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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 temperature at 30 ft-1b (T,) 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 impact tests are presented in

this report. For the surveillance CMM data, the transition temperature shifts at 30 ft-Ib (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 from R.G. 1.99 predictions. Deviations from 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

embrittlement behavior of both the A302B and A533B-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.
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1 INTRODUCTION

It is well known that the flux of energetic neutrons can
displace significant 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).

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 different factors, primarily flux, fluence,
neutron spectrum, irradiation temperature, pre-
irradiation material history, and chemical
composition.>* 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 vessel.’

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 (ORNL) embrittlement data base
(EDB) is this comprehensive collection of data
resulting from the merging of the Power Reactor

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;

tensile test resuits before and after irradiation;

chemistry data for each material;

preirradiation heat treatment;

data concerning the fabrication of weld material;

and

7. data related to the determination of the pressure-
temperature limits.

kAW

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 reactors.®
The current data collection of the TR-EDB contains
1230 different irradiated sets, 797 of which are from
base materials, 378 from 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
from 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

NUREG/CR-6413




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
sufficient number of irradiations of the material at
different 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 6-in.-thick ASTM

NUREG/CR-6413

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-1) 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 (HSSTO1) and third plate (HSTTO03) are
also used in surveillance capsules. The results
obtained from 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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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 (BWR)
surveillance program. Thus only the Charpy test
results are considered here, and the AT, is considered
as the primary measure for radiation embrittlement.

The computer curve 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,'® 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 uniform and consistent determina-
tion of the AT, 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(SLOPE(T-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
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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
from 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 from 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
SLORPE, 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 performed.
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 underlying
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 parameters 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




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
uncertainty analyses are demonstrated in Appendix A.
Both the hyperbolic tangent fit and hyperbolic tangent
fit plus Monte Carlo procedure (which assigns 10J
uncertainty for the impact energy and 4°C uncertainty
for the testing temperature) show good agreement in
the determination of T, 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
(i.e., 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

ARTNDT - [CF] . f(O.ZS—OlOlogf)

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> 1.0 MeV in
10" n/em®. ARTyyy; is in degrees Fahrenheit at 30
ft-1b.

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,"* there were two embrittlement models,
Guthrie's" and Odette's,'® involved in the development
of R.G. 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
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base metals; (2) the correlation is expressed as the
product of a chemistry 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 10'° n/cm?.

~ Three major data bases were involved in the modeling

of R.G. 1.99, Rev. 2. The data base and their
influence on R.G. 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'® 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 R.G. 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 R.G.
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 Base!’

The Electric Power Research Institute’s (EPRI) data
base used in Odette's modeling contains 65 weld and
151 base metal data and was collected directly from
surveillance reports where 37 of 151 base metal data
are CMMs. The shift value was determined by a
hyperbolic tangent fitting procedure. EPRI'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°F.

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 difficulty 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 uncertaintics in the determination of the
AT,,. Significant 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
from different sets of specimens for the unirradiated
material reveal considerable differences in the baseline
T,, for the ASTM A302B plate as well as the three
HSST plates (HSST01, HSST02, and HSSTO03). The
test specimens used for the baseline of the A302B
reference material (LT orientation) have the range of
T, from 4 to 32°F, and the range of chemistry
composition for copper and nickel is 0.17-0.31wt %
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and 0.17-0.27 wt %, respectively. For the HSSTO1
plate, the LT baseline specimens have the range of T;,
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 HSSTO3 plate, the TL baseline
specimens have the range of T, from 31 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 T, 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 T, 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 T,
and USE as well as the experimental uncertainties are
still based on a specific model. From past studies of
several fitting models,® 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 68 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-1b 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-1b energy level
was used in preference to the old standard of 50 ft-Ib
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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 fi-
Ib. In a few cases, suspect Charpy tests have been
eliminated 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 specimen identification of a
rejected Charpy test is pre-affixed with a “*.” and the
rejected data are plotted with a solid symbol in the
figure). .

If the deviations from 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 significantly 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 10 n/cm? 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 R.G. 1.99, Rev. 2. From
the present investigation of power reactor data, the
dependency of radiation damage on the fluence rate
cannot be confirmed nor ruled out. Whenever the
radiation damage is larger or smaller than expected,
fluence rates have not differed significantly from other
capsules that behave normally. This leaves irradiation
temperature as the most likely cause for variations
with comparable fluence, excluding the very low and
very high fluence range. Temperature monitors within
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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 from 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 materialsin a
given capsule from 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 determined. Based on PR-EDB, Version 2,
reported data, the new 20 uncertainties per R.G. 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 26 bounds) vs fluence
were generated for plate, forging, and weld materials,
respectively (see Figs. 1-3). “Residual” is defined as
the measured AT, minus the R.G. 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 R.G.
1.99, Rev. 2; the copper and nickel contents, and the
chemistry factor according to R.G. 1.99, Rev. 2, are
listed below.

Cu Ni Chemistry
Material % % factor(°F)
ASTM 0.200 0.180 100
HSSTO1 0.180 0.660 136
HSSTO02 0.170 0.640 128
HSSTO3 0.120 0.560 82

3.1 Power Reactor Surveillance Data

3.1.1 A302B (ASTM) CMM

The results from 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 R.G.
1.99, Rev. 2, mainly due to the relative low operation
temperature (450~525°F) and high flux (1.7 x 10'2 ~
3.2 x 10"2n/cm*s) compared with that of the data used
to develop the R.G. 1.99, Rev. 2, and are excluded
from the uncertainty study.

Compared to the R.G. 1.99, Rev. 2, the 16 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 AT, are on the average 6.1% larger than
the Regulatory Guide predicted values (see Fig. 4)].
These values indicate that R.G. 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
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points included in the initial sample used for the
development of the R.G. 1.99, Rev. 2, were from
CMM. In order to demonstrate this point, the shift
data for ASTM CMM included in the R.G. 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 R.G. 1.99, Rev. 2. Thus the
characteristics of these CMM data are well incor-
porated into the R.G. 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 10 uncertainty per R.G. 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 from all capsules that contain the
A302B CMM per PR-EDB reported data, but with a
relatively large data scatter band, a 10 uncertainty of
25°F. For the A302B RPYV 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 rule. Only 12 out of 23
underpredicted surveillance capsules have good
correlations 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 from R.G. 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 R.G. 1.99 predicted values; 14 out of 25 surveil-
lance capsules contained both the CMM and weld
metals show the same correlation towards the R.G.
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 R.G.1.99 predicted values.
Findings of large deviations from the R.G. 1.99, Rev.
2, trend curve are useful as warning flags that invite
further investigation.

3.1.2 A533B (HSST) CMM

Results for the HSSTO1 plate in 10 capsules of 8 CE
plates, and HSSTO2 plate in 53 capsules of 7 B&W
plants and 13 Westinghouse plants were investigated.

The results of a comparison of HSSTO1 data with
R.G. 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,
R.G. 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 1o
uncertainty of the data scatter bands per the R.G. 1.99,
Rev. 2, trend curve is 12.6°F.

A comparison of the HSSTO02 data with the R.G.

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 EDB
hyperbolic tangent fit results; and the 10 uncertainty
of the data scatter bands per R.G. 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

NUREG/CR-6413
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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 from 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 shift
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 R.G. 1.99, Rev. 2,
were identified by solid symbols. The majority of the
B&W data are outside the 34°F 20 uncertainty,
whereas the B& W data near the trend curve of the
R.G. 1.99, Rev. 2, are those samples used in the
development of R.G. 1.99, Rev. 2.

Similar to the findings for the A302B CMM, large
deviations between measured AT, and their
Regulatory Guide predictions for the CMM are
correlated with similar deviations for the companion
materials in the same capsules, for example, B&W’s
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
R.G. 1.99 predicted values; 22 out of 31 surveillance
capsules, containing both the CMM and weld metals,
show the same correlation towards the R.G. 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 R.G. 1.99 predicted values.
The random fluctuations for the A533B-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 R.G. 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




values indicate that, overall, R.G. 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 A302B
materials with the corresponding CMM are listed in
Table 13. The trend curves of AT, 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 R.G. 1.99,
Rev. 2, prediction, with the exceptions of B&W and
GE’s CMM data.

The mean chemistry contents with 1 standard
deviation from all the A302B plate data, not including
A302B CMM data, are 0.135 £ 0.043 and 0.315 +
0.193 wt % for copper and nickel, respectively. The
trend curve of R.G. 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 from the A302B weld materials are
0.245 £ 0.064 and 0.515 + 0.322 wt % for copper and
nickel, respectively. From Fig. 13, all the weld AT,
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 companion CMM
were identified by solid dot symbols for comparison
purposes. The mean chemistry contents with 1
standard deviation from the A533B-1 plate materials,
not including A533B-1 CMM, are 0.141 + 0.038 and
0.521 + 0.038 wt % for copper and nickel, respec-

tively. The trend curve of R.G. 1.99, Rev. 2, for mean
chemistry of the A533B-1 plate materials and for
HSSTO2 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 £ 0.062 and 0.559 + 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 RPVs made of A508
class 2 (A508-2), A508 class 3 (A508-3), and A336
as modified by the ASME code case 1236 forging
materials with the corresponding CMM were listed in
Table 15. The trend curves of AT;, 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 from the A508-2
forging materials are 0.053 £ 0.020 and 0.72 £ 0.03
wt % for copper and nickel, respectively. The trend
curve of R.G. 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

forging.

3.1.6 Comparison of the A302B and
AS33B-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 AT,, 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 from
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Westinghouse surveillance capsules (see Fig. 18).
Here, the AT, data were further divided into three
subgroups according to the three ranges of the copper
contents, namely, Cu<=0.1,0.1 <Cu<02,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 AT, 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 AT;, vs
fluence vs copper content for Westinghouse data also
indicate that the radiation-induced AT, 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 R.G. 1.99, Rev. 2, was used as an
index curve for AT;, at 550°F irradiation temperature.
The AT, 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/cm?,
a clear bias can be detected compared with the trend
curve of A302B ASTM CMM per R.G. 1.99, Rev. 2.
R.G. 1.99, Rev. 2, underpredicted the AT;, by about
19.3%. This effect may be a fluence-rate effect;
higher fluence rates are expected to lead to higher
values for the AT;, at high fluences***. The speci-
mens irradiated in a matenal 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
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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" n/cm? is
demonstrated in Fig. 21. 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/em?®s,
which shows that the R.G. 1.99, Rev. 2, under-
predicted the AT,, for ASTM CMM data with higher
fluence from 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/cm?s and fluence rates greater than 2.5 x 10"
n/cm?*s, respectively. From Fig. 21, it appears that the
AT, 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).? The data were plotted in Fig.
22. The ORRPSF data on Fig. 22 were not from the
in-core positions, two AT, data were from simulated
surveillance capsule (SSC) positions, one AT, data
from wall surface (0T) capsule position, and one from
a quarter thickness wall (1/4T) capsule position. The
two SCC data (which have higher fluence rates) show
larger AT, compared with that of 0T 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 from the ORRPSF data.

From Fig. 22, three AT, data have fluence at about
5.4 x 10" n/cm?: two were from ORRPSF data, and
one was a test reactor data irradiated in-core position
with the fluence rate at about 4 x 10’2 n/cm?*s. The
test reactor data at in-core position gave the largest
AT,,; however, its fluence rate was less than that of
ORRPSF data at the SCC position, which has 6.95 x
10'? n/cm?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




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'° n/em?to give a
better picture of radiation embrittlement for the rela-
tively low fluence data. From Fig. 23, at irradiation
temperatures less than 300°F, embrittlement develops
quite rapidly up to a fluence of about 1 x 10" n/cm?
above 1 x 10" n/cm?, embrittlement buildup is less
rapid, and some indication of embrittlement saturation
appears.

3.2.2 A533B-1 (HSST01) 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 HSSTO1
material is listed in Table 10. This shows a strong
dependence for the unirradiated T, on specimen
location in the original parent plate; for example, the
lowest T, is from the specimen position near the
surface (0T) of the parent plate. The AT;, data also
show a similar dependence on the specimen position.
Irradiated specimens originally 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 AT, of the 0T
specimens were identified by solid symbols. The R. G.
1.99 prediction for the HSSTO1 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 AT, 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
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listed in Table 11. The R.G. 1.99, Rev. 2, prediction

for the HSSTO2 plate is used as the trend curve for the
550°F irradiation temperature. The trend curve and
reported AT, data are illustrated in Fig. 26, where the
reported AT, data were divided into four subgroups
for four ranges of irradiation temperatures. The data
trend shows the strong influence of irradiation temper-
ature on the AT;,. The AT, 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 10'* n/cm?*s. The VDE
AT,, data irradiated at 572°F appear to be less sensi-
tive to radiation embrittlement at high fluence com-
pared to the trend curve of R.G. 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 R.G. 1.99, Rev. 2. Thus in order to
correct this bias caused by the difference in copper
content, the normalized value of the VDE AT, 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 S50°F, 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 content.*

3.2.4 A533B-1 (HSST03) CMM

The results of 39 irradiated Charpy sets have been
investigated. The summary of HSSTO03 materials is
listed in Table 12. The trend curve and AT,, data are
illustrated in Fig. 28. The trend curve of HSSTO03 per
R.G. 1.99, Rev. 2, was used as an index curve for
AT, 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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Results

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
HSSTO03 CMM per R.G. 1.99, Rev. 2; thatis, R.G.
1.99, Rev. 2, underpredicted the AT;, for fluences
greater than 2.4 x 10" n/cm? and overpredicted the
AT,, for fluences less than 2.4 x 10'° n/om?, especially
for fluence rates greater than 2.0 x 10'2 n/cm®s. This
may be a fluence-rate effect; higher fluence rates are
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expected to lead to higher values for the AT, at
relatively high fluences and lower values for the AT,,
at relatively low fluences. In order to have a better
picture for fluence-rate effect on the CMM data
irradiated at 550°F, an additional plot was generated
for the trend curve of HSST03 CMM with shift data
irradiated at 550°F (see Fig. 29), where the ORRPSF
and other test reactor data were identified with
different symbols. )




Resuits

uonatpa1d °Z "Ay ‘66’1 "D 2 0} 2ANEIAX WIND INLSV HZOEY U JO Wowopmuqug  p omsry -

[zwo/u] ASWL<3T ‘@2usn]4

NUREG/CR-6413

61+39 61+35 6L+ap 61+3¢ 61+32 6L+31 0
T ¥ T T v T ‘ O
]
/
\ - 0¢
asnoybupsapy  © /
0
/ T ov

_— Ve ] -

dob€ ewbig om) p | 3

- 109 3

%M 81"0=IN ‘02Z'0=NO/M P | @

‘ . ] N . . -

uonoIpeld ‘2 ‘A9Y ‘66°'L 'O’ —— - %%/ o \ w,.

-+ 08 =3
o

+oo+ 3

o

1

1 ozt m.

®

+ 7

ovl g

=

T09L

i

+ 081
00¢

sHnsoy N4 HNV.L 9a3 se aa3-Hd wou
lepia}ely JoHUOJ uoje|e4I0Q (920EY) WSV 40} 9AIND puall




Results

wonatpaxd 7 A9y ‘661 "D"H U 0} SATZIAT WIND INLSV ZOEY o Jo owopnuquig ¢ 2ty

[.wo/u] Ao <3 ‘@duanid

61+39 61+39 61+3p 61+3€ 61+32 61+31 0
i - t “ + “ 0
!
M08l Jelsusy X /
. - 02
sjuiod eyeq 2/ ui esnoybuisepy @ : /
/
“esnoybupsepy  © \\ o __ ov
4 I
40P ewbig om| — - — el H 09
%IM 81°0=IN ‘02'0=nD/M re o !
uopoipald ‘2 "AeY ‘66°F DY ——— -~ ° 1
- I+ 08
g- 00}
+ 02!
° o © \W\ - T ovh
X ° . ° Py -
" - T 094
x s - - -
||||||| + 081
002

eleq papoday se gg3-Ud wouy
|elia)ely J0)juoly uole|aai0) (g20€V) WLSY 10} dAIn) puai]

[.d] yiys ainjesadwa] uolnisuel]

30

NUREG/CR-6413




Results

61+300°C

uonoIpaId ‘7 *A%Y ‘66'T DY 9 0} 9ANR[2I WIND 10LSSH 9 JO uowapuquig 9 3L

£
[:ud/u] AN L < 3 *@dusn|d
61+308'L  64+309'F  6L+30v'L  6L+302°L  61+4300'F  91+300'8  8L+3000  8L+J00%

| i 1 i 1 ] [l i

81+300¢

T

1 T T T T T T T T T T T T T T 1 T T T T t T T T T 1 T T T T T T T T T 1

Buussuibug uopsnqwion o

4.v€ ewbis om), — — — : -7

%M 99°0=IN ‘81'0=nD T
/M UOHOIPald ‘2 "AOY ‘66°L 'Y —— -7

0

\
\
o
n

- 051

T 00C

S}Insay )14 HNV.L 903 se 903-yd wouy [elaje|
1ojluoy uoljejallo) (L-9€€SV) LOLSSH 404 @AIND puai)

05¢

[4.] ys aunjesadwa] uonisues| |

NUREG/CR-6413

31




Results

61+300'C

uonjoIpasd ‘Z “ASY ‘661 "D U} 01 SANE[2I WD T0LSSH o JO Jusuamquig £ amsty

[;wo/u] AW L < 3 ‘@ouanid

siujod eled 2L ujelep 30 ¢

buuesuibuz uoysnqwon ¢ -

61+308°F  61+J09'L  6M+IOVL  6L+H02't  61+300'L  8L+300'8  8++J00°9  81+300F  81+300°2
——eee e ——r——— 0
do.vg ewbis om| = - —
%M 99'0=IN ‘81'0=nD
/M uodipeld ‘g ‘AeH '66'} DY ——
7
\\-- 0S

- 00}

ﬁ 0S4

- 002

ejeq papoday se ga3-Hd wouy jelajely
do)juojy uopea1409 (1-g€ESVY) LOLSSH 40} 9AIND puai)

0s¢e

[4.] Wiys ainjesadwa] uonisuesj

32

NUREG/CR-6413




Results

61+30SY

2P 9OUB[[ISAINS M 296 3Y) JO UOHDIPIIAISA0 PIemo) SISIXS SeIq JuedoIugIg
wonoipaid ‘7 *ASY ‘66°1 "D 0F PATRIAI WIND TOLSSH 23 JO udwdpiuqug - g 218ty

[:wo/u]l AN | < T ‘eousn|d

61+300v 61+309't 61+300€  61+30SC 6L+t300¢c 6L+30G°F 6L+300°F  8L+300°S  00+300°0

l l ] | } i Il 1 Il

0

— v —

H

R

Mg ¥ Sy
v %‘ 1
asnoybunsepy o _ : / !
g0/ |

w0 °/ 1

o€ ewbis om] — — — v J ¢ )

%M $9°0=IN ‘Z}'0=nD -0 /
/M uonolpeld ‘g2 "AeY ‘66't 'O'H —— T ® /-

/
/
7/
\\

e

T
(=]
in

- 001

T 0St

T 002

0ge

SHNSeY U4 HNVL 903 se §03-Hd woJ} jeliojely
10)juojy uojiejaaio9 (L-geesy) 20LSSH 104 8AIND pudi]

[4.] Wiys ainjeradwa] uonisuel]

NUREG/CR-6413

33




Results

1P 3DUR[IAINS M 29 SY3 JO UONOIPIIdIoAO PIEMO) SISTXD Seiq Juedijiudig
uonoIpaId 7 *A%Y ‘66'1 "D 2y 01 ATRIRI IND ZOLSSH o Jo Juowomuquiy "6 amgig

[zwio/u] A9 | < 3 ‘eduan)4
61+305'¢ 61+300'Y 61+306'c - 61+300°E 61+305'¢2 61+300°2 61+30G°'1 61+300°'} 81+300°'G

i ] I ] i - H }

00+300°0

i 1 I ¥ 1 L] T ¥

dov€ ewbig om] — — —
%M $9°0=IN ‘L1'0=nD

/M uopdipald ‘2 "AsH '66°'L ‘DY ——— v
v v \
sjulod eyeq .| ui esnoybuiisepy e : /-

v v v.” v

. ”’
sjlod eyeq LLL uipgg ¥ v ~7

-
— —
—— o———
— —
o

++ 0

i
(=]
w

T 001

T 051

T 00¢

[4.] Biys sunjesadwa] uonisuesj

eleq papoday se gQ3-Hd wouy jeusley
Jojjuoy uonejaiio) (L-9€ESY) Z0LSSH 104 dAIND pual]

0S¢

34

NUREG/CR-6413




2 e
=4 “POPUIOUI JOU 219M BIBP SIMOY 99UBX pUE ‘Bjep plom pue s§ulSIo] 9¢ev oueldlen o
‘4,0 M0QE sI Ajupeooun ewSIs-0M) [[210A0 Y} ‘S[elIatew uoiuedwod Piim WIND LSV GZ0EV 10J 90Udn[j ISEJ SA [enpISar JO 10]d 0T 2In3ig M
[;wo/u] AsI | < 3 ‘eousniy
0d+300°L 61+300'} 81+d00’ | 13001
d Oml
n .
o T 09
_ =
lllllllllllllll e e o e e e o o = =~ —_—_—— = = o o — - — —— — %
T Ob- »n
X v v c
v -
o X v B ) m.
X x _ o o ° 02 i
a X - s =] o o o o
O v % x . 8] mﬁ.
[u] w Y og ﬂm m o o - 0 '
o (o) o © [o] .H
o o @ X a o ()
X o D a 4 02 :
o D o) o ° g 0 0 (o] -
2 M vX oo g ..w
X o X . T Oob »
lllllllllllllllllllllllllllllllllllllllllllllllllllllllll Hlu”
o , sjepaley Buiblog v {09 .m...
oo sfeueleiy plem X .um,_
sjeusiep oleld O
X o i
WD WLSY g20ey  © f 08
4,06 ewbig om — — —
001}

ga3-4d woJ} sjeusley uojuedwon yum jesalejy 10HUOpN
uoljeai109) NILSY gC0£V 10} aduan|] ise "SA [enpisay




Results

02+400°L

1006 St SIS 0M) [[eIoA0 A}
‘sjeniojew uoruedwod yim WIND Z0LSSH/TOLSSH [-HEESY 10) 20UDN]] J5EJ SA [enpIsa1JO 0] 11 amSig

[;woju] ABIN | < 3 ‘@ouan|4

ga3-yd wodj sjeuajely uoiuedwon Yyyum sjelaje|y JOHUO
uopejeLIo) Z0/L0LSSH L-8EESY J0) aouan|4 3sed "SA [enpisay

64+300°} 81+300°1 L1+300°)
e : T : 004~
g ° + o0g-
Q X
x .
% o + 09~
e e e e e e e e e e e B e e ————— e e — =
X 8 x a ox x
w xo°%a 2 x g T oF-
o v
oy WxFamlex B
v g voe o , o °© x oD 1 oz
o Vv o
3 on w_k x&ﬂn%dﬁo 2 0o o mano
0 v o] o]
¥ % 855K T R S - R 0
°c v o @DX o X o ﬂx_ﬁ
Yo . B 0o g o Y o
X 8] 0
& % © v a v
e o 8 T 02
v vMu Vo lo} X
« [a] O a X
x< X b 4 .ﬁ OV
e e e e e L |
sjeuoyepy buibiog v T 09
sjeusiey pley X
CseuslW dleld O | oo
x WWO 20/L0LSSH L-ggesy ©O
4,06 ewbig oM — ~ —
: 004

[4.] 3US 66°L "D - YIYS painses|y

36

NUREG/CR-6413



Results

o
-t
oTr'o 00T'0 €100 ST 8L 139 €2 0¢- 61+306L°1 L1 A®Id  LOALOd  €HIOEV 1165V M ,4@
ozro 00T°0 0100 : - 8L L9 (%7 yT- 61+306L°1 RN MM d HvOALDd  HIOEV  LL8SV M [+4
001°0 00T°0 0i00 o1- L LS L 0s- 61+206L°1 LT awid  TOALOd  HIOEV  T68SVY M m
0070 081°0 1100 It 911 LT L91 o 61+206L°1 L1 WIS NISVS qz0ev 1Zv0V M
H 2msde) 9oaN umppey W
oz1o 00T0 €100 0 0s 0$ Y4 ST 81+3b0'v LT ld LOALDd  HTOEV 1165V M
ozro 00T0 0100 0g 0¢ 08 09 0T 81+240y Ry} alwld  $OALOd  GIOEV  LL8SY M
ooro 00T'0 0100 8- 134 $€ S (1159 8I1+340'p I Md  TOALOd  HTOEV  T6BSV M
0020 081°0 1100 S SL 08 0Tl oy 81+3p0'p R WIS NISVS gT0ev 1290V M
4 amsde) HaaN weppeH
07Z°0 9r0'0 000 Ti- (44| (1181 09 0s- 61+30TTT 1L PIPM 10ALOM  dZ0EV  dpS098 M
[i7ANH] 00T°0 0100 £ 18 8L 149 v 61+9072°T L1 AMd  POALDd  HIOEV  LL8SV M
0070 081°0 1100 81 Tzl (174 08t oy © o 61+907T°T I WiS  NISVS qzoev 12v0V M
d dnsde)) >IN umppepy
0TT 0 o900 0200 LE 8S (1 34 0¢- 31+20L0°T 1L PiPM  TOXLOM  €Z0EV  €©yS098 M ~
001°0 0020 0100 I ve (3 S o¢- 81+%0L0T 11 sitid  TOALDd  HITOEV  T68SY M o0
00Z'0 081°0 1100 LT 8¢ <8 STl (114 81+90L0°T L1 Wds NISVS qzroev 1Zv0V M
v amsde) 93N weppey
0LT0 0ol'o 100 1T 148 SEl $9 0L 81+3001°L SL pIPM 10 dM  ETOEV  €/790T61 9]
0010 0810 9100 6 ¢ 09 sS s 81+3001°L 1L sl 10 ¥gd dToev  €/19vT6l D
00T'0 0st'o 9100 0s- 06 ob oy 0 81+2001°L L1 WHS €NHS qzoev T-T610T D

LT1 amsde) ‘dojuay jujod ooy 3ig

0LT'0 001°0 100 6 $9 113 si- oL 81+200¢°1 SL PIPM 10 dEM . HZOEV  €/79pT61 D
001°0 081°0 9100 8¢- 8T 0 S s- 81+2006°1 1L SoR[d [0 Mdd  HIZOEY  €/T9¢T61 o
00Z°0 081°0 2100 13 0s St St 0 81+300¢°1 R WS £AHS qazr0evy T-T610T o
611 ansde)) “10)ouay yujod 320y 31
no IN d CJBOpIsyy 661 ‘DY PAINSBIN pojeipen]  pajelpeniu) WAL AN | < WILO at art at ON
douanjy ‘poig Wy jeuaiep 1o Bey,
% M “ARSRuaLD 4, ‘919 0E 18 YIS - da'aryocw
‘dway uonisuen 4 “dway uosuen *y

ejep pautodor ggg-yd Iod s[oms [assoa amssaid 10)08d1 Z0EY JO Arewums ‘¢ 9[qe]




