 

68 

40 

28 

P 

-58 e 59 188 19B zee 259 
Test Temperature 

"F 

lee 

00 

48 

0 
'C 
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Appendix A 

A533B HSST02 REFERENCE MATERIAL 
S W U  nit 1. Capsule V 

USE= 136.4 J, LSE= 3.1 J, CVT(1/2)= 106.C , Slope = 0.0250 

F l u e n c e  = 1.940E+19 , Irr. Temp. = 304 C 
CVT(41J) = 87. C CVT(68J) = 105. C , 

Spec. I D  

R41 
R43 
R47 
R48 
R46 
R44 
R4f 
R42 

146 

48 

28 

0 

T e s t  Temp. 
C F 

Impact  E n e r g y  
J f t - lb  

L a t .  Exp. 
Ilpp m i l  

38. 100. 
66. 150. 
93. 200. 
93. 200. 
121. 250. 
149. 300. 
204. 400. 
232. 450. 

14. 10. 
28. 21. 
45. 33. 
45. 33. 
99. 73. 
125. 92. 
137. 101. 
133. 98. 

0.25 10. 
0.48 19. 
0.71 28. 
0.58 23. 
1.14 45. 
1.75 69. 
1.78 70. 
1.85 73. 

% Shear 

4. 
10. 
33. 
26 
43. 
92. 
100. 
100. 

A533B Reference Material (HSST Plate &I 
su1 u SHSSBZ SRn LT 

e 188 288 303 488 'F 

-58 8 50 108 158 200 258 
Test Temperature 

188 

e 
'C 

NUREGKR-64 13 A-184 



Append& A 
A533B HSSTOZ REFERENCE MATERIAL 

surtlvu nit 1. Capsu le v 

Impact Energy Uncertainty = 10.0 J 
Teat Temperature Uncertainty = 4.0 Degree C 
N u m b e r  of Successful  Iterations = 200, Maximum = 1000 

su1 v SHSS02 SRM LT : Fluence = 1.9403+19 , Irr.  Temp. = 304 

Parameter Mean Std-Dev. Correlation Coeff ic ients  
Lower  Shelf Energy ( J )  3.1 0 .1  
Upper Shelf Energy ( J )  136.3 6.8 -0.109 
CVT a t  Midpoint (C)  105.8 5.4 0.105 0.626 
l / s l o p e  ( C )  40.7 9.9 -0.459 0.392 0.283 
CVT a t  41 Joule ( C )  87.0 5 . 7  0.488 0.018 0.541 -0.632 
CVT a t  68 Joule ( C )  104.7 4.2 0.206 0.282 0.919 0.112 

AWB Reference Material (HSST Plate #Z) 
su1 U SHSSBZ SRH LT 

0,693 

e 480 
149 

128 

iee 

80 

69 

49 

ze 

B 
-58 e 56 158 

Test Temperature 

'F 

100 

88 

8 
'C 

A-185 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
S W U  nit 2. CaD sule V 

USE- 140.3 J, LSE- 3.0 J, CVT(1/2)= 89.C , 
CVT(41J) = 67. C , CVT(68J) = 87. C , 
Fluence = 1.8803+19 , Irr.  Temp. = 304 C 

Spec. I D  T e s t  Temp. Impact Energy 
C F J f t - l b  

R15 
R12 
R16 
R11 
*R13 
R10 
R14 
R9 

160 

140 

128 

lee 

80 

68 

48 

ZB 

e 

24. 75. 16. 12. 
52. 125. 34 25. 
66. 150. 43. 32. 
79. 175. 43. 32. 
93. 200. 42. 31. 
121. 250. 121. 89. 
177. 350. 140. 103. 
218. ,425. 136. 100. 

Slope = 0.0215 

L a t .  Exp. 
ann mil 

0.43 17. 
0.51 20. 
0.56 22. 
0.71 28. 
0.84 33. 
1.57 62. 
2.06 81. 
2.06 81. 

A533B Reference Material (HSSI Plate lt21 
suz u SHSSBZ SRtl LT 

% Shear 

15. 
25. 
25. 
35. 
45. 
50. 
100. 
100. 

-50 0 se 188 158 200 250 'C 
Test Temperature 

NUREG/CR-64 13 A-186 



A533B ISST02 REFERET CE 

Appendix A 

TERIAL 

S W U  nit 2. Causule V 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 4.0 Degree C 
N u m b e r  of Successful Iterations = 200, M a x i m u m  = 1000 

10.0 J 

su2 v SBSSO2 SRM LT : Fluence = 1.8803+19 , Srr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 141.3 7.7 0.026 
CVT at Midpoint (C) 89.2 6.6 0.197 0.540 
l/slope (C) 48.2 10.3 -0.258 0.351 0.292 
CVT at 4 1  Joule (C) 65.7 6.8 0.368 -0.018 0.601 -0.554 
CVT a t  68 Joule (C) 86.2 5.5 0.241 0.125 0.895 0.069 0.786 

Lower Shelf Energy (J) 3.0 0.0 

A533B Reference Material (HSST Plate &I 
su2 U SHsS82 SRH LT 

0 180 488 
168 

it0 

128 

100 

80 

60 

40 

28 

0 
-58 0 56 im 158 200 256 'C 

Test Temperature 

A-187 NUR€G/CR-G4 13 



Appendix A 

A533B HSST02 REFERENCE MATEIUAL 
S V U  nit 2. Capsu le X 

USE= 151.4 J, LSE= 3.0 J, CVT(1/2)= 67.C', 
CVT(41J) = 43. C , CVT(68J) = 62. C , 
Fluence = 3.0203+18 , Irr. Temp. = 310 C 

Spec. ID Teat Temp. Impact Energy 
C F J f t - lb  

R32 

R29 
R30 
R2 7 
R3 1 
R2 5 
R2 6 

ma 

160 

140 

128 

100 

88 

60 

48 

28 

0 

-7. 20. 6. 4. 
27. 80. 33. 24. 
32. 90. 22. 16. 
52. 125. 56. 41. 
68. 155. 78. 57. 
102. 215. 121. 89. 
149. 300. 159. 117. 
174. 345. 141. 104. 

Slope = 0.0214 

Lat. Exp. 
mil m i l  

0.13 5, 
0.63 25, 
0.58 23. 
0.97 38, 
1.45 57,  
2.01 79, 

2.11 83. 
2.26 89. 

M3B Reference Material (HSST Plate #Zl 
suz x SHSSBZ sm LI 

% Shear 

3. 
15. 
15. 
25. 
35. 
100. 
100. 
100. 

-58 0 58 100 156 '258 'C 
Test Temperature 

NUREG/CR-64 13 A- 188 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

~umt Unit 2. Capsule X 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

su2 x SHSS02 SRM LT : Fluence = 3.020E+18 , Irr. Temp. = 310 

Parameter Mean Std.Dev. Correlation Coeff ic ients  
Lower Shelf Energy (J) 3.0 0.0 
Upper Shelf Energy (J) 153.3 9 .5  0.000 
CVT a t  Midpoint ( C )  68.3 7 . 1  0.077 0.744 
l/slope (C)  48.1 9.7 -0.133 0.619 0.606 
CVT a t  41 Joule ( C )  42.0 5.4 0.231 -0.029 0.417 -0.441 
CVT a t  68 Joule ( C )  61.6 4.9 0.154 0.333 0.855 0.234 

A533B Reference Material (HSST Plate tt2) 
su2 X SHSSRZ SRH LT 

'F 
168 

ire 

la 

188 

89 

68 

48 

20 

e 
-58 e 58 1BB 158 zea 

Test Temperature 

0.764 

100 

48 

28 

6 
'C 

A- 189 NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Three Mile Island U nit 1 - Capsu le C 

USE= 133.4 J, LSE= 3.0 J, CVT(1/2)= 71.C , Slope = 0.0237 
CVT(41J) = 52. C , CVT(68J) = 71. C , 
Fluence = 8.6603+18 , Irr. Temp. = 303 C 

Spec. ID 

cc945 
CC921 
CC9 15 
CC9 6 1 
CC9 2 8 
cc9 3 7 
CC916 
cc9 5 5 

140 

128 

100 

89 

60 

8 

T e s t  Temp. 
C F 

21. 69. 
41. 105. 
52. 125. 
66. 150. 
79. 175. 
93. 200. 
149. 300. 
204. 400. 

Impact Energy 
J f t - lb  

18. 13. 
37. 27. 
34. 25. 
56. 41. 
80. 59. 
106. 78. 
132. 97. 
132. 97. 

L a t .  Exp. % Shear 
mm mil 

0.36 14. 
0.58 23. 
0.58 23. 
0.86 34 . 
1.22 48. 
1.52 60. 
1.88 74. 
2.06 81. 

AWB Reference Material (REI Plate 82) 
m i  c SHSS02 SRn LT 

5. 
20. 
25. 
30. 
50. 
60. 
100 * 
100. 

-50 8 58 l0a 158 m a  258 
Test Temperature 

"F 

im 

88 

8 
"C 

NUREG/CR-64 13 A-190 



Appendix A 
A533B HSSTOZ REFERENCE MATERIAL 

Three Mile Island Unit 1. Capsule C 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200,  M a x i m u m  = 1000 

4.0 Degree C 

TMl c SHSS02 SRM LT : Fluence = 8.6603+18 Irr. Temp. = 303 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 
l/slope (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Mean Std.Dev. Correlation Coefficients 
3.0 0.0  

135.0 8.0 -0.050 
71.4 5.0 0.085 0.593 
43.0 9.4 -0.365 0.382 
51.8 5.5 0.369 -0.094 
70.6 4.0 0.142 0.076 

0.257 
0.500 -0.669 
0.840 0.034 0.709 

A!i33B Reference Material (NT Plate 
SRH Lf m i  C stissez 

146 

128 

100 

80 

48 

28 

P 
Y 

-58 8 50 1138 158 zee 258 
Test Temperature 

A-191 

28 

e 
'C 

NUREGKR-64 13 



Appendix A 

A533B HSST02 REFERENCE MATERIAL, 
Three Mile Island U nit 1 - Capsu le E 

USE= 153,.3 J, LSE= 3.0 J, CVT(1/2)= 52.C , Slope = 0.0278 
CVT(41J) = 32. C , CVT(68J) = 47. C , 
F l u e n c e  = 1.070E+18 , Irr. Temp, = 309 C 

Spec. ID T e s t  Temp. I m p a c t  Energy L a t .  Exp. % Shear 
C F J f t - lb  lIllll m i l  

CCE922 
CCE948 
CCE964 
cCE919 
CCE925 
CCE962 
CCE913 
CCE969 

21. 70. 38, 28. 0.53 21. 
41. 106. 46 *34. 0.61 24. 
49. 119, 70. 52 0.94 37. 
60. 140. 100. 74. 1.37 54. 
93. 199. 136. 100. 1.35 53. 
94. 201. 146. 108. 1.40 55. 
136. 277. 156. 115. 1.65 65. 
194. 381. 148. 109. 1.75 69. 

A5331 Reference Haterial (HSST Plate 82) 
T t l l  E s m e z  SRR LT 

12. 
20. 
20 
35 * 
100. 
92. 
100. 
100. 

8 1- ZBB 388 488 
168 . 1 I I 

0 '  

n/-- n , .d 148 - 
i 128 - 1 iee - 

8 8 -  

68 d 
/ 
/. 

- 

4e a /  - 
/ 

,' 
/' 2 6 -  

// ---- 
e :  I , 
-58 9 se 106 158 258 

Test Temperature 

'F 

100 

00 

5 
f%z I 

40 

28 

e 
'C 

NUREGKR-64 13 A-192 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Three Mile Island Unit 1 - CaDsu le E 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Successful I terat ions  = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

TM1 E SHSSO2 SRM LT : Fluence = 1.070E+18 , Itt. Temp. = 309 

Parameter 
Lower Shelf  Energy (J) 
Upper Shelf  Energy (J) 
CVT a t  Midpoint ( C )  
l/slope ( C )  
CVT at 41 Joule ( C )  
CVT a t  68 Joule { C )  

Mean Std.Dev. Correlation Coefficients 
3.0 0.0 

153.8 6.8 0.112 
52.0 4.2 0,248 0.538 
36.9 7.5 -0.116 0.548 0.274 
31.9 5.1 0.272 -0.231 0.467 -0.707 
46.8 3.6 0.278 0.037 0.834 -0.208 0.837 

A533B Reference Material (WT Plate #21 
m i  E SHSSBZ SRn LT 

16f3 

ite 

me 

80 

68 

46 

28 

e 
-58 

lee 288 388 488 

e 58 180 158 
Test Temperature 

zse 

"F 

100 

86 

a 
L.l 
I 

Wt: 

40 

ze 

6 
"C 

A-193 
NUREGICR-64 13 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 
Turkey Point Unit 4. Capsu le S 

USE= 132.0 J, LSE= 3.0 J, CVT(1/2)= 8 8 . C  I Slope = 0.0200 
CVT(41.7) = 67. C , CVT(68J) = 89. C , 
Fluence = 1.2503+19 , Irr. Temp. = 304 C 

Spec. I D  T e s t  Temp. Impact Energy Lat. Exp. % Shear 
C F J f t - lb  nrm m i l  

R1 
R2 
R8 
R3 
R7 
R4 
RS 
R6 

148 

128 

100 

Be 

68 

49 

28 

8 

27. 80. 20. 14 
43. 110. 28- 21. 
57 .  135. 26. 19. 
71. 160. 46. 34. 
8 5 .  185. 61. 45. 
99. 210. 75. 55. 
127. 260. 122. 90. 
154. 310. 118. 87.  