00Z'0 0z0'1 0100 sl 681 {14 81+306$°¢ 1L PleGM  10ZdIM HZ0EV  pITSM M

or1o 0950 ¥10°0 $ £L 3L 81+90LS¥ 11 ol zozdld  HZ0EY  TI0LbE M
00Z°0 0LZ'0 010°0 4 98 06 81+90LS¥ 1 WS WISVS  di0oev  1Thov M

A 2msde) 7)) yujod ueppuf
or1°0 0LS'0 1100 8s 79 (174 814908§°T 11 Al €0zdld  HIOEV  1-TZevd M
or10 090 v10'0 (4 79 ¥6 81+90€6'T L1 ol  zozdld  €IoEY  TloLvd 'y
0520 0850 0100 19- Sl 29 81+90£6'T X1 olld  10Tdld  HZOEV 78899 M
0020 oLz 0100 € 69 (1 : 81420857 I WIS WISVS  €I0ev  1Thov M

1 amsde) *Z 3 Jujoq vepuy
00Z'0 0810 9100 T 621 08 08 0 61+2000°¢ X1 WIS  EWNHS  dI0EV  TT6I0T o

p amsde)) ‘¢ Jyuy) Jueld Jomog Keg Iploqump

ovE'0 0990 120°0 8¢ 691 L07 0zt L3~ 814901Sp L POM  10ZdHM  GZ06V  Y1TSM M

0010 0020 0100 z sh Ly 8s 1 8149015} I ol ZOZAHd  HIOEV  19sTid M

002'0 0810 1100 Lz 8L 501 8149015} L WS WLSVS  HI0EV  1TvOV M 00
A amsde) ‘7 ypun uosuiqoy g ‘H o0

0bE0 099'0 1200 1 L6T $87 1344 09- 6149011} L PloM  10ZdHM  HI0EV  PITSM M

060°0 0020 0100 £ u st so1 o€ 6143011 R sleld  £0TEHA  GIOEV  10ST1E M

00Z°0 081°0 110°0 v 9€1 051 $1Z §9 6149011p 1L WHS LSVS  HZI0EV  1THOV M

X amsde) ‘7 wyun voswiqoy 4 'H

060°0 00T°0 0100 Y4 8¢ £l 114 8T 31+9069'¢ 17 aeld  €0TdHd  HTOEV  1-0STid M
001°0 00T°0 0100 9T (44 91 LT 81 81+9069'¢ Nig ield  TOTAHd  HIOEV  1-9571d M
0T1'0 0020 L0070 81- 6v 1€ B 1| 81- 8149069t - 11 sield  107dHd  HZIOEV  1-b099V M
000 081°0. 1100 13 L LL 84 9 81+2069'¢ 1L WIS  NLSVS €70tV £44004 Mm

§ amsde) ‘7 )yun uosuiqoy ‘g ‘H

Results

(AR 0bso 8100 ¥ 9Tt o¢t 061 09 0T+200¢°1 s1 sield  O101dad dT0EY 91L6l iy
0020 0810 9100 I 4] ¢Sl $91 o1 0ZT+200€°] SlL WIS O fWHS dT0€V  ZZ610T D
S“AUOD ansde)) ‘[ L) UOREIS JUBLT 8NN UIPSAI(] 4
n IN d [enpisay 661 DY PRSI paeipel]  pajelpeaiu WU AN [<F - WIHO ar ar al N Jel. a
2ouanjf ‘poig 1eoH L3351 7 S L) M
% W “Ansuoyy 4o ‘1Y 0L 1 YIUS 4, ‘9I-g 0g e i
“dwag uonisuen *) ‘duidy uonisuen *) [+
O
&}
(ponunuoo) €1 s[qe], m




]
g
~d

081°0 [irAN1] 9210°0 61 16 o1t 06 0z- 61+2080°1 1L PPM  10DVIM  dT0EV €470¢ \4
or1'o 081°0 6000 $ SL 08 $ SL- 61420801 LT aield TOOVId  HTOEY  8b8SV v
0L0’0 081°0 L10°0 79 194 s01 194 09- 61+2080°1 11 WYS  10OVIS €70tV BEVIEN v
qvgs amede)) ‘(Z-80udx)) 10)283Y 19)BAL Sujfjog 5503087
081°0 0T1'o 9100 14! 16 <01 8 0t 61+2001°1 1L PPM  TOOVIM  HTOEV qT0¢€ v
obl'o 081°0 6000 oi- SL $9 ot~ SL- 61+°001°% 11 Aeld  TOOVId  dTOEV  8P8SY v
0L0'0 081°0 L100 W 134 $8 sT 09~ 61+3001°1 11 Wds  100VIS 9Toev  8tbieN v
' : LV Imsde) (z-sousn) 10puay 19)8p dujfjog assoade|
081°0 0z1'o 9100 Ll 89 <8 (3 0¢- 81+305€Y 1L PRPM T0DVIM  dT0EV g70¢ v
oo o8t’o - 600°0 9T 9¢ 0€ s SL- 81+205€Y 11 eld  TOOVId  HTOEV  8v8SV A4
0L0'0 081°0 L100 8$ (A% 06 0t 09- 81+205€Y L1 WS 10DVIS  HT0EV  8EVIEN v
’ qa1/vy oamsde)) {(Z-vouan) 103383} Jaes Jujpjoq ssoad8]
ost’0 0z0't 6100 0 081 081 114 S¢- 81+2050°8 1L PIPM  10EdIM qaioev yiTsm M
ovz'o 07$°0 100 I- ISl ost 01T 09 81+200'8 1L Aeld 0£dId HT0EV  TTISOV M
(AN ov9'0 0100 0T 174} orl 061 0§ 81+2050'8 L1 WYS  TOSSHS 1-HEESY 1611V Mm
X amsds) ‘g U yujed usjpug
or1'o 0L$°0 1100 6L 86 LLl 81+2079°'6 L1 el €0ZdId qToey  1-TTevd M
ovl'0 09%°0 100 1 86 L1l 61+2007°1 LT Akl T0Tdid qToev  Tloivd M
0sT0 08$°0 ol0'0 s [4:11 LIt 61+200T'1 11 Aejd 10Zd1d qdToev 783999 Mm
0070 0LT0 0100 6" 601 00t 81+2029°'6 L1 Nas NWLSVS HT0EV 1Z¥0V Mm
Z amsde)) ‘7 3, Juiog weipug
00Z'0 0To'l 0100 € T6l s6l 8149068°¢ 1L PRPM  10TdIM qI0EV  PITsM M
or1'o 0LE°0 110°0 L9 8L 144! 81+207L'Y L1 opeld €0TdId qaToev  1-TT6vd Mm
00T0 0LT'o 0100 Ll L8 0L 81+30ZL'Y 1 WIS  NWLSYS qazoev 12vov M
A amsde)y ‘7 yuq) yugod weypu]
no IN d |enpisoy 66'1 ‘O  painsedy powipeu]  pajelpeniun)  MDUAIN | <H L0 ai al ar oN 98l
) aduanfy ‘poid JeoH ey oy
% W “Ansruiay) d, ‘qI-Y OF 1% YIS do QY0 W
"duia uonisuen *) “duia) uonisuen o

(penunuoo) ¢ 9[qe,

NUREG/CR-6413

39



081°0 0LS°0 6100 9I- 181 $91 0zl Nal 61+207T'T 1L PIPM  101ddM  HZOEV SHTL Mm
orro §90°0 p10°0 - 19 0s (114 og- 61+207TT L1 aed  Tolddd gI0ev  €IVIO M
061°0 9500 0100 L4 101 $01 09 N 61+307TT 11 aLd  1019dd qg70ev 1186V M
0020 081°0 1100 ‘ (1% (44! orl 0st (114 61+30TTT 11 wWids  NWISvS qioevy 10V M

o amsdeD ‘[ U] Jusld JeIpdnN Yowaq Jujod

vT'0 $6°0 1100 Ly L9 vig 672 $8* S1+96LL'T 1L PIeM  I0IVAM  NEZOEV  LLIE o)
$T0 £5°0 100 - 761 031 031 0 61+36LL'1 I sield  10TvVdd  WAZ0EV  €-6L210 2
£LI'0 $99'0 71100 ol- 8s1 vl £91 s 61+96LL'1 11 WS 10SSHS I1-dEESV  1-8001V o)

_ 013 2msde)) ‘sopusyieg
o110 0£9°0 7100 4 3T 0¢ 8T z LI+900€'8 1L sld 101004 €Z0EV  T-008TD g
oL1'0 0r9°0 0100 1z 6v 32 _ 9§ LI+300€'8 hig | WdS  TOSSHS  1-dEEsV 16611V g
o110 0£9°0 oo - - 8z 91 9l 0 LI+900€'8 11 awid 101004 HIOEY  T-008TD |

g omsde) ‘T yun uopejg JEIINY 33UCDD

01¢'0 0650 200 61- 66 08 SL S © 81490061 1L PPM  101DOM  HZ0EV  bYTI0Y g
001’0 00$°0 $10'0 1 t€ 144 1< L 81430051 1L sl Z0TOOd  dTI0EV  1-§97ED g
0010 0050 $10'0 81 £E s oy - 81+3005°1 11 aEld  TO1OOd  HIoEY 1-69T€D g
oLro 0v9'0 0100 0 ¥9 b9 i 9 81+200¢°1 R WdS TOSSHS  I-dEESY  1-6611V g

40

o aqnsde)) ‘] ) UOPBIS JBIPNN] PUO

0l€0 06$°0 ¥20°0 - 961 $81 081 ¢ 81+2098°6 1L PPM  101D0M  €T0EV  p190F o
0010 005°0 s100 . 9z- $9 6t 143 81 81+2098°6 1L olld  ZOIDOd  HIOEV  1-69TED d
ool'o 0050 $10°0 i 134 9L 142 $ 81+2098°6 L swid  70100d qI0EV 1-69%¢D q
0L1°0 0v9'0 0100 09- 871 89 911 14 81+2098°6 L1 Wds  TOSSHS  I-ge€gsv 16611V q

3 amsde) 1 jup) uope)s avdpPnN MUY

01¢g0 0650 $70°0 0 161 161 981 s 81+2066'8 IL PPM  10IDOM  HIO0EV  b1190F g
0010 00$°0 s10°0 6T £9 14% 6t S 81+2066'8 1L Rd  T0IDOd  dT0EV  1-$9T€D g
0010 00$°0 $10°0 £ £9 09 §¢ s 81+2056'8 L1 Seld 701004 . HIOEY  1-$9LED Rt
oLtro 0v9'0 0100 9t 144! 88 144 9 81+2056'8 L1 WYS TOSSHS  1-€eesv  1-6611V g

v amsde)) ‘[ Jup) Uopels I8N PUIO

081°0 0T1'0 9100 € 8L SL 114 07- 81+2009°9 1L PPM  10DVIM  HIOEV €70t v
or10 0810 600°0 0 9 $9 01- SL- 81430099 L1 Ad  TOOVId  HIOEV  BYBSY v
0L0'0 081°0 L10'0 £e LE oL ot 09- 81+2009°9 L1 Wis  100VIS  d70ev  8EPIEN v N
€6/V6 2aMmsde) ‘(7-eousn) 105I8aYy 12)8AL dupfjog 3ss01d8 | M
no IN d lenpisoy 661 ‘DY pansedy pajeipen)  pajeipeuiun  MDAASW | <H WURHO dl at at ON de], ?
sousnjf ‘poid oy Jeusiey FLEY m
& % W “ARSTIED) 4. 91y 0€ 1w YNS do ‘alY 0 1e o]
.w “duoy vorisuen ) “duuay uonisuer; *)
Q
=~ (ponunuod) €1 3jqe, m




Results

0£E0 o1L’0 6100 6 (4¢4 €07 24! 9¢- 81+2099°8 1L PoM  TOTALM  EZ0EV  ¥P166T q
0600 0L$'0 0100 - £ 9¢ €l 44 .14 81+2099'8 1L Awd  10INLd dT0EV  T-68LTO d
060°0 0L§°0 0100 9z 9 0¢ £ LT 81+2099'8 Rig aeld 10INLd d20EV  T-68LTO q
oL1o or9'0 0100 Flad ¥4 L §T1 8y 81+9099'8 L1 WYS  TOSSHS  1-HEEsvY [-S611V g

O amsder) ‘Y U} Uopesg Isapny puels] AN YL

NUREG/CR-6413

061°0 080'0 L10°0 6l 9z1 143! 44| oz 61+20¥1°S 1L plom  1010SM  dZogY M
081°0 00Z°0 (A[X1] ol- o€l 0zl o€l ol 61420b1°S I1 aeld  70IOSd  HIDEY  660EV M
00Z°0 0810 1100 1 13 o€l oLl or 61+20b1'S L1 WdS WISVS  4dZoevV  [ZHOV M
A amsde) T yun) aayouQ usg
0810 00Z'0 ¥10°0 81 Tl - O£l 61+2097'C 11 sy €010Sd  HIOEV  6lIEV M
0810 0070 rAGK)] T T oLl 61+209Z'T 11 awid  I10Sd  €I0EV  660EV M
oL1'0 0020 €100 €€ Lol ov1 61+2092°7 11 ad  10108d  HIOEV  $8561 M
00Z'0 081°0 1100 8 44! 0s1 061 or 61+2097'7 11 WdS WISVS  dI0eV  (ZHOV M
@ amsds) ‘1 yuN) 2yyouQ ussg
061°0 080°0 L100 1 ¥6 08 001 0z  §1+200Z'1 1L Plom  1010SM  €ZoEV M
081°0 00Z'0 v10°0 £ L6 001 61420021 L1 il golosd  dToey  6liey M
002'0 081°0 1100 o1 $01 SIt $sl oy 61420021 L1 WdS WISVS  d70eV  1TH0V M
v ausde)) ¢y yun) agpouQ usg

_ =
0810 0L$°0 6100 £ L0V 011 €9 S 814908¢'€ 11 PIoM  1019dM dI0EV  shbIL M
orro $90°0 v10°0 vl 9¢ o (174 o¢- 81+908¢°'€ 11 el zolddd  HIOEY  €£ZvID M
061°0 950'0 0100 o€ 09 06 114 sy 81+9085°€ 11 oleld  {olddd  €ZOEV 1186V m
0020 081°0 oo %4 T $6 $€l (114 81+2085°€ I WS WISVS  €70EV  1ZH0V M

A smsde)) f yjup) Jusig Jeapny Yosog Jujod

081’0 0.L$°0 6100 i 6L1 081 134 sh 61+3011°C 1L PlPM TO1€HdM  HI0EV  SYPTL M :
01’0 $90°0 vi0’0 - 19 0s 0t 0¢- 614+9011°T 11 ey Tolddd HT0EV  €TFIO M
0610 950°0 0100 0 001 001 1Y Sv- 61+2011°T LT ey [olddd q70eV 1186V m
0020 0810 110’0 0 0Tl 0Tl 091 oy 61+3011°C R W4s  NISVS qioev  1ThovV M

J, amnsde)) g ypup) juelq Jvapony youvag jujog

081°0 0LS0 6100 o€ SEL $91 0T1 11 81+2050°L 1L PIPM  T1019dM  HTOEV SHPTL M
olro $90°0 ¥10°0 1 4 14 0¢ 0z ot~ 81+9050°L 11 aeld  Tolddd qe0ev  €Tri0 M
061°0 950°0 0100 s1 SL 06 134 St 81+9050°L Rigl ald  101ddd qgi0ev 1186V M
0070 081'0 1100 $ 06 $6 SEl oy 81+3050°L LT Wias  NISVS HI0EV  1THOV M
§ amsde)) ‘[ U] yuelq JBapINN Youag Jujod

no - IN d [enpisoy 66'1'OY  pamsed paelpel]  pajeipeuiun) UM AN T <H WIHO at al al N de],

. : doudnyg ‘poig 1Y Jeuse 1ol
% W "Ansiusy) do ‘alY 0 e Y ERCETTT
*duisy uomsuen “dwia) wonisuesy 4

(panunuod) ¢ 9[qe ],




"2SNOYBUNSIM - M LI [essusg - D ‘ButiseuiBug uonsnquIod - O XOIfM % 3000quH - € ‘SIWIRYD SV ~ ¥ ‘Plorg Se,
"YUIS T “A%Y ‘66’1 "D"H - YIS PINSLaLl S8 pautyep s [enpisoy
1ys 23me1oduo) VOISUEN Q1Y 06 »

081°0 0810 0700 b61 971 (114 (1]%% 01 61+2000'¢ I oeld 10 YAd €dT0eV  T-18761 M
0070 0810 1100 $8 (141 $TT ove S1 61+2000°S WUS ISINILSVS dToey 1Zvov M
80 amsde)) ‘amoy-aaue x
081'0 081°0 0200 87T (A% 05¢ 0LE 0l 61-+2000°L L1 awd 10 YAd HT0eV  T-18T61 M
00Z°0 081°0 1100 141 91 09T SLT s1 61+2000°L WS ISINLSVS dTogv [ ¥441)4 M
90 amsdu)) ‘om0 -daque X
081°0 081°0 0200 §97 SEl 00y (1) 14 (1]} 61+2000'6 11 e 10 YAd gzoev 7-18¢61 M
0070 0810 1100 091 ost olt (YA st 61+3000°6 W3S ISWNILSVS dI0otv 1Zvov M
70 amsds)) ‘amoy-saquex
081°0 081°0 0z0'0 §97 SEl 00y ory 01 61430006 L1 ald 10 4Ad qgT0eV  T-18761 M
0070 081°0 1100 091 0st [118% (%49 st 61+2000'6 WIS [ISNISVS dzogy 1oV M
10 3msde)) ‘amoy-aaxue X
0£€0 01,0 6100 6T S6 1441 89 9¢- 81+90L0°T 1L PlPM  TOINIM  HT0EV 1667 d
0600 0L¢°0 0100 01- (Y4 (3% 6T 124 81+30L0°1 1L A [d  TOINId  9Z0EV  T-68L7D d
0600 0LS0 0i00 I- $T 144 €1 - 81+90L0°'1 L1 AMWd  I0INId HT0EV  T-68LTD q
oL1o 090 o100 - 49 o 9¢ 81+30L0°1 Il WHS  TOSSHS [-dEEsV  1-C6IIV e |
) 4 2nsde)) ‘Y Hup) Uope)s JeIpINN PUsIS] AN 3MY],
no IN d Jenpisay 66’1 'OY  painseopy potBlpel]  pajEIpRUTY) WO AN [ <J WRLO ail al al ON dg],
adudng ‘poid 1e3H jeustey 1edH
% I Ansnusi) 4, ‘91°¥ 0€ 18 YIS Ao ‘1Y 0€ 18
“dusoy uonisuesn *) ‘dway uonysuen *o

2
e
Z
>N

(ponunuod) ¢ 9jqe],

42

NUREG/CR-6413




Resuits

02+300°1

(10qwids mofjoy & yim paygnuapl si ajejd gzogy Surpuodsariod oy JoquiAs prjos & (M
- poLIUSPT 21 BIEP JATYS AUL) SN Suipuodsaniod oy pue sjeuajew 2je[d gz y 10§ 9amo pual], 7] am3ig

[;woju] ABINL < T ‘@oudn|4

61+300°1 81+300°L 21+300°}

WD
ENHS/WLSY 820€V 2Ud8[] [BJsusy o

° ale|d 920cV dUo9|T [eleueD) o
o WD 920€V/Z0LSSH esnoybuiisepy e
aleld 920cV esnoybunsepy o
o WIND Z0LSSHMB8g v
ajeld 9206V Mg Vv
(WD o/m Ansiwey) ejeld 9Z0eY UesiN)
%M SLE'0=IN 'SEL'0=NOM 66} DY ——

(WLSY)
%M 81°0=IN '020=NQ /M66'1D9Y ———

0

T 00}

T 051

[4.] Yiys ainjesadwa] uonisues]

T 00¢C

S|el1a)ej\ J0}iUO\ uoije|alio)
uoiuedwo) Y3im sjeltaje ajejd 9zZ0CY 404 d9AINY) pudd]

V)74

43

NUREG/CR-6413




0C+300°}

(10quiks mo[[oY & YIIM POLIIUSPT 318 BIEP oM GZOLV Suipuodsanios

oY} ‘JOquIAS PIOS B WM PORIIUSPI 91 B1Rp ININD SUL)IWIND Suipuodsarzod o) pue sje1ejews pom gzogy JOJ 9AInd pudll, ¢] aindig

[;wosu] ASNL < 3 ‘eduan|4

61+300°} g1L+300°L L+300°1
_ _ 0
®
v .
* —
* v + 0§
v
'Y o ®v P
v \ﬁ\.\ -
- o 1 ool
[ J - ®
[ J
v WIND

SIHS/WLSY 920cV ol109|] [eJjsuss) o
PloM 8Z0EV oLjos|g esus o | O

INWD 920€V/Z0LSSH esnoybunsepy @
PIdM g920cY esnhoybulisepy o + 002

INND 20LSSH MBg ¥

PISM GZ0EV M8V
(Ansiway9 plepm gzoev uesin) T 0s¢

%M GLG'0=IN 'SP 0=NO/M 66D Y —
(NLSY)
o %M 81°0=IN '02°0=N) /M 66 L' DY ———

00e

Results

s|elia)ep\ J0JIUO\ uoe|alion
uotuedwon Yjm sjelsjey pIdp gZ0SY 40) 9AIND pual]

[4.] Bius aumesadwa) uonisues |

NUREG/CR-6413




Results

ozzo - olro sioo 6L 44} 0T 00T 0t- 61+2089°€ 1L PIRM 10gVOM 1-dEEsy 8pTl M
or1'o 00$°0 €100 L 8Tl 133 $01 0s- 6142089'¢€ L1 Avld 10gvod 1-deesv 1-71€8V M
00T'0 081°0 1100 14 129 SSl $61 of 61+2089'¢ 11 Wis NISVS H70EV 1Zy0V M

N dmsde) ‘10)083Y B)L107Z-0IIGB)) ISOf

NUREG/CR-6413

0TT0 o1r'o S10°0 - < st olt 06 0z- 61+300°1 L PP 10dVOM I-HEESY 144 M
ort'o 005°0 €100 9t ¥0l okl 06 0s- 61+300%°1 11 aeid 109vOod I-HEEsY 1-21€8V M
0070 0810 - 1100 1 601 14 091 oy 61+300%°1 L1 nis NISVS HC0EV 1zyov M

3y amsde) ‘0peay v)LI0Z-BIAIQE)) IS0

0820 0650 . 9100 6¢ 99 sot ott S LIH30LTL 1L Plom [OINVM l-deesy PY190¢ dq
osio 0T€°0 0100 I 8¢ 6¢ o L LI+H0LT'L 1L aeld 10INVd 1-deesy 1224 05) g
0s1°0 0Z€°0 0100 1z 8t Lt L 14 LI+30LT'L 11 Aeld 10INVd I-geesv I-v1160 d

q

0L1°0 0v9°0 010'0 9 9 +0b 9¢ LI+0LTL R nis TOSSHS [-HEESY 1-6611V
’ o amsde)) ‘[ Jaup) QUQ JLIPNN SESUBLIY

0870 06$°0 9100 ot $0T $81 061 S 61+309%°1 1L PIoM [OINVM I-HEESY 1900 q
0s1°0 0Z$°0 0100 6L- LI 8¢ 4 Ll 61+309%°1 1L aeld 10INVd 1-deesy I-+1160 q
0s1°0 07§°0 0100 £$- LIl ¥9 113 It 61+209%°1 L1 el FOINVd 1-dEEsy -F1160 g “
(VAN 0v9'0 0100 gL 14 89 911 14 61+209%°1 I nis TOSSHS 1-deesy 1-¢611V g

D smsde)) g juq uQ dgapnN 3»:«.&.:\

0s1°0 07s°0 0100 Ls- 18 74 Sl 61 81+208TH 1L Aeld TOINVd 1-dEesv (4187 q
0s1°0 (A1) 010’0 bl 18 133 (44 £l 81+308T'Y L1 aeld TOINVd 1-geesy [41285%0) q
(VAN 0v9'0 0100 8 86 0§ 86 14 81+208Cv LT nis TOSSHS 1-geesy I-¢611v q

g amsde) ‘ yun) QuQ JspINY SBSUBHIY

08T°0 06$°0 910°0 9t L81 ISt 951 S 61+20€0°1 1L PiPM T10INVA 1-deeEsy 1900 d
0s1°0 0I$'0 0100 oF- 901 99 €8 Ll 61-+20€0°1 1L deld 10INVd I-deeEsv I-v1180 dq
0510 0Z$°0 0100 8¢- 901 8 Ll 1e- “61+20£0°1 L1 el 10INVd I-HEEsY I-b1I€O dq
0L1'0 0v9°0 0100 €8 6Tl 9% 143 8P 61+20€0°1 L1 NS TOSSHS 1-dEEsy 1-6611V q
vy amsde)) ‘1 Jpun) ‘auQ JB3PNY sBSUBHIY

no IN d [BRpIY  66'1 “O°Y panseay paelpel]  pajeipesiu(y MDUAN [ <H Lo at ai al 'ON de],

ouany Pold LVdH JeLRBN L), |
Ansnusy) 9y 0c 18 YIS q-y 0t 1®
"dwsy uomsuen " “dusay vonpisues Ao

viep paxiodar gaa-ydd 1od s[eas [9ssoA ainssaid Jojoeal geggy Jo Alewumg i 9|qel,




Results

0LT0 orL0 £20°0 pl1- 6L1 91 §ST 06 81+2007°9 1L ploM 10130M I-EESY £5TEl M
ori'o 06b°0 600'0 87 8 ot1 141 st 81+2002'9 1L aeld 101404 1-HEESY 1-90$ €D M
ori'o 06v°0 6000 4! 33 001 $01 S 81+200L°L R g aeld 101304 " {-deesy 1-905€0 M
oLl’o 0490 0100 1 Sl 001 syl 137 81+2006'9 11 WHs TOSSHS 1-ggesv 1-s611V M
X amsde) ‘1 ) Ro0D D preved

oLTo opL'0 £20°0 LE 474 $0T sl 06 61+9088°1 plom 10130M 1-gEEsy £62¢l M
ovlo 06t°0 600°0 ¥ m 41! o€l ST 61+2088'1 L aeid 101304 1-gEESY 1-905€D M
or1'o 06t'0 6000 4 1 Il 0zl § 61+2088'1 L1 el 10130d 1-9EESY 1-90$ €0 M
oL1'o 0490 0100 o¢- 051 ozl $91 1% 61420881 I wias TOSSHS 1-9E£5V 1-S611V M
(1 amsde)) 1 Jun 300D D) PrEvoq