0.33 13. 0. 
0.43 17. 10. 
0.41 16. 15. 
0.74 29. 20. 
1.02 40. 25. 
1.22 48. 60. 
1.90 75. 95. 
1.73 68. 100. 

A5331 Referem Material (H!H Plate &I 
TPi s SHSSBZ SRH LT 

e 300 488 'F 

-50 0 58 100 158 pe 'C 
Test Temperature 

NUREGJCR-64 13 A-194 



AppendixA 
A533B HSST02 REFERENCE MATERIAL 

Turkw Point Unit 4. CaD sule S 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 4.0 Degree C 
Number of  Successful Iterations = 200, Maximum = 1000 

10.0 J 

TP4 S SHSS02 SRM LT : Fluence = 1.2503+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coeff ic ients  

Upper Shelf Energy (J) 132.9 13.1 0.068 
CVT at Midpoint ( C )  88.3 7.8 0.138 0.875 
l / s l o p e  ( C )  49.3 12.2 -0.177 0.634 0.619 
CVT at 41 Joule ( C  66.2 5 . 1  0.333 -0.060 0.220 -0.582 
CVT at 68 Joule ( C  88.1 4.0 0.155 0.403 0.781 0.370 0. 

L o w e r  Shelf Energy (J) 3.0 0 .0  

A5331 Reference Material (HSST Plate 
TP4 S SHSSBZ SRtl LI 

T e s t  Temperature 

A- 195 
NLTREGKR-64 13 



Appendtx A 

A533B HSST02 REFERENCE MATERIAL 
Turkq Point Unit 4. Capsu le T 

USE= 128.0 J, LSE= 3.0 J, cvT(1/2)= 8o.C , Slope = 0.0184 
CVT(415) = 58. C , CVT(68J) = 8 2 .  C , 
Fluence = 6.0503+18 , Irr. Temp. = 304 C 

Spec. ID 

R62 
R63 
R64 
R6 1 
R60 
R5 9 
R58 
R5 7 

128 

188 

88 

60 

46 

28 

CI 

Test Temp. 
C F 

Impact Energy Lat. E x p .  
J f t - lb mm mil 

-12 0 

4. 
27 
43. 
71. 
99. 
149. 
191. 

10. 
40. 
81. 
110. 
160. 
210. 
300. 
375. 

6. 
11. 
17. 
32. 
57. 
82. 

125. 
124. 

4. 
8. 
12. 
23 
42. 
60. 
92. 
92. 

0.05 2. 
0.13 5. 
0.25 10. 
0.43 17. 
0.84 33. 
1.24 49. 
2.11 83. 
2.03 80, 

Et533B Reference Material (N! Plate #Z) 
TP4 1 SHSSBZ SRn LT 

6 188 

% Shear 

0 .  
5. 
10. 
15. 
20. 
50. 
100. 
100. 

"F 
1m 

88 

40 

28 

n U Y 

-50 0 50 160 158 208 258 'C 
Test Temperature 

NUREGKR-64 13 A-1% 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Turkev Point Unit 4. Causu le T 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
N u m b e r  of Successful Iterations = 200, Maximum = 1000 

10.0 3 
4.0 Degree C 

TP4 T SHSS02 SRM LT : Fluence = 6.0503+18 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.0 0.0 
Upper Shelf Energy (J) 129.6 9.4 -0.012 

l/slope (C) 57.0 11.9 -0.090 0.501 
CVT at Midpoint (C) 81.8 8.7 0.077 0.720 

CVT at 41 Joule (C) 57.5 6.7 0.170 0.088 
CVT at 68 Joule (C) 83.2 6.5 0.106 0.305 

0.486 
0.591 -0.359 
0.875 0.355 0.731 

A5331 Reference Material (HSST Plate #Zl 
TP4 1 SHSSBZ SRn LT 

e 188 a9 388 488 
149 . 1 1 I I 

m -  

lee - 

8 0 -  

6 8 -  

40 - 

2 8 -  

I , I B 0 
-58 e 58 100 158 288 258 'C 

Test Temperature 
NLJREGKR-64 13 

A- 197 

I 
+r rr 

'F 
lee 

00 

28 



Appcndis A 

A533B HSSTO2 REFERENCE MATERIAL 
Zion Unit 1. Car, - sule T 

USE= 143.6 J, LSE= 3.0 J, CVT(1/2)= 65.C , Slope = 0.0255 
CVT(41J) = 45. C , CVT(68J) = 62. C , 
Fluence = 1.800E+18 , Irr. Temp. = 288 C 

Spec. ID 

R3 4 
R38 
R3 7 
R3 9 
R40 
R3 6 
R3 3 
R3 5 

168 

ite 

128 

188 

88 

68 

48 

28 

R 

Test Temp. 
C F 

Impact Energy 
J f t - lb  

L a t .  Exp. % Shear 
mm mil 

-46. -50. 
22 . 72. 
38. 100. 
56. 132. 
79. 175. 
93. 200. 
135. 275. 
177. 350. 

3. 2. 
9. 6. 
30. 22. 
64. 47. 
106. 78. 
103. 76. 
146. 108. 
142. 105. 

0.03 
0.20 
0.61 
1.02 
1.57 
1.47 
1.78 
2.08 

1. 

24 . 
40. 
62. 
58. 
70. 
82. 

a. 

A533B Reference Material (Hssf Plate #i!1 
ZN1 I SHSS82 SRn LT 

0. 
10 . 
25 . 
35 . 
50. 
55. 
100. 
100. 

'F 

te 

e - 

-50 0 513 1138 158 zee 258 -e 
Test Temperature 

NIJREGKR-64 13 A- 198 



Appendix A 
A533B HSST02 REFERENCE MATERIAL 

Zion Unit 1. Capsule T 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200,  M a x i m u m  = 1000 

10.0 J 
4.0 Degree C 

ZN1 T SHSSO2 SRM LT : Fluence = 1.800E+18 , Irt, Temp. = 288 

Parameter Mean 
Lower Shelf Energy (J) 3.0 
Upper Shelf Energy (J) 143.7 
CVT at Midpoint (C) 64.7 

CVT at 41 Joule (C) 45.1 
CVT at 68 Joule (C) 61.6 

l/slope (C) 39.3 

Std.Dev. Correlation Coefficients 
0.0 
8.0 0,113 
5.6 0.097 0.651 
7.9 0.101 0.555 0.480 
4.9 -0.022 -0.011 0.561 -0.429 
4.4 0.037 0.285 0,905 0.213 

EBB Reference Material INr Plate &I 
Z l t l  I SHSSBZ SRtl LI 

e 160 288 388 488 
169 . I I I 

"F 

0,787 

140 1 
128 

198 

88 

68 

49 

29 

0 

80 

48 

28 

I e 
-50 8 50 lee 158 me 258 "C 

Test Temperature 
NUREG/CR-64 13 

A-I99 



Appendix A 

A533B HSST02 REFERENCE MATERIAL 
Zion Unit 1 CaD sule U 

USE= 123.6 J, LSE- 3.1 J, CVT 
cVT(41J) = 79. C , CVT(68J) = 
Fluence = 8.9203+18 , Irr. Temp 

Spec. ID T e s t  Temp. 
C F 

R47 
R43 
R41 
R42 
R48 
R46 
R44 
R4 5 

148 

128 
? mqg 

100 

48 

28 

e 

24. 75 * 
66. 150. 
93. 200. 
93. 200. 
107. 22s. 
121. 250. 
149. 300. 
177. 350. 

1/2)= 95.C , Slope = 0.0255 
98. C , 

= 304 C 

Impact Energy Lat. Exp. % Shear 
J f t - l b  X n  mil 

17 12. 
36 26- 
47. 34. 
56. 41. 
90. 66. 
107. 79. 
117. 86. 
120. 88. 

0.20 8. 17. 
0.56 22, 32. 
0.63 25. 39. 
0.97 38 52. 
1.40 55. 58. 
1.78 70. 81. 
1.96 77.  99. 
1.96 77 . 100. 

A533B Reference Material (Ht Plate ti!) 
ZNl U SHSSB2 SRH L1 

-50 8 58 10Q 158 zee 256 "C 
Test Temperature 

NUREGKR-6413 A-200 



Appendix A 
A533B HSSTO2 REFERENCE MATERIAL 

Zion Unit 1. Capsu le U 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200 ,  Maximum = 1000 

10.0 J 

ZN1 U SHSSOZ SRM LT : Fluence = 8.9203+18 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 126.1 9.6 -0.088 
CVT at Midpoint (C) 94.8 6.1 0.156 0.674 

44.6 12.2 -0.387 0.476 
76.6 7.0 0.425 -0.138 
97.1 4.3 0.209 0.121 

Lower Shelf Energy (J) 3.1 0.0 

0.148 
0.483 -0.760 
0.793 -0.064 0.679 

1lsl.ope (C) 
CVT at 41 Joule (C 
CVT at 68 Joule (C 

148 

128 

188 

88 

66 

48 

28 

0 

M3B Reference Material (HSSI Plate 1121 
zn1 U SHSS82 SRH LI 

u 

-59 e 56 1m 158 288 zse 
Test Temperature 

A-201 

"F 
1W 

88 

w2 
I 

Y- cr 

ZB 

6 
'C 

NUREGKR-64 13 



Appcndix A 
A533B HSST02 REFERENCE MATERIAL 
Zion Unit 1. Capsu le X 

USE= 124.2 J, LSE= 3.0 J, -(1/2)= 97.C , Slope = 0.0178 

Fluence = 1.400E+19 , Irr. Temp. = 304 C 
CVT(41J) = 75. C CVT(68J) 101. C 

Spec. ID 

R25 
R28 
R2 6 
R3 2 
R27 
R3 1 
R2 9 
R30 

140 

89 

60 

49 

28 

9 

T e s t  Temp. 
C F 

24. 
49. 
71. 
82. 
99. 
121. 
149. 
177. 

75. 
120. 
160. 
180. 
210. 
250. 
300. 
350. 

Impact Energy 
J f t - fb  

7. 
16 
50. 
39 * 
77. 
81. 
106. 
122. 

5. 
11. 
37. 
28. 
56. 
59. 
78. 
90 * 

Lat. Exp. 
1pm mil 

0.10 4. 
0.25 10. 
0.81 32. 
0.69 27. 
1.19 47. 
1.37 54. 
1.47 58. 
1.63 64. 

M3B Reference iaterial (HSSI Plate #Z) 
all x SHSSBZ SRH LI 

% Shear 

5. 
10. 
15. 
30. 
25. 
50. 
100. 
100. 

"F 

lee 

28 

9 
'C 

NUREGKR-64 13 A-202 



A533B HSST02 REFERENCE MATERIAL 
Appendix A 

Zion I Jnit 1 CaD sule X 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
N u m b e r  of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4 .0  Degree C 

ZN1 X SHSSO2 SRM LT : Fluence = 1.400E+19 Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 

Upper Shelf Energy (J) 127.8 16.7 0.066 
CVT at Midpoint (C) 98.4 13.0 0.083 0.926 

CVT at 41  Joule (C) 74.0 5 .6  0.055 0.165 0.439 -0.142 

Lower Shelf Energy (J) 3.0 0.0 

l/slope ( C )  57.6 1 5 . 1  0.053 0.816 0.791 

CVT at 68 Joule (C) 100.3 6.5 0.074 0-630 0.868 0.637 0.645 

A533B Reference Material (HSST Plate 821 
ZNl  X SHSSBZ SRH LI 

128 

1- 

88 

60 

49 

28 

8 
-50 58 lee 158 288 258 'C 

Test Temperature 
NUREGKR-64 13 

A-203 



Appcndix A 
A533B HSST02 REFERENCE MATERIAL 
Zion Unit 1. CaD - sule Y 

USE= 132.1 J, LSE= 3.0 J, CVT(1/2)= 100.C , 
CVT(41J) = 76. C , CVT(68J) = 100. C , 
F l u e n c e  = 1.5603+19 , Irr. Temp. = 304 C 

Spec. I D  

R53 
R5 5 
R50 
R52 
R5 6 
R5 1 
R49 
R5 4 

148 

128 

108 
3 
8 3  
c1 

hl r4-  88 

g7 
- 6 9  r 

a 
- 0  

c( 

48 

28 

e 

T e s t  Temp. Impact E n e r g y  
C F J f t - lb  

66. 150. 30. 22. 
79. 175. 50. 37. 
93. 200. 55. 40. 
107. 225. 74. 54. 
127. 260. 103. 76. 
149. 300. 109. 80. 
177. 350. 126. 93. 
288. 550. 133. 98. 

Slope = 0.0183 

L a t .  Exp. 
m m i l  

0.46 18. 
0.81 32. 
0.86 34. 
1.12 44. 
1.55 61. 
1.68 66. 
1.96 7 7 .  
2.13 84. 