0LTo orL0 £20°0 A% 44 08 ot- 06" 81+2008'1 ET' 10130M 1-deesv £5TEl M
oF1°0 064°0 600°0 81 43 oL 06 174 81+2008°1 1L oweld 101404 1-HEESY 1-905£0 m
orio 06v°0 600'0 8 (4 09 9 ¢ 81+2008'1 I1 aeld 10140d 1-gEESV 1-905€0 M
oL1o 0r9'0 0100 ol- oL 09 $01 1% 81+2008'1 Il nWas T0SSHS 1-deesv 1-s611V M
_ 1 amsde) ‘g 3yup] oo D preuod

00Z°0 0r0'0 910'0 91- <8 69 61 0s- 81+20L6'L 1L PIoM 10200M 1-gEESY LETOL 0
or1o 099°0 $00°0 - 6 8 £6 6 81+2090°8 I aeld 70700d 1-a€esv 1-982Z50 o]
081°0 099°0 800°0 0 74| .14 £s1 $T 81+90p1'8 I Wys 10SSHS 1-deesy 1-8001V 0
€97 amsde)) ‘T Il SPID HAERD

i ZAl] 081°0 0b0'0 el €0l 65 6 0s- 81+2001°'9 1L Plom 101004 1-dEEsY LLTVEE 0
ozI'o 0v9'0 1100 - 4 09 89 8 $1+9000°9 1 g £0100d 1-dEESY 1-1bPbD o)
081'0 099°0 8000 8T- - 911 88 Lzl 6€ 81+2006°¢ 1 WS 10SSHS 1-dEEsY 1-8001V o)
£9TM dmsde) ‘§ U] SO HIAED

0110 0£5°0 110'0 AN 18 89 144 v 61+20E1'1 I1 QLU | TOEVOd 1-gEESY 1oLied M
oo 0050 £100 19 <ot ozl oL 0s- 61+20£4'1 L1 g 108v0d 81 {11%4 1-ziesy M
00T°0 0810 110'0 8z o1l €l 8LI oF 61420£Y'] I wis WISVS €qz0ev 1790V M
Jd amsde)) ‘10)d83Yy BIHOZ-BI2AqE)) IsOf
no IN d 1enpisay  66'1 ‘DY pansed pajelpen]  pajeipeLuf) MOMASN I < WRHO ai ai ai "ON — Sel,

sousng ‘poig LViIH Jenatey 1Y
Ansuay) q[-Y 0€ 18 YIuS qryoc e
‘dwizy vonisuen *D ‘dwz) uopisuen *
(ponunuod) 41 djqe,

46

NUREG/CR-6413



Results

09€'0 08L°0 S10°0 ol 092 0L orT ot- 61+900£'1 1L Plom 107 ANM 1-9EESY 1LSedl o}
0510 065°0 €100 £ L ozl 0z1 0 61+200¢'1 1 apeld 107 ANd 1-4EESY 1-ss6Ld o}
£L10 $99°0 1100 ol orl oSt $91 St 61+200€'1 L1 nys 10SSHS 1-dEEsY 1-8001V 2
sTv amsde)) Yuel] Jvajdn) NjuUB X JUfE
00£'0 090°0 $100 £L- 1€l 8¢ 8T Ot 81+30¥8'8 1L PloM 10TTAM 1-dEESY 9€106 2
ov1o 0190 9000 (4 L6 66 LET 8¢ 81+90¥8°8 I aeld 107TAd 1-ggesy 1-L9950 2
081°0 099°0 8000 ol €l 1 91 144 81+2098'8 L1 Wys 10SSHS 1-°dEEsY 1-8001V 0
YOI 2msde)) ‘Z I UOPE)S JoMOoJ aBI[ONN] JUOIS[TIA
00£°0 0090 710’0 16 L¥1 8€T 01 8z 8142007y 1L PlPM 10104M 1-ggesv v1¥S0E 2
001°0 0840 £10°0 6 1§ 09 8 44 81+2008¥ I1 aeld 10104d 1-HEESY 1-89L1V o
081°0 099°0 8000 91 801 74! 151 LT 81+3008't I Wis 10SSHS 1-dEESY 1-8001V 2
STTM dmsde)) 1 jjuf) uope)g unoys)) 1o
0120 0860 9100 L LT 1474 L91 Ly 61+2070°1 L HIET 1010aMm 1-9EESY vozTLT 'y
6L0°0 99t°0 0100 v Is Ly [43 S 61+2020'1 L1 aeld £010ad 1-€EESY 1-€6L20 M
0510 0s9'0 800°0 0 AR A 8s1 o 61+2020°1 11 WS ZOSSHS 1-dEEsY 1-s611v '
X amsde) ‘7 yup) uokus)) olqei
o1z’0 0860 9100 It £ otl 134 Ly 81+2086'7 1L Plom 1010aMm 1-€EEsY $0TLT M
LLOO 09%°0 1100 6T €€ N £ S 8149086 L1 aeld £010ad 1-€EEsY 1-€6L20 M
os1'0 0590 800°0 8 ¥L 99 Tl 9 81+2086'C g Wis T0SSHS 1geesv I-s611vV - M
§ amsde) ‘g ypup uokus) ojqeiq
06£0 0010 120°0 SE- LSt (74| 8s1 9€ 81+209¢€'9 1L PIoM 10£40M 1-dEESV g
0070 ovs'o 8000 (4 114! Ll 192! 91 81+2095°9 1L areld T0£40d 1-HEEsY TYPEPD |
6020 0bS°0 800°0 1 44| 74 wi 9l 81+909$°9 1L areld 10£490d 1-deesv 1-vbev0 d
oLT'0 0¥9'0 0100 oF €11 €L 1§41 8t 81+3095°9 I1 Wis TOSSHS 1-dEEsY 1-5611V 4
D amsde)) ‘g 3y JOARY [BISAID)
0LZ0 ovL0 £20°0 01- o1z 007 062 06 61+2090'1 Plam 101oM 1-dEESY £5TE1 M
oveLo 06b°0 600°0 81 L6 198! o€l Sl 61+2090°1 11 aeid 101304 [-EESY 1-90$€£0 M
orio 06t'0 6000 4 €01 o1 o1t < 614+30V€'1 L1 QLR 101304 1-HEESY 1-90$ €0 M
AN] ov9'0 010’0 st SEl otl ssi sy 61420021 L1 wis Z0SSHS 1-dEEsY 1-5611V M
X amsde) ‘1 3un) jooD °D peue(q
no IN d enpissy 66’1 "Dy painsed paelpel]  pajeipeuiup) MOAASN [ <T  WRHQ al ai a ‘oN del
. aouanjg ‘poig LvaH [euolelN 1eoH
I a1y 0€ 1% U1US g 0L 1 |
‘dw uomsuen *) ‘dwisy uonisuen D)

(ponupuod) ¢ sjqe .

NUREG/CR-6413

47




Results

0520 00L'0 1100 €l LT o 944 st 61+30b6'1 1L PPM 1010SM 1-degsv 1667 M
o110 005°0 7100 T 98 ol1 001 oi- 61+30¥6'1 11 aeld 101nsd 1-9EEsV 1-S1phd M
oL1'o 0r9'0 0100 9 151 spl 061 3% 61+30p6'1 11 nas TOSSHS 1-gELSY 15611V M
A smsde) ‘1 jun Auing
050 00L0 1100 8¢ LTl 91 ost sl 81+9088°C 1L PioM 101NSM 1-gEEsY Y1667 M
otro 0050 ¥10°0 4 9 0s oy ol- 81+900§°'C 11 avld 101n8d 1-deesv 1*S1$pD M
oLro 090 010°0 ol- 08 oL 91 114 81+9005°'C 11 WYs TOSSHS 1-deesy 15611V M
L eusde) ‘g yun) Lrang
0£T0 ofl'o £10°0 Lz 001 £L (174 £€5- 81+3091°L 1L Piom 101T1SM 1-gegsy 9€106 o]
0s1°0 0LS'0 500°0 1¢- 86 L9 SL 3 81+9091°L 11 aeyd 101184 1-degsv T-§€6SD - o
081°0 0990 800°0 £l- €21 ol 61 6¢ 81+9091°L L1 WHs 10SSHS 1-dEEsV 1-8001V o]
POIAM 2msde) T aun 3PN IS
0zz'0 0zs°0 1100 LE 791 441 SL 0s- 61+90€€°1 11 aeld £01VSd 1-EESY TL6E1D M
0£2°0 orso 0100 9 1Ll $91 orl st 61+20€€'T 11 aied 701VSd 1-dEgsy TH5€10 M
0TLo 0£5°0 0100 9 91 oLl 0s1 0t 61+90€€'1 11 aeld 101VSd 1-ggesv 1-¥$€10 M
or1'0 089'0 Ti0'0 §T o1l SEl $81 0s 61+90€€°T 11 Wds T0SSHS 1-9EEsV 1-s611V M
Z amsde) * yuy) uoEs
091°0 09Z°1 6100 - 807 <91 o€ et~ 81+9016'8 1L PPM 101VSM 1-gEEsv 96146¢€ M
0zT0 0z$°0 1100 4% 92 otl 09 0s- 31+9016'8 11 aeld £01VSd 1-dgesy TL6ETOD M
or10 0890 7100 9 66 szl A 0s 81+2016'8 11 Was TOSSHS & (X347 1-$611V M
X amsde) ‘) yjuq) wopss
0zT'0 0750 ‘1100 0z 6 SL 194 0s- 81490967 1 aejd £01VSd 1-HEESY TL6ETO M
0£T°0 ob$'0 010’0 0 001 001 SL sz 8149095°7 11 aeld 701vsd 1-dEesy THSEI0 M
0720 0£5°0 0100 § $6 001 08 0z 81+209¢°7 L1 aeld 101VSd 1-ggesy 1-¥$E10 M
or1o 0890 2100 t- v9 09 oll 0s 81+9096°C L1 WYs TOSSHS 1-dEEsY 1-$611V M
1 amsde) ‘[ yuy) uiafes
09€°0 0840 $10°0 £ L§T 097 0£T o¢- 61+205T'1 1L plom 10 AWM 1-deesy 1L5¢d1 o)
0s1°0 065°0 €100 v 911 0zl 0zl 0 61+9057'1 11 arld 10 ANd 1-EEsY 1~$56L9 o)
£Ll0 $99°0- 1100 €4 6¢l 091 L1 sl 61+2052°'1 11 Wis 10SSHS 1-HEESY 1-8001V o}
_ £STAL YuBYJ ABIPNN FUBX AUTEIA]
no IN d Jenpisod 661 ‘DY PANSEIN polelpel]  pajeipesiuf) MOUASN [ <H WMo dl ai al ‘oN de],
souanig ‘poid LVHH {euaey oY
Answsyd q1-¥ 0€ 1® YIy§
“dussy uorysuen *D -dway uopisuen )
(penuiiuoo) p sjqe],

48

NUREG/CR-6413



Results

0s€'0 0L$'0 0Z0'0 6z 2% S0 607 % 61+3095°1 1L JENY 10INZM 1-degsy $01ZL M
o110 " 06v0 0100 14| 8 v6 611 94 61490951 11 areld 10INZd 1-EESY 1-s£8Ld M
o110 06b°0 0100 o1 8 6 L8 $- 61+2095°1 I areld 10INZd 1-9ELSV 1-s€8L6l M
AN] 0r9'0 0100 I 1 (14 11 w 61+9095°1 I1 Was TOSSHS 1-gELsY 1-s611v M
A v—-—mﬂao .— N J10)28Y oza_& ABI[INN :ewN
0s€'0 0Ls 0 0200 LE (4% s6l 661 v 61+2008'1 Il Pl T0INZM 1-dggsv $01ZL M
olr'o 06b°0 0100 I- 18 08 501 §T 61+3005°1 1L awd 10INZd 1-dEEsY 1-s£8Ld m
orro 06b°0 010'0 £1 LL 06 <6 $- 61+200Z'1 I aeld 10INZd 1-4EEsV 1-s£3Ld M
(AN} 0¥9'0 0100 0z ovl 0zl 291 w 61+200b'1 I WS TOSSHS 1-degsv 1-s611V M
X amsde)) ¢j ypuq) L0)ouaY JuB] JBIPNN UOlZ
0$E0 0LS0 020'0 € 707 661 £027 v 81+2076'8 1L PieM TOINZM 1-EEsV s01ZL M
olro 0640 0100 1- 1L 09 <8 $T 81+2076'8 1L aeld 101NZd 1-dEEsV 1-s£8L6 M
orro 0640 0100 1 7 <8 08 §- 81+9076'8 11 aleld 10INZd 1-gEgsy 1-s£8Ld M
oLl or9'0 0100 9 74| o€l Ll W 31+9026'8 L1 Wis TOSSHS 1-gegsv 1-$611V M
n 0—:2—@0 «— nn 03083 uBjd hau—u-—z uoyz
05€°0 0L$0 0200 6T- 112 AR 911 v 81+2090°C 1L ploM 10INZM 1-geEsy $01ZL M
oiro 0600 010'0 s1- or T 0s § 81+2008°1 1L aweld 10INZd 1-gEgsv 1-s€8L9 M
o110 0650 0100 0z oy 09 949 §- 81+9008'1 Il aleld 10INZd 1-gegsy 1-s£8Ld M
0L1'0 0r9°0 0100 ¥ oL 99 301 w 81+3008'1 11 wis TOSSHS 1-geesv 1-5611V 'y
€L vnzmﬁau .— UM 10)08IY JuBl] .-a@—o-z uoyz
061°0 0950 L10'0 9 101 $6 SL oz- 81+3070°€ 1L PloM 10ZnSM 1-gEEsv LTT M
otro 0ps°0 140X} . 6 Sy 0s $ 81+2020°¢ 1L sy 10znsd 1-dEcsv 1-6€€b0 M
0110 0v$°0 7100 9 o 4 0s $- 81+90T0°€ I ae|d 102n8d 1-gdeesy 1-6£€P0 M
oLl'o 0r9°0 010'0 92- 98 09 001 o 81+2020°€ I1 wWias ZOSSHS 1-deesv 1-5611V M
X amsde) ‘7 yun) Luang
061°0 0950 L10'0 Te LLl Syl 94| oz 61+0088'1 11 LETY 1020SM 1-HEEsY LTT M
otto 0rs°o z10'0 11- 98 SL 08 $ 61-+2088'1 1L oe|d 102084 1-HEESY 1-6£€v0 M
o110 0rs'o z10'0 - 98 SL oL s 61+2088'1 X1 aleld 10Z0Sd 1-degsy 1-6£€40 M
AL 079’0 010'0 o¢- 0s1 0zl 91 117 61+2088'1 11 WYs TOSSHS 1-gdEcsv 1-s611V M
A amsde) ‘7 yup Armg
no IN d Jenpisey 66’1 "D painsea]y pajeipeN]  pajeiperIun) MOAASN [ <H  WRHO ai al al Y e,
souanjq "poid LViaH jeLsie 1oy
Anstusyd q1-Y 0€ 18 YIys q-y 0¢ 1®
. "dwiay wonisuen *) -dwiz) uonisuen) *y

(penunuoo) ¢ sjqel,

NUREG/CR-6413

49




Results

‘asnoy3unsom -M ‘Sussurdug vonisnquiod - O Xodip 9 %o0dqed - g ‘PloLd Fel,
PUS ‘T A%y “66°1 DY - YIS posaseaws se paulyop si jenpisay
Yuys eamesaduia) UonIsUen qI-Y 05 +

0560 0LS0 0200 - 137 0t 01z ot 61+9087 1 11 PRM TOINZM Tacesv SO1eL )
0z1'0 0€5°0 0100 1€ 06 121 oLl 6 61+908%°1 L aneld 10INZd 1EEESY  1-LOOVO M
0z1'0 0£5°0 0100 v 06 88 szl Le 61+208Y"[ L1 oreld 10ZNZd 1HEESY  1-L00KO M
oL10 0b9°0 0100 L wi s€l $81 0s 61+208t'1 I s Z0SSHS 1gEEsy  IS6lIV M
X amsdu)) ‘7 yjup) J0jauay yuely J8IPNN] UOTZ
0S€°0 0LS0 0200’ 6 9¢1 svl 741 £z 81490787 L1 PioM 10INZM 18311734 $017L M
0z10 0£5°0 0100 £ op 6b 86 6¥ 8149000 1L el 10ZNZd 1-EEESY  1-L00YO M
0z1'0 0£5°0 0100 8 9 8¢ SL LE 81490007 L1 ol 102NZd 'HEESY  1-L00KD M
0LI'0 0v9'0 0100 £2- €L 0s 001 0s 8142000 hig WS Z0SSHS 1EEESY TSIV M
n 0—-—2—&0 .N N J0)O8IY U] JBIPIN)N] UOFZ
0S€0 0L$'0 0200 6 viz sL1 6L1 v 61+2001°1 L1 PIM 10INZM 18: (1134 $017L M
0z1o 0€£5°0 0100 9 ¥8 06 6€1 6b 61490011 I el 10ZNZd 1-EESY 1-L00¥O M
0Z1°0 0£5°0 0100 £ 8L SL zu Le 81+200L'8 11 s 10ZNZd 1-GEESY 1-L00KD M
0LI'0 0v9'0 0100 8z 821 001 0s1 os 61+9000°L €I WS ZOSSHS 1EEESY 1561V M
) L Ognﬁau .N WU[] 10J0BIY JuUB]J JBIONN\] UOTZ
no N d [P 661 DU PImSEIN PABIPEL]  poIpRLIN)  WDUASN [<d  WRHO dar ai ar N 0T

souan|y poid IVaH [ 1eoH

Ansiuiag) qi- O£ ° YIS qryoee

"dwiay uoisuen *y

“dwa) uomisuen 4y

(ponunuod) 41 9qe,

50

NUREG/CR-6413




Results

02+300°)

joquiks mofjoy e yym payynuapt st aefd [-g¢¢gy Surpuodsaiiod oy pue ‘joquiks prjos e
I paiuapl o1e vIep NS YL SN Sutpuodsariod oy pue sjeriojew ajeid [-ggESY J0§ 9AIND puss] [ smSig

 [;wou] ABINL < T ‘@ousn|4

s|elIa)e\ JOJUON UoIe|a1I09)
uojuedwo?) ypm sjeriajely ajeld L-ggesy 403 9AINY pual]

6L+300} 8L+300°} L1+300°}
fe——— . r r b 0
o
v

v o T 02
v Y Tor =
vy ° o
0 @
o] (-4 © o ® P + 09 =
o o <}
o~ =
_~7" WINO LOLSSH Butiesuibuz uonsnquoy & 708

7’
o ©Meld 1-8eeSy Bulssuibuy uoysnquoy o | o0 .m
®
INWO €920€V/20LSSH esnoybunisepy m
TO0C =
ajeld L-g€esy esnoybuysepy o A
tor
°_~ WWO ZOLSSHMBg v =
P4 ® .Iu
* 7 ojeld L-8EEsY Meg v .
7 L T 09 et
_ o (WWD o/m Ansiwey) ajeld L-gEESY
e ° uesiN) %M LG 0=IN 'LiL 0=NJ/M 66} DY —
e (20LSSH) + 081
- | %W $9°0=IN £1'0=ND /M6’ LD — - —
002

NUREG/CR-6413

51




02+300°1

[OqUAS MOJ[OY © Y3IM paLyIuapy St pjom Surpuodsariod oy} pue ‘[oquAs prjos ¢
UM pagruspl o1¢ B1ep NS YL SWIND Suipuodsarioo sy pue s[eLajewl pjom [-gEESY J0 SIAIND puaL], G| amgig

[-wosu] ABINL < T ‘@ouani4

61+300°'L 81+d00°'L LL+300°1
S — . N : 0
v__-
v v ° - T 08
© o
v ®ov
®
v ° ° \\\ - 001
00 o L —\‘Eo
LOLSSH Bulesuibug uopsnquio) o
PI®M

L-geesy Bueaulbulg uolisnquio)d o
ININD 920€V/Z0LSSH esnoybulysapy e
PI®M L-gEEGY @snoybunsapy o
ININO ZOLSSH M=2E ¥
PIOM L-9EESY M8 ¥
(Ansiwey) plep L-g£esY uesiy)
%W 6GS0=IN '6.20=NJ/MB6°L DY —

(20LSSH)
%M #9°0=IN ‘L1'0=NI M B6°L' DY ———

- 054

- 00¢

- 09¢

Results

sjeliajej\ J0}IUCN UoejaLIo)
uojuedwo? Y)m sjeuajely PIoM L-gEEGY 10} aAIND pusi)

00e

[4.] Wiys aunjesadwa uonisuel qi-y o€

‘NUREG/CR-6413

52




Results

o
et
3
00£0- 0980 0200 9 vEE ove £9€ £ 61+3Z19 L SuBlog  QIZoYvDd  9EEV ozlz o o.n
0800 0080 $70°0 961 v oLt L1Z £s- 6149999 L1 SuBog  griogvod  9Eev $L91 9 U
0070 0810 9100 6 Tl 11 8Ll LT 61+3Lb'S I WIS  ISWISVS HI0EV 1Zvov o U
DvI) omsds)) ‘ouspdpen m
00€0 0980 0700 LT 887 192 2.14 €T 61+9Eh'T 1L Sw8ioy QIoYvdd  9EEV 0TIz o
0800 0080 $20°0 001 79 791 601 £s- 61+217°T L1 SuBiogd qiogvod 9tev $L9T o
0070  081°0 9100 L 1441 St wl LT 6149127 I1 WiS  TSWISVS HI0EV 1Zvov o
gr11 amsde) ‘oueydpiesn
0060 0980 0200 L 44 143 zse £ 61+359% 1L BuBioy dARoYvOd 9EEV 0zIT D
0800 0080 $20°0 LOT oL LLT T €s- 61-+98'y 11 SuBiof QIIOYVOd 9EEV $L91 o
0020 0810 910'0 8T 6€1 L91 61 LT 61+9§9°p I1 WdS  ISWLSVS HZOEV 1200V o
Vi1 ousde)) ‘ouepdped
0060 0980 0200 L L0T 002 €T £ 81+99L'9 1L 8wl QIzodvOd 9tV 0TIz 9]
0800 0080 $200 LL 4% 144 I oL £s- 8149929 11 Bwdioy QI0dVOd  9EEV $L91 o
000 0810 9100 ST 16 901 ££1 LT 8I+3LEL L1 WYS  ISWILSVS €HIoev 1200V o
acr omsde) ‘ouepdpen
00£'0 0980 0Z0'0 €€ 44 §9Z LST 3 61+900'1 L 8wdiog a 9EEY oziz D
0204vo4
0800 0080 $70'0 Y4 0s 8Ll 601 69 81+207°6 L1 SuBiog a 9EEY $L91 0
o104vod
0020 0810 9100 £ £01 9T1 €51 LT 6142011 1 WIS ISWISVS HI0EV 1oV o
geri omsde)) ‘ouspdpien
0z0'0c OIS0 1100 L 1z 3z vy 9l . 6149671 11 Swdoy  zolgAd T-80SV  980MdS g
0¥00  OLLO $00°0 9z 32 z vT- 9z 61+367°1 1L Swdiog 101903 TBOSV  PPIXET] g
OLI'0  0b9°0 0100 1€ LET 901 st st 61+967°1 X1 Wis TOSSHS 1-A€ESV  1-S611V |

v ameds)) ‘I Ju[] UONB)S JIMO] IBIPRNN IS -SJAC([

no IN d [enpisoy  66°1 O paunsedpy pareipeli] pajelpruun MOUAIN [ <H Lo at ‘al aI JaquinN 3y,
sousnfy
Ansiuat0 -y og 18 ql-y o e
*dwsy uonsuen ) “dwiay uoysuen o

ejep pauodar gqa-yd 1od s[ea)s [9ss2A 2nssaid 10301 Suidio] Jo Areurnung ‘g 9[qe],




e e |

0P00. 0SLO 9000 i 81 oLt 1 8T LIS LAY 1L 8wdioyg 1070031 T805V 6$€TE d
000 0sL°0 9000 81- 81 0 o¢- 42 8l+3LE'E 17 Sudiog 102004  T-805V 6SELdE d
(VAR 0b90 0100 61" 06 1w 611 14 8i+3LeE 11 nis TOSSHS  1-deesvV 1611V q

v amsde)) ‘7 Jpun) UOpEIS JBIINY] IIUOID

090°0 0sL0 0100 1¢- 1€ 0 0s- 0s- 81+26¢°C 11 3uwdiod  7oAMMA -80SV IVAL9IXELI M
0500 01L'0 0100 it it 0 ST ST 81+496¢°¢ 11 Swdiog  10dMMI TBOSV  TVABOTXITI M
(AN 090 0100 (4% Lot $6 or1 114 81+96¢°¢ L1 s C0SSHS  [-deesy  1-§611V M

A ansde)) YUl 1Mo J8IPINN 2IUNBMIY

0900 0sL'0 0100 T 144 07 ot 0s- 6143L0'T - 11 Suwdog  ToIMML  TBOCY  IVALIIXCTL M
0500 0IL'0 0100 (14 144 st ol- ST 61+3L0°T L1 8wBlof  jogmMd  T-805V  IVAS0TXITI M
OLY'O ob9'0 0100 £l 139 ovi $81 194 614+3L0°T higt wis TOSSHS  t-deesvy  1-6611V M

o amsde)) uepd JoMOJ I8N JIUNEMIN]

0900  0SLO 0100 Lt Ly 07 o¢ 0s- 61+268'7 L1 SwSiog  7oAMMA  TBOSY IVALIIXETI M
0900  OIL0 0100 (4ol Ly 144 0 ST 614968°7 LT Suiiog  [oaMMd  T80SV  IVABOTXIZI M
oLI0  0¥90 0100 6 91 ss1 00Z St 61+968°7 11 wis TOSSHS  1-d€esY  1-$611V M
J amsdu) Yuel] Jamod aEapn) IUMBMIN]

&
0L00 0690 oto'o € 13 0 174 194] 81+206'% J1 8wSiog  ZONIDA TROSV  §STSSTI M
0500 0690 0100 0 T 11/ I o 31+906'F 11  SuiSiof  JONIDA T80V 999d$TI M
0020 0810 1100 o1 08 06 o€t ov 814906'p 11 s WILSVS  €Z0EV 1Zhov M
A2msde) 1 aup) yuwld 183NN BUUED) J Haqoy
0L00 0690 o100 Is- Is 0 ST §T 61+35L'1 11 Swdlof  ZONIOd  TBOSY  $$TSSTI M
0500 0690 010’0 T 9¢ i o1- ot~ 61+35L°1 11 BuBiof  JONIDd  TBOSV  999dSTi M
00z0 0810 1100 194 38! 0r1 081 or 61+3sL'1 11 Was WLSVS  €Z0ev 1Zv0v M
L amsde) ‘T ppup) Juely Jeapny vuulg g H3qoY
0L00 0690 0100 1z 42 07 6 6T $1+°09°L 1 Swdlog  ZONIDd  T0SY  SSTSSTI M
0500 0690 0100 0¢ 6T 6s 11 8- 81+909°L 11 Swdiog  [ONIOd  TR0SY  999dSTI M
00Z0 0810 1100 14 6 96 9€l oy 81+909°L 11 wias WISVS  HIoEY 1TH0V M
, o amsde) ‘7 yqun) Juelg Jeaony suups) “J Haqoy

no IN d Jenpisoy 661 'OY  PAuNsedy  pjeipeu] pajelpelun MU AW T <H el dl ai at oN B 2

ouanjy ‘poig 1oH JeldB N tesy M

ARspuayD) q1-y o€ 1 91y 0€ 12 e

‘dwo) uonisuen ) ‘dwzy uonisuen *o O

-~

@ (ponunuoo) ¢ 9Jqe L &)

g
=7




Results

8800  0ILO 600°0 9T- 9 o€ 0s- 08- 81+95H'6 L1 SwBrog  zozddd T-80SV  IVAOOSAETI M
1500.  00L0 0100 b~ 1€ Ll 3z Sp- 81+95h'6 LT Swdioy  [ozddd  T-80SV IVAS6IMZTI M
oL10  0v90 0100 1z 9z1 ol st o 81+35h°'6 I Wus T0SSHS I-dEEsY  1-6611V M
L amsde)) ‘7 yup) el 182RNN YouIY Yo
8800  OIL0 6000 1 SL 9L b 08- 61+oLY'E I1 8wdiog  z0zddd 7805V IVAOOSAETI M
1500 0040 010°0 S 4% L 4 a G1+OLYE LT Swdig  10zddd T80V IVASEIMIZTI M
0L10 090 o100 §z- oLl Pl 61 6 61+3LY'E 11 Wis TOSSHS 1-d€esV  1-6611V M
S o—...ne—anv .N u—ﬂD o—-a—a— .—ao—u-__z -—uaum eﬂdom
8800  01L0 6000 € LY oL ol- 08- 614910 11 Swlrof  70zddd 805V IVAOOSAETI M
1500 000 0100 € 8¢ ¢ ol- e 61+910°7 LT Suidroy  10zddd  T80SV IVAS6IMITI M
oLI0  0v9D 0100 1- 144 151 00Z &y 614210'C 11 Was TOSSHS  1-6EESV  1-S611V° M
~— v—u.m.—anv .N jufy u-—ﬁ—m .-uo_o-.z Yoeay jujog
0100 0£L0 1100 £ (44 sy of 6 61+osh°1 1L Sullg  70€004  TYOSV  pIELLS g
0200  09L0 r10°0 6 T 1€ (44 6 61+951'1 1L SuwSo§  10€004 TBOSY 61T g
0L10  0b9'0 0100 o 112 611 151 (43 6143511 11 Wds TOSSHS I-degsv  I-611V |
a 0—52—&0 .n :-D =°=5w .—au—u-—Z vo-ouo
0100  0£L0 1100 $ vl 61 o1 6 81+9Z1°€E L Swdlogy  T0£DOd  TBOSV  pIETIS g
0200  09L0 v10°0 8t vl 43 Al 6 8149Z1°€ 1L SBudiogy  10€00d4  T-80SV 61T d
0L1'0  0¥9°0 0100 b~ L8 6€ 6 9¢ 81+9Z1°¢€ I Wys TOSSHS  [-degsv  1-6611V d
4 amsde)) ‘g Jjup) UopB)S IBIPRN] 32U
0b00  0SL'O 900°0 LT Lz 0 o¢- 82 6149171 1L Swliog 107004 7805V 6$€TdS g
0¥00  0SLO 900°0 SI- LT Al 4G ve- 6149171 LT Swdiod 102004 T-80SV  6SEZdE d
0L10 090 0100 o s€l $6 €1 12 6149171 I1 wus TOSSHS 1-HE€ESV  1-6611V d
q amsde)) ‘Z 3uq) UOPE)S JBIPNYN U
o¥0'0  0SLO 900°0 1- 11 0 vL- Ie- LI+oEp'6 L Suwdiog  10z004 T8OSV  6SE€ZdE d
0v00  0SL0 9000 9l 11 Lz v 1€ LIH3EY'6 L1 SuBiog 102004 T30SV . 6S€TIE d
oL1'0  0v9'0 0100 o1~ 143 #Tr 9 LI+EY'6 I1 Wis TOSSHS I-4€EsV  I-§611V d
D 0—-—2—&9 .N omﬁ_.u uopes h«u—uSZ 00-500
no IN d lenpisay  66'1 ‘DY pANsEAy  PajRIpe] pajelpelnup) AOUAIN T <F Ly dl ai al "oN Je]
. sousnyy ‘poig Loy Jeuoey ey
Ansiuayd -y o€ e qI-y 0g e
“dusoy uonisuren *y -dwag uonisuen "o

(panunuo) g1 9[qe,

NUREG/CR-6413

55




8
!

$80°0  ooL0 1o’ SI- 144 - 0¢ i 0 81+96b°s L 8uBrog 1071dd  £-80SV WoTT M
$80°0 00L'0 1100 o1- 14 4% ol sT- 81496b'S 11  8uiog 10ZIdd €805V Thote I\
OLT'0  0v90 0100 81 L01 34| oLl 144 81+36¥'S L1 Wis T0SSHS I-HEESV 15611V M
A dmsde) ‘z jpu pusis] spyelg
$80°0  00L0 1100 oz- 199 € € 0 . 6143501 1L SuiBsog 10Z1dd  £-805V AL T4 M
$80°0  o0LO 1100 0 S 144 o€ sz 61+960'1 L1 8udrog 102dd €805V WoTT M
OL1'0  0b9'0 0100 0 o€l 091 $0T 197 61+360'1 L1 Wis TOSSHS  1-9E€SV  1-5611V M
1 amsde)) ‘7 ypup) puslsf sppeag
$800 00,0 1100 ol SL 8 <8 0 61497 1L Sudiog 1071dd €80V AL TAA M
$800  ooL0 1100 T SL 001 SL sT- 6143z 171  Suliog 10Z1dd €805V Wty M
0Ll'0  0¥90 0100 v 9Ll 081 44 sy 61497y 11 Wis TOSSHS  1-dE€sV 1-6611V M
o omsde)y ‘7pun puvisy spesy
0900  0ZL0 £10°0 9 o€ vT £ Lz 81+21Z°§ 1L BuBiog 1011dd €80V 81612 M
0LT'0  0v90 0100 s <01 o1l 651 o7 81+21Z°s hig| wis T0SSHS  1-d€€sV  [-§611V M
A amsde)) ‘7 3qup) pusis| appayg
0900  0ZLO £10°0 Lg 0s L8 09 Lz 61+3€0'Y 1L SuBiog 1011dd  £-805V 81612 M
0900  0ZL0 €100 o¢ 0 08 144 ST 61+3€0' L1  SuBiog 1011dd  €£-80sV 81617 M
0LI'0  0¥90 0100 (4| PL1 981 $ET 6 61+9€0°p 11 wis T0SSHS  I-dEESV  [-S611V M
o amsde) ‘q ypun pueysy appeay
0900  0zL0 €100 z 6€ LE ol LT 61+36T'1 1L SuBiog 1011dd €805V 81612 M
0900  0ZL'0 €100 6l 6€ (iY4 ¢- s 61+36T'1 11  SuBiog 1011dd  €-80sV 81617 M
0L1'0  0p9°0 0100 or 9€l 91 19174 6 61+9¢T'1 L1 Wys Z0SSHS I-°HE€SYV  1-§611V M
d amsde) ‘1 puesy appeag
8800  0ILO 600°0 sl St o€ 0s- 08- S1+9pL'Y LT 3wdiod  z07ddd -80SV IVAOOSAEZ] M
100 00L'0 0100 s- 144 0z g ss- SI+opLY LT Sudiod  [02@dd  Z-80SV IVAS6IMZII M
oL1'0  0¥90 0100 - 101 06 s€l sy S1+9pLp I wWis T0SSHS I-6EESV 1611V M
A dmsde)) ‘7 yqun) yuelg asappny yowag jujog
no IN d [BnpISSY  66'1 'Oy  pansesly  pajelpeli] pareipeddiu) MOUAIN [ <F EITS) dal ar ai ‘ON Sel
Ausny ‘poxg Lo | Jeuaye JLE A |
Ansiuayd qryoc e Iy 0g e
“dwia) uonpisuen ) “duisy vonisuen *p
(penunu0d) gy 3yqe

56

NUREG/CR-6413




Results

NUREG/CR-6413

asnoyBunsap <M DLORJY [BIUID - © XOOJiA % Yoooqeg - g ‘Plovd Fel,
YIS ST A% 661 9pInG ‘39 - YIs pasnsesws se pauggop st jenpisoy
YIS ainjesaduwa) uoniswen q1-y 05 +

9500 00L'0 1100 ST 0t S vT- 6T- 81+350'9 L suizioy 10bdLd  T-80SV  IVAO8ISTZI Mm
(TANY 0v9'0 010’0 0T 011 06 SEl 114 81+3609 11 nis TOSSHS I-9E€sV  1-S611V - M
1 ansde) ‘p Jpun uope)s Jamog avapny yujog Anpng,

SO0 01L'0 0100 9 St |84 . 6T (4% 61+36T'1 L1 Suigiog Zovdld  T-30SV IVAISYdETI M
950°0 00,0 oo 9z- Le vT- 5% 6T 61+9¢T°1 L1 8uiBiog 10vdLld 7805V  IVAOSISZII M
0L10 090 0100 1z 9¢l «S11 194 6149671 LT wis TOSSHS  1-€HEeEsV  1-6611V M

S amsde)) ‘p yjun) vopeg JamoJ asapny ujog Ky,

6L0°0 0890 0100 [4 €S 113 S 0s- 61+9€7°1 11 3uBrog TOEdLd  T-80SV TVA99ZSET] M

0020  081'0 1100 61 901 94| 091 € 6149671 I Wis WISVS  dzoev 1Zv0V M
A dmsde) ‘g Jju)) uope)g Jomod Jeapany Jujod Anpng,

57

8500 00L0  010%0 o€ o€ 0 Lp Ly 81+989°¢ LT Buwiof  jogdld  780SV IVAIOMIEZI M
0020 0810 1100 r v8 8 Lt 33 31+989°¢ LT W¥S  WISVS  g7oev 120V M
L amsds) ‘g jpu) uope)s Jomog deapny jujog Aapany,

6L0°0 0890 0100 L 139 8y eI £9- 61+31¢°1 11 Suidioyg TOEdLd  T-80SV  IVA99ZSETI m

800 00L°0 0100 Le 6¢ (4 Sh Ly 61+31#°] I1  Sudiog 106dLd  T-80SV IVAISKIETI M
007’0 081°0 1o (14 011 »681 113 61+31¥°1 17 nis NILSVS  droev 120V M
) § amsde) ‘¢ jju) uope)s Jamog deapny| Jujog Aapny,
no IN d ILOpissd 661 ‘DY pasnseopy Pojelpel] pajeipediiuny MU AN [ < WO at al at CON ey,
N ‘poid oy JeuRle 180l
Ansnuayy -y o 1® 91y 0€ 1
‘duizy uonisuen %) “duisy voipsuen )

(penunjuod) g o[qe]




[oquiAs MO[joY & \m paynuspt st Suidioy Suipuodsanos ay) pue ‘[oquIAS piOS B YIm
paynuspI a1e ejep JANYS YL SININD Sutpuodsaiios oty pue sjeuajews Sui§ioy JoJ 9Amd puai], 9§ am3iy

[wosu] ABINL < 3 ‘@ouan|4

02+300°'L 61+300°L 81+300°} L1+300°}
oW —t+————g8o0——¥— , A ; ; 0
T 05
=
v o o W
o v e o o7 T00L @
. v® _-% =
o * IWIND 820V WLSY oueljbues e S
o o
d * o ¥ T e, BuiBiog geey oueyibuen o T 05k w K
® -
S 4 ° INWO 820€V/Z01SSH @snoybunsepy  ® -
- i Buibio4 3
° €-80GV/Z-805Y 8snoybunsepy  © 7008 =
: -
o
IO Z0LSSH Mg ¥ o
1 =
R Buibio z-806Y MBY ¥ 05
o ° _ (Anysiwey) Buibio4 -80Sy UesN —
° %W 02/ 0=IN ‘€50°0=NO/M 661D Y —— |
(¢0LSSH L o0
%W $9'0=IN ‘2L°0=NQ /M 66} DY — -~
o
(-4
0s¢e

S|eLi9je|\l JOJIUO\ UOoI}e|84i0)
uoluedwo) Y}m sjeLiajey Buibio 10} ANy puad |

NUREG/CR-6413

Results




ejep pauodar ggg-yq tod
SIIND T-9€€SV TO/T0LSSH PUe Z0EV INLSV 10J ouanj sA 1ys LN OUB[JIPAINS JO 304 S am31y

Results

[zwosu] ABI | < 3 ‘@ouanid

NUREG/CR-6413

02+3000°} . 61+3000°| 81+3000°}
e ; : : 0
ejeq 39 asnoybunsspn ° T OF
Wwoyy |-geesv 20/L0LSSH X B X : —f
J
X X X W
ejeq asnoybuysapn gZ0EY WLSY © 'Y X 73
o % —
=
o 1 o
o o 08 3
X oo -~
00O o ® o
0 X = )
o
o M % X o .M .
o X b 4 . +02l D
o X X =
o x x % =
XX @
o o x O wmn
o (o} X X 2.
X =
X T 09l =3
1
Bemmd

: . 00¢
ejeq papoday se ga3-Nd Wodj sjeriaje JO}NUO UOIje|a1l0)
10} @ouanj4 "SA JIys ainjesadwa] uonisuel] aosue||iloAINg




I IE——————————————

-asnoySunsop, woly sjersasew ae(d [-gEESY PUB GZOEY 10§ duanyy Isey sa Yiys sanjeradwa) uonisues) Jo J0jd 81 31

[;wou] A9 <3 ‘@ouanid

02+3000°} 61+3000°} 81+3000°L
0
1
4
v
v
% 14
9 'S # Ve °
wi o . v v ¥
. rﬂ _ m v v
v v o % v
o v |V . v v d ° o8
v °
«q vV v oo “ f
v v Ye « ..q o]
v v °
» v vV g P vi®
v o v
v ‘:IO V WV 0cl
Y " e | T
» e % 4
v v
@ ®
v It
o % £20=>n0=>7 0 |-geeavo | 09}
o . %W SZ'0=>NO=>Z 0/ HZ0EY @
v %M Z'0>ND>1 0/M L-BEESY V
%M 20>ND> | 0/M BZ0EY W
%ML 0>NO/M L-BEESY ©
%M L'0=>NO/M GZ0EY @ ooz
" ejeq asnoybunsap
m wiolj dduanj4 "SA Jiys GLSH—NLQQEQ._. :O_u_m—._ﬁ._,._.. 9}|d

[3.] 3ys ainjesadwa] uonisuea)

60

NUREG/CR-6413




Plate Transition Temperature Shift vs Fluence vs Copper

from WestinghouseData/ \
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Figure 19 3-D plots of RTypy shift vs fluence vs copper content for A302B and A533B-1
materials per Westinghouse data
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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 the model of the R.G.
1.99, Rev. 2. Significant scatter is noted in the data,
some of which may be attributed to variations from
one specimen set to another. 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. 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, information 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 AT,, 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 as 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 specimen), 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
account 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 warning flag pointing to a possible anomalous
capsule environment. The most likely reason for
deviations from the trend curve is the capsule tempera-
ture; fluence and fluence rate can be determined fairly

NUREG/CR-6413

accurately, and possible effects from these sources are
relatively small in a power reactor environment. A
quantitative relation between irradiation temperature
and AT, 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 effects must be considered if material- and
reactor-specific trend curves are established.

The investigation shows that results from CMMs can
indeed be used to detect anomalies in the surveillance
capsule irradiation. Nominal values for the AT, in the
CMM for a given fluence can be determined from
R.G. 1.99, Rev. 2. Any significant deviation from the
trend curve should be investigated as to the possible
causes. The exact location of the test samples within
the plate should be ascertained, if possible, 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 from a
more realistic curve-fitting model, which incorporates
the chemistry constraints into the regression analysis.
Influence of irradiation temperature may be inferred
from 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° t0 4.6 x 10" n/cm?®s, whereas for B&W data
it ranges from 2.4 x 10'® t0 9.66 x 10" n/cm®ss, for
CE data, 2.3 x 10'°t0 6.31 x 10" n/cm?s, and for
Westinghouse data (not including Yankee Rowe data)




7.5 x 10° to 2.47 x 10" n/cm®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
fuence-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 fluence 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 from the
CMMs irradiated over a range of fluence rates are
needed to establish the fluence-rate effects with
confidence.
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APPENDIX A

HYPERBOLIC TANGENT FITS AND UNCERTAINTY STUDY FOR A302B
AND AS33B SURVEILLANCE REFERENCE MATERIALS

In this appendix, CMM is referred to as reference material.
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Appendix A
A302B REFERENCE MATERIAL, Bascline (Longitudinal Direction)

USE= 98.8 J, LSE= 3.1 J, CVT(1/2)=  8.C , Slope = 0.0250
Unirradiated Charpy Specimen, CVIT(41J) = 0. C , CVT(68J) = 23. C

Spec. ID Test Temp. Impact Energy Lat. Exp. A Shear
Lod r J ft-1db ] oil
-62. -80. 5. 4. 0.15% 6. 2.
-62. -80. S. 4. 0.1% 6. 2.
-51. -60. 11i. 8. 0.1% 6. 3.
-51. -60. . 8. 6. 0.15% 6. 3.
~40. -40, 16. 12. 0.36 14. 10.
~-40. -40. 14. 10. 0.25 10. S.
~40. -40. 8. 6. 0.18 7. S.
-29. -20. 19. 14. 0.36 14. 18.
-29. -20. 18. 13. 0.36 14. 1s.
-18. 0. 30. 22. 0.56 22. 30.
-18. 0. 24. 18. 0.46 18. 25.
-7. 20. 39. 29. 0.71 28. 3s.
-7. 20. 31. 23. 0.s8 23. as.
4. 40. 49. 36. 0.84 33. 4s.
4. 40. 3s. 26. 0.66 26. 45.
16. 60. 49. 36. 1.02 40. $0.
16. 60. 45. - 33. 0.89 3s. 4s.
27. 80. 91. 67. 1.82 60. 100.
27. 80. 68. s0. 1.22 48. 70.
38. 100. 92. 68. 1.82 60. 98.
38. 100. 84. 62. 1.47 58. 8s.
1l
#3828 Reference Material
SASTM Baseline LI
-58 58 158 258 358 458 °F
1% kg L L) . | - S N
a a
88 | . 68
=3
g
£y 68 1 o
iy "é . 48 71
re -
[2 R} [] [
E. o
— 48 + 4
=]
o i 28
28 |
u <
Q
a
a 1 1 1 1 n I3 a
~-168 -58 B 58 1608 158 208 258 °C

. Test Temperature
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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, Maximum = 1000

SASTM Baseline SRM LT

Parameter Mean Sstd.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.1 0.1

Upper Shelf Energy (J) 116.1 21.5 0.105

CVT at Midpoint (C) 15.5 9.6 0.118 0.951

1/slope (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

3028 Reference Material

SASTH Baseline SR LT
-58 S8 158 258 358 4156 °F
123 T M T T ¥ T T T T
| 1  ge
160
5 68 1 68
]
-t} o
£ — -
= b
ﬁ 'g 68 ot
g < 418
£
40
s 28
28
a L 1 1 1 1 1 B
-160 -58 a 58 168 158 - 288 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL, Baseline (Transverse Direction)

USE= 55.1 J, LSE= 3.0 J, CVI(1/2)= <-3.C , Slope = 0.0244 _
Unirradiated Charpy Specimen, CVT(41J) = 18. € , CVT(68J) =xranws

Spec. ID Test Temp. Impact Energy Lat. Exp. A Shear
C 4 J ft-1b mm mil

-62. -80. 4. 3. 0.15 6. 2.
-62. ~-80. 7. S. 0.18 7. 2.
-51. -60. S. 4. 0.15 6. 3.
-51. -60. 7. 5. 0.18 7. 3.
-40. -40. 14. 10. 0.25 10. S.
-40. -40. 16. 12. 0.30 12. 10.
~-29. -20. 12. 9. 0.30. 12. 20.
-29. -20. 14. 10. 0.30 12. 20.
-18. 0. 20. 15. 0.41 16. 25,
-18. 0. 20. 1s. 0.43 17. 25.
-7. 20. 26. 19. 0.51 20. 40.
-7. 20. 31. 23. 0.66 26. 40.
4. 40. 27. 20. 0.76 30. 45.
4. 40. 34. 25. -0.79 31. 4S.
16. 60. 35. 26. 0.74 29. 60.
16. 60. 37. 27. 0.74 29. 70.
27. 80. 47. 3s. 0.94 a7. 70.
27. 80. 47. 35. 1.02 40. 8s.
38. 100. s3. 39. 1.07 42. 98.
38. 100. 54. 40. 1.17 46. 100.

A362B Reference Material

SASTM Baseline TL

-58 58 158 258 358 4158 °F
im R 11 v ¥ L] ¥ - 1
88 | . 68
=
=]
o
3 o 68 | —
M — 48
- 8 =
o= -
<
3
— 48
. 28
28
8 3 L i 2 1 1 a
-180 -58 a 1) 188 158 288 258 °C
Test Temperature
NUREG/CR-6413

A-4




Appendix A
A302B REFERENCE MATERIAL

Baseline (Transverse Direction)

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

SASTM Baseline SRM TL

Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0 :

Upper Shelf Energy (J) 72.9 14.7 0.206

CVT at Midpoint (C) 11.8 12.8 0.222 0.919

1/slope (C) 53.5 12.6 -0.160 0.498 0.548

CVT at 41 Joule (C) 17.8 5.5 -0.038 0.023 0.340 0.425

A30ZB Reference Material

SASTH Baseline SRM TL
-58 58 158 250 358 458  °F
160 - T v — . r v T . — .
88 . 68
=
=
0
5.8 o
= - 48
+ 8 -
ITE bl
-]
B
K-
1 20
1 — L 1 A 1 1 a
-108 -58 8 58 168 159 . 208 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Bezn nit 1 le R

USE= 96.6 J, LSE= 3.0 J, cvr(1/2)= 67.C , Slope = 0.0197
CVT(41J) = §7. ¢ , CVT(68J) = g8. ¢ ,
Fluence = 5.720E+18 , Irr. Temp. = 288 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
R14 0. 32. 7. 5. 0.20 8. 3.
R13 21. 70. 21. le. 0.43 17. 17.
RS 21. 70. 16. 12. 0.28 11. 1s.
R15 30. 86. 23. 17. 0.48 19. 19.
R16 40. 104. 33. 25. 0.69 27. 32.
R10 60. 140. 39. 29. 0.63 25. 37.
R12 60. 140. 35. 26. 0.63 25. 31.
R11 100. 212. 83. 62. 1.32 52. 100.
[ 3
A38ZB Reference Material
BZ1 R SASTN SRM LT
8 168 268 388 408 °F
190 T - T T - T T
88
2
&
o 680
[ ]
=
+ 8
o=
o
g
n 410
28
a A : I — 1 1 L
-58 8 58 168 158 .288 258 °C
Test Temperature
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Appendix A
A302B REFERENCE MATERIAL

Zn nit 1 1

Impact Enerqgy Uncertainty = 10.0 J
Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
Bzl R SASTM SRM LT : Fluence = 5.720E+18 , Irr. Temp. = 288

Parameter Mean std.Dev. Correlation cOeffiéients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 96.6 13.8 0.480

CVT at Midpoint (C) 66.1 8.1 0.599 0.661

1/slope (C) 51.0 10.9 -0.085 -=0.034 0.089

CVT at 41 Joule (C) 57.3 6.4 0.343 -0.163 0.579 -0.091

CVT at 68 Joule (C) 91.5% 16.5 -0.130 -0.643 -0.129 0.458 0.504

>

A3828 Reference Material

BZ1 R SASTH SR LT
8 168 288 388 4188 °F
68
b=,
=
2
[
L 2
-] 40
- Q -
[% A e
-
B
_!'
Z8
a i L i L —d a
-58 8 58 168 158 288 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL

Beznan Unit 1, Capsule V

USE= 75.1 J, LSE= 3.0 J, CVT(1/2)= 26.C , Slope = 0.0357
CVT(41J) = 27. C , CVT(68J) = 57. C ,
Fluence = 2.770E+18 , Irr. Temp. = 288 C

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

o] F J ft-1b mm mil
RS 0. 32. 14. 10. 0.28 = 11.
R6 o. 32. 10. 8. 0.30 12.
R8 ‘ 10. S0. 20. 14. 0.38 1s.
*R1 17. 62. 57. 42. 0.51 20.
*R2 17. 62. 71. s3. 0.41 16.
R7 30. 86. 45. 33. 0.74 29.
R3 -20. ~4. 11. 8. 0.18 7.
R4 -20. -4. 6. 5. 0.13 S.

** The mitial USE is assigned as 53 ft-1b.

A30ZB Reference Material

BZ1 v SASTH SRM LT
8 108 208 388 408 °F
188 T - ; " T v . . .
88 - 60
u
=
=]
T
ge %0 . =
= > 48
+ 0 +
Qo= et
-]
g
— 49 L
. 28
28 -
o o
a 'S i I 1 ) B
-508 8 50 1688 158 280 258 °C
Test Temperature
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A302B REFERENCE MATERIAL

Beznau Unit 1, Capsule V

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

Appendix A

BZ1 \'4 SASTM SRM LT : Fluence = 2.770E+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
1/slope (C) 36.2 11.0 -0.182 0.352 0.587
CVT at 41 Joule (C) 29.2 6.8 0.037 0.134 0.806 0.435
_CVT at 68 Joule (C) 58.8 15.5 -0.143 =-0.298 0.335 0.601 0.685
L]
A38ZB Reference Material
BZ1 v SASTH SERM LT
e 100 208 388 468 °F
188 T . T v - v T - ; .
88 - 60
=
=}
o
so o8 =
= - 40
- 0 +
W= G
-]
=
— 410
- 28
28
B L 1 1 A, 1 a
-508 8 58 168 158 _288 258 °C
Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Jose Cabrera-Zorita, Capsule K

"USE= 102.1 J, LSE= 3.0 J, CVT(1/2)= 73.C , Slope = 0.0130
CVT(41J) = 55. C , CVT(68J) = 98. Cc ,
Fluence = 1.400E+1S , Irr. Temp. = 304 C

Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
Cc F J ft-1b mm mil
RS7 21. 70. 30. 22. 0.46  18. 20.
R60 52. 125. 45. 33. 0.63 25. 38.
R62 €6. 150. 37. 27. 0.66 26. 30.
RS8 93. 200. €0. 44. 0.99 39. 60.
RS9 99. 210. 65. 48. 1.12 44. 8s.
R63 121. 250. 87. 64. 1.19 47. 100.
R64 149. 300. 99. 73. 1.37 54. 100.
R61 177. 350. 91. 67. 1.32 52. 100.