A5331 Referem Material (HSST Plate #i!) 
Znl Y SHSSBZ SRn LT 

e 188 288 388 488 sea 

% S h e a r  

20. 
40 . 
40. 
60 . 
100. 
100. 
100. 
100 . 

I 1 

I I 

-58 8 58 10Q 158 288 ' 258 368 
Its t Temper a t  w e  

"F 

lee 

88 

I + 
cr 

te 

20 

8 
"C 
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Appendix A 
A533B HSSTOZ REFERENCE MATERIAL 

Zion Unit 1. Capsu le Y 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

ZN1 Y SHSS02 SRM LT : Fluence = 1.5603+19 , Irr. Temp. = 304 

Parameter Mean Std.Dev. Correlation Coefficients 
Lower Shelf Energy (J) 3.0 0.0 
Upper Shelf Energy (J) 133.4 8.9 -0.076 
CVT at Midpoint (C) 100.8 6.9 -0.073 0.721 
l/slope (C) 55.0 13.1 -0.035 0.610 0.475 
CVT at 41 Joule (C) 76.1 6.6 0.001 -0.220 0.293 -0.671 
CVT at 68 Joule (C) 100.4 4.7 -0.015 0.200 0.812 0.136 

A5331 Reference Material IHSSl Plate lt2) 
z W 1  Y sHsm sm LT 

e 586 'F 
149 

128 

189 

00 

be 

49 

28 

a 

0.631 

-58 a 160 158 288 388 'C 
Test Temperature 

A-205 
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Appendix A 
A533B HSSTOZ REFERENCE MATERIAL 
Zion Unit 2. Capsule T 

USE= 120.3 J, LSE= 3.0 J, CVT(1/2)= 80.C , Slope = 0.0230 
CVT(41J) = 64. C , CVT(68J) = 85. C , 
Fluence = 1.000E+19 , Irr. Temp. = 304 C 

Spec. ID 

R40 
R39 
R33 
R38 
R37 
R3 6 
R3 5 
R34 

128 

100 

80 

60 

c) 

T e s t  Temp. 
C F 

Impact Energy 
J ft-lb 

20. 
57. 
71. 
82. 
113- 
149. 
177. 
204. 

68. 13. 9. 
135. 30. 22 . 
160 54. 39. 
180. 62 46. 
235 . 100. 73. 
300. 0 119. 88. 
350. 107. 79. 
400. 128. 94. 

Lat. Exp. 
prm m i l  

0.20 8. 
0.53 21. 
0.86 34- 
1-14 45. 
1.63 64. 
1.93 76. 

2.08 82. 
1.80 71. 

EL533B Reference Material (&SI Plate G!) 
mz I SHSSBZ SRH LT 

10. 
20. 
30. 
30. 
80. 
100. 
100. 
100. 

'F 
100 

88 

e 
'C 

% Shear 

0 188 me 388 488 
C .  I I I , 

0 
- 

0 - 

- 

- 

Y 
A 

-56 e 50 100 198 '208 258 
Test Temperature 
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Appendk A 
A533B HSST02 REFERENCE MATERlAL 

Zion Unit 2. Capsule T 

Impact Energy Uncertainty = 
Test Temperature Uncertainty = 
Number of Successful Iterations = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

ZN2 T SHSSOZ SRM LT : Fluence = 1.000E+19 , Irr. Temp. = 304 

Parameter 
Lower Shelf Energy (J) 
Upper Shelf Energy (J) 
CVT at Midpoint (C) 
l/slope (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Mean Std.Dev, Correlation Coefficients 
3-0 0.0 

121.8 7.3 -0.120 
80-7 6.7 -0.007 0.620 
46.1 12.7 -0.314 0.614 0.502 
63.1 5.9 0.290 -0,165 0.481 -0.483 
84.8 5.6 -0.008 0.292 0.916 0.441 0.562 

A533B Referem Material (M'I Plate 
2#2 T sHssez sm LT 

1zB 

iee 

88 

6e 

48 

28 

e 

0 1Se 288 388 488 
I I I I I 

0 
- 

- 

- 

- - 

-56 6 56 1- 158 288 258 
Test Temperature 

"F 

lee 

BB 

te 

ae 

0 
'C 

NUREG/CR-64 13 
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Appcndix A 
A533B HSSTO2 REFERENCE MATERIAL 
Zion Unit 2. CaDsde U 

USE= 146.8 3, LSE= 3.0 3, CVT 
CVT(41J) = 35. C , CVT(68J) = 
Fluence = 2.000E+18 , Irr. Temp 

Spec. I D  T e s t  Temp. 
C F 

R46 
R42 
R48 
R41 
R47 
R43 
R44 
R4 5 

166 

139 

lzn 

48 

28 

9 

-32. 
23. 
38 - 
52. 
93. 
135. 
174. 
204. 

-25. 
73. 
100. 
125. 
200. 
275. 
345. 
400. 

l/2)= 58.C , Slope = 0.0227 
53. c , 

= 288 C 

I m p a c t  Energy L a t .  Exp. % Shear 
J f t - lb  mm mil 

5. 3. 
18. 13. 
42. 31. 
79. 58. 
110. 81. 
157. 116. 
134. 99. 
152. 112. 

0.18 7. 0. 
0.43 17. 15. 
0.66 26. 25. 
1.22 48. 45. 
1-65 65. 70. 
2-24 88. 100. 
2.03 80. 100. 
2.03 80- 100. 

A533B Reference Material (HSST Plate lt2) 
2NZ u sHssB2 SRH LT 

0 196 OF 

48 

28 

9 
-58 8 58 100 15B 288 258 'C 

Test Temperature 
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Appendix A 
A533B HSSTOZ REFERENCE MATERlAL 

Zion Unit 2. CaD sule U 

Impact Energy Uncertainty = 
T e s t  Temperature Uncertainty = 
Number of Successful I terat ions  = 200, Maximum = 1000 

10.0 J 
4.0 Degree C 

ZN2 U SHSS02 SRM LT : Fluence = 2.000E+18 , Irr. Temp. = 288 

Parameter 
Lower Shelf  Energy ( J )  
Upper Shelf  Energy ( J )  
CVT a t  Midpoint (C)  
l/slope ( C )  
CVT a t  41 Joule ( C )  
'CVT a t  68 Joule (C)  

Mean Std.Dev. Correlation Coeff ic ients  
3.0 0.0 

147.9 6.8 0.065 
59.3 6.7 0.010 0.635 
45.7 10.0 -0.050 0.525 
35.5 5.2 0.047 0.001 
54.5 5.1 0.004 0.329 

0.612 
0.488 -0.369 
0.925 0.385 0.713 

633B Reference Haterial (HSSI Plate tt2) 
mz U SHSSBZ SRH LT 

6 188 288 388 488 
168 . I 0 '  I 

ite - 
0 

0 

m -  

100 - 

8 8 -  

6 8 -  

48 - 

8 I L 

-56 e 58 lB8  158 288 258 
Test Temperature 

48 

8 
"C 

'F 

88 
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A533B HSST02 REFERENCE MATERIAL 
Zion I Jnit 2. Capsu le Y 

USE= 151.9 J, LSE= 3.1 J, CVT(1/2)= 106.C , Slope = 0.0235 
CVT(41J) = 84. C , CVT(685) = 101. C , 
Fluence = 1.4803+19 , Irr. Temp. = 288 C 

Spec. ID Test Temp. 
C F 

Impact Energy 
J ft-lb 

Lat . Exp. 
mm mil 

R5 5 
R5 1 
R54 
R49 
R50 
R5 6 
R5 3 
R52 

23. 74 . 
66. 150. 
79. 175. 
93. 200. 
93. 200. 
121. 250. 
177. 350. 
232, 450. 

19. 14. 

31. 23. 
58. 43. 
53. 39. 
102. 75. 
153. 113. 

24. 18. 

146. 10s. 

0.28 11. 10 . 
0.38 15. 15. 
0.53 21. 20. 
0.79 31. 35. 
0.74 29. 35. 
1.35 53 0 65 . 
1.88 74. 100. 
1.78 70. 100. 

El31 Reference Material (HSST Plate tt2) 
mz Y sHssez sm LT 

168 

i ie 

128 

e 188 200 388 488 

% Shear 

"F 

lee 

88 
188 

88 

60 

48 

28 

e 

1 I I I I 

O 
0 - 

- 

- 

- 

-58 8 se 180 158 288 258 'C 
Test Temperature 

40 

28 

e 
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Appendix A 

A533B HSST02 REFERENCE MATERIAL 

Zion Unit 2. Capsu le Y 

Impact Energy Uncertainty = 10.0 J 
Test Temperature Uncertainty = 4.0 Degree C 
Number of Successful Iterations = 200, Maximum = 1000 

ZN2 Y SHSSOZ SRM LT : Fluence = 1.4803+19 , Irr, Temp. = 288 

Par meter 
Lower Shelf Energy (J) 
Upper ,Shelf Energy (J) 
CVT at Midpoint (C) 
l/slope (C) 
CVT at 41 Joule (C) 
CVT at 68 Joule (C) 

Mean Std.Dev. Correlation Coefficienta 
3.1 0.1 

153.2 7.4 0.02s 
107.6 5.3 0.039 0.584 
43.7 9.8 -0.239 0.363 0.566 
83.9 4.8 0.293 -0,069 0.272 -0.613 
101.6 3.8 0.118 0.171 0.857 0.226 0.627 

K33B Reference Material (HSST Plate #Z) 
mz Y SHSSBZ SRtl LT 

iee 

80 

68 

4e 

28 

n 

9 388 'F 

iee 

z 
I 

66 

48 

ze 

n 

Test Temperature 
NUREGKR-64 13 
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APPENDIX B 

BIBLIOGRAPHIC LISTING OF SURVEILLANCE REPORTS 

The surveillance reports that provided the data for PR-EDB and for this report are listed below. Fluence values of 
Westinghouse data used in this report are chosen from “Westinghouse Surveillance Capsule Neutron Reevaluation,” 
WCAP-14044. 

Arkansas Nuclear One 

A. L. Lowe, Jr. et al., “Analysis of Capsule ANI-E fiom Arkansas Power & Light Company Arkansas Nuclear One - Unit 
1, Reactor Vessel Materials Surveillance Program,” BAW-1440, Babcock & Wilcox, Lynchburg, Virginia, April 1977. 

A. L. Lowe, Jr. et al., “Analysis of Capsule ANI-B fiom Arkansas Power & Light Company‘s Arkansas Nuclear One, Unit 
1, Reactor Vessel Materials Surveillance Program,” BAW-1698, Babcock & Wilcox, Lynchburg, Virginia, November 
1981. 

A. L. Lowe, Jr. et al., “Analyses of Capsule AN1-A Arkansas Power & Light Company, Arkansas Nuclear One, Unit 1, 
Reactor Vessel Material Surveillance Program,” BAW-1836, Babcock & Wilcox, Lynchburg, Virginia, July 1984. 

A. L. Lowe, Jr. et al., “Analysis of Capsule AN1-C Arkansas Power & Light Company Arkansas Nuclear One, Unit 1, 
Reactor Vessel Material Surveillance BAW-2075, Rev. 1, Babcock & Wilcox, Lynchburg, Virginia, October 
1989. 

L. M. Lowry et al., ‘‘S- Report on Examination, Testing, and Evaluation of Irradiated Pressure Vessel Surveillance 
Spechens from the Arkansas Nuclear One Unit 2 Generating Plant,” Battelle Memorial Institute, Columbus, Ohio, May 
1984. 

A. Ragl, “Arkansas Power & Light Arkansas Nuclear One - Unit 2 Evaluation of Baseline Specimens Reactor Vessel 
Materials Irradiation Surveillance Program,” TR-MCD-002, Combustion Engineering, Inc. , Windsor, Connecticut, 
February 1976. 

Big Rock Point 

P. McConnell et al., “Irradiated Nuclear Pressure Vessel Steel Data Base,” EPRI NP-2428, Electric Power Research 
Institute, Palo Alto, California, June 1982. 

F. A. Brandt, “Reactor Pressure Vessel Material Surveillance Program at the Consumers Power Company Big Rack Point 
Nuclear Plant,,, GECR-4442, General Electric, San Jose, California, December 1963. 

C. Z. Sexpan, Jr. and H. E. Watson, “Mechanical Property and Neutron Spectral Analyses of the Big Rack Point Reactor 
Pressure Vessel, Naval Research Laboratory,” Washington, D.C., Nucl. Eng. & Design 11(3), pp. 393-415, April 1970. 

S. E. Yanichko, S. L. Anderson, R P. Shogan, and R G. Lott, “Analysis of Capsule 125 fiom the Consumers Power 
Company Big Rock Point Nuclear Plant Reactor Vessel Radiation Surveillance Program,” WCAP-9794, Westinghouse 
Electric Corporation, Pittsburgh, Pennsylvania. 
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Beznau 

G. UlJrich and B. Burgisser, ‘‘Nachbestmhlungsuntersuchungen an NOK-Reakbrdruckgefass-material der Kemkrafherke 
Beznau I/2 - Kapsel PB-ME-75/03, Eidg. Institut fiir Reaktorforschung, November 1975. 

G. Ullrich, B. Burgisser, E. Hegedues, and T. Aerne/jem, “Nachbestrahlungsuntersuchungen an NOK- 
Reaktordrwkgefassmaterial des KKB I/Kapsel S,” PB-ME 78/06, Eidg. h t i tu t  fiir Reaktorforschung, August 1978. 

S. E. Yanichko, ‘WOK Reactor Vessel, Radiation Surveillance Program,” WCAP-7214, Westinghouse Electric C o p ,  
Pittsburgh, Pennsylvania, June 1968. 

Jose Cabrera-Zorita 

S. E. Yanichko, K. C. Tran, R P. Shogan, and R G. Lott, “Analysis of Capsule N from the Union Electrica, S.A., Jose 
Cabrera Reactor Vessel Radiation Surveillance Program,” WCAP-10185, Westinghouse Electric Corporation, Pittsburgh, 
Pennsylvania, October 1982. 

S. E. Yanichko, “Union Electrica Madrilena Zorita Reactor Vessel Radiation Surveillance 
Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, May 197 1. 

WCAP-7691-1, 

T. R. Mager, R Shogan, and S. Anderson, “Analysis of Capsules P and K from Union Electrica, SA., Jose Cabrera 
Reactor Vessel Radiation Surveillance Program,” WENX/76/64, Westinghouse Nuclear Europe, Brussels, August 1976. 

Calvert Cliffs 

J. S. Penin et al., “Final Report on Calvert Cliffs Unit No. 1 Nuclear Plant Reactor Pressure Vessel Surveillance Program: 
Capsule 263,” Battelle Columbus Laboratories, Columbus, Ohio, December 15, 1980. 

A. E. Jundvall, Jr., “Response to NRC inquiries regarding Calvert Cliffs Nuclear Power Plant Unit No. 1 and 2, Docket 
No. 50-317 and 50-318 ReactmVesselMaterial Surveillance P r o ~ ” B a l t i m o r e  Gas and Electric Company, Baltimore, 
Maryland, December 29,1977. 

S. T. Byrne, E. C. Biemiller, and A. Ragl, “Testing and Evaluation of Calvert Cliffs, Units 1 and 2 Reactor Vessel 
Materials Irradiation Surveillance Program Baseline Samples,” TR-ESS-00 1, Combustion Engineering, Inc., Windsor, 
Connecticut, January 3 1,1975. 

E. B. Noms, “Reactor Vessel Material Surveillance Program for Calvert Cliffs Unit 2 Analysis of 263-Deg. Capsule,” 
SwRI-7524, Southwest Research Institute, San Antonio, Texas, September 1985. 

Donald C. Cook 

E. B. Noms, “Reactor Vessel Material Surveillance Program for Donald C. Cook Unit No. 1, Analysis of Capsule T,” 
SwRI Project 02-4770, Southwest Research Institute, San Antonio, Texas, December 1977. 

E. B. Noms, “Reactor Vessel Material Surveillance Program for Donald C. Cook Unit No. 1 Analysis of Capsule X,” 
SwRI Project No. 02-6159, Southwest Research Institute, San Antonio, Texas, June 22,1981. 
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SwRI-7244-001/1, Southwest Research Institute, San Antonio, Texas, January 1984. 

E. Terek et al., “Analysis of Capsule U fi-om the American Electric Power Company D. C. Cook Unit 1 Reactor Vessel 
Radiation Surveillance Program,” WCAP-12483, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, January 
1990. 
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Radiation Surveillance Program,” WCAP-8047, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, March 
1973. 
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Project No. 02-5928, Southwest Research Institute, San Antonio, Texas, September 16,1981. 

P. K Nair and M. L. Williams, “Reactor Vessel Material Surveillance Program for Donald C. Cook Unit No. 2: Analysis 
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SwRI-7244-002/1, Southwest Research Institute, San Antonio, Texas, February 1984. 

J. A. Davidson, S. E. Yanichko, and J. H. Phillips, “American Electric Power Company Donald C. Cook Unit No. 2 
Reactor Vessel Radiation Surveillance Program,” WCAP-85 12, Westinghouse Electric Corporation, Pittsburgh, 
Pennsylvania, November 1975. 

Crvstal River 

A. L. Lowe, Jr. et al., “Analyses of Capsule CR3-B, Florida Power Corporation, Crystal River Unit 3, Reactor Vessel 
Materials Surveillance Program,” BAW-1679, Rev. 1, Babcock & Wilcox, Lynchburg, Virginia, June 1982. 

A. L. Lowe, Jr., J. D. Aadland, W. A. Pavinich, and C. L. Whitmarsh, “Fracture Toughness Test Results from Capsule 
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Company Diablo Canyon Unit 1 Reactor Vessel Radiation Surveillance Program,” WCAP-11567, Westinghouse Electric 
Corporation, Pittsburgh, Pennsylvania. 

J. A. Davidson, J. H. Phillips, and S. E. Yanichko, “Pacific Gas and Electric Co. Diablo Canyon Unit No. 1 Reactor Vessel 
Radiation Surveillance Program,” WCAP-8465, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, January 
1975. 

S. E. Yanichko et al., “Analysis of Capsule U fiom the Pacific Gas and Electric Company Diablo Canyon Unit 2 Reactor 
Vessel Radiation Surveillance Program,” WCAP-1185 1, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, 
May 1988. 

NUREGKR-64 13 B-4 



I Appendix B 

J. A. Davidson and S. E. Yanichko, “Pacific Gas and Electric Company Diablo Canyon Unit No. 2 Reactor Vessel 
Radiation Surveillance Program,” WCAP-8783, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, December 

I 1976. 

Dresden Nuclear Plant Station 

F. A. Brandt and A. J. Alexander, “Dresden Nuclear Power Station Reactor Vessel Steel Surveillance Program,” 
APED-3988, General Electric, San Jose, California, July 1962. 

M. S. Turbak, “Dresden Station Unit 1 Reactor Vessel Material Surveillance Program NRC Docket No. 50-10,” 
Commonwealth Edison, December 23,1977. 

M. S. Hersh, F. A. Brandt, and B. C. Beaudreau, “Dresden Nuclear Power Station Reactor Vessel Steel Surveillance 
Program,” GECR-5165, General Electric, San Jose, California, May 1966. 

G. F. Rieger and G. H. Henderson, “Dresden Nuclear Power Station Unit One and Unit Two Mechanical Properties of 
Irradiated Reactor Vessel Material Surveillance Specimens,”NEDC-12585, General Electric, Pleasanton, California, May 
1975. 

E. 0. Fromm et al., “Final Report on Dresden Nuclear Plant Reactor Pressure Vessel Surveillance Program: Unit No. 2 
Capsule Basket Assembly No. 5,” BCL:585-10, Battelle Columbus Laboratories, Columbus, Ohio, May 8,1979. 

J. S. Perrin et al., “Final Report on Dresden Nuclear Plant Reactor Pressure Vessel Surveillance Program: Unit No. 2 
Neutron Dosimeter Monitor, Unit No. 2 Capsule Basket Assembly No. 2, and Unit No. 3 Capsule Basket Assembly No. 
12,” BCL-585-3, Battelle Columbus Laboratories, Columbus, Ohio. 

G. F. Rieger and G. H. Henderson, “Dresden Nuclear Power Station, Mechanical Properties of Unirradiated Reactor 
Vessel Material,” NEDC 12575, General Electric Company, April 1975. 

G. F. Rieger and G. H. Henderson, “Dresden Nuclear Power Station Unit One and Unit Two Mechanical Properties of 
Irradiated Reactor Vessel Material Surveillance Specima,”NEDc-12585, General Electric, Pleasanton, California, May 
1975. 

E. B. Noms, “Dresden Nuclear Power Station Unit 2 Reactor Vessel Irradiation Surveillance Program, Analysis of 
Capsule No. 8,” SwRI Project No. 06-6901-002, Southwest Research Institute, San Antonio, Texas, March 1983. 

J. S. Perrin et al., “Final Report on Dresden Nuclear Plant Reactor Pressure Vessel Surveillance Program: Unit No. 3 
Capsule Basket Assembly No. 6,” BCL-585-14, Battelle Columbus Laboratories, Columbus,.Ohio, June 15,1979. 

J. S. Perrin et al., “Final Report on Dresden Nuclear Plant Reactor Pressure Vessel Surveillance Program: Unit No. 2 
Neutron Dosimeter Monitor, Unit No. 2 Capsule Basket Assembly No. 2, and Unit No. 3 Capsule Basket Assembly No. 
12,’’ BCL-585-3,Battelle Columbus Laboratories, Columbus, Ohio. 

J. S. Perrin and L. M. Lowry, “Final Report on Dresden Nuclear Plant Unit No. 3 Vessel Surveillance Programs: 
Unirradiated Mechanical Properties,” Battelle Columbus Laboratories, Columbus, Ohio, February 15,1975. 

B-5 W G K R - 6 4  13 



AppendkB 

J. S. Perrin et al., “Final Report on Dresden Nuclear Plant Unit No. 3 Reactor Pressure Vessel Surveillance Program: 
Capsule Basket No. 13, Capsule Basket No. 14, and Neutron Dosimeter Monitor,” Battelle Columbus Laboratories, 
Columbus, Ohio, March 1,1975. 

E. B. Noms, “Dresden Nuclear Power Station Unit 3 Reactor Vessel Irradiation Surveillance Program, Analysis of 
Capsule No. 18,” SwRI Project No. 06-7684-003, Southwest Research Institute, San Antonio, Texas, February 1984. 

S. E. Yanichko, S. L. Anderson, R P. Shogan, and R G. htt, “Analysis of the Fourth Capsule from the Commonwealth 
Edison Company-Dresden Unit 3 Nuclear Plant Reactor Vessel Radiation Surveillance Program,” WCAP-10030, 
Westinghouse Electric Corporation. 

Fort Calhoun Station 

A. Ragl, “Omaha Public Power District Fort Calhoun Stationunit No. 1 Evaluation of Baseline Specimens Reactor Vessel 
Materials Irradiation Surveillance Program,” TR-O-MCD-00 1, Combustion Engineering, Inc., Windsor, Connecticut, 
March 1977. 

S. T. Byme, “Omaha Public Power District Fort Calhoun Station Unit No. 1, Post-Irradiation Evaluation of Reactor 
Vessel Surveillance Capsule W-225, Reactor Vessel Materials Irradiation Surveillance Program,” TR-O-MCM-00 1, 
Combustion Engineering, Inc., Windsor, Connecticut. 

S. T. Byme, ‘‘Omaha Public Power District Fort Calhoun Station Unit No. 1, Post-irradiation Evaluation of Reactor Vessel 
Surv- Capsule W-225,” TR-0-MCM-001, Rev. 1, Combustion Engineering, Inc., Windsor, Connecticut, August 
1980. 

S. T. Byme, “Omaha Public Power District Fort Calhoun Station Unit No. 1 Evaluation of Irradiated Capsule W-265 
Reactor Vessel Materials Irradiation Surveillance Program,” TR-0-MCM-002, Combustion Engineering Inc., Windsor, 
Connecticut, March 1984. 

Garidiano 

M. Galliani et al., “Garigliano Nuclear Power Plant Pressure Vessel Surveillance Program Updating to 7th Operation 
Cycle,” DPT/SN/O4 1W79, Ente Nazionale per 1’Energia Elettrica, Roma, Italy, June 1979. 

M. Galliani and C. Z. Serpan, “Neutron Embrittlement Surveillance of the Garigliano Reactor Vessel Steel,” Nucl. Eng. 
and-sign 26, pp. 313-325,1974. 

Robert E. Ginna 

T. R Mager et al., “Analysis of Capsule V from the Rochester Gas and Electric R. E. Ginna Unit No. 1 Reactor Vessel 
Radiation Surveillance Program,” IT-RA-1, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, March 1973. 

S. E. Yanichko et al, “Analysis of Capsule T fiom the Rochester Gas and Electric Corporation R E. Ginna Nuclear Plant 
Reactor Vessel Radiation Surveillance Program,” WCAP- 10086, Westinghouse Electric Corporation, Pittsburgh, 
Pennsylvania, April 1982. 

S. E. Yanichko, ‘‘Rochester Gas and Electric Robert E. Ginna Unit No. 1 Reactor Vessel Radiation Surveillance Program,’’ 
WCAP-7254, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, May 1969. 

NUREGKR-64 13 B-6 



Appendix B 

S. E. Yanichko, T. R Mager, and S. Kang, “Analysis of Capsule R from the Rochester Gas & Electric Corporation R 
E. GinnaUnit No. 1 Reactor Vessel Radiation surveillance Program,” WCAP-8421, Westinghouse Electric Corporation, 
Pittsburgh, Pennsylvania. 

H. B. Robinson 

B. J. Furr, “Response to NRC inquiries regarding H. B. Robinson Steam Electric Plant, Unit No. 2 Docket No. 50-261 
LicenseNo. DPR-23 Reactor Vessel Material Surveillance Program Data,” Carolina Power & Light Company, Raleigh, 
North Carolina, October 19,1977. 