A3828 Reference Material

CAB 4 SASTN SRN LI
8 188 288 388 480 °F
m T ¥ I ' v L] L] T
. g8
188
3 oo 68
=
T}
Eu a
[S ] —
= U
tS 68 2
& 48
R
48
_ 28
28
a L 1 1 2 1 a
-58 4 58 148 158 1288 258 °C
Test Temperature
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‘ : Appendix A
A302B REFERENCE MATERIAL :

rera-Zori

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
CAB K SASTM SRM LT : Fluence = 1.400E+19 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 105.8 13.5 0.157
CVT at Midpoint (C) 76.1 15.4 0.330 0.818
1/slope (C) 82.3 22.4 -0.250 0.615 0.374
CVT at 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 0.531

(3628 Reference Material

cAB 3 SASTN SRR LI
8 188 288 308 408 °F
128 Y — Y 1 - r
- 88
168
3 68 68
g
=0 =
B o=t —
= '
tS 68 &
e 49
=
418
28
28
a L 1 1 e 1 a
-58 8 58 188 158 A 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Jose Cabrera-Zorita, Capsule N

USE= 76.0 J, LSE= 3.0 J, CVT(1/2)= 74.C , Slope = 0.0313
CVT(41J) = 76. € , CVT(68J) = 108. C ,
Fluence = 3.680E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impaét Energy Lat. Exp. s Shear
c F J ft-ib - mm mil
R47 24. 76. 11. 8. 0.28 = 11. 5.
R46 66. 1s0. 28. 21. 0.56 22. 21.
R41 99. 210. 62. 46. 1.02 40. 78.
*R48 99. 210. 38. 28. 0.51 20. 48.
R43 107. 225. €8. 50. 1.42 $6. 94.
R45 121. 250. 75. 55. 1.45 7. 100.
R42 149. 300. 79. 58. 1.40 $5. 100.
R44 204. 400. 70. 52. 1.47 58. 100.

A38ZB Reference Material

CAB N SASTN SR LY
8 188 288 388 4108 °F
188 T T d T v T v T
. 68
o
=)
=3
£
g L o
= {1 487
+ +
[ o
&,
=
. 28
8 L 3. A L -l a
-58 8 S8 168 158 ' 2u8 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

rera-Zori
Impact Energy Uncertainty = 10.0 J

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

CAB N SASTM SRM LT : Fluence = 3.680E+19 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 78.3 5.4 -0.094

CVT at Midpoint (C) 75.3 9.3 0.283 0.371

1/slope (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 at 68 Joule {(C) 108.0 11.3 0.117 -0.226 0.381 0.453 0.489

#3828 Reference Material
N

CAB SASTH = SRM LT
8 188 208 388 168 °F
188 M T M T Ml T L E M T
- o ] 68
s}
D 4
=
g
s =
3 . 48
- -
Q= o
8.
=
1 28
a —-— 1 e -3 A . - A a
-58 8 58 168 158 288 258 °C

Test Temperature

A3 NUREG/CR-6413




Appendix A

A302B REFERENCE MATERIAL
Jose Cabrera-Zorita, Capsule P

USE= 87.0 J, LSE= 3.0 3, CVT(1/2)= 78.C , Slope = 0.021S
CVT(41J) = 73. ¢, CVT(68J) = 106. C ,
Fluence = 1.430E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
o P J ft-1b mm mil
R13 23. 74. 12. 9. 0.10 4. 5.
R16 38. 100. 19. 14. 0.30 12. 20.
R12 S4. 130. 28. 20. 0.36 14. 2S.
R14 79. 17s. 45. 33. 0.76 30. 40.
R9 88. 190. 38. 28. 0.66 26. 40.
R10 93. 200. 51. 37. 0.81 32. 60.
R11 98. 209. 85. 63. 1.12 44. 100.
R1S 149. 300. 84. 62. 1.32 52. 100.

A3828 Reference Material

CAB P SASTN SRH LT
8 188 288 388 488 °F
188 — T T — v . - —_
9 68
=
£
L 2
= 5 48
- 0O <
|2 Rar] Com
£
=
. 28
a 1 1 . . e, - N a
-58 e 58 188 158 Zea 258 °C
Test Temperature
NUREG/CR-6413
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_ Appendix A
A302B REFERENCE MATERIAL

rera-Zon P
Impact Enerqgy Uncertainty = 10.0 J

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

CaB )4 SASTM SRM LT : Fluence = 1.430E+19 , Irr. Temp. = 304
Parameter Mean std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 90.3 11.4 0.106
CVT at Midpoint (C) 79.6 9.5 0.173 0.746
1/slope (C) 51.1 14.8 -0.211 0.384 0.202
CVT at 41 Joule (C) 73.0 6.7 0.220 0.024 0.646 -0.332
CVT at 68 Joule (C) 109.5 12.2 -0.137 -=0.3%2 -0.04S 0.439 0.238

A38ZB Reference Material

CAB P SASTH SRM LT
8 108 268 398 488 °F
188 A T v 1 LA 3 v 1 A A v
o
88 | : 68
2 1
=
&
e %80T 2
g 1 48 7
-~ fn] o
Q- [
g
- 40 | o 1
i { z8
28 L
:
8 1 1 1 i - . 3 a
-58 8 58 168 158 288 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Haddam Neck, Capsule A

USE= 98.0 J, LSE= 3.0 J, CVT(1/2)= 67.C , Slope = 0.0178
CVT(41J) = 56. C , CVT(68J) = » 8%. ¢,
Fluence = 2.070E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
(o] F J ft-1b mm mil
R44 -18. 0. 6. 4. 6.10 4. 0.
R42 -4, 28. 14. 10. 0.25 10. S.
R46 10. 50. 6. 4. 0.15 6. 0.
R47 21. 70. 24. 17. 0.48 19. S.
R41 27. 80. 23. 17. 0.46 18. . 5.
*R43 32. - 90. 93. 68. 1.22 48. 100.
R4S 49. 120. 33. 24. 0.61 24. 40.

R48 66. 150. 50. 37. 1.02 40. 60.

A30ZB Reference Material

Cc1Y A SASTH SRM LT
8 ip8 280 3008 400 °F
188 L] 1) ¥ M ¥ L
. .
80 . 68
>
=]
G
gy 2
w3 1 48 )
o= o
=
g
— 40
. Z28
28
a 1 1 L 1 - 1 8
-58 2] 58 188 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

Haddam Neck, Capsule A

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
cTY A SASTM SRM LT : Fluence = 2.070E+18 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 96.7 11.0 0.180

CVT at Midpoint (C) 68.4 14.2 0.199 0.664

1/slope (C) 61.8 19.5 0.059 0.35% 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

3628 Reference Material

CTY A SASIN SR LT
a 1608 2048 360 488 °F
laa M T T T a T i - T r
88 68
DN
[~
8
sy .-
B &
[ R Gt
-1
g
- 418
28
28
a 1 1 [l L — I a
-50 8 56 180 158 288 258 °C

Test Iemperature

A-17 NUREG/CR-6413




Appendix A

A302B REFERENCE MATERIAL

Haddam Neck, Capsule D

USE= 86.1 J, LSE= 3.0 J, CVT(1/2)= 81.C , Slope = 0.0224
CVT(413) = 77. € , CVT(68J) = 109. C ,

Fluence = 2.220E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. $ Shear
c F J ft-1b mm mil
R49 -12. 10. . 4. 3. 0.30 1z. 1.
RSO 24. 75. 1s6. 12. 0.38 15. 14. .
R53 71. 160. 37. 27. 0.61 24. 27.
R51 93. 200. 43. 32. 1.07 42. 51.
R54 107. 225. 76. 56. 1.04 41. 93.
R55 121. 250. 79. 58. 1.09 43. 100.
RS2 149. 300. 85. 62. 1.14 45. 100.
R56 204. 400. 84. 62. 1.27 50. 100.

A38ZB Reference HaterialA

CTY D SASTH SRN LI
a 188 288 308 480 °F
183 Rl ¥ ¥ hd T ¥
c 1 68
=
=
g
& 2
= - 48
« 8 -
Q™ Pt
]
&
=
. 20
a 1 1 1 1 - 1 a
-58 8 58 184 158 288 258 °C
_ Test Temperature
NUREG/CR-6413
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) Appendix A
A302B REFERENCE MATERIAL

H Neck D

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
CTY D SASTM SRM LT : Fluence = 2.220E+19 , Irr. Temp. = 304

Parameter Mean Std.Dev, Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0 .

Upper Shelf Energy (J) 89.0 8.5 -0.171

CVT at Midpoint (C) 80.2 10.9 0.274 0.563

1/slope (C) 52.1 16.2 -0.432 0.485 -0.043

CVT at 41 Joule (C) 73.8 9.6 0.462 0.031 0.825 -0.491

CVT at 68 Joule (C) 110.5 9.5 0.042 =-0.104 0.353 0.374 0.381

A38Z2B Reference Material

C1Y D SASTN SR LI
e - 168 280 388 4008 °F
188 T - T T M T Y —
68
=]
£
£, -
=3 87
+ O -
o Gt
&
=
28
a L 1 i 1 2 a
-58 8 58 iea 158 2868 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL

Haddam Neck, Capsule F

USE= 88.5 J, LSE= 3.0 J, CVI(1/2)= 56.C , Slope = 0.0212
CVT(41J) = 51. C , CVr(68J) = 84. C ,

. Fluence = 4.040E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
R21 -18. 0. 5. 4. 0.03 1. 0.
R24 -10. 14, 7. 5. 0.05 2. 3.
R20 -1. 30. 12. 9. 0.13 5. 2.
R22 32. 90. 29. 21. 0.53 21. 15.
R18 49. 120. 40. 29. 0.66 26. 25.
R19 66. 150. 47. 34. 0.76 30. 40.
R23 100. 212. 86. 63. 1.40 55. 95.
R17 132. 270. 81. 59. 1.27 50. 97.

3828 Reference Material

CIY F SASTH SR LI
8 168 288 388 4008 - °F
laa v ] 1 Ry v 1 3 3 -
y 68
=
4
2o =
2> R —
w3 i 1 o
Qs P4
[-}
=%
=
1 @
B 2 L 5. L S 8
-58 a 58 188 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appcmﬁx A
A302B REFERENCE MATERIAL

Haddam Neck, Capsule F

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
CTY F SASTM SRM LT : Fluence = 4.040E+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

1/slope (C) 51.0 12.7 -0.155 0.458 0.432

CVT at 41 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 0.471 0.475

A38ZB Reference Material

CcT1Y F SASTN SR LT
8 188 288 368 4008 °F
188 T o ] v o T L4
. 68
b=
=
h .
g o
=B 1 8%
(% R} S
(-]
-
z
. 28
8 4 : 4 4 — [
-58 a 58 188 158 268 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Haddam Neck, Capsuie H

USE= 99.3 J, LSE= 3.0 J, CVT(1/2)= 85.C , Slope = 0.0242
CVT(41J) = 76. C , CVT(68J) = 100. € ,
Fluence = 1.790E+19 , Irr. Temp. = 288 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1ib om mil
R38 -18. 0. 3. 2. 0.05 2. 1.
*R40 22. 72. 28. 21. 0.36 14. 1s.
R33 66. 150. 27. 20. 0.41 16. 38.
R39 79. 175. 54. 40. 0.69 27. §5.
R37 99. 210. 56. 41. 0.66 26. 60.
R36 113. 235. 83. 61. 0.94 37. 95.
R34 135. 275. 98. 72. 1.35 53. 100.
R35 149. 300. 9s5. 70. 1.32 52. 100.

A38Z8 Reference Material

CIY H Sﬁﬁ}ﬂ SRM LI
8 1860 208 308 108 °F
188 T -~ T —_—
. 68
=
=
£
g L) -
E 1
w= ot
=
=%
=
. 28
B Il 'l 2 1 - 1 8
-58 8 58 i88 158 288 258 °C
Test Tenmperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

Haddam Neck, Capsule H

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000

CTY H SASTM SRM LT : Fluence = 1.790E+19 , Irr. Temp. = 288
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 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

1/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 0.572

A382B Reference Material

CTY H SASTH SRM LT
8 188 288 380 480 °F
m T T T T T
. B8
2 68
ey
£ v a
[5 E) gy
= |
+- O -
g'ﬁ oo
2 418
=
28
a J 1 1 i Fl 8

-58 8 58 188 158 268 258 °C
Test Temperature
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Appendix A

A302B REFERENCE MATERIAL

Garigliano, Capsule 1138

USE= 95.5 J, LSE= 3.0 J, CVT(1/2)= 74.C , Slope = 0.0144

CVT(41J) = 6l. C , CVT(68J) = 104. C ,

Fluence = 1.100E+18 , Irr. Temp. = =17 C

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

Cc F J ft-1b mm mil

Y7E 21. 69. 17. 12. 0.30 = 12. 10.
Y7B 41. 106. 35. 26. 0.51 20. 20.
™ 60. 140. 45. 33. 0.86 34. 30.
Y7T 71. 160. 45. 33. 30.
Y7Y 81. 178. 46. 34. 0.66 26. 40.
Y7L 91. 196. 47. 35. 0.91 36. 40.
Y7K 102. 216. 76. 56. 1.17 46. 70.
Y7P 116. 241. 83. 62. 1.22 48. 80.
Y73 129. 264. 84. 62. 60.
Y70 150. 302. 8. 58. 1.30 51. 50.
*Y7C 180. 356. 73. 53. 1.24 49. 50.

A302B Reference Material

GAR 1138 SASTN 82 SRM LT

8 1808 288 388 408 °F
109 T T Y T ad T -
68
=
=)
St
o =
=3 487
« 8 -
Qs ot
[~
=
)
a 1 1 L 1 1 a
-58 a 58 188 158 -288 258 °C
Test Temperature
NUREG/CR-6413
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. Appendix A
A302B REFERENCE MATERIAL

igliano, 113
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 . Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 96.6 14.9 0.113

CVT at Midpoint (C) 74.7 15.2 0.230 0.891

1/s8lope (C) 68.5 20.1 -0.068 0.677 0.539

CVT at 41 Joule (C) 61.1 7.9 0.357 0.175 0.557 -0.280

CVT at 68 Joule (C) 104.5 8.9 0.004 -0.031 0.214 0.372 0.266

3028 Reference Material

GAR 113B SASTM S2 SRM LT
e 198 288 388 480 °F
laa ¥ 1 Ll T -l
B0 68
=)
=
g
s8g % =
= 18
B -
T -
s
g
— 40
28
28
8 N 2 ) i 4 L 8

-50 58 196 158 288 258 °C
Test Temperature
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Appendix A

A302B REFERENCE MATERIAL

R_E. Gigna Unit 1. Capsule B

USE= 82.1 J, LSE= 3.0 J, CVT(1/2)= 59.C , Slope = 0.0204
CVT(41J) = 57. C , CVT(68J) = 96. C ,

Fluence = 7.600E+18 , Irr. Temp. = 288 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
o] F J ft-1b mm mil
R12 25. 7. 24. 18. 0.43 17. 15.
R10 43. 110. 27. 20. 0.53 21. 20.
R1l1 66. 1s0. 52. 38. 0.91 36. 40.
R1l6 66. 150. 41. 30. 0.69 27. 40.
R9 93. 199. 75. 55. 1.27 50. 75.
R14 93. 200. 62. 45. 1.07 42. 70.
R13 . 149. 300. 80. 59. 1.55 61. 99.
R15 149. 300. 81. 60. 1.47 58. 100.

ﬂ3BZB Réference Katerial

GIN R SASTH SRt LT
8 188 288 308 408 °F
1% A T A i3 T A LIl L3 A
. 68
=
=
8
S8 =
= . 48
38 Z
= Com
S
=
1 28
] . 2 L . L 8
-58 e 58 iea 158 '288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

R. E. Ginna Unit 1, Capsule R

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

1
v

"GIN R SASTM SRM LT : Fluence = 7.600E+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) €0.1 9.5 0.217 0.678
1/slope (C) §5.7 17.9 ~0.178 0.562 0.175
CVT at 41 Joule (C) §5.4 7.4 0.299 0.024 0.731 -0.372
CVT at 68 Joule (C) $8.5 11.5 -0.032 -0.149 0.120 0.503 0.200

A38Z8 Reference Material

GIN R SASTH SRM LT
8 188 208 388 4180 °F
188 - L M T v T d T ~r -T -~
- 68
b=
4
gy =
- 3 - 418 *l.
Q™ Comt
-}
S
=
. 28
a 1 1 1 1 I a
-58 8 58 180 158 288 258 °C

Test Temperature
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Appendix A

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

USE= 84.8 J, LSE= 3.0 J, CcVT(1/2)= 79.C , Slope = 0.0171
CVT(41J) = 175. ¢ , CVI(68J) = 11%. ¢,
Fluence = 1.750E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
(o] F J ft-1b. mm mil

*R20 24, 75. 54. 40. 0.63 25. s3.

R24 38. 100. 26. 19. 0.33 13. 1s5.

R22 66. 150. 3s. 26. 0.74 29. 41.

R23 79. 17S. 41. 30. 0.71 28. 44.

R19 g9,  210. 45. 33. 0.63  25. 48. .
R18 121. - 250. 83. 62. 1.22 48. 100.

R17 177. 350. 8s5. 63. 1.24 49. 100.

R21 218. 425. 80. 59. 1.09 43. 100.

A382B Reference Material

GIN T SASTN SRt LT
2] 188 2008 368 400 °F
188 r T r - T - Y .
68
=)
£
=0 =
- 0y
= ~
=
S
=
28
] - L . : —t 8
-58 e 56 168 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

R. E. Ginna Unit 1, Capsule T

Impact Energy Uncertainty = 10.0 J
Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
GIN T SASTM SRM LT : Fluence = 1.750E+19 , Irr. Temp. = 304
Parameter Mean - Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 86.7 7.4 0.242
CVT at Midpoint (C) 79.7 11.3 0.310 0.625
1/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 -0.004

A28 Reference Material

6IN T SASIN SRH LT
e 186 288 300 4008 °F
188 v L4 L] 2] L) L]
88 68
=
o
o ©8 =
= 48
©3 &
-]
3
— 418
28
28
a ] ;3 L ) & L a

-58 2] 58 168 158 208 258 °C
Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
R.E. Ginna Unit 1, Capsule V

USE= ©92.8 J, LSE= 3.0 J, 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. % Shear
C F J ft-1b mm mil
R3 10. 50. 14. 10. 0.25 10.
R1 24. 75. 1s. 11. 0.28 11. .
RS 52. 12s. 46. 34. 0.76 30.
R4 66. 150. 52. 38. 0.84 33.
R7 79. 175. 61. 45. 1.07 42.
R8 79. 175. 60. 44. 1.04 41.
R2 99. 210. 83. 62. 1.30 51.
R6 149. 300. 89. 66. 1.30 51.

A38Z28 Reference Material

GIN v SASTN SRM LT
8 188 2808 388 488 °F
188 r T T T T
. 60
=
=]
2]
L 2
= . 48 7
tS &
=
£
=
- 28
;
a 1 3. X ] A a
-58 8 58 188 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

E Gi nit ! A%
Impact Energy Uncertainty = 10.0 J

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

GIN V SASTM SRM LT : Fluence = 4.900E+18 , Irr. Temp. = 288
Parameter : " .  Mean std.Dev. Correlation Coefficients
Lower Shelf Energy . (J) 3.0 0.0
Upper Shelf Enerqgy (J) 95.2 11.1 0.095
CVT at Midpoint (C) 62.2 9.1 0.174 0.770
1/slope (C) 49.6 13.5 0.046 0.464 0.361
CVT at 41 Joule (C) §3.3 6.1 0.181 0.096 0.651 -0.279%9
CVT at 68 Joule (C) 85.1 9.1 0.115 -0.202 0.184 0.466 0.305

A38ZB Reference Material

GIN v SASTH SR LI
8 - 108 288 388 4188 °F
. 68
b=}
1=
St
[ ]
By -
= . 48
» Q -~
|2 2 Comt
-]
=9 .
-
. 28
a 1 i 1 1 A a

-58 8 58 188 158 288 258 °C
Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
H.B. Robinson Unit 2, Capsule §

USE= §&§3.9 J, LSE= 3.0 J, CVT(1/2)= 3a.c , Slope = 0.0217
CVT(41J) = 59. C , CVT(68J) =*»*x** C ,
Fluence = 3.690E+18 , Irr. Temp. = 304 C

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

c F J ft-1lb mm mil
Rl 1s. 60. 18. 13. 0.28 11.
R3 27. 80. 30. 22, 0.51 20.
R6 38. 100. 28. 21. 0.81 20.
R4 46. 11s. 33. 24. 0.58 23.
R7 54. 130. 32. 24. 0.61 24.
R5 60. 140. 46. 34. 0.74 29.
R2 71. 160. 52. 38. 1.02 40.
R8 99, 210. 49. 36. 0.97 38.

A36Z8 Befcrence Haterial

HBZ S SASTH SRM 1L
180 T - . . ' ‘
88 4 68
=
g
ge %0 .
g 48
+ B T
g s
=)
=
1 28
a - L 3 4 N \ a
-58 e 58 168 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

B i nit 2
Impact Energy Uncertainty = 10.0 J

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

HB2 s SASTM SRM TL : Fluence = 3.690E+18 , Irr. Temp. = 304
Parameter Mean  Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 61.7 10.1 0.284
CVT at Midpoint (C) 40.2 13.7 0.344 0.789
1/slope (C) _ 60.0 21.1 -0.006 0.273 0.098
CVT at 41 Joule (C) 61.0 11.1 0.010 -0.249 0.119 0.416

3828 Reference Material

HB2 S SASTH SR TL
8 168 208 388 408 °F
188 L] 1 M T A L) e 1]
88 + 1 68
b=}
4
[T}
L 2
= : 48
- 0o -
Q" Cons -
=
S
=
4 28
8 . 1 . 1 1 % ]
-58 ] 56 108 158 288 : 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
H, B. Robinson Unit 2

USE= 53.0 J, LSE= 3.0 J, CVT(1l/2)= 73.C , Slope = 0.0174
CVT(41J) = 106. C , CVT(68J) =**x*zxxx C ,
Fluence = 4.110E+19 , Irr. Temp. = 304 C

Spec. . ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
RSS 26. 78. 17. 1z. 0.25 10. 10.
*R63 26. 78. 37. 27. 0.56 22. 15.
R62 66. 150. 20. 1s. 0.28 11. 35.
R64 93. 200. 3s. 24. 0.53 21. 45.
RS8 107. 2258. 46. 34. -0.81 32. 96.
RE6O" 121. 250. 49. 36. 0.89 3s5. 99.
R61 149. 300. 46. 34. 0.81 32. 100.
RS7 177. 350. 55. 40. 0.94 37. 100.

A38Z2B Reference Material
1

HB2 SAS™ SRN IL
e 100 288 3008 400 °F
iee T T . v r -
88 | . 68
)
&
¢
= =
= - 48
« 0 -
o= e
<
S
=
. Z8
8 L 2 1 1 - 1 8
-58 a 58 1688 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appéndfx A

A302B REFERENCE MATERIAL
B. Robinson Unit 2 T

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
HB2 T SASTM SRM TL : Fluence = 4.110E+19 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 65.0 11.8 0.256

CVT at Midpoint (C) 87.5 22.9 0.324 0.787

1/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

3828 Reference Material

HBZ T SASTH SR TL
a - 188 288 368 460 °F
188 T T T v T T
88 | - 68
=N
4
Y
&L 2
= 48
*» Q bt
(2 e o
[-]
2
=
28
a A 3 1 i 1 a
-58 8 58 188 158 288 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Robinson Unit 2

USE= 53.9 J, LSE= 3.0 J, CVT(1/2)= 33.C , Slope = 0.0232
CVT(41J3) = 57. C , CVT(68J) =*x%xkxx C ,
Fluence = 4.510E+18 , Irr. Temp. = 304 C

Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1lb mm mil
RS1 -1. 30. 11. 8. 0.15 6. 0.
R55 24. 75. 29. 21. 0.48 19. S.
R54 43. 110. 26. 19. 0.48 19. 5.
R52 54. 130. 38. 28. 0.66 26. 10.
RS6 71. 160. 47. 3s. 0.84 33. 15.
R49 82. 180. 59. 43. 1.09 43. 100.
RS3 99. 210. 49. 36. 0.86 34. 20.
R50 149. 300. 50. 37. 1.04 41. 100.