W. N. McElroy, Ed., “LWR Pressure Vessel Surveillance Dosimetry Improvement Program: LWR Power Reactor 
Surveillance Physics-Dosimetry Data Base Compendium,” NUREGKR-33 19, HEDL-TME 85-3, U.S. Nuclear 
Regulatory Commission, Washington, D.C., August 1985. 

E. B. Noms, “Analysis of the First Material Surveillance Capsule fiom H. B. Robinson Unit No. 2,” SwRI Project 
02-3574, Southwest Research Institute, San Antonio, Texas, July 1973. 

E. B. Noms, ‘Xeactor Vessel Material Surveillance Program for H. B. Robinson Unit No. 2, Analysis of Capsule V,” 
SwRI Project No. 02-4397, Southwest Research Institute, San Antonio, Texas, October 1976. 

S. E. Yanichko, S. L. Anderson, R P. Shogan, and R G. Lott, “Analysis of Capsule T from the H. B. Robinson Unit 2 
Reactor Vessel Radiation Surveillance Program,” WCAP- 10304, Westinghouse Electric Corporation, Pittsburgh, 
Pennsylvania, March 1983. 

S. E. Yanichko, “Carolina Power and Light Co., H. B. Robinson, Unit No. 2, Reactor Vessel Radiation Surveillance 
Program,” WCAP-7373 , Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, January 1970. 

S. E. Yanichko, D. J. Lege, S. L. Anderson, and T. R. Mager, “Analysis of Capsule S from Carolina Power and Light 
Company H. B. Robinson Unit No. 2 Reactor Vessel Radiation Surveillance Program,” WCAP-8249, Westinghouse 
Electric Corporation, Pittsburgh, Pennsylvania. 

Humboldt Bay 

“Mechanical Properties of Irradiated Reactor Material Surveillance Specimens Humboldt Bay Power Plant, Unit No. 3, 
Docket No. 50-133,” Pacific Gas and Electric Company, San Francisco, California, April 1972. 

F. A. Branctt, “Reactor Pressure Vessel Material Surveillance Program at the Consumers Power Company Big Rock Point 
Nuclear Plank’’ GECR-4442, General Electric, San Jose, California, December 1963. 

F. A. Brandt, “Reactor Pressure Vessel Material Sutvaance Program at the Pacific Gas and Electric Company Humboldt 
Bay Power Plant Unit No. 3,” GECR-4443, General Electric, San Jose, California, December 1963. 

F. A. Brandt, “Humboldt Bay Power Plant Unit No. 3, Reactor Vessel Steel Surveillance Program,” GECR-5492, General 
Electric, San Jose, California, May 1967. 

Indian Point 

B-7 NUREGKR-64 13 



Appendix B 

W. J. Cahill, Jr., “Response to NRC inquiries regarding Indian Point Unit 2 Reactor Vessel Material Surveillance 
Ptogram,DocketNo. 50-247,” Consolidated Edison Company of New Yo& Inc., New York, New York, March 29,1978. 

E. B. Nonis, “Reactor Vessel Material Surveilhnce Program for Jndian Point Unit No. 2 Analysis of Capsule T,” SwRI 
Project 02-453 1, Southwest Research Institute, San Antonio, Texas, June 1977. 

E. B. Noms, “Reactor Vessel’ Material Surveillance Program for Indian Point Unit No. 2 Analysis of Capsule T, 
Supplement to Final Report,” SwRI Project No. 02-453 1, Southwest Research Institute, San Antonio, Texas, December 
1980. 

E. B. Norris, ‘%actor Vessel Material Surveillance Program for Indian Point Unit No. 2 Analysis of Capsule Y,” SwRI 
Project No. 02-5212, Southwest Research Institute, San Antonio, Texas, November 1980. 

F. A. Idding, D. G. Cadena, and M. L. Williams, “Reactor Vessel Material Surveillance Program for Indian Point Unit 
No. 2 Analysis of Capsule V, Final Report,” SwRI Project No. 17-2108, Revised, Southwest Research Institute, San 
Antonio, Texas, March 1990. 

E. B. Noms, “Reactor Vessel Material Surveillance Program for Indian Point Unit No. 2 Analysis of Capsule Z,” 
SWRI-7279-001/3, Southwest Research Institute, San Antonio, Texas, April 1984. 

S. E. Yanichko et al., “Analysis of Capsule Z fiom the New York Power Authority Indian Point Unit 3 Reactor Vessel 
Radiation Surveillance Program,” WCAP-I 1815, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, March 
1988. 

S. E. Yanichko, “Consolidated Edison Co., Indian Point Unit No. 2 Reactor Vessel Radiation Surveillance Program,” 
WCAP-7323, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, May 1969. 

S. E. Yanichko and S. L. Anderson, “Analysis of Capsule Y from the Power Authority of the State of New York Indian 
Point Unit 3 Reactor Vessel Radiation Surveillance Program,” WCAP- 10300, Westinghouse Electric Corporation, 
Pittsburgh, Pennsylvania, ‘March 1983. 

S. E. Yanichko and J. A. Davidson, “Consolidated Edison Co. of New York Indian Point Unit No. 3, Reactor Vessel 
Radiation Surveillance Program,” WCAP-8475 , Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, January 
1975. 

J. A. Davidson, S. L. Anderson, and W. T. Kaiser, “Analysis of Capsule T fiom the Indian Point Unit No. 3 Reactor 
Vessel Radiation Surveillance Pr~gratn,~’ WCAP-949 1 Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, 
April 1979. 

Kewaunee Nuclear Power Plant 

E. W. James, ‘Response to NRC inquiries regarding Kewaunee Nuclear Power Plant Docket 50-305 Operating License 
DPR-43 Reactor Vessel Material Surveillance Program,” Wisconsin Public Service Corp., Green Bay, Wisconsin, 
February 1,1978. 

S. E. Yanichko et al., “‘Analysis of Capsule P from the Wisconsin Public Service Corporation Kewaunee Nuclear Plant 
Reactor Vessel Radiation Surveillance Program,” WCAP- 12020, Westinghouse Electric Corporation, Pittsburgh, 
Pennsylvania, November 1988. 

NuREG/CR-64 13 B-8 



Appendix B 

S. E. Yanichko, D. J. Lege, and G. C. Zula, “Wisconsin Public Service Corporation Kewaunee Nuclear Power Plant 
Reactor Vessel Radiation Surveillance Program,” WCAP-8 107, Westinghouse Electric Corporation, Pittsburgh, 
Pennsylvania, April 1973. 

S. E. Yanichko, S. L. Anderson, and K V. Scott, “Analysis of Capsule V from the Wisconsin Public Service Corporation 
Kewaunee Nuclear Plant Reactor Vessel Radiation Surveillance Program,” WCAP-8908, Westinghouse Electric 
Corporation, Pittsburgh, Pennsylvania. 

S. E. Yanichko, S. L. Anderson, R P. Shogan, and R G. htt, “Analysis of Capsule R from the Wisconsin Public Service 
Corporation Kewaunee Nuclear Plant Reactor Vessel Radiation Surveillance Program,” WCAP-9878, Westinghouse 
Electric Corporation, Pittsburgh, Pennsylvania. 

Lacrosse BoilinP Water Reactor (Genoa-2) 

‘ZaCrosse Boiling Water Reactor, Reactor Vessel Material Surveillance Program for Evaluation of Radiation Effects,” 
ACNP-665 13, Allis-Chalmers, Bethesda, Maryland, February 1966. 

C. 2. Serpan, Jr., “Neutron Radiation Embrittlement of Lacrosse Reactor Vessel Steel and Weldment: Properties and 
Directionality Considerations,” Nucl. Eng. and Design 8, pp. 95-107, 1968. 

E. B. Norris, “Analysis of the First Vessel Material Surveillance Capsule Withdrawal from Lacrosse Boiling Water 
Reactor,” SwRI Project 02-3467, Southwest Research Institute, San Antonio, Texas, March 1973. 

E. B. Norris, “Analysis of the Vessel Material Surveillance Capsules Withdrawn from Lacrosse Boiling Water Reactor 
DEtringthe 1975 Reii~elling,’’ SwRI Project 02-4074-001, Southwest Research Institute, San Antonio, Texas, April 1977. 

E. B. Norris, “‘Analysis of the Vessel Material Surveillance Capsules Withdrawn from Lacrosse Boiling Water Reactor 
During the 1980 Refuelling,” SwRI Project No. 02-6208-001, Southwest Research Institute, San Antonio, Texas, 
October 9,198 1. 

Millstone Nuclear Power Station 

T. A. Caine, “Millstone Nuclear Power Station, Unit 1, Reactor Pressure Vessel Surveillance Materials Testing and 
Fracture Toughness Analysis,” NEDC-30833, DRF B13-01285, General Electric Company, San Jose, California, 
December 1984. 

A. Ragl, cNorhastUtilities Service Company Millstone Nuclear Unit No. 2 Evaluation of Baseline Specimens Reactor 
Vessel Materials Irradiation Surveil lance Program,” 18767-TR-MCD-009, Combustion Engineering, Inc., Windsor, 
Connecticut, October 18,1976. 

A. L. Lowe, Jr. et al., “Analysis of Capsule W-104 Northeast Nuclear Energy Company Millstone Nuclear Power Station, 
Unit No. 2, Reactor Vessel Material Surveillance Program,” BAW-2 142, Babcock & Wilcox Company, Lynchburg, 
Virginia, November 199 1 - 

D. C. Switzer, “Response to NRC inquiries regarding Millstone Nuclear Power Station, Unit No. 2 Reactor Pressure 
Vessel (RPV) Material Surveillance Program,” Docket 50-336, Northeast Nuclear Energy Company, Hartford, 
Connecticut, December 9,1977. 

B-9 NTJREGKR-64 13 



AppendixB 

J. J. Koziol, “Program for Irradiation Surveillance of Millstone Point Unit 2 Reactor Vessel Materials,”N-NLM-011, 
Combustion Engineering, Inc., Wmdsor, Connecticut, October 15,1970. 

S. T. Byme, “Noatheast Utilities Service Company, MillstoneNuclear Unit No. 2, Evaluation of Irradiated Capsule W-97, 
Reactor V d  Materials Irradiation Surveillance Program,” TR-N-MCM-008, Combustion Engineering, Inc., Windor, 
Connecticut, April 1982. 

S. E. Yanichko et al., “Analysis of Capsule U from the Northeast Utilities Service Company Millstone Unit 3 Reactor 
Vessel Radiation Surveillance Program,” WCAP- 1 1878, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, 
June 1988. 

Maine Yankee Nuclear Plant 

J. S. Penin et al., “Final Report on Maine Yankee Nuclear Plant Reactor Pressure Vessel Surveillance Program: Capsule 
263,” BCL-585-2 1, Battelle Columbus Laboratories, Columbus, Ohio, December 1980. 

J. W. Sheckherd and R A. Wullaert, “Unirradiated Mechanical Properties of Maine Yankee Nuclear Pressure Vessel 
Materials,” CR 75-269, Effects Technology, Inc., Santa Barbara, California, February 1975. 

R. A. Wullaert and J. W. Sheckherd, “Evaluation of the First Maine Yankee Accelerated Surveillance Capsule,” CR 
75-317, Effects Technology, Inc., Santa Barbara, California, August 1975. 

E. Terek, S. L. A n b n ,  and L. Albertin, “Analysis of the Maine Yankee Reactor Vessel Second Wall Capsule Located 
at 253,” WCAP-128 19, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, March 1991. 

S. E. Yanichko, S. L. Anderson, R P. Shogan, and R. G. Lott, “Analysis of the Maine Yankee Reactor Vessel Second 
Accelerated Surveillance Capsule,” WCAP-9875 , Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, March 
1981. 

Oconee Nuclear Station 

A. L. Lowe, Jr., L. A. Hassler, H. S. Palme, and C. F. Zurlippe, “Analysis of Capsule OCI-F fiom Duke Power Company 
Oconee Unit 1 Reactor Vessel Materials Surveillance Program,” BAW- 142 1, Rev. 1 , Babcock & Wilcox, Lynchburg, 
Virginia, September 1975. 

A. L. Lowe, Jr. et al., ‘‘Analysis of Capsule OCI-E Duke Power Company Oconee Nuclear Station Unit 1 Reactor Vessel 
Materials Surveillance Program,” BAW- 1436, Babcock & Wilcox, Lynchburg, Virginia, September 1977. 

J. D. Aadland et al., “Analysis of Capsule OCI-A, Duke Power Company Oconee Nuclear Station, Unit 1,” BAW-1837, 
Babcock & Wilmx, Lynchburg, Virginia, August 1984. 

A. L. Lowe, Jr. et al., “Analysis of Capsule OC1-C Duke Power Company Oconee Nuclear Station Unit 1, Reactor Vessel 
Material Surveillance Program,” BAW-2050, Babcock & Wilcox, Lynchburg, Virginia, October 1988. 

“Analysis of Capsule OCII-C from Duke Power Company Oconee Nuclear Station, Unit 2, Reactor Vessel Materials 
Surveillance Progr-” BAW-1437, Babcock & Wilcox, Lynchburg, Virginia, May 1977. 

NUREGKR-64 13 B-10 



Appendix B 

“Analysis of Capsule OCII-A from Duke Power Company Oconee Nuclear Station, Unit 2, Reactor Vessel Materials 
Surveillance Program,” BAW-1699, Babcock & Wilcox, Lynchburg, Virginia, December 198 1. 

A. S. Heller and A. L. Lowe, Jr., “Correlations for Predicting the Effects of Neutron Radiation on Linde 80 
Submerged-Arc Welds,” BAW-1803, Babcock & Wilcox, Lynchburg, Virginia, January 1984. 

J. D. Aadland, “Babcock & Wilcox Owner’s Group 177-Fuel Assembly Reactor Vessel and Surveillance Program 
Materials Infomation,” BAW-1820, Babcock & Wilcox, Lynchburg, Virginia, December 1984. 

A. L. Lowe, Jr. et al., “Analysis of Capsule OCE-E Duke Power Company Oconee Nuclear Station Unit 2, Reactor Vessel 
Material Surveillance Program,” BAW-205 1, Babcock & Wilcox, Lynchburg, Virginia, October 1988. 

A. L. Lowe, Jr. et ai., “Analysis of Capsule OCIII-A from Duke Power Company Oconee Nuclear Station Unit 3,” 
BAW-1438, Babcock & Wilcox, Lynchburg, Virginia, July 1977. 

A. L. Lowe, K. E. Moore, and J. D. Aadland, “Integrated Reactor Vessel Material Surveillance Program,” BAW-1543, 
Rev. 2, Babmk & Wilcox, Lynchburg, Virginia, February 1984. 

A. L. h e ,  Jr. et al., “Analysis of Capsule OCIII-B from Duke Power Company Oconee Nuclear Station Unit 3 Reactor 
Vessel Materials Surveillance Program,” BAW-1697, Babcock & Wilcox, Lynchburg, Virginia, October 198 1. 

A. L. Lowe, Jr. et al., “Analysis of Capsule OCIII-D Duke Power Company Oconee Nuclear Station Unit-3 Reactor Vessel 
Material Surveillance Pr~gram,” BAW-2128, B&W Nuclear Service Company, Lynchburg, Virginia, May 1991. 

Palisades Nuclear Plant 

J. S. Perrin and E. 0. Fromm, “Final Report on Palisades Pressure Vessel Irradiation Capsule Program: Unirradiated 
Mechanical Properties,” Battelle Columbus Laboratories, Columbus, Ohio, August 25, 1977. 

J. S. Perrin et al., “Final Report on Palisades Nuclear Plant Reactor Pressure Vessel Surveillance Program: Capsule 
A-240,” BCL-585-12, Battelle Columbus Laboratories, Columbus, Ohio, March 1979. 

N. J. Porter, “Palisades Vessel Weld Documentation, Communication to Consumers Power Company in reference to Letter 
P-CE-7747 dated September 25, 1984,” Letter P-CE-7752, Combustion Engineering, Inc., Windsor, Connecticut, 
October 9, 1984. 

M. K. Kunka and C. A. Cheney, ‘Analysis of Capsules T-330 and W-290, Consumers Power Company, Palisades Reactor 
Vessel Radiation Surveillance Program,” WCAP-1063 7, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, 
September 1984. 

Point Beach Nuclear Plant 

J. S. Penin, J. W. Sheckherd, D. R Farmelo, and L. M. Lowry, “Final Report on Point Beach Nuclear Plant Unit No. 1 
Pressure Vessel Surveillance Program: Evaluation of Capsule V,” Battelle Columbus Laboratories, Columbus, Ohio, June 
1973. 

B-I1 NUREGKR-64 13 



I Appendix B 

S. E. Yanichko, V. A. Perone, and W. T. Kaiser, “Analysis of Capsule T fiom the Wisconsin Electric Power Company 
Point Beach Nuclear Plant Unit No. 1,” WCAP-10736, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, 
December 1984. 

S. E. Yanichko, “Wisconsin Michigan Power Co. Point Beach Unit No. 1 Reactor Vessel Radiation Surveillance 
Program,” WCAP-75 13, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, June 1970. 

S. E. Yanichko and S. L. Anderson, “Analysis of Capsule S fiom the Wisconsin Electric Power Company and Wisconsin 
Michigan Power Company Point Beach Nuclear Plant Unit No. 1 Reactor Vessel Radiation Surveillance Program,” 
WCAP-8739, Westinghouse Electric Corporation. 

S. E. Yanichko and S. L. Anderson, “Analysis of Capsule R fiom the Wisconsin Electric Power Company Point Beach 
Nuclear Plant Unit No. 1 Reactor Vessel Radiation Surveillance Program,” WCAP-9357, Westinghouse Electric 
Corporation, Pittsburgh, Pennsylvania 

A. S. Heller and A. L. Lowe, Jr., “Correlations for Predicting the Effects of Neutron Radiation on Linde 80 
Submerged-Arc Welds,” BAW-1803, Babcock & Wilcox, Lynchburg, Virginia, January 1984. 

A. L. Lowe, Jr. et ai., “Analysis of Capsule S Wisconsin Electric Power Company Point Beach Nuclear Plant Unit No. 
2 Reactor Vessel Material Surveillance Program,” BAW-2140, Babcock & Wilcox Company, Lynchburg, Virginia, 
August 1991. 

J. S. Perrin et al., “Final Report on Point Beach Nuclear Plant Unit No. 2 Pressure Vessel Surveillance Program: 
Evaluation of Capsule V,” Battelle Columbus Laboratories, Columbus, Ohio, June 1975. 

S. E. Yanichko and G. C. Zula, “Wisconsin Michigan Power Co. and the Wisconsin Electric Power Co. Point Beach Unit 
No. 2 Reactor Vessel Radiation Surveillance Program,” WCAP-7712, Westinghouse Electric Corporation, Pittsburgh, 
Pennsylvania, June 1971. 

J. A. Davidwn, S. L. Andem and R P. Shogan, “Analysis of Capsule T from the Wisconsin Electric Power Company 
Point Beach Nuclear Plant Unit No. 2 Reactor Vessel Radiation Surveillance Program,” WCAP-933 1, Westinghouse 
Electric Corporation, Pittsburgh, Pennsylvania. 

S. E. Yanichko, S. L. Adenon, R P. Shogan, and R G. Lo#, “Analysis of Capsule R from the Wisconsin Electric Power 
Company Point Beach Nuclear Plant Unit No. 2 Reactor Vessel Radiation Surveillance Program,” WCAP-9635, 
Westinghouse Electric Corporation , Pittsburgh, Pennsylvania. 

Prairie Island 

S. E. Yanichko, K. C. Tran, and W. T. Kaiser, “Analysis of Capsule P fiomNorthem States Power Company Prairie 
Island Unit 1, Reactor Vessel Radiation Surveillance Program,’, WCAP-10102, Westinghouse Electric Corporation, 
Pittsburgh, Pennsylvania, May 1982. 

R. S. Bogs, T. V. Congedo, and H. Gong, “Analysis of Capsule R fi-om the Northern States Power Company Prairie 
Island Unit 1 Reactor Vessel Radiation Surveillance Program,” WCAP- 1 1006, Westinghouse Electric Corporation, 
Pittsburgh, Pennsylvania, February 1986. 

B-12 



1 
Appendix B 

S. E. Yanichko and D. J. Lege, ‘Worthem States Power Co. Prairie Island Unit No. 1 Reactor Vessel Radiation 
Surveillance Program,” WCAP-8086, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, June 1973. 

J, A. Davidson, S. L. Anderson, and K. V. Scott, “Analysis of Capsule V fiom Northern States Power Company Prairie 
Island Unit No. 1, Reactor Vessel Radiation Surveillance Progrm,” WCAP-8916, Westinghouse Electric Corporation, 
Pittsburgh, Pennsylvania, August 1977. 

S. E. Yanichko and J. C. Schmatz, “Analysis of Capsule R from the Northern States Power Company Prairie Island Unit 
2 Reactor Vessel Radiation Surveillance Program,” WCAP-11343, Westinghouse Electric Corporation, Pittsburgh, 
Pennsylvania, December 1986. 

S. E. Yanichko and D. J. Lege, “Northem States Power Co. Prairie Island Unit No. 2 Reactor Vessel Radiation 
Surveillance Program,” WCAP-8 193 , Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, September 1973. 

J. A. Davidson, S. E. Yanichko, and S. L. Anderson, “Analysis of Capsule V from Northern States Power Company 
Prairie Island Unit No. 2, Reactor Vessel Radiation Surveillance Program,” WCAP-9212, Westinghouse Electric 
Corporation, Pittsburgh, Pennsylvania. 

S. E. Yanichko, S. L. A n b 4  and W. T. Kaiser, “Analysis of Capsule T from Northern States Power Company Prairie 
Island Unit No. 2, Reactor Vessel Radiation Surveillance Program,” WCAP-9877, Westinghouse Electric Corporation, 
Pittsburgh, Pennsylvania, March 1981. 

Salem 

R S. Boggs, C. A. Cheney, and W. T. Kaiser, “Analysis of Capsule Y fiom the Public Service Electric and Gas Company 
Salem Unit 1 , Reactor Vessel Radiation Surveillance WCAP- 10694, Westinghouse Electric Corporation, 
Pittsburgh, Pennsylvania, December 1984. 

S. E. Yanichko et al., “Analysis of Capsule 2 from the Public Service Electric and Gas Company Salemunit 1 Reactor 
Vessel Radiation Surveillance Program,” WCAP-11955, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, 
September 1988. 

J. A. Davidson, J. H. Phillips, and S. E. Yanichko, ‘‘Public Service Electric and Gas Co. Salem Unit No. 1 Reactor Vessel 
Radiation Surveillance Program,” WCAP-85 11 , Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, November 
1975. 

S. E. Yanichko, S. L. Anderson, and W. T. Kaiser, “Analysis of Capsule T fiom the Public Service Electric and Gas 
Company Salem Unit No. 1 Reactor Vessel Radiation Surveillance Pr~gram,~~ WCAP-9678, Westinghouse Electric 
Corporation, Pittsburgh, Pennsylvania. 

R S. Boggs, S. E. Yanichko, C. A. Cheney, and W. T. Kaiser, “Analysis of Capsule T fiom the Public Service Electric 
and Gas Company Salem Unit 2 Reactor Vessel Radiation Surveillance WCAP- 10492, Westinghouse Electric 
Corporation, Pittsburgh, Pennsylvania. 

S. E. Yanichko et al., “Analysis of Capsule U from the Public Service Electric and Gas Company Salem Unit 2 Reactor 
Vessel Radiation Surveillance Program,” WCAP- 1 1554, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, 
September 1987. 

B-13 NUREGKR-64 13 



AppendkB ! 
J. M. Chicots et al., “Analysis of Capsule X from the Public Service Electric and Gas Company Salem Unit 2 Reactor 
Vessel Radiation Surveillance P ~ o ~ E I ~ ”  WCAP- 13366, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, 
June 1992. 

~ 

I 

J. H Phillips et al., “‘Public Service Electric and Gas Company Salem Unit No. 2 Reactor Vessel Radiation surveillance 
WCAP-8824, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, January 1977. 

St. Lucie 

S. T. Byrne, “Florida Power & Light Company, St. Lucie Unit No. 1, Post-Irradiation Evaluation of Reactor Vessel 
Surveillance Capsule W-97,” TR-F-MCM-004, Combustion Engineering, Inc., Windsor, Connecticut, December 1983. 

“Florida Power and Light Company St. Lucie Unit No. 1 Evaluation of Baseline Specimens Reactor Vessel Materials 
Irradiation Surveillance Program,” TR-F-MCM-005 , Combustion Engineering, Inc., Windsor, Connecticut. 

J. M. Chicots et al., “Analysis of the Capsule at 104 from the Florida Power and Light Company St. Lucie Unit No. 1 
Reactor Vessel Radiation Surveillance WCAP- 1275 1, Westinghouse Electric Corporation, PittsburA 
Pennsylvania, November 1990. 

A. L. Lowe, Jr. et al., ‘Analysis of Capsule W-83 Florida Power and Light Company St. Lucie Plant Unit No. 2 Reactor 
Vessel Material Surveillance Program,” BAW-1880, Babcock & Wilcox, Lynchburg, Virginia, September 1985. 

‘‘Summany Report on Manufacture of Test Specimens and Assembly of Capsules for Irradiation Surveillance of St. Lucie 
No. 2 Reactor Vessel Materials,” TR-L-MCM-001, Combustion Engineering, Inc., Windsor, Connecticut, November 30, 
1979. 

San Onofre 

E. B. Norris, “Analysis of First Surveillance Material Capsule from San Onofre Unit 1,” SwRI Project 07-2892, 
Southwest Research Institute, San Antonio, Texas, May 1971. 

E. B. N d ,  “Analysis of Second Surveillance Material Capsule from San Onofre Unit 1,” SwRI Project No. 07-2892, 
Southwest Research Institute, San Antonio, Texas, June 5,1972. 

S. E. Yanichko, “San O n o h  Reactor Vessel Radiation Surveillance Program,” WCAP-2834-R1, Westinghouse Electric 
Corporation, Pittsburgh, Pennsylvania, November 1966. 