A30Z2B Reference Material

HB2 v SASTH SRt TL
2] 188 2n8 368 408 °F
188 T T — T -r T ag ™~
3 - o 68
=
=
g
] 68 a =
M2 49T
» 8 a -
g“? Gt
=]
=
. 28
a ke H L A - o a
-58 8 S8 168 158 288 258 °C
Test Temperature
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A302B REFERENCE MATERIAL
Robinson Unit 2

Impact Energy Uncertainty = 10.0 J
Test Temperature Uncertainty =

4.0 Degree C

Appendix A

Number of Successful Iterations = 200, Maximum = 1000
HB2 V SASTM SRM TL : Fluence = 4.510E+18 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 5.0 6.8 0.177
CVT at Midpoint (C) 33.0 14.0 0.285 0.659
1/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
13
(3828 Reference Material
HBZ v SASTH SERH TL
8 188 2808 388 4168 °F
laa oy L I L4 3 T v L4
88 | - 68
=
=]
£
2 [ =
:'é 3 487
L= pot
-1
S
=
- 28
a 1 1 L S N 1 a
-58 8 S8 168 158 288 258 °C

Test Temperature
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Appendix A
A302B REFERENCE MATERIAL, Humbolt Unit 3, Baseline (Longitudinal Direction)

USE= 130.8 J, LSE= 3.0 J, CVT(1/2)= 13.C , Slope = 0.0221
Unirradiated Charpy SpecimenCVT(41J) = =7. €, CVT{68J) = 14. C

Spec. 1D Test Temp. Impact Enerqgy Lat. Exp. A Shear
(o r J ft-1b ] mil
-62. -80. 4. 3. 0.15 6. 2.
-62. -80. S. 4. 0.20 8. 2.
~51. -60. 11. 8. 0.18 1. 3.
-s1. -60. 14. 10. 0.20 8. 3.
-40.  ~40. 14. 10. 0.28 11. 10.
-40.  -40. 18. 13. 0.28 11. 10,
-29.  =20. 15. 11. 0.38 15. ‘20.
-29. -20. 18. 13. 0.46 18. 20.
-18. 0. 30. 22. 0.56 22. 3s.
-18. 0. 3s. 26. 0.66 26. 3s.
-7. 20. 46, 34, 0.81 32. 40.
-7. 20. 49. 36. 0.86 34. 40.
4. 40. 49, 36. 0.86 34. 45,
4. 40. 57, 42, 0.97 3s. 4s.
16. 60, 57. 42. 0.94 37. S0.
16. 60. 66. 49. 1.09 43. 50.
27. 80. 77. 57. 1.30 s1. 65.
27. 80. 52. 68. 1.45 s7. 80.
38.  100. 102. 7s. 1.63 64. 98.
38. 100. 111. 82. 1.83 72. 100.
L)
A38ZB Reference Material
HM3 SASTM N SRM LY
-58 58 158 258 358 458 °F
148 v L v T v T ) 2 v L |
: . - 1688
128 ;
. 80
188
=
£
By s { 682
1
:
= 68
. 48
48
- 28
28
a L ke —— 1 i I - ' 8
-198 -58 8 S8 168 158 2008 258 °C
Test Temperature
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Appendix A
A302B REFERENCE MATERIAL

Humbolt Unit 3, Baseline (Longitudinal Direction)
Impact Energy Uncertainty = 10.0 J

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

HM3 SASTM M SRM LT

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.1

Upper Shelf Energy (J) 133.4 23.2 0.138

CVT at Midpoint (C) 13.5 9.6 0.179 0.948

1/slope (C) 47.0 7.2 -0.013 0.694 0.741

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 0.702

36828 Reference Material

HM3 SASTM N SRAM LY
-58 58 158 258 358 458 °F
149 — T v T v - T T " T
. 188
128
1 88
188
=N
=
6
sS 68 ] 68 =
B o~
g': o
e 68
= . 48
48
. pa'
28
a ) - 2 ek 2 A 1 a

-168 -58 8 58 188 158 288 258 °C
: Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Humbolt Unit 3, Baseling (Transverse Direction)

USE= 97.9 J, LSE= 3.0 J, CcVT(1/2)= 17.¢ , Slope = 0.0193
Unirradiated Charpy SpecimenCVT(41J) = 6. C, CVT(68J) = 37. ¢

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c r J ft-1b mm mil
-40. -40. 9. 7. 0.23 9. 10.
~-40. -40. 9. 7. 0.28 11. 10.
-29. -20. 18. 3. 0.35 . 14. 1s.
-29. -20. 18. 13. 0.41 16. 1s.
~-29. -20. 22. 16. 0.43 17. 25.
~-18. 0. 24. 18. 0.51 20. 30.
-18. 0. 28. 21. 0.56 22. 3s.
-7. 20. 28. 21. 0.66 26. 40.
-7. 20. 31. 23. 0.76 30. 40.
4. 40. 33. 24. 0.76 30. 50.
4. 40. 38. =~ 28. 0.76 30. §0.
16. 60. 46. 34. 0.89 3s. 60.
le6. 60. SO. 37. 0.99 39. 75.
27. 80. 60. 44. 1.24 49. 75.
27. 80. 66. 49. 1.32 s2. 90.
38. 100. 66. 49. 1.27 50. 95.
38. 100. 70. S2. 1.30 S1. 95.
"
A382B Reference Material
HM3 SASTM N SRM 1L
8 168 2608 3008 4808 °F
- 68
)
=]
8
L -
,.8 T 49_&
o= -
=
S
=
. 28
8 i 1 I 1 ‘l a
-58 8 58 1606 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

Humbolt Unit 3, Baseline (Transverse Direction)

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

HM3 SASTM M SRM TL

Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 106.8 23.0 0.413

CVT at Midpoint (C) 20.3 13.6 0.405 0.936

1/s8lope (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

3828 Reference Material

HM3 SASTM H SRM IL
B 188 208 388 488 °F
128 ad T v T T d T T
3 88
188
2 88 1 68
6
= 0 =
[~ ool —
= §
LS 68 b
2 { 48
=
48
- 28
28
a L I 1 1 1 a
-58 (2] 58 168 158 288 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Indian Point Unit 2, Capsule T

USE= 98.9 J, LSE= 3.0 J, CVT(1/2)= 52.C , Slope = 0.0197
CVT(41J) = 41. C , CVT(68J) = 71. ¢,
Fluence = 2.020E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. $ Shear
Cc F J f£-1b mm mil
RS 4. 40. 13. 9. 0.23 - 9. 0.
Rl 26. 78. 28. 20. 0.46 18. 5.
R6 38. 100. 42. 31. 0.69 27. 10.
R4 49. 120. 48. 3s. 0.81 32. 1s.
*R7 60. 140. 108. 79. 1.68 66. 100.
R3 71. 160. €6. 49. 1.04 41. 70.
R8 82. 180. 71. s2. 1.02 40. 60.
- R2 99. 210. 92. 68. 1.52 60. 100.

A38Z2B Reference Material

P2 T SASTH SRM LT
8 189 268 388 488 °F
1_28 T T T T T
= - 80
188 |
2 9 68
oo
[ 1]
=) =
Fa ome Py
= {
0 -
[2 2gr] Come
g . 49
E
- 28
8 . : : : : 8
-58 B S8 186 159 288 258 °C
Test Temperature
NUREG/CR-6413
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. . Appendix A
A302B REFERENCE MATERIAL ’

Indian Point Unit 2 T

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000

P2 T SASTM SRM LT : Fluence = 2.020E+18 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 100.7 14.7 0.355

CVT at Midpoint (C) 52.8 10.6 0.340 0.818

1/slope (C) 51.5 12.2 0.155 0.432 0.392

CVT at 41 Joule (C) 41.2 6.5 0.131 0.211 0.687 -0.154

CVT at 68 Joule {(C) 72.3 8.7 -0.014 -0.222 0.218 0.383 0.477

A30ZB Reference Material

IPZ T SASTH SRM LI
. 2] : 188 288 380 480 °F
1208 T T Y T T
= .
100
2 e 1 o
8
L A
w3 &
o= 68 -
S . 48
=
418
. 28
28
a 1l 2 1 1 1 a
-58 a 58 188 154 288 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL

Indian Point Unit 2, Capsule V
USE= 97.1 J, LSE= 3.0 7, CVT(1/2)= 65.C , Slope = 0.0202
CVT(41J) = 56. C , CVT(68J) = 85. ¢ ,

Fluence = 4.570E+18 , Irr. Temp. = 304 C

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

(od F J ft-1b mm mil
R49 23. 74. 18. 13. ' 0.36 14. 5.
R50 54. 130. 43. 32. 1.04 41. 20.
RS6 66. 150. 44. 32. 0.84 33. 30.
RS1 82. 180. 68. 50. 1.12 44. 75.
R52 110. 230. 84. 62. 1.47 58. - 95,
RS3 132. 270. S2. 67. 1.50 59. 100.
RS54 160. 320. 96. 70. 1.63 64. 100.
RS5S 177. 350. 98. 72. 1.57 62. 100.

A382B Reference Material

P2 v SASTH SR LT
468 °F
- 68
=
=)
£
g L2 -3
12> Kl iy
oy 1 48.&
o= o
-]
S
=
9 28
B — i L el 3 a
-58 8 58 188 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

Indian Point Unit 2 v
Impact Energy Uncertainty = 10.0 J

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

P2 V SASTM SRM LT : Fluence = 4.570E+18 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 99.9 8.8 0.073

CVT at Midpoint (C) 67.5 9.2 0.086 0.667

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

CVT at 41 Joule (C) 55.2 7.5 0.072 -0.065 0.634 -0.361

CVT at 68 Joule (C) 86.5 8.4 -0.005 0.212 0.723 0.542 0.511

A36ZB Reference Material

1P2 v SASTM SEM LT
8 188 268 388 460 °F
108
88 < 68
=1]
o=
. 68
= O =
M2 - 87
» 0O -+
Q= Con
-]
g
= 48
1 Z8
28
) . : " : : 8
-58 8 58 188 . 158 288 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL

Indian Point Unit 2 Y

USE= 96.4 J, LSE= 3.0 J, CVT(1/2)= 51.C , Slope = 0.0186
CVT(41J) = 41. C , CVI(68J) = 74. C ,

Fluence = 4.720E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1b. mm mil
R60 4. 40. 7. 5. 0.10 4. o.
RS7 23. 74. 3s. 26. 0.56 22. S.
R62 32. 90. 41. 30. 0.66 26. 10.
RS8 43. 110. 38. 28. 0.66 26. 15.
RS9 57. 135. 49. 36. 0.81 32. 20.
R6E3 71. - 160. 70. S1. 1.09 43. 40.
R64 99. 210. 81. 60. 1.38 83. 90.
R61 127. 260. 93. 68. 1.47 58. 100.

A38ZB Reference Material

IPZ Y SASTH SRH LT
e 188 288 388 480 °F
189 ] T L 1 )
. 68
=
=
¢
| w3
0 -
QL G
-]
=1
=
9 28
8 — : — : ' —- 8
-58 8 S8 108 158 2008 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

‘ Indian 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 = 4.720E+18 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 99.2 12.6 0.277

CVT at Midpoint (C) 53.7 11.5 0.367 0.861

1/slope (C) §7.7 15.1 0.316 0.605 0.640

CVT at 41 Joule (C) 41.1 5.9 0.257 0.288 0.682 0.077

‘CVT at 68 Joule (C) 75.5 9.0 0.319 0.143 0.536 0.652 0.578

A38ZB Reference Material

1P2 Y SASTH SRM LT
8 1806 al ) 3808 408 °F
laa L] 4 T A LB B0
80 T 68
2
&
Sy ©8 =
D i 49
[5 R ] Cone-
=
3
— 48
- 28
28
a A 4 1 1 » 8
-58 (2] 58 166 158 288 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL

Indian Point Unit 2. Capsule Z

USE= 92.3 J, LSE= 3.0 J, CVT(1l/2)= 58.C , Slope = 0.0160
CVT(41J) = 49. C , CVT(68J) = 89. C,

Fluence = 9.620E+18 , Irr. Temp. = 304 C

Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
R-33 24. 75. 24. 17. 0.25 10. 16.
R-36 43. 110. 25. 18. 0.13 5. 1s.
R-40 52. 125. 52. 38. 0.63 25. 35.
R=-37 60. 140. 56. 4]1. 1.27 50. 39.
*R-38 82. 180. 44. 32. 0.51 20. 34.
R-~34 99. 210. 70. 52. 2.54 100. 49.
R~-39 121. 250. 79. s8. 2.54 100. 57.
R~35 149. 300. 87. 64. 2.54 100. §5.

3628 Reference Material

1P2 z SASTH SRM LI
B 188 298 380 4188 °F
133 T . T I A T g -7
1
- 68
=)
=
£
2o a
- { 7
B »
2= =
S
=
. 28
a 1 1 1 1 L a
-58 8 S8 198 158 288 258 °C
Test TYemperature
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Appendix A
A302B REFERENCE MATERIJAL

Impact Energy Uncertéinty = 10.0 0

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
IP2 Z SASTM SRM LT : Fluence = 9.620E+18 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 102.9 14.6 -0.100

CVT at Midpoint (C) 67.9 15.9 -0.103 0.856

1/slope (C) 83.1 21.7 0.072 0.543 0.460

CVT at 41 Joule (C) 47.5 9.2 -0.172 0.036 0.459 ~0.422

CVT at 68 Joule (C) 95.0 10.0 -0.019 -=0.076 0.310 0.429 0.375

A3628 Reference Material
VA

ir2 SASTH SR LT
8 168 268 388 4880 °F
128 T T ‘ T T T
. 88
188
2 68 68
o
g L 2
Fa3 o= g
25 -
u= 68 e
=4 )
=
48
28
28
a 1 1 3, 1 i a
-58 8 58 168 158 288 258 °C

Test Iemperature
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'A302B REFERENCE MATERIAL
Point Beach Unit L. Capsule R

USE= 118.5 J, LSE=
CVT(41J) =
Fluence = 2.220E+19 , Irr. Temp. = 304 C

69. C , CVT(68J)

3.0 J, CVT(1/2)=
90.

84.C , Slope = 0.0230
c .,

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1b mm mil
R10 21. 70. 12. 9. 0.10 4. 10.
R13 66. 150. 35. 26. 0.53 21. 30.
R15 71. 160. 49. 36. 0.69 27. 40.
RY - 79. 175. 49. 36. 0.71 28. 40.
R1l1 99. 210. 82. 60. 1.07 42. 85.
*R12 121, 250. 68. s0O. 1.07 42. 80.
R14 149, 300. 118. 87. 1.47 58. 100.
R16 149. 300. 108. 80. 1.27 50. 100.
A36Z28 Reference Material
PB1 R SASTH SRt LY
8 188 288 388 480 °F
128 T T ‘_E Y
o i
148
3 e -
5
=) '
B — =
w B
w—= 68
<
n -
= o
48 -
28 =
=]
a I3 -l " ) L L
-58 a o8 108 158 280 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

Point Beach Unit 1, Capsule R

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

PB1 R SASTM SRM LT : Fluence = 2.220E+19 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 121.7 11.5 0.068

CVT at Midpoint (C) 85.8 7.9 0.002 0.771

1/slope (C) 47.3 12.7 -0.066 0.541 0.536

CVT at 41 Joule (C) 67.7 5.7 -0.005 ~-0.065 0.399 -0.472

CVT at 68 Joule (C) 90.1 5.5 -0.111 0.200 0.754 0.437 0.548

3828 Reference Material

PB1 R SASTH SRM LT
8 188 2u8 388 468 °F
14a T M T T T 'T
. 180
88
D
=
]
gl.) o
fad seve 69—-
w3 -
g'ﬂ ot
S
=
- 48
28
a 1 1 I3 J. L B,
-58 8 58 188 158 288 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Point Beach Unit 1, Capsule S

USE= 99.3 J, LsSE= 3.0 J, CVT(1/2)= 65.C , Slope = 0,0173
CVT(41J) = 52. C , CVT(68J) = 86. C ,
Fluence = 7.050E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
R28 4. 40. 18. 13. 0.15 6. S.
R26 24. 75. 24, 18. 0.30 12. 20.
R25 2. 125. 37. 27. 0.51 20. 30.
R27 66. 150. 54. 40. 0.76 30. 40.
R29 79. 175. 52. 38. 0.81  32. 45S.
*R31 88. 190. 54. 40. 0.97 38. 99.
R32 99. 210. 89. 66. 1.24 49. 9s.
R30 : 149. 300. 92. €8. 1.42 56. 100.

3628 Reference Material

PB1 S SASTH SRM LT
°F
108
88 68
N
£
iy ©® =
w3 8,
Q™ Com
&
- 48
pa
28
a 1 1 1 1 1 a
-58 2] 58 168 158 .2e8 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

in h Unit |
Impact Energy Uncertainty = 10.0 J

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

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

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 101.8 13.1 0.184

CVT at Midpoint (C) 66.1 10.7 0.318 0.792

1/slope (C) 59.7 17.1 -0.212 0.434 0.297 .

CVT at 41 Joule (C) 52.0 7.6 0.420 0.037 0.562 -0.452

CVT at 68 Joule (C) 86.5 8.5 0.026 -0.104 0.331 0.479 0.358

A3BZB Reference Material

'PBI S SASTH SRM LT
e 168 208 388 488 °F
128 L) L] v T Y T v T ad
1
188 |
o a]
= N - 68
E, a8
= =
w3 o
o= 68 ot
g. c® . 40
48 | ' 1
' - 28
a8 - e
a I3 K3 Nl 1 4 a
-58 8 5e 188 158 - 288 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Point Beach Unit 1, Capsule T
USE= 96.2 J, LSE= 3.1 J, CVT(1/2)= 79.C , Slope = 0.0261

CVT({41J) = 72. C , CVT(68J) = 95. C ,
. Pluence = 2,110E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil .

*R17 10. 50. 33. 24. 0.51 - 20. 44.
*R24 10. 50. 47. 3s. 0.63 25. 33.
R19 23. 74. 24. 18. - 0.36 14. 21.
R20 66. 150. 28. 21. 0.51 20. 32.
R18 79. 17s. 47. 3s. 0.71 28. 40.
R23 93. 200. 68. 50. 0.81 32. 57.
R22 121. 250. 94. 69. 1.30 S1. 98.
R21 177. 350. 94. 69. 1.30 . S1. 100.

A30ZB Reference Material

PB1 1 SASTH SRH LT
8 188 288 388 468 °F
. 68
=
=)
:
S | a2
28 2
-4
=
4 ')
a I - i 2 1 1 a
-58 "] 58 188 158 288 258 °C
Test Temperature
NUREG/CR-6413

A-54




Appmuﬁx[\
A302B REFERENCE MATERIAL

Point Beach Unit 1, Capsule T

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

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

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.1 0.0

Upper Shelf Energy (J) 98.2 8.0 0.086

CVT at Midpoint ({C) 80.0 7.2 0.317 0.523

1/slope (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 0.352

A3828 Reference Material

PB1 1 SASTH SRM LT
8 . 1808 288 388 408 °F
188 T ad T M “T ~r T =T
. 68
=N 4
4
L
E8 A
3 . 48
- bad
Q™ o
-3
=
. z8
a 1 . —_— I 2 1 _— a

-568 2] 56 1608 158 288 258 °C
Test Temperature

ASS NUREG/CR-6413




Appendix A

A302B REFERENCE MATERIAL
Point Beach Unit 1, Capsule V

USE= 102.0 J, LSE= 3.0 J, CVT(1/2)= 68.C , Slope = 0.0192
CVT(41J) = 56. C , CVT(68J) = 85. ¢, .
Fluence = 3.580E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil -

R6 -32. =25. 5. 3. 0.05 = 2. 2.
Rl 10. 50. 14. 10. 0.20 8. 10.
R7 26. 78. 30. 22, 0.48 19. 1s.
RS : 50. 122. 27. 20. 0.83 21. 30.
R4 s3. 127. 37. 27. 0.66 26. 40.
R2 72. l61. 54. 40. 0.91 36. S5.
R3 87. 188. 76. 56. 1.30 51. 75.
R8 113. 236. 87. 64. 1.37 S4. 98.

3828 Reference Material

PB1 v SASTN SRM LT
8 188 268 388 488 °F
123 L i ¥ R 2 Sy 1 L) v
. 80
= s 68
g
gl: -
R = oy
Ny IR
o= -
2 . 18
=
Y 28
a 3 3 A 2 1 9 a
-58 8 58 1688 158 288 258 °C
Test Temperature
NUREG/CR-6413

A-56




Appendix A
A302B REFERENCE MATERIAL

Point Beach Unit 1, Capsule V

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
PB1 V SASTM SRM LT : Fluence = 3.580E+18 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 103.9 15.5 0.176
CVT at Midpoint (C) 68.5 10.9 0.310 0.854
1/slope (C) 54.1 14.0 -0.197 0.438 0.386
CVT at 41 Joule (C) 54.9 6.3 0.434 0.171 0.571 -0.348
CVT at 68 Joule (C) 86.1 7.8 0.031 -0.210 0.114 0.395 0.265

3828 Reference Material
vV

PB1 SASTN SRt L1
8 180 - ] 368 488 °F
128 v T T T M T T
. 88
188
=4 a8 - 68
S
g L2} =
B = —
= 1
tS 68 s
& { 49
=
418
, . 28
28
a ] 1 1 L 1 a
-58 8 58 148 158 268 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
San Onofre Unit 1, Capsule A

USE= 76.3 J, LSE= 3.0 3, CVT(1/2)= 63.C , Slope = 0.0239
~ CVT(41J) = 65. ¢ , CVT(68J) = 106. C ,
Fluence = 1.200E+19 , Irr. Temp. = 304 C

Spec. ID " Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1b mm mil
R48 -1. 30. 9. 6. 0.15 6. 2.
R43 ' 22. 72. 1s. 11. 0.30 12. S.
R45 43. 110. 30. 22. 0.46 i8. 5.
R44 60. 140. 29. 21. 0.56 22. 10.
R41 71. 160. 42. - 31. 0.74 29, 20.
R47 97. 207. 74. s5. 1.24 49. 9s.
" R42 149. 300. 76. 56. 1.19 47. 100.
R46 193. 380. 74. s54. 1.40 §5. 100.

3828 Reference Material

So1 A SASIN SRt LT
8 189 2688 308 488 °F
183 i L] L] § ¥
88 - 68
=} o
N
=
{': 68 -
= L -]
=3 - 487
- 0 -«
[ £ Ror-] o
-]
£ o
— 49 4
o a i 28
28 L
D -
[=]
a 4 - L 4 L 8
-58 a8 58 100 158 288 258 °C
Test Temperature
NUREG/CR-6413

A-58




Appendix A
‘A302B REFERENCE MATERIAL

San Onofre Unit L. Capsule A
Impact Energy Uncertainty = 10.0 J

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

SOl A SASTM - SRM LT : Fluence = 1.200E+19 , Irr. Temp. = 304
Parameter Mean Std.Dev Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 78.9 5.5 0.074
CVT at Midpoint (C) 63.3 7.5 0.302 0.468
1/s8lope (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 0.5627 0.262

ﬁSBZB Reference Material

SO1 SASTH SRN LT
8 186 288 308 468 °F
laa d L) L BJ LS 1]
88 | . 68
=]
b=
E
e % a
w8 1 8,
[ % B Com
=
3
- 48
. z8
28
a N 1 i 1 1 a
-58 a8 58 168 158 208 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
San Onofre Unit 1, Capsule D

USE= 77.6 J, LSE= 3.0 J, CVI(1/2)= 84.C , Slope = 0.0213
CVT(41J) = 85. C , CVI(68J) = 129. C ,
Fluence = 2.360E+19 , Irr. Temp. = 304 C

Spec. ID - Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1b mm mil
R13 21. 70. 9. 7. 0.13 S. : 2.
R10 43. 110. 18. 13. 0.30 12. S.
R11 66. 150. 26. 19. 0.41 16. 20.
R9 79. 175. 34. 25. 0.s58 23. 20.
R1l6 93. 200. 45. 33. 0.76 30. 40.
R12 121. 250. 69. 51. 1.27 s0. 100.
R1S 148. 300. 75. 5. 1.42 S6. 90.
R14 177. 350. 75. s5. 0.91 36. 100.

3828 Reference Material

So1 D SASIN SRM LY
8 168 288 388 488 °F
108 T T — ~ T : T v
88 - 68
=]
=]
=
T}
g8 =
= . 48
- 8 -
T D™
1
S
=
. 28
a i 1 i 1 1 a
-58 e 58 168 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

Impact Energy Uncertainty = 10.0 J

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

s01 D - SASTM SRM LT : Pluence = 2.360E+19 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 81.7 8.5 -0.113
CVT at Midpoint (C) 88.0 10.8 0.081 0.717
1/slope (C) 49.9 15.7 ~0.341 0.589 0.394
CVT at 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

(3828 Reference Material

So1 b SASTH SRM LT
8 1688 288 388 488 °F
laa 1 hd i B3 L L]
808 68
D
=]
ol
Fo O =
3 48
- -
|3 R ] Come
g
— 48
28
28
a 1 1 1 1 1 B
-58 8 S8 198 158 . 288 258 *C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
San Onofie Unit 1, Capsule F

USE= 85.0 J, LSE= 3.0 J, CVT(1/2)= 75.C , Slope = 0.0281
CVT(41J) = 72. C , CVT(68J) = 99. C , :
Fluence = 5.140E+19 , Irr. Temp. = 304 C

Spec. 1ID Test Temp. Impact Energy Lat. Exp. % Shear
C F J  ft-lb " mm mil
RS7 21. 70. 16. 12. 0.41 - 16. 10.
R63 66. 150. 35. 26. 0.61 24. 20.
RS8 79. 17s. -39, 29. 0.71 '28. 2s.
R61 93. 200. 72. 53. 1.12 44. 80.
R60 100. 212. 64. 47. 1.02 40. 8S.
R62 121. 250. 89. 66. 1.32 82. 100.
R64 149. 300. 81. €0. 1.19 47. 100.
RS9 177. 350. 80. 59. 1.30 s1. 100.

(3828 Reference Material

So1 F SASIN SRM LT
8 168 288 388 488 °F
108 T - T Y - T Y
o
Ba o a a - 63
o
SN
2 o
gy 7 =
g 3 48
b bt
S
3
— 40 o
. 28
28
D -
a Fl I 1 1 i a
-58 8 58 188 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

San Onofre Unit 1, Capsule F
Impact Energy Uncertainty = 10.0 J

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

sol F SASTM SRM LT : Fluence = 5.140E+19 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 86.2 6.5 0.117

CVT at Midpoint (C) 74.3 8.3 0.411 0.498

1/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 at 68 Joule (C) 98.1 6.4 -0.064 -0.075 0.274 0.427 0.258

A382B Reference Material

So1 F SASTH SRM LI
8 188 288 3088 480 °F
138 T I T M T v v s -7 -~
o - 68
=
=]
=
gy =
g 1 48 7
« -
o= D
<
=9
=
. 286
B ] 1 1 i 1 8
-58 a8 58 1608 158 288 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Turkev Point Unit 3. Capsule S

USE= 85.8 J, LSE= 3.0 J, cVT(1/2)= 73.C , Slope = 0.0230
CVT(41J) = 69. C , CVT(68J) = 101l. C ,
Fluence = 1.410E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
(o F J ft-1b mm mil
Rl 22. 72. 20. 1s. 0.33 13. 5.
R2 60. 140. 28. 21. 0.48 19. 15.
*R5 71. 160. 67. 49. 1.02 40. 40.
R6 82. 180. 45, 33. 0.79 31. 50.
R8 93. 200. 70. 51. 1.27 §0. 9s5.
R3 99. 210. 72. 53. 1.19 47. 90.
*R7 121. 250. 48. 35. 0.86 34. 60.
R4 149. 300. 81. 60. 1.30 51. 100.