S. E. Yanichko, S. L. Anderson, and W. T. Kaiser, ‘‘Analysis of Capsule F from the southern California Edison Company 
San Onofre Reactor Vessel Radiation Surveillance Program,” WCAP-9520, Westinghouse Electric Corporation, 
Pittsburgh, Pennsylvania, May 1979. 

M. P. Manahan, L. M. Lowry, and E. 0. Fromm, “Final Report on Examination, Testing, and Evaluation of Irradiated 
Pressure Vessel Surveillane Specimens from the San Onofre Nuclear Generating Station Unit 2 (SONGS-2),” Battelle, 
Columbus, Ohio, December 1988. 

E. Terek et al., “Analysis of the Southern California Edison Company San Onofre Unit 3 Reactor Vessel Surveillance 
Capsule Removed ficxn the 97 Locati~n,’~ WCAP- 12920, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, 
March 199 1. 

NUREG/CR-64 13 B-14 



Appendix B 

Sur- 

J. S. Perrin et al., “Final Report on Surry Unit No. 1, Pressure Vessel Irradiation Capsule Program: Examination and 
Analysis of Capsule T,” Docket 50280-462, Battelle Columbus Laboratories, Columbus, Ohio, June 1975. 

S. E. Yanichko and V. A. Perone, ‘‘Analysis of Capsule V fiomthe Virginia Electric Power Company Surry Unit 1 Reactor 
Vessel Radiation Surveillance Program,” WCAP-114 15, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, 
February 1987. 

S. E. Yanichko, “Virginia Electric & Power Co. Surry Unit No. 1 Reactor Vessel Radiation Surveillance Program,” 
WCAP-7723, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, July 197 1. 

J. S. Penin et al., “Final Report on Suny Unit No. 2, Pressure Vessel Irradiation Capsule Program: Examination and 
Analysis of Capsule X,” Battelle Columbus Laboratories, Columbus, Ohio, September 1975. 

S. E. Yanichko and V. A. Perone, “Analysis of Capsule V fiom the Virginia Electric and Power Company Suny Unit 2 
Reactor Vessel Radiation Surveillance Program,” WCAP- 1 1499, Westinghouse Electric Corporation, Pittsburgh, 
Pennsylvania, June 1987. 

S. E. Yanichko and D. J. Lege, “Virginia Electric & Power Co. Surry Unit No. 2 Reactor Vessel Radiation Surveillance 
Program,” WCAP-8085, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, June 1973. 

Three Mile Island Nuclear Station 

A. L. Lowe, Jr. et al., “Analysis of Capsule TMI-1E from Metropolitan Edison Company Three Mile Island Nuclear 
Station -Unit 1, Reactor Vessel Materiais Surveillance Program,” BAW-1439, Babcock & Wilcox, Lynchburg, Virginia, 
January 1977. 

J. D. Aadland, “Babcock & Wilcox Owner‘s Group 177-Fuel Assembly Reactor Vessel and Surveillance Program 
Materials Information,” BAW-1820, Babcock & Wilcox, Lynchburg, Virginia, December 1984. 

A. L. Lowe, Jr. et al., “Analysis of Capsule TMII-C GPU Nuclear Three Mile Island Nuclear Station Unit 1 Reactor 
Vessel Material Surveillance Program,” BAW-1901, Babcock & Wilcox, Lynchburg, Virginia, March 1986. 

Turkey Point Nuclear Power Station 

P. Mcconnell et al., ‘‘Irradiated Nuclear Pressure Vessel Steel Data Base,” EPRI NP-2428, Electric Power Research 
Institute, Palo Alto, California, June 1982. 

E. B. No&, “Reador Vessel Material Surveillance Program for Capsule S - Turkey Point Unit No. 3, Capsule S - Turkey 
Point Unit No. 4,” SwRI Projects 02-5 13 1 and 02-5380, Southwest Research Institute, San Antonio, Texas, May 1979. 

P. K. Nair and E. B. Noms, “Reactor Vessel Material Surveillance Program for Turkey Point Unit No. 3: Analysis of 
Capsule V,” SwRI Project No. 06-8575, Southwest Research Institute, San Antonio, Texas, August 1986. 

S. E. Yanichko, “Florida Power and Light Co., Turkey Point Unit No. 3 Reactor Vessel Radiation Surveillance Program,” 
WCAP-7656, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, May 1971. 

B-15 NUREGKR-64 13 



Appendix B 

S. E. Yanichko, J. H. Phillips, and S. L. Anderson, “Analysis of Capsule T from the Florida Power and Light Company 
Turkey Point Unit No. 3 Reactor Vessel Radiation Surveillance Program,” WCAP-8631, Westinghouse Electric 
Corporatiq Pittsburgh, Pennsylvania. 

E. B. Norris, “Reactor Vessel Material Surveillance Program for Turkey Point Unit No. 4 Analysis of Capsule T,” SwRI 
Project 02-4221, Southwest Research Institute, San Antonio, Texas, June 1976. 

E. B. Nonis, “Reactor Vessel Material Surveillance Program for Capsule S - Turkey Point Unit No. 3, Capsule S - Turkey 
Point UnitNo. 4,” SwRI Projects 02-5131 and 02-5380, Southwest Research Institute, San Antonio, Texas, May 1979. 

S. Yanichko, “Florida Power and Light Co. Turkey Point Unit No. 4 Reactor Vessel Radiation Surveillance Program,” 
WCAP-7660, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, May 197 1. 

Yankee-Rowe 

C. Z. Serpan, Jr. and J. R Hawthorne, “Yankee Reactor Pressure Vessel Surveillauce: Notch Ductility Performance of 
Vessel Steel and Maximum Service Fluence Determined from Exposure During Cores II, III, and IV,” J Basic Eng., pp. 
897-910, December 1967. 

R W. Smith, “Evaluation of the Fracture Toughness Properties of the Yankee Rowe Reactor Vessel,” YAEC-1089, 
Yankee Atomic Electric Company, Westborough, Massachusetts, September 1975. 

Zion Nuclear Plant Reactor 

A. L. Lowe, Jr. et al., ‘‘Analysis of Capsule Y Commonwealth Edison Company Zion Nuclear Plant Unit 1 Reactor Vessel 
Material Surveillance Program,” BAW-2082, Babcock & Wilcox, Lynchburg, Virginia, March 1990. 

J. S. Perrin, D. R Fannelo, R G. Jung, and E. 0. Fromm, “Final Report on Zion Nuclear Plant Reactor Pressure Vessel 
Surveillance Program: Unit No. 1 Capsule T and Unit No. 2 Capsule U,” BCL-585-4, Battelle Columbus Laboratories, 
Columbus, Ohio, March 1978. 

E. B. Nonis, “Reactor Vessel Material Surveillance Program for Zion Unit No. 1 Analysis of Capsule X,” SwRI Project 
06-7484-001, Southwest Research Institute, San Antonio, Texas, March 1984. 

S. E. Yanichko and D. J. Lege, “Commonwealth Edison Co., Zion Unit No. 1 Reactor Vessel Radiation Surveillance 
Pr~gra.tn,’~ WCAP-8064, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, March 1973. 

S. E. Yanichko, S. L. Anderson, R P. Shogan, and R G. Lott, “Analysis of Capsule U fiom the Commonwealth Edison 
Company Zion Nuclear Plant Unit 1 Reactor Vessel Radiation Surveillance Program,” WCAP-9890, Westinghouse 
Electric Corporation, Pittsburgh, Pennsylvania. 

J. S. Perrin, D. R Farmelo, R G. Jung, and E. 0. Fromm, “Final Report on Zion Nuclear Plant Reactor Pressure Vessel 
Surveillance Program: Unit No. 1 Capsule T and Unit No. 2 Capsule U,’, BCL-585-4, Battelle Columbus Laboratories, 
Columbus, Ohio, March 1978. 

E. B. Norris, “Reactor Vessel Material Surveillance Program for Zion Unit No. 2 Analysis of Capsule T,” SwRI Project 
06-6901-001, Southwest Research Institute, San Antonio, Texas, July 1983. 

NUREGKR-64 13 B-16 



c Appendix B 

E. Terek et al., ‘‘Analysis of Capsule Y from the Commonwealth Edison Company Zion Unit 2 Reactor Vessel Radiation 
Surveillance Program,” WCAP-12396, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, September 1989. 

S. E. Yanichko and D. J. Lege, “Commonwealth Edison Co., Zion Unit No. 2 Reactor Vessel Radiation Surveillance 
Program,” WCAP-8 132, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, May 1973. 

B-17 NUREGKR-6413 





1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

15-19. 
20. 
21. 

49. 
50. 

51. 

52. 

53. 

54-55. 

D. J. Alexander 
B. R Appleton 
B. R Bass 
J. A. Bucholz 
R D. Cheverton 
W. R Corwin 
T. L. Dickson 
N. M. Greene 
F. M. Haggag 
H. T. Hunter 
S. K. Iskander 
F. B. K. Kam 
M. A. Kuliasha 
D. E. McCabe 
L. F. Norris 
R K. Nanstad 
J. V. Pace III 

Appendix B 

NUREGKR-64 13 
ORNLRM- 13 1 33 

Dist. Category RL, R5 

INTERNAL DISTRIBUTION 

22. 
23. 
24. 
25. 

29. 
30. 

3 1-40. 
41. 
42. 

26-28. 

W. E. Pennell 
C. E. Pugh 
I. Remec 
R W. Roussin 
C. H. Shappert 
M. A. Sokolov 
R E. Stoller 
J. A. Wang 
R M. Westfall 
J. E. White 

43. Central Research Library 
44. ORNL Y-12 Research Library 

45-46. Laboratory Records Department 
Document Reference Section 

47. Laboratory Records, ORNL (RC) 
48. ORNL Patent Office 

EXTERNAL DISTRIBUTION 

L. C. Shao, Office of Nuclear Regulatory Research, MS T10-D-20, Washington, DC 20555. 
M. E. Mayfield, Office of Nuclear Regulatory Research, MS T10-E10, NRC, Washington, DC 
20555. 
A.Taboada, Office of Nuclear Regulatory Research, MS T10-E10, NRC, Washington, DC 
20555. 

20555. 
Office of the ORNL Site Manager, Department of Enerpy, Oak Ridge National Laboratory, P.O. 
Box 2008, Oak Ridge, TN 3783 1 
Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN 3783 1 

M. G. Va~~ilaros, Office OfNuclear Regdlatory Research, MS T10-E10, NRC, W a ~ h h g t ~ n ,  DC 

B-19 





IRC FORM 335 U.S. NUCLEAR REGULATORY COMMISSION 1. REPORT NUMBER 
?49) 
IRCM 1102, 

b%sWmd bv NRC. Add Vol., supp.. Rev., 
md Addendum Numben, if my.1 

201.3202 BIBLIOGRAPHIC DATA SHEET 
(See instructions on the reverse) NUREG/CR-64 13 

.TITLE AND SUBTITLE ORNL/TM-13133 L 

ANALYSIS OF THE IRRADIATION DATA FOR 
A302B AND A533B CORRELATION MONITOR 
MATERIALS 

3. DATE REPORT PUBLISHED 
MONTH YEAR 

April ' 1996 

W6164 
4. FIN OR GRANT NUMBER 

. AUTHORW 6. TYPE OF REPORT 

J. A. Wang 
Technical 

I 
. PERFORMING ORGANIZATION - NAME AND ADDRESS (If NRC, provide Division, Officeor Region, U.S. Nuclear Rrgulato~ Camminion, andmailingeddrerr;ifconrrscfor, provide 

name and mailing add-J 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 3783 1-6370 

. SPONSORING ORGANIZATION - NAME AND ADDRESS (If NRC, rype *3ameasabove': rfconrracror,prwrde NRCOw~sion, OffKeor Regmn, US. Nuclear Regulatory Commmron. 
and mailing addred  

Divi sion of  Engineering Techno7 ogy 
Office o f  Nucl e a r  Regul a t o r y  Research 
U. S. Mucl ear Regulatory Commission 
Washington, D. C. 20555-0001 

A. Taboada, N R C  Project Manager 

The results of Charpy V-notch impact tests for A302B and A533B-1 Correlation Monitor Materials (CMM) listed in the 
surveillance power reactor data base (PR-EDB) and material test reactor data base (TR-EDB) are analyzed. The shift of 
the transition temperature at 30 ft-lb (T30) is considered as the primary measure of radiation embrittlement in this report. 
The hyperbolic tangent fitting model and uncertainty of the fitting parameters for Charpy &pact tests are presented in this 
report. For the surveillance CMM data, the transition temperature shifts at 30 ft-lb (AT30) generally follow the predictions 
provided by Revision 2 of Regulatory Guide 1.99 (R.G. 1.99). Difference in capsule temperatures is a likely explanation 
for large deviations from R.G. 1.99 predictions. Deviations from the RG. 1.99 predictions are correlated to similar 
deviations for the accompanying materials in the same capsules, but large random fluctuations prevent precise quantitative 
determination. Significant scatter is noted in the surveillance data, some of which may be attributed to variations from 
one specimen set to another, or inherent in Charpy V-notch testing. In general, the embrittlement behavior of both the 
A302B andA533B-1 plate materials is similar. There is evidence for a fluence-rate effect in the CMM data irradiated 
in test reactors; thus its implication on power reactor surveillance programs deserves special attention. 