A38Z8 Reference Material

IP3 S SASTH SRM LT
8 108 288 388 408 : °F
188 ] ] Ll LA M Ll M
. 68
=
=
S
2o a2
] o —
» 3B I 18
Q= o
s
S
-
. z8
8 : : L . —t 8
-58 8 S8 1808 158 288 258 °C
Test Temperature
NUREG/CR-6413
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v Appendix A
A302B REFERENCE MATERIAL

Turkey Point Unit 3, Capsule S
Impact Energy Uncertainty = 10.0 J

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

TP3 s SASTM SRM LT : Fluence = 1.410E+19 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 89.2 11.9 0.135
CVT at Midpoint (C) 72.1 11.5 0.266 0.778
1/slope (C) 54.9 18.3 -0.313 0.342 0.048
CVT at 41 Joule (C) 65.7 7.9 0.346 0.143 0.694 -0.489
CVT at 68 Joule (C) 106.7 14.2 -0.243 -0.402 -0.291 0.459 -0.091

3828 Reference Material

TIP3 S SASIN SRM Lt
8 188 288 368 488 °F
188 T - T T . T -
. 68
=)
i
S
S3 =
= - 48
- B8 +
(2 e ] Come
o
=
=
. pa’
a 1 1 L 1 1 a

-58 8 S8 1680 158 288 258 °C
Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Point Unit 3. Capsule T

USE= 101.8 J, LSE= 3.0 J, CVT(1/2)= 64.C , Slope = 0.0147
CVT(41J) = 48. C , CVT(68J) = 86. C ,
Fluence = 5.680E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
o] F J ft-1b mm mil
RS9 4. 40. 1s5. 11. 0.1 6. 3.
R63 24. 75. 34. 25. 0.43 17. 5.
R60 60. 140. 49. 36. 0.69 27. 30.
R61 60. 140. 46. 34. 0.61 24. 1s.
R57 g8. 208. 76. 56. 1.19 47. 75.
R64 99. 210. 73. 54. 0.89 35. 70.
R58 149. 300. 99. 73. 1.42 56. 100.
R62 149. 300. 96. 71. 1.24 49. 100.

3828 Reference Material

IP3 T SASTH SRM LY
8 168 288 388 4668 °F
128 T T ¥ T T T v
1
188
s 68 68
£
- a
$a vt —
= 1
£3 68 &
2 48
=
48
28
28
a n 1 1 1 1 a
-58 8 58 168 158 208 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

lurkev Point Unit 3. Capsule T

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
TP3 T SASTM SRM LT : Fluence = 5.680E+18 , Irr.'Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 107.4 13.1 0.256

CVT at Midpoint (C) 67.6 13.9 0.365 0.871

1/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 0.524

3828 Reference Material

TIP3 T SASTH SRM LT
8 188 2p8 300 488 °F
128 L3 v L3 ¥ v T .g T
i 88
2 68
8
gy -
= !
- Q bad
Q™2 Somt
= 40
=
28
a 1 1 1 A 1 a
-58 8 58 188 158 268 258 °C

Test Temperature
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Appendix A

A302B REFERENCE MATERIAL
Turkey Point Unit 3. Capsule V

USE= 95.7 J, LSE= 3.0 J, CVT(1/2)= 66.C , Slope = 0.0176
CVT(41J) = 56. C , CVT(68J) = 90. Cc,
Fluence = 1.229E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
R47 4. 40. 13. 9. 0.20 8. 0.
R42 23. 74. 24. 18. 0.36 14. 5.
R4S 71. 160. 64. 47. 1.07 42. 60.
R48 71. 160. 37. 27. 0.66 26. 30.
R44 116. 240. 83. 61. 1.37 54. 100.
R46 116. 240. 87. 64. 1.30 s1. 100.
R41 163. 325, 92. 67. 1.50 59. 100.
" R43 163. 325. 95. 70. 1.57 62. 100.

3828 Reference Material

TIP3 v SASTH SR LT
2] 168 208 388 4088 °F
188 T v 1] A 1 1] R v
60
=
&=
£
o
L =
= 48
+ 0 -
o= D
e
-9
=
28
a 1 1 1 1 . N a
-508 8 5e 1668 158 <288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A302B REFERENCE MATERIAL

Turkey Point Unit 3, Capsule V

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
TP3 v SASTM SRM LT : Fluence = 1,229E+19 , Irr. Temp. = 304
Parameter ' Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0 ’
Upper Shelf Energy (J) 99.5 8.9 0.032
CVT at Midpoint (C) 68.9 11.1 0.171 0.776
1/slope (C) 63.0 17.3 -0.140 0.553 0.339
CVT at 41 Joule (C) §5.0 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

#3828 Reference Material

1P3 v SASTH SRM LT
°F
188
68 68
N
=
e
£y 68 a
=S 487
- Q0 -
(2 2] o
-]
=
= 40
28
28
a 1 1 1 K] 2 8
-58 ] 58 1688 158 Zea 258 °C

Test Temperature
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Appendix A

A533B HSSTO1 REFERENCE MATERIAL

Arkansas Unit 2, Bascline
USE= 201.7 J, LSE= 3.0 J, CVT{(1/2)= 26.C , Slope = 0.0272
Unirradiated Charpy Specimen, CVT(41J) = -l. ¢, CVr(683) = 13. ¢
Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
(o] F J ft-1b mm mil
7A3 -62. -80. 6. 4. 0.05 2. 0.
7AA -400 -400 11. 8. 0-18 . 70 50
7AL -40. -40. 9. 7. 0.15 6. S.
7al1 -18. 0. 22, 16. 0.43 17. 1s.
7AK -180 0. 200 140 0-36 140 15.
7R2 4. 40. 34. 25. 0.66 26. 25,
a7 4. 40. 52. 38. 0.84 33. 25.
7AS . 21. 80. 110. 81. 1.60 63. 40,
7aC 27. 80. 115. 85. 1.73 68. 50.
724 49. 120. 149, 110. 1.98 8. 70.
7AJ 49. 120. 157. 116. 2.13 84. 70.
7A6 71. 160. 188, 139. 2.31 91. 95.
7AD ‘ 71. 160. 178. 131. 2.16 85. 90.
7AB 99. 210. 196. 144. 2.31 91. 100.
7AE 99. 210. 207. 153. 2.13 84. 100.
]
A533B Reference Material (HSST Plate #1)
. ANZ SHSSB1 SR LI
-58 58 158 258 358 458 °F
Zza ~r T T T - T T = iw
i a
288 -
- {1 148
188 |
3
168 - 128
g -
& 140 . 168
P 2
23 & &
Q0= 4 88 «
2 169
=
88 - 68
68
b 48
40
> 28
28
a L r 1 L L - 1 a
-188 -508 8 58 168 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appcnciix A
A533B HSSTO1 REFERENCE MATERIAL

Arkansas Unit 2, Baseline
Impact Energy Uncertainty = 10.0 J

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

AN2 SHSSO01 SRM LT

Parameter Mean Std.Dev. Correlation Coefficients

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

1/slope (C) 36.9 5.9 -0.250 0.721 0.5%1

“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

5338 Reference Material (HSST Plate #1)

ANZ SHSS81 SEM LY

-58 . 58 158 258 358 458  °F

188
168
148 |

ft-1b

188

Impact Energy
Joule

8 - : L . . - . e
-188 -58 8 58 188 158 288 258 °C
Test Temperature
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Appendix A

A533B HSSTO01 REFERENCE MATERIAL

USE= 186.5 J, LSE= 3.0 J, CVT(1/2)= 23.C , Slope = 0.0291

Unirradiated Charpy Specimen, CVT(41J) = 0. C, CVT(68J) = 13. C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
o F J ft-1b mm mil

64U -62. -80. 3. 0.15 6.
657 -40. -40. 6. 0.1 &6,
64L -~18. 0. 8. 0.30 12.
655 -18. 0. 12. 0.51 20.
-653 -7. 20. 36. 0.81 32.
64K 4. 40. 31. 0.79 31.
64T 4. 40. ‘ 61. 4S. 1.02 40.
651 16. 60. 58. 43. 1.02 40.
654 16. 60. 64. 47. l1.09 43.
64M 217. 80. 117. 86. l1.68 66.
652 27. 80. 110. ‘81. 1.63 64.
64Y 49. 120. 152. l12. 2.18 86.
656 49. 120. 1s2. 112. 2.03 80.
64P 71. 160. 176. 130. 2.39 94.
65A 99. 210. 184. 135. 2.34 92.

45338 Reference Material (HSST Plate #1)
CC1 SHSSA1 SR LT

150 258 358

Ll Ll L]

Impact Energy
Joule

1 1

S8 108
Test Temperature

NUREG/CR-6413
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Appendix A

A533B HSSTO01 REFERENCE MATERIAL

Calvert Cliffs Unit 1, Bascline

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

ccl SHSSO01 SRM LT

Parameter . Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.1

Upper Shelf Energy (J) 187.1 9.2 -0.071

CVT at Midpoint (C) 23.4 3.1 0.075 0.758

1/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

5338 Reference Material (HSST Plate 1)

CC1 SHSSa1 SR LT
-58 S8 158 258 358 458 °F
m L] L M B | L v 1] L]
1 - 148
188
168 - 128
g 148 - i 188
Sy
e 1B 7 =
w3 1 68 4,
g - 188 Cone-
=
— 88 o - 68
68 o [=) =]
‘g - 48
418 }
1 28
28
a
C] : . : ' S 8
-188 -58 8 58 168 158 288 258 °C

Test Temperature
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Appendix A

A533B HSSTO01 REFERENCE MATERIAL

Calvert Cliffs Unit 1, Capsule W263
USE= 152.2 J, LSE= 3.0 J, CVT(1/2)= 82.C , Slope = 0.0205
CVT(41J) = S6. C , CVI(683) = 75. C ,

Fluence = 5.900E+18 , Irr. Temp. = 288 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
64B 4. 40. 8. 6. 0.15 6. S.
644 26. 78. 16. 12. 0.33 13. 5.
640 48. 118. 37. 27. 0.66 26. 25.
647 54. 130. 43. 32. 0.84 33. 20.
643 66. 150. 55. 40. 0.97 38. 3s.
64C 77. i70. 68. S0. 1.17 46. 35.
645 8s. 185. 80. 59. 1.30 51. 35.
64D 99. 210. 94. 69. 1.57 62. 50.
64E 118. 245. 134. 99. 1.93 76. 85.
642 149. 300. 153. 113. 2.31 91. 100.
646 186. 366. 147. 108. 2.18 86. 100.
64A 186. 366. 145. 107. 2.18  8s. 100.

5338 Reference Material (HSST Plate §1)

cC1 w263 SHSS81 SRH LT

8 168 288 380 480 °F
168 1 Y T - T T
148
168
120
= 88
§-° 109
Pt =
22 oo 68 2
S
=
68
48
410
28
28
a AL 1 1 1 2 a
-58 8 58 168 158 289 258 °C
Test Temperature
NUREG/CR-6413

A-74




Appendix A
A533B HSSTO1 REFERENCE MATERIAL

A 1i nit 1 3

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

cC1  W263 SHSSO1 SRM LT : Fluence = 5.900E+18 , Irr. Temp. = 288

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 152.8 6.3 -0.050

CVT at Midpoint (C) 82.2 4.2 0.040 0.626

1/slope (C) 49.1 6.5 -0.172 0.345 0.282

CVT at 41 Joule (C) §5.7 4.4 0.184 0.008 0.529 -0.630

CVT at 68 Joule (C) 75.7 3.3 0.116 0.144 0.839 -0.084 0.820

f5338 Reference Material (HSST Plate #1)

cC1 w263 SHSS81 SRM LT

e 168 208 398 4188 °F
168 ~ Y - v T v v ——— v
148 108
128
g 89
188
fe =
22 &g 68 2
&
£z
68
48
48
28
28
a 1 1 1 1 2 8
-58 8 58 108 158 - 288 258 °C

Test Temperature

A-T5 NUREG/CR-6413




Appendix A

A533B HSSTO01 REFERENCE MATERIAL
Calvert Cliffs Unit 2, Baseline

USE= 200.0 J, LSE= 3.0 J, CVT(1/2)= 29.C , Slope = 0.0212

Unirradiated Charpy Specimen, CVT(41J) = =5. C , CVT(68J) = ‘12. C
Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
(od P J ft-1b mm mil
6A7 -62. -80. 6. 4. 0.05 2. 0.
6AS -40. =-40. 8. 6. 0.13 = s. 10.
675 -18. 0. 25. 18. 0.43 17. 1s5.
6A6 -18. 0. 20. 15. 0.36 14. 15.
674 4. 40. 55. 40. 0.86 34. 20.
670 4. 40. 44. 32. 0.76 30. 20.
671 16. 60. 76. s6. 1.22 48. 30.
6a4 16. 60. 98. 72. 1.40 55. 35.
66Y . 27. 80. 90. 66. 1.35 53. 40.
642 27. 80. 95. 70. 1.42 56. 40.
67T 49, 120. 138. 101. 1.83 72. 6%5.
67Y . 49, 120. 136. 100. 1.78 65. 60.
6A1 71. 160. 172. 127. 2.29 90. 90.
66U 99, 210. 201. 148. 2.34 92. 100.
6A3 99. 210. 182. 134. 2.18 86. 100.
1]
A533B Reference Material (HSST Plate #1)
cC2 SHSSe1 SR LI
-58 S8 156 258 358 459 °F
228 T v T d T M T T T - 1“
208 | o
I . 140
180 | a
168 + . 128
g 3 L
= 148 |
;E-E | 188:5
w3 1280 | ]
o= g - &Bz:
S 188 | o
= - 1
88 | . 68
r-
68
- | - 18
48 | o
[ : - 28
Za -
A 5
a i 1 X A 1 - 1 a
-168 -58 a 58 160 150 208 258 °C
Test Temperature
NUREG/CR-6413 ' P

A-76




Appendix A
A533B HSSTO01 REFERENCE MATERIAL

Calvert Cliffs Unit 2. Baseli

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

cc2 SHSSO01 SRM LT

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 200.5 11.3 0.028

CVT at Midpoint (C) 29.6 4.5 0.025 0.854

1/slope (C) 47.8 6.0 -0.056 0.622 0.626

CVT at 41 Joule (C) -4.8 3.7 0.074 -0.171 0.068 -0.712

CVT at 68 Joule (C) 12.5 2.6 0.060 0.142 0.509 =-0.268 0.864

AS33B Reference Material (HSST Plate £1)

cC2 SHSSB81 SERM LT
-58 58 158 258 358 458 °F
2z8 T r v r T T —3 168
288 o
& 148
180
168 . 128
=
£ 148 i 188
L0 2
»g 128 b
Q= - 88 <
g 180
=
88 . 68
68 1 48
418
9 28
28
a 1 1 i L [y 1 8
-180 ~-58 8 58 198 1568 2808 258 °C

Test Temperature

A-T7 NUREG/CR-6413




Appendix A

A533B HSST01 REFERENCE MATERIAL

Calvert Cliffs Unit 2, Capsule 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 = 8.140E+18 , Irr. Temp. = 288 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
672 10. 50. 12. 9. 0.28 11. 0.
66D 24. 75. 12. 9. 0.28 11, 5.
676 38. 100. 1s. 11. 0.33 13. 5.
677 49. 120. 24. 17. 0.51 20. 10.
67P 60. 140. 42. 31. 0.76 30. 10.
66T 71. 160. 43, 32. 0.76 30. 20.
66A 82. 180. 57. 42. 1.70 67. 25.
66C 99. 210. 88. 65. 1.45 57. 25.
67K 110. 230. 114. 84. 1.88 74. 100.
667 121. 250. 119. 87. 1.90 75. 100.
66M 149. 300. 127. 24. 2.06 81. 100.
67L 177. 3s50. 127. 94. 1.93 76. 100.

0338 Reference Material (HSST Plate §1)

¥ 74 U263 SHSSe1 SRM LT

8 106 208 368 408 °F
148 T T T T r . 190
128
. 8o
108
=
=]
6
gig 806 - 68:?
e &
o
= 68
- - 40
46 1
- 28
28
a 2 2 L . L a
-58 e 56 160 158 280 258 °C
Test Temperature
NUREG/CR-6413

A-T8




‘Appmxﬁxjx
A533B HSSTO1 REFERENCE MATERIAL

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

cC2 w263 SHSSO1  SRM LT : Fluence = 8.140E+18 , Irr. Temp. = 288

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.1 0.1

Upper Shelf Energy (J) 133.6 7.8 0.046

CVT at Midpoint (C) 84.8 4.9 0.243 0.702

1/slope (C) 39.7 7.8 -0.387 0.425 0.286

CVT at 41 Joule (C) 67.0 4.7 0.518 0.043 0.556 =0.601

CVT at 68 Joule (C) 84.6 3.6 0.309 0.264 0.867 0.076 0.740

A533B Reference Material (HSST Plate #1)

¢z uzes SHSS81 SR LT

8 188 269 388 488 °F
148 . . : — . 1688
129
: 88
188
=
j=-1
e
52 88 1 68 2
w3 -
g - o
£ 68
- - 48
19
- 28
28
8 : . 2 . . 8

-58 8 58 188 158 260 258 °C
Test Temperature

A-79 NUREG/CR-6413




Appendix A

AS33B HSST01 REFERENCE MATERIAL
Fort Cathoun Unit 1, Capsule W225

USE= 145.3 J, LSE= 3.0 J, cVT(1/2)= 92.C , Slope = 0.0180
CVT(41J) = 64. C , CVT(68J) = 87. ¢,
Fluence = 4.800E+18 , Irr. Temp. = 288 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1b mm mil
55T 27. 80. 12. 9. 0.18 7. 0.
566 49. 120. 30. 22. 0.53 21. 0.
573 49. 120. 23. 17. 0.48 19. 0.
S5M 71. 160. 52. 38. 0.61 24. 20.
S5Y 71. 160. 52. 38. 0.84 33. 20.
563 93. 200. 8s5. 63. 1.19 47. 30.
56J 93. 200. 68. s0. 0.97 38. 30.
565 121. 250. 114. 84. 1.78 70. 80.
56a 121. 250. 102. 75. 1.27 s0. 70.
56D 149. 300. 128. 92. 1.90 75. 90.
S5P 177. 350. 145. 107. 2.11 83. 100.
575 177. 350. 138. 102. 2.03 80. 100.

5338 Reference Material (HSST Plate #1)

FC1 vzzs SHSSB1 SRN LY

] 160 208 388 498 °F
168 d 1 ] I 1] ] ¥ kg
148
168
128
a BO
§ 198
=L =
oy §a
o= 088 68 2
2
=
60
49
408
20
28
a 1 1 L b 1 3 a
-58 7] 58 168 1580 208 258 °C
Test Temperature
NUREG/CR-6413

A-80




.Appendix A
AS533B HSSTO1 REFERENCE MATERIAL

Fort Cathoun Unit |, Capsule W225
Impact Energy Uncertainty = 10.0 J

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

FCl W225 SHSSO1 SRM LT : Fluence = 4.800E+18 , Irr. Temp. = 288

Paraneter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 147.0 9.9 0.109

CVT at Midpoint (C) 92.1 6.6 0.10% 0.839

1/slope (C) 56.3 9.6 0.132 0.723 0.644

CVT at 41 Joule (C) 63.1 4.8 -0.050 -0.167 0.233 -~0.586

CVT at 68 Joule (C) 86.5 3.8 0.056 0.315s 0.769 0.189 0.700

A5338 Reference Material (HSST Plate £1)

FC1 wz2zs SHSS81 SRM LT

8 188 288 388 488 °F
168 T 1 L} 1 L i v
148 108
128
S e
188
gy a
= ]
I 6a 2
&
=
68
48
48
28
28
8 L 1 1 ;I 1 a
-58 8 S8 1886 158 © 288 258 °C

Test Temperature

A-8l NUREG/CR-6413




Appendix A

A533B HSSTO01 REFERENCE MATERIAL
1h nit 1 75

USE= 129.1 J, LSE= 3.0 J, CVT(1/2)= 117.C , Slope = 0.0135
CVT(413) = 86. C , CVT(683) = 119. C ,
Fluence = 1.280E+19 , Irr. Temp. = 280 C

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

' c F J ft-1b mm mil
56T 21. 70. 9. 6. 0.15 6. 0.
S6E 38. 100. 17. 12. 0.33 13. 5.
564 104. 220. 64. 47. 1.17 46. 50.
572 149. 300. 73. 53. 1.32 52. 95.
56K 177. 3s0. 123. 90. 1.98 78. 100.
56B 204. 400. 121. 89. 2.11 a3. 100.

5338 Reference Material (HSST Plate #1)

FC1 wz27s SHSS81 SRM LT
8 168 208 308 400 °F
140 T < - Y - T | T ﬂ 189
120
88
160
=
£
oy o
T Pt
§' 68
- 48
416
28
28
a L 1 i ] b a
-50 8 58 188 158 268 258 °C
Test Temperature
NUREG/CR-6413

A-82




Appendix A
A533B HSSTO1 REFERENCE MATERIAL

th nit 1 75

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

FC1 W275 SHSSO1 SRM LT : Fluence = 1.280E+19 , Irr. Temp. = 280

Parameter Mean std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 137.0 17.8 0.218

CVT at Midpoint (C) 121.7 15.6 0.236 0.870

1/siope (C) 77.7 14.8 0.176 0.596 0.420

CVT at 41 Joule (C) 85.6 10.8 0.085 0.196 0.586 =0.43S

CVT at 68 Joule (C) 119.5 8.6 0.171 0.390 0.786 0.023 0.872

#5338 Reference Material (HSST Plate #1)

FC1 wz?s SHSS81 SRn LI

8 168 288 388 4688 °F
148 T . T 1] M R I ad T ] m
128
' 89
180
=)
-]
fu
v e 68 .2
« B o
[% R [
[ -]
£ 68
= 48
48
pa)
pa)
8 . s . . — 8
-58 8 58 168 158 288 258 °C

Test Temperature
A-83 NUREG/CR-6413




Appendix A

AS33B HSSTO01 REFERENCE MATERIAL
il nit 2 i

USE= 199.8 J, LSE= 3.0 J, CVT(1/2)= 26.C , Slope = 0.0261

Unirradiated Charpy Specimen, CVT(41J) = -1. C , CVT(68J) = 13. C
Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
(o] F J ft-1b mm mil
755 -62. ;80. 5. 3. 0.08 3. 0.
750 -40. -40. 7. 5. 0.18 7. 0.
757 ~-18. 0. i8. 13. 0.38 15. 1s.
753 -18. 0. 20. 14. 0.41 16. 1S.
7SB 4. 40. " 59. 43, 0.91 36. 25.
75M 4. 40. 53. 39. 0.89 3s. 20.
75C 27. 80. 100. 73. 1.52 60. 45,
75D 27. 80. 94. 69. 1.35 53. 45.
75a 49. 120. 1s5. 114. 2.01 79. 80.
75P 49. 120. 155. 114. 2.16 8S. 80.
78K 71. 160. 187. 138. 2.26 89. 100.
75T 71. 160. i81. 133. 2.34 92. 90.
75L 82. 180. 190. 140. 2.26 89. 100.
756 99. 210. 193. 142. 2.26 89. 100.
75E 9. 210. 197. 14s. 2.34 92. 100.
]
A533B Reference Material (HSST Plate #1)
ML2 SHSSB1 SRM LI
-58 58 158 258 358 158 °F
283 T T T [ T T T
I . 140
188 |
168 } . 128
§ 140 - i 188
Eo 128 .
Eal om —
oy A 88 4,
g"g m u Cont-
% 3
= 88 - . 68
68 |
. 48
40 |
. 28
28 |
a 'Y X L 1 1 L a
-168 -58 a8 58 168 158 - 288 258 °C
Test Temperature
NUREG/CR-6413

A-84




| Appendix A |
AS5S33B HSSTO1 REFERENCE MATERIAL

illstone Unit 2. Baselin

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000

ML2 SHSSO01 SRM LT

Parameter Mean 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

1/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

A533B Reference Material (HSST Plate #1)

nLz2 SHSSA1 SRH LT
-58 58 158 258 358 458 °F
ZZB T T - T T v T 3 1&
288 |
- . 140
188 |
168 | . 128
g; 146 - 168
&8 ' =
N 128 + 1
o= 1 - 80 :
g 188 |
2 L
88 + - 68
68 r - 48
48 |
o8 | . 28
B 1 A 1 1 1 L a
-188 -58 8 58 166 158 ' 288 258 °C

Test Temperature

A-85 NUREG/CR-6413




Appendix A

A533B HSST01 REFERENCE MATERIAL

illstone Unit 2 le W104

USE= 127.0 J, LSE= 3.0 J, CVT(1l/2)= 91.C , Slope = 0.0236

CVT(41J) = 74. C , CVT(68J) = 93. C ,

Fluence = 8.840E+18 , Irr. Temp. = 288 C

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

c F J ft-1b mm mil

74L 21. 70. 6. 4. 0.20 8. 0.
747 66. 150. 28. 21. 0.56 22. 20.
747 77. 170. 53. 39. 0.91 36. 40.
74D 85. 185. 56. 41. 0.97 38. 40.
751 93. 200. 63. 46. 1.19 47. $0.
741 99. 210. 82. 60. 1.30 S1. 60.
754 104. 220. 8l. 60. 1.37 54. 60.
74P 11ls. 240. 81. 60. 1.45 57. 60.
74A 13s. 275. 12s8. 94. 2.01 79. 100.
74K 149. 300. 123. 90. 1.96 77. 100.
74E 204. 400. 130. 96. 2.16 85. 100.
742 288. 550. 118. 87. 1.98 78. 100.

A533B Reference Material (HSST Plate #1)

Lz vie4 SHSS81 SRH LT

e 166@ 208 3680 4100 588 °F
1 8 T T LS L] L )
4 : 1 168
0
128 a
88
188
p=1
=]
oy
L
SX 68 4 68 2
3 +
g"a L)
g 68
= 1 418
40
- 28
2B
8 L 1 . L . = 8
-58 8 58 164 158 208 1258 388 °C
Test Temperature
NUREG/CR-6413

A-86




Appendix A
A533B HSSTO01 REFERENCE MATERIAL

illstone Unit 2 104

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

ML2 W1l04 SHSsO01 SRM LT : Fluence = 8.840E+18 , Irr. Temp. = 288

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 127.4 5.2 0.108

CVT at Midpoint (C) 91.2 4.1 0.257 0.591

1/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 0.864 -0.101 0.765

A533B Reference Material (HSST Plate #1)

HLZ uie4 SHSs81 SRM LT
8 168 288 388 488 588 °F
118 M T L] T v T Y T v ] 133
128 o
1 88
168
=]
=
£
|§13 88 4 68 2
v 3 2
[~ Rar Comt
=
g 68
= i 49
48
1 28
28
a L 1 1 I A L a
-58 8 58 168 158 ze8 - 388 °C

Test Temperature

A-87 NUREG/CR-6413




Appendix A

AS533B HSST01 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(68J) = 6. C
Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1lb mm - mil

SAY -101. -150. 2. 2. 0.03 1. 0.
SAP -73. -100. S. 3. 0.10 4. 0.
62U -46. -50. 7. 5. 0.20 8. 1.
5aJ7 =23. -10. 30. 22. 0.63 2S. 20.
62Y -12. 10. 28. 21. 0.56 22. 20.
631 -1. 30. 78. 57. 1.24 49. 30.
62T 13. 5§. 63. 47. 0.99 39. 40.
632 22. 71. 104. 77. 1.63 64. 50.
633 , 38. 100. 128. 92. 2.01 79. 70.
5AK 49. 120. 148. 109. 2.21 87. 80.
S5AU 66. 150. 17s. 129. 2.29 90. 90.
SAM 121. 250. 179. 132. 2.46 97. 99.
SAL 177. 350. 181. 134. 2.08 82. 99.