0. SUPPLEMENTARY NOTES 

1. ABSTRACT 1200 words or knl 

correlation monitor material; test reactor; radiation embrittlement; 
power reactor; Charpy curve fitting 

NRC FORM 335 Vs9) 

13. AVAILABILITY STATEMENT 

Unlimited 
14. SECURITY CLASSIFICATION 

mbis Pagel 

Unclassified 
{This RWWtl 

IS. NUMBER OF PAGES 

16. PRICE 





on recycled 

Recycling Program 


	LIST OF FIGURES :
	LIST OF TABLES
	ACKNOWLEDGMENTS
	1 INTRODUCTION
	2 PROCEDURES USED IN EMBRITTLEMENT ANALYSIS
	2.1 Description of the EDB Charpy Curve-Fitting Procedures
	2.2 Determination of Trend Curves of Radiation Embrittlement
	Background of Regulatory Guide 1.99 Rev

	2.3 Basis of CMM and its Implication on Radiation Embrittlement

	3 RESULTS
	3.1 Power Reactor Surveillance Data
	3.1.1 A302B (ASTM) CMM
	3.1.2 A533B (HSST) CMM
	3.1.3 Reactor Pressure Vessels Made of A302B Materials
	3.1.4 Reactor Pressure Vessels Made of A533B-1 Materials
	3.1.5 Reactor Pressure Vessels Made of Forging Materials
	3.1.6 Comparison of the A302B and A533B-1 Plate Materials

	3.2 Material Test Reactor Data
	3.2.1 A302B (ASTM) CMM
	3.2.2 A533B-1 (HSSTO1) CMM
	3.2.3 A533B-1 (HSST02) CMM
	3.2.4 A533B-1 (HSST03) CMM


	4 CONCLUSION
	5 REFERENCES
	AND A533B SURVEILLANCE REFERENCE MATERIALS
	A302B REFERENCE MATERIAL
	Baseline (Longitudinal Direction)
	Baseline (Transverse Direction)
	Beznau Unit 1 Capsule R
	Beznau Unit 1 Capsule
	Jose Cabrera.Zorita Capsule K
	Jose Cabrera.Zorita Capsule N

	I V NuREG/CR-64
	Jose CabreraZorita Capsule P
	Haddam Neck Capsule A
	Haddam Neck Capsule D
	Haddam Neck Capsule F
	Haddam Neck Capsule H
	Garigliano Capsule 1 13B
	R E Ginna Unit 1 Capsule R
	R E Ginna Unit 1 Capsule T
	R E Ginna Unit 1 Capsule
	H B Robinson Unit 2 Capsule S
	H B Robinson Unit 2 Capsule T
	H B Robinson Unit 2 Capsule V
	Humbolt Unit 3 Baseline (Longitudinal Direction)
	Humbolt Unit 3 Baseline (Tranverse Direction)
	Indian Point Unit 2 Capsule T
	Indian Point Unit 2 Capsule
	Indian Point Unit 2 Capsule Y
	Indian Point Unit 2 Capsule 2
	Point Beach Unit 1 Capsule R
	Point Beach Unit 1 Capsule S
	Point Beach Unit 1 Capsule T
	Point Beach Unit 1 Capsule
	San Onofre Unit 1 Capsule A
	San Onofie Unit 1 Capsule D
	San Onofre Unit 1 Capsule F
	Turkey Point Unit 3 Capsule S
	Turkey Point Unit 3 Capsule T
	Turkey Point Unit 3 Capsule
	A533B HSSTOl REFERENCE MATERTAL'
	Arkansas Unit 2 Baseline
	Calvert Cliffs Unit 1 Baseline
	Calvert Cliffs Unit 1 Capsule W263
	Calvert Cliffs Unit 2 Baseline
	Calvert Cliffs Unit 2 Capsule W263
	Fort Calhoun Unit 1 Capsule W225
	Fort Calhoun Unit 1 Capsule W275
	Millstone Unit 2 Baseline
	Millstone Unit 2 Capsule W104
	Maine Yankee Baseline
	Maine Yankee Capsule A25
	Maine Yankee Capsule W253
	Palisades Capsule W
	Palo Verde Unit 2 Capsule W137
	St LucieUnit 1 Baseline
	St LucieUnit 1 Capsule W104
	St Lucie Unit 2 Baseline
	A533B HSST02 REFERENCE MATERTAL
	Baseline
	Arkansas Unit 1 Capsule A
	Arkansas Unit 1 Capsule B
	Arkansas Unit 1 Capsule C
	Arkansas Unit 1 Capsule E
	Donald C Cookunit 1 Capsule T
	Donald C Cook Unit 1 Capsule U
	Donald C Cook Unit 1 Capsule
	Donald C Cook Unit 1 Capsule Y
	Crystal River Unit 3 Capsule C
	Davis-Besse Unit 1 Capsule A
	Diablo Canyon Unit 1 Capsule S
	Diablo Canyon Unit 1 Capsule Y
	Indian Point Unit 3 Capsule Y
	Kewaunee Capsule P
	Kewaunee Capsule R
	Kewaunee Capsule
	Oconee Unit 1 Capsule A
	Oconee Unit 1 Capsule C
	Oconee Unit 1 Capsule E
	Oconee Unit 1 Capsule F
	Oconee Unit 2 Capsule A
	Omnee Unit 2 Capsule C

	Oconee Unit 2 Capsule E
	Unit 3 Capsule B
	Omnee Unit 3 Capsule D
	Point Beach Unit 2 Capsule R
	Point Beach Unit 2 Capsule S
	Point Beach Unit 2 Capsule T
	Point Beach Unit 2 Capsule
	Prairie Island Unit 1 Capsule P
	Prairie Island Unit 1 Capsule R
	Prairie Island Unit 1 Capsule
	Prairie Island Unit 2 Capsule R
	Prairie Island Unit 2 Capsule T
	Prairie Island Unit 2 Capsule
	Salemunit 1 CapsuleT
	Salem Unit 1 Capsule Y
	Salem Unit 1 Capsule Z
	Surry Unit 1 Capsule T
	Surry Unit 1 Capsule
	Surry Unit 2 Capsule
	Surry Unit 2 Capsule
	Three Mile Island Unit 1 Capsule C
	Three Mile Island Unit 1 Capsule E
	Turkey Point Unit 4 Capsule S
	Turkey Point Unit 4 Capsule T
	ZionUnit 1 Capsule T
	Zion Unit 1 Capsule U
	Zion Unit 1 Capsule
	Zion Unit 1 Capsule Y
	Zion Unit 2 Capsule T
	Zion Unit 2 Capsule U
	Zion Unit 2 Capsule Y
	APPENDIX B BIBLIOGRAPHIC LISTING OF SURVEILLANCE REPORTS
	Embrittlement of surveillance plate materials relative to the R.G 1.99 Rev 2 prediction
	Embrittlement of surveillance forging materials relative to the R.G 1.99 Rev 2 prediction
	Embrittlement of surveillance weld relative to the R.G 1.99 Rev 2 prediction
	Embrittlement of the A302B ASTM CMM relative to the R.G 1.99 Rev 2 prediction
	Embrittlement of the A302B ASTM CMM relative to the R.G 1.99 Rev 2 prediction
	Embrittlement of the HSSTOl CMM relative to the R.G 1.99 Rev 2 prediction
	Embrittlement of the HSSTOl CMM relative to the R.G 1.99 Rev 2 prediction
	Embrittlement of the HSST02 CMM relative to RG 1.99 Rev 2 prediction
	Embrittlement of the HSST02 CMM relative to the R.G 1.99 Rev 2 prediction
	overall 2a uncertainty is about
	the overall 2a is
	Trend curve for A302B plate materials and the corresponding CMMs
	Trend curve for A302B weld materials and the corresponding CMMs
	Trend curve for A533B-1 plate materials and the corresponding CMMs
	Trend curves for A533B-1 weld materials and the corresponding CMMs
	Trend curve for forging materials the corresponding CMMs
	materials per PR-EDB reported data

	Plot of AT vs fast fluence for A302B and A533B-1 plate materials per Westinghouse data
	per Westinghouse data
	Embrittlement of the A302B ASTM CMM relative to the RG 1.99 Rev 2 prediction
	Embrittlement of the A302B ASTM CMM relative to the R.G 1.99 Rev 2 prediction
	Embrittlement of the HSSTOl CMM relative to R.G 1.99 prediction
	Embrittlement of the HSSTOl CMM relative to R.G 1.99 prediction
	Embrittlement of the HSST02 CMM relative to R.G 1.99 Rev 2 prediction
	Embrittlement of the HSST03 CMM relative to R.G 1.99 Rev 2 prediction
	Embrittlement of the HSST02 CMM relative to R.G 1.99 Rev 2 prediction
	Embrittlement of the HSST02 CMM relative to R.G 1.99 Rev 2 prediction
	Embrittlement of the HSST03 CMM relative to R.G 1.99 Rev 2 prediction
	R.G 1.99 Rev 2 prediction

	Heat treatment of CMMs

	A302B (ASTM) CMM chemical compositions
	A533B (HSSTO1) CMM chemical compositions
	A533B (HSST02) CMM chemical compositions
	A533B (HSST03) CMM chemical compositions
	Summary of A302B surveillance CMM
	Summary of A533B HSSTO1 surveillance CMM
	Summary of A533B HSST02 surveillance CMM
	Summary of A302B ASTM CMM per TR-EDB
	of A533B HSSTO1 CMM per TR-EDB
	Summary of A533B HSST02 CMM pa TR-EDB
	Summary ofA533B HSST03 CMM per TR-EDB
	Summary of A302B reactor pressure vessel steels per PR-EDB reported data
	Summary of A533B reactor pressure vessel steels per PR-EDB reported data
	Summary of forging reactor pressure vessel steels per PR-EDB reported data
	NUREGKR-64
	V LT
	K LT
	N LT
	P LT
	A LT
	D LT
	F LT
	H LT
	113B LT

	113D LT
	114A LT
	114B LT
	R LT
	T LT
	V LT
	S TL
	V TL
	T LT
	0 I86
	Y LT
	V LT
	F LT
	T LT
	V LT
	I5
	W Yankee-Rowe
	I5
	I 030
	LT
	LT
	40*
	LT
	LT
	LT
	LT
	LT
	LT
	LT
	LT
	LT
	LT
	64*
	LT
	LT
	42*
	LT
	LT
	LT
	LT
	LT
	LT
	LT
	LT
	LT

	LT
	LT
	LT
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM


	IRL
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	SASTM
	Forging LT
	Forging LT
	Forging LT
	Forging TL
	SRM LT


	Forging LT
	o\
	Forging TL
	Forging TL
	Forging LT
	IO
	SRM LT
	Forging LT
	Forging TL
	SRM LT
	Forging LT
	Forging TL
	R14
	R13
	R15
	R16
	R10
	35 *
	A382B Reference Hater ia
	BZ
	iee
	iee r


	NUREGKR-64
	ddam Neck Capsule
	R44
	R42
	R46
	R47
	R41
	93 *
	R45
	R48
	1 L


	NUREGKR-64
	Y7E
	Y7B
	Y7M
	Y7T
	Y7X1021-1746
	62 -
	lee


	NUREG/CR-64
	R3
	R6
	R4
	R7
	R5
	R2

	NUREGKR-64
	17 l
	*R63
	R62
	46 l
	R5

	NUREG/CR-64
	RS1
	R55
	R54
	26 l
	RS6
	R530-86
	300 SO
	lee


	NUREGKR-64
	R5
	R1
	R6
	R4
	*R7
	R3
	10 *
	*R24
	18 l
	28 l
	R187928-
	R2

	NUREGICR-64
	R632.5-3
	10 l
	R7
	R5
	R4
	R2

	NUREGKR-64
	R59
	R63
	R60
	R6
	R5

	NUREG/CR-64
	7A3
	7AA
	7AL
	7A1
	7AK
	7A2
	7 A7
	7 A5
	7AC
	7A4
	7AJ
	7A6
	7AD
	64L
	40 l
	64T41-0240
	64M
	64Y
	64P

	NUREGKR-64
	6A7
	6A5
	6A6
	67U
	6A4
	66Y
	6A2
	67T
	67Y
	6A1

	NUREG/CR-64
	75u
	7 5B
	75M
	7 5c
	75D
	75A
	75P
	7 5K
	75T

	NUREGXR-64
	12 a
	72U
	40 l
	72P
	72E
	72T
	52 l
	72B
	7 2Y
	72D
	72M

	NUREGKR-64
	Donald C Coo k Unit 1 Capsu le
	R26
	R325731-23
	R27
	78 -

	NUREGICR-64
	R2
	38 *

	MJREGICR-64
	R14

	NUREG/CR-64
	CVT(685) = 85 C
	R7
	27 a0
	R463145-
	R5


	NUREGKR-64 I3
	R3
	R7
	R51351-5059

	NUREGKR-64
	R15

	NUREGKR-64
	R15
	34 l
	R16

	NUREG/CR-6413
	nit 2 Capsu le
	R32
	R29
	R30
	R2
	R3
	R2
	R2