ﬁ533B Reference Material (HSST Plate #1)

SHSS81 SEM LI
- =158 -58 58 158 258 358 459 °F
zaa A B ¥ M L) L] L] v L] v L]
- ' : 1 148
188 o
168 l . 128
- 140 | . 188
A |
g .2 128 - :e
=3 . 88 7
LS 188 | bet
S
= 88 | . 68
8 r { 48
48
- 28
Za -
8 4 . L . 8
-158 -1@8 -58 a 58 168 158 - 2808 258 °C
Test Temperature
NUREG/CR-6413

A-88




‘ Appendix A
A533B HSST01 REFERENCE MATERIAL .

ing Y lin

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

MY SHSSO01 SRM LT

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.1

Upper Shelf Energy (J) 184.4 6.4 -0.119

CVT at Midpoint (C) 18.8 3.4 0.022 0.610

1/slope (C) 44.2 5.3 -0.323 0.403 0.277

CVT at 41 Joule (C) -10.6 4.1 0.315 -0.084 0.436 -0.726

CVT at 68 Joule (C) 5.9 3.0 0.234 0.075 0.739 -0.372 0.906

6533B Reference Material (HSST Plate 81)

SHSS81 SRM LT

-158 -58 56 158 258 358 458 °F
m S 1 L) L] L] M L] LE d ¥
X 148
188 | O
168 | > 128
g 148 - i 180
E v 128 - =
- 1 88y
o— 188 - -
§
ey m - e 68
68 r { 48
49
. 28
28 -
a - ¢ 1 . 1 1 ' A a
-158 -188 -58 2] 58 188 158 ° 288 258 °C

Test Temperature

A-89 NUREG/CR-6413




Appendix A

A533B HSST0! REFERENCE MATERIAL
Maine Yankee, Capsule A25

USE= 133.7 J, LSE= 3.0 J, CVT(1/2)= 97.C , Slope = 0.0212
CVT(41J) = 76. C , CVT(68J) = 97. C ,
Fluence = 1.300E+19 , Irr. Temp. = 288 C

Spec. ID Test Temp. Impact Enerqgy Lat. Exp. % Shear
(o] F J ft-~1b mm mil
62E ~-64. -84. 3. 2. 0.10 4. 0.
61Y 4. 40. 8. 6. 0.10 4. 5.
61B 26. 79. 12. 9. 0.15 6. 10.
62B ' 49. 120. 19. 14. 0.30 12. 20.
62M 71. 160. 45. 33. 0.74 29. 30.
62C 93. 200. 52. 3s8. 0.84 33. 35.
611 104. 220. 76. S6. 1.07 42. S0.
62D 121. 250. 103. 76. 1.32 52. 70.
617 149. 300. 131. 96. 1.47 58. 100.
62L 180. 356. 118. 87. 1.47 58. 100.
62K 204. 400. 149. 110. 1.52 60. 100.
62J 262. 504. 120. 89. 1.45 57. 100.

333 Reference Material (HSST Plate #1)
"

Y AZS SHSS81 SRM LI

-58 58 158 258 350 458 ssa  °F
1& kg 1 . L i d ¥ L] LY ¥
D p
148 | _ 1 108
7 128 | / g o
2 / : 80
£ 1@8 | 7’
[ Y -]
-E / -
g..: B o é - 6a~.
£ /
E
68 - /
o . 48
]
48 |
i . 28
29 | g
a —a__'___,——'g)/. 3 1 1 . 1 8
-188 -58 e 58 180 158 2688 258 388 °C

Test Temperature

NUREG/CR-6413
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Appendix A
A533B HSST01 REFERENCE MATERIAL

ing Y. 1 h]

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

MY A28 SHSSO1 SRM LT : Fluence = 1.300E+19 , Irr. Temp. = 288

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.1 0.1

Upper Shelf Energy (J) 133.6 5.8 0.015

CVT at Midpoint (C) 96.7 5.2 0.208 0.566

l1/slope (C) 47.1 9.0 -0.177 0.284 0.009

CVT at 41 Joule (C) 75.7 6.3 0.273 0.048 0.683 =0.700

CVT at 68 Joule (C) 96.5 4.3 0.234 0.188 0.914 -0.133 0.795

A533B Reference Material (HSST Plate #1)

My A25 SHSSa1 SR LY
-58 58 158 358 158 ss8 °F
168 v T B T T T T T T
o}
148 | i 168
128 + o
§ 188 - o
- a
1 5 K oy
= 1
S e8| 1 8=
-
L
68 L
. 48
48
- 28
28 Lk
8 o i 1 1 1 N 1 i - 1 a
-168 -58 %] 58 168 158 288 2508 388 °C

Test Temperature

A-91 NUREG/CR-6413




Appendix A-

AS533B HSSTO1 REFERENCE MATERIAL
Maine Y le W253

USE= 144.3 J, LSE= 3.1 J, CVT(1/2)= 101.C , Slope = 0.0263
CVT(41J) = 82. ¢ , CVT(68J) = 98. C ,
‘Fluence = 1.250E+19 , Irr. Temp. = 288 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b om mil
61E 4. 40. 7. 5. 0.25 10. 5.
614 46.  11s. 23. 17. 0.41 16. 1s.
61P 49.  120. 19. 14. 0.30 12. 1s.
61C 68.  155. 24. 18. 0.41 16. 20.
61M 79.  17s. 37. 27. 0.66 26. 3s.
627 85.  185. 4s. 33. 0.74 29. 3s.
622 99,  210. 52. 38. 0.89 3s. 4s5.
*61A 102.  21s5. 35. 26. 0.69 27. 40.
61D 110.  230. 98. 72. 1.45 57. 95.
61T 121.  250. 121. 89. 1.75 69. 100.
61U 149.  300. 126. 93. 1.93 76. 100.
61J 204.  400. 145.  107. 2.29 90. 100.

ﬁ533B Reference Naterial (HSST Plate #1)

wzs3 SHSS61 SRM LT

a 1608 208 300 400 °F
169 T L] R T L]
146 | 188
128 |
2 o
B 188 |
) a
fa s oy
w3 +
Q= 8e8 | 68 L
=%
=
68 |
4148
48 |
28
28
a Il 2 1 ] i3 8
-58 a8 58 168 158 288 258 °C
Test Temperature
NUREG/CR-6413

A-92




Appendiﬁ: A
A533B HSSTO1 REFERENCE MATERIAL

ine Y le W253

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

MY W253 SHSs01 SRM LT : Fluence = 1.250E+19 , Irr. Temp. = 288

Parameter Mean Std.Dev. Correlation Coefficients
. Lower Shelf Energy (J) 3.1 0.1
Upper Shelf Energy (J) 144.9 9.7 -0.178
CVT at Midpoint (C) 101.7 4.9 -0.007 0.739
1/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 0.655

5338 Reference Material (HSST Plate $1)

ny w253 SHSSa1 SRM LT
8 180 268 368 408 °F
168 ; T y Y T
148 | 188
128 |
= 88
4 188 |
o o
Fa) sme —
= S
LS 88| 68 &
f—"
E
63 -
48
418 |
28
za L
a i 1 3 1 - 1 a
-58 8 58 196 158 288 258 °C

Test Temperature
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Appendix A

A533B HSST01 REFERENCE MATERIAL
Palisades, Capsule W110

USE= 137.9 J, LSE= 3.0 J, CVT(1/2)= 96.C , Slope = 0.0238
CVT(41J) = 76. C , CVT(68J) = 94. C ,
. Fluence = 1.779E+19 , Irr. Temp. = 280 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
52Y 38. 100. 11. 8. 0.18 7. S.
52M 46. 115. 14. 10. 0.28 11. 10.
52T 52. 125. 24. is. 0.58 23. . 10.
52K 54. 130. 28. 21. 0.46 i8. 1s.
2D 66. 150. 31. 23. 0.56 22. 1S.
82J 93. 200. 45. 33. 0.69 27. 25.
52U 107. 225. 104. 77. 1.45 57. 60.
514 121. 250. 104. 77. 1.42 §6. 80.
52P 13s5. 275. . 123. 91. 1.37 54. 80.
512 149. 300. 132. 97. 1.90 75. 100.
513 177. 350. 138. 102. 1.98 78. 100.
52E 218. 425. 132. 97. 1.93 76. 100.

9338 Reference Material (HSST Plate #1)

PAL y11e SHSSB1 SRH LY
8 168 209 388 4100 °F
110 T ¥ M i T fo ) T - 188
128
- 88
160
=N
[~
S
E.‘:‘. 88 . 68 2
- o
[2 e Coms
=
£ 60
- - 48
410
. 28
29
B 1 1 1 L 3 a
-58 e 58 180 158 2008 258 °C
Test Temperature
NUREG/CR-6413

A94




_ Appendix A
AS533B HSSTO1 REFERENCE MATERIAL

Li ] 0
Impact Energy Uncertainty = 10.0 J

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

PAL W11l0 SHSSO01 SRM LT : Fluence = 1.779E+19 , Irr. Temp. = 280
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.1 0.1
Upper Shelf Energy (J) 138.9 6.4 -0.040
CVT at Midpoint (C) 96.0 4.5 0.298 0.573
1/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
CVT at 68 Joule (C) 94.1 3.7 0.404 0.152 0.893 -0.175 0.848

_6533B Reference Material (HSST Plate #1)

PAL U118 SHSSE1 SRM LT

8 108 2008 308 188 °F
148 T T T y . T = 198
a
. 88
=
&
S { 682
= I
« Q hat
o o
[
S
=
= - 48
. 28
a 2 1 1 i i 8
-58 8 56 188 158 288 258 °C

Test Temperature
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Appendix A

A533B HSSTO1 REFERENCE MATERIAL

lo Ver nit 2 37
USE= 152.1 J, LSE= 3.0 J, CVT(1/2)= 78.C , Slope = 0.0155
CVT(41J3) = 43.°C , CVI(68J) = 70. C,

Fluence = 4.071E+18 , Irr. Temp. = 288 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
o F J ft-1b mm mil
1BD3Y -18. 0. 9. 7. 0.20 8. S.
1BD43 10. 50. 23. 17. 0.51 20. 15.
1BD4P 38. 100. 43. 32. 0.76 30. 20.
1BD35 66. 150. 61. 45. 1.17 46. 40.
*1BD2D 93. 200. 47. 3s. 0.81 32. 35.
1BDS2 23. 200. 77. s7. 1.35 S§3. 60.
1BD3E 107. 225. 119. 8s8. 1.90 75. 8s5.
1BD2M 138. 275. 141. 104. 2.13 g4. 100.
1BD2B 177. 350. 144. 106. 2.21 87. 100.

5338 Reference Material (HSST Plate #1)

PVZ W137? SHSS81 SRM LY

°F
160
=3 68
St
(3]
£ L -
£S 68 &
Se
=
410
pa )
a 1 1 L 1 1 a
-58 2} 508 1608 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
AS533B HSSTO1 REFERENCE MATERIAL

Palo Ver nit 2 137

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

PV2 W137 SHSSO1  SRM LT : Fluence = 4.071E+18 , Irr. Temp. = 288

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 157.7 12.7 -0.163

CVT at Midpoint (C) : 80.8 8.7 0.061 0.820

1/slope (C) 66.2 12.3 ~0.395 0.615 0.419

CVT at 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 0.863

0338 Reference Material (HSST Plate 81)

PU2 W137? SHSSB1 SRM LY

| 168 288 388 4188 °F
168 1] 13 T . v q v
140 . 168
128
= ~ 88
& 198
g L =
“-: [}
$S =68 1 68
2
£
68
. 49
418
- 28
28
a 3 L 1 Iy 4 8
-58 e S8 168 158 .288 258 °C

Test Tenmperature
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Appendix A

AS533B HSSTO!1 REFERENCE MATERIAL
Lucie Unit 1, Baseli

USE= 195.1 J, LSE= 3.0 J, CVr(1/2)= 33.C , Slope = 0.0229

Unirradiated Charpy Specimen, CVT(41J) = 2. C , CVT(68J7) = 18. €
Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft~1b mm mil
72J -40. -400 9. 7. 0003 10 00
72L -40. -40. 12. . 8. 0.03 . 1. 0.
720 -18. 0. 17. l12. 0.15 6. 10.
732 -18. 0. 16. 12. 0.15 6. 10.
72K 4. 40. 33. 28. 0.46 18. 10.
731 4. 40. s1. 37. 0.71 28. 20.
72pP 16. 60. 64. 48. 0.89 3s. 30.
72E 27. 80. 87. 64. 1.19 47. 40.
72T 27. 80. 106. 78. 1.50 s9. 40.
72C 38. 100. 100. 73. 1.32 s2. 40.
72B 49. 120. 126. 93. 1.68 66. 60.
72Y 49. - 120. 122. 90. 1.68 66. 60.
72D 71. 160. 180. 133. 2.11 83. 95.
72M 71. 160. 171. 126. 2.11 83. 9s.
72A 99. 210. 181. 133. 2.21 87. 100.
1
A233B Reference Material (HSST Plate 81)
SL1 SH3S81 SRn LI
2] 168 288 388 488 °F
290 T T T v T Y
. 148
188
168 128
2 140 . 188
£
g, 120 a
£ o= o~
= . 88 |
tS 1988 ' b
:
] 88 1 68
68
. 418
18
. 28
28
a i L 1 ' L a
-5a8 8 58 166 158 208 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSSTO01 REFERENCE MATERIAL

Lucie Unit 1, Baselin
Impact Energy Uncertainty = 10.0 J

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

SL1 SHSsS01 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

1/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

AS33B Reference Material (HSST Plate §1)

SL1 SHSS81 SRM LI
8 168 288 388 408 °F
288 ¥ 1 _l ¥ 1
- ' . 148
188
168 1 128
2 148 1l 108
Lo 128 =
Yy - ﬁﬂ_b
Q= 188 &
z
past 88 o
68 -l
48
& 28
28
8 . : . : — 8
-58 ] 58 1608 158 288 258 °C

Test Temperature
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Appendix A

A533B HSST01 REFERENCE MATERIAL
Lucie Unit 1 le W104

USE= 133.4 J, LSE= 3.1 3, cvr{l/2)= 94.C , Slope = 0.0192
CVT(41J) = 71. ¢ , CVT(68J) = 94. C ,
Fluence = 7.160E+18 , Irr. Temp. = 288 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm

721 -4. 25. 8. 6. 0.23
71L 70. 12. 0.18
71P 100. 12. 0.36
724 120. 20. 0.46
723 150. 34. 0.71
726 150. 29. 0.58
725 180. 30. 0.74
710 200. 45. 0.91
71T 22s8. "81. 1.22
71Y 250. 85. - 1.90
1M 275. 1.80
71A 300. 1.93

f533B Reference Material (HSST Plate §1)

SL1 U104 SHSSe1 SRM LT

160 288

[
3

Impact Energy
Joule

158
Test Iemperature

NUREG/CR-6413
A-100




A533B HSSTO01 REFERENCE MATERIAL

Lucie Unit 1 le W104

Impact Energy Uncertainty =

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

SL1 Wi04 SHsSsSOl SRM LT :

Parameter

Lower Shelf Energy (J)
Upper Shelf Energy (J)
CVT at Midpoint (C)
1/slope (C)

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

Mean
3.1
i52.8
103.3
9.6
71.0
95.5

10.0 J

4.0 Degree C

.Appendix A

Fluence = 7.160E+18 , Irr. Temp. = 288
Std.Dev. Correlation Coefficients
0.1
23.5 -0.183
11.1 -0.112 0.939
10.6 -0.378 0.645 0.637
5.3 0.367 0.094 0.293 -0.480
3.9 0.159 0.340 0.622 0.145 0.753

5338 Reference Material (HSST Plate #1)

U184 SHSS81

SL1

188

288

SRM LT

Inpact Energy
Joule

3 1

58 168
Test Temperature

A-101

158

4196 °F
188
86
=
1
68 &
49
28
. 8
288 258 °C
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Appendix A

A533B HSSTO01 REFERENCE MATERIAL
Lucie Unit 2, Baselin

USE= 168.6 J, LSE= 3.0 J, CVT(1/2)= 21.C , Slope = 0.0252

Unirradiated Charpy Specimen, CVT(41J) = -3. C , CVT(68J) = 12. C
Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
B17 -40. -40. i14. 10. 0.28 11. 0.
AAL ~18. 0. 22. 16. 0.46 18. 10.
AAT -7. 20. 24. is8. 0.43  17. 10.
B13 -4. 25. 50. 37. 0.79 31. 10.
B1l1 2. 35. 37. 27. 0.66 26. 10.
AAK 4. 40. 69. 51. 1.14 45. 20.
AAJ 21. 70. 92. 68. 1.40 55. 50.
ARM 29. 8s5. 89. 66. 1.35 53. 50.
B12 41. 10s. 134. 99. 1.85 73. 70.
Bl4 66. 150. 146. 108. 2.08 82. 100.
B16 93. 200. 171. 126. 2.01 79. 100.
AAP 121. 250. 164. 121. 1.80 71. 100.
ARU 149. 300. 165. 122. 1.88 74. 100.
B1S 177. 350. 165. 122. 1.98 78. 100.
AAY 204. 400. 176. 130. 1.93 76. i00.
| 4
A5338 Reference Material (HSST Plate §1)
SL2 SHSS01 SR LT
8 ieg 280 388 - 488 °F
183 L] 4 ¥ ¥ ﬁ
168 a = o & 1Z8
148 4 198
g 128
1} - 88
Suv ]
= 108 n
£ £
= 80 - 68
=
68
. 48
40
. 28
28
a 1 1 L X i a
-58 8 58 168 158 .208 258 °C
Test Temperature
NUREG/CR-6413

A-102




. Appcndix A
A533B HSSTO1 REFERENCE MATERIAL '

St. Lucie Unit 2, Baseline
Impact Energy Uncertainty = 10.0 J

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

SL2 SHSSO01 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

1/slope (C) 40.9 4.8 -0.094 0.337 0.368

CVT at 41 Joule (C) -4.0 3.8 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

3338 Reference Material (HSST Plate #1)

SL2 SHSSB1 SRM LT
8 188 288 3088 4680 °F
1& L] T + t R 4 a v
CHE 1 128
. 188
SN
£
£ o ) 88
o 7
- 0 +
0= D
g - 68
=
4 40
- 28
8 1 L 1 N - L a
-58 a8 o8 168 158 288 258 °C

Test Temperature
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Appendix A .
AS33B HSST02 REFERENCE MATERIAL, Baseling

USE= 167.4 J, LSB= 2.9 J, CVI(1/2)= 36.C , Slope = 0.0220
Unirradiated Charpy SpecimenCVI(41J) = 8. C, CVT(68J) = 26. C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c r J fe-1b m ail
-46. -850, 7. 5. 0.08 3. 9.
~46. ~-50. 7. S. 0.13 S. 9.
~-46. ~50. 4. 3. 0.10 4. 9.
-29. ~-20. 9. 6. 0.18 6. 9.
-29. -20. 12. 9. 0.25 10. 13.
-29. -20. a. €. Q.23 9. 13.
-12. 10. 16. 12. 0.38 1S. 23.
~12. 10. 20. 14. 0.36 4. 23.
~-12. 10. 18. 13. 0.36 14. 23.
4. 40. 30. 22. 0.58 23. 33.
4. 40. 49. 36. 0.81 3a2. 29.
4. 40. 47. 3s. 0.81 32. 29.
29. 8s. 1. 58. 1.30 s1. 43.
29. 8s. S$6. 41. 1.07 42. 41.
29. 8S5. 70. s2. 1.14 45. 42.
43. 110. 112. 82. 1.52 60. 58.
43. 110. 116. 8s. 1.80 7. 67.
43. 110. 86. §3. 1.37 S4. 5S.
71. 160. 147. 108. 1.83 72. 84.
n. 160. 110. 81. 1.7% 69. 85.
71. 160. 148. 109. 2.01 9. 87.
99. 210. 159. 117. 2.13 84. 98.
99. 210. 156. 11s. 2.24 88. 98.
99. 210. 164. 121. 2.21 87. 100.
149. 300. 169. 128. 2.21 87. 100.
149, 300. 159. 117, 2.11 83. 100.
149. 300. 172. 127. 2.13 84. 100.

5338 Reference Material

HSSTBZ Baseline LT

e 168 2008 388 4806 °F
189 ol T v T v T ™ T v ~T v
f 8
168 | 2 o {1 128
- a ]
M { 108
b} 128 4
o { 8 .
g, & 88
.‘d-— 188 - —
2B | 0
o= a ot
P | { e
68
o { 48
] B
48 | ;
.t (=] ] 28
28 |k
a A 2 e ] I i a
-58 8 1) 1008 150 288 258 *C
NUREG/CR-6413 Test Temperature

A-104




AqundbLA
A533B HSST02 REFERENCE MATERIAL

Baseling
Impact Energy Uncertainty = 10.0 J

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

SHSS02 Baseline SRM LT

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.1

Upper Shelf Energy (J) 167.9 5.9 -0.042

CVT at Midpoint (C) 35.7 3.4 0.024 0.741

1/slope (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

5338 Reference Material

SHSS8Z Baseline SRM LT
460 °F
188 Y v
160 - 120
146 . 180
2 128
g
S ] 8a ,
WS 108 n
w8 +
o= o
E 80 . 68
68
- 40
419
4 208
28
a i 1 1 1 y - 1 a
-50 8 58 1808 150 288 258 °C

Test Temperature
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Appendix A

AS533B HSST02 REFERENCE MATERIAL,
Arkansas Unit 1, Capsule A

USE= 129.0 J, LSE= 3.0 J, €VT(1/2)= 73.C , Slope = 0.0180
CVT (41J) = 49. C , CVT(68J) = 74. C ,
Fluence = 1.030E+19 , Irr. Temp. = 303 C

Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1lb mm mil
GG940 o. 32. 14. 10. 0.23 9. 0.
GG938 24. 75. 31. 23. 0.51 20. S.
GG942 69. 156. 43. 32. 0.76 30. 15.
GG918 89. 192. 98. 72. 1.42 S6. 80.
GG932 106. 222. 102. 75. 1.40 55. 95.
GG904 150. 302. 1is. 87. 1.98 78. 100.
GG935 192. 378. 130. 96. 1.90 75. 100.
GG949 234. 454. 127. 94. 1.85 73. 100.

533 Reference Material (HSST Plate #2)

AN1 fi SHSSBZ2 SRt LT
e 168 2808 368 4186 °F
148 L] L] k] v L4 ] Ll v ﬂ lm
T
128
- 89
168
=
=]
$uo
[ ¥]
éig 8a J 68:?
g3 &
= 68
= - 40
48
- 28
28
8 . 8
-58 a 58 164 158 208 258 °C
Test Temperature
NUREG/CR-6413
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- Appendix A
A533B HSST02 REFERENCE MATERIAL,

Ark nit 1 le A

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
ANl A SHSSO02 SRM LT : Fluence = 1.030E+19 , Irr. Temp. = 303
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 130.3 7.6 0.040
CVT at Midpoint (C) 72.5 7.7 0.251 0.565
1/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 0.765

5338 Reference Material (HSST Plate #2)

ANl A SHSSB2 SRM LT
2] 188 288 388 4188 °F
148 T T T 1 M M M o 188
128
88
188
=
&=n
e
53 88 68 5
= H
+ QO -
Q2 ot
[}
g 68
- 48
48
28
28
8 . : L . — 8
-58 e 58 168 158 288 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL

k nit 1 le B
USE= 135.6 J, LSE= 3.0 J, CVP(1/2)= 65.C , Slope = 0.0160
CVT(41J) = 36. C , CVT(68J) = 64. C ,

Fluence = 4.280E+18 , Irr. Temp. = 309 C

Spec. ID Test Temp. Impact Enerqgy Lat. Exp. % Shear
- o] F J ft-1b mm mil
HH916 3. 3s. 1s. 11. 0.15 6. 0.
HHS09 24. 75. 28. 21. 0.48 19. 10.
HH922 43. 110. 46. 34. 0.76 30. 10.
HHS36 54. 130. 62. 46. 0.84 33. 30.
HHS31 60. 140. 70. 51. 1.12 44. 30.
HH929 9l. 196. 90. 66. 1.57 62. 100.
HH943 138. 280. 122. 90. 1.96 77. 100.
HHS05 204. 400.° 137. 101. 1.98 78. 100.

A033B Reference Material (HSST Plate 82)

ANl B SHSS82 SRH LT
a 160 288 388 400 °F
140 ~ -1 T Y ~
S 188
128 +
. 88
1680
=
e 6
SX 88 | . 68 2
8 o
g3 o s
g 68
= - 468
40
[ { =2a
za -
o
e - 2 4 —L 4 . e
-58 ) 58 108 158 208 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL '

k nit 1 leB

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

ANl B SHSS02 - SRM LT : Fluence = 4.280E+18 , Irr. Temp. = 309

Parameter Mean Std.Dev Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 136.7 11.3 0.010

CVT at Midpoint (C) 65.6 9.9 -0.044 0.839

1/slope (C) 62.6 13.9 0.094 0.681 0.704

CVT at 41 Joule (C) 36.4 5.8 -0.179 -0.008 0.333 -0.384

CVT at 68 Joule (C) 63.6 5.8 -0.079 0.444 0.852 0.487 0.602

5338 Reference Material (HSST Plate #2)

N1 B SHSSBzZ SRM LT
°F
148 188
128
8e8
188
oy}
-3
g
S 68 68 2
» B &
Q™= Comt
L=
e 68
= 48
40
28
28
B - I3 A NP 1 1 a
-58 2 58 pi ) 158 208 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Arkansas Unit 1, Capsule C

USE= 133.6 J, LSE= 3.0 J, CVT{(1/2)= 75.C , Slope = 0.0181
CVT(41J) = 50. ¢ , cVr(68J) = 74. C ,
Fluence = 1.460E+19 , Irr. Temp. = 303 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
(o F J ft-1b mm mil
GG946 21. 70. 17. 12. 0.33 13. 10.
GG920 38. 100. 31. 22. 0.46 18. 20.
GG915 66. 150. 62. 46. 0.89 35, 40.
GG937 107. 225. 9s. 70. 1.55 61. 90.
GG903 149. 300. 133. 98. 1.90 75. 100.
GG941 191. 375. 139. 102. 2.06 81. 100.
GG948 232. 450. 131. 96. 1.98 78. 100.
GG927 288. 550. 127. 93. 2.08 82. 100.

5338 Reference Material (HSST Plate #2)

AN1 Cc SHSS82 SRH LI
508 °F
140 T 1 189
(a]
a
120
. - 88
160
=
£
,§.2 88 4 68 2
= 1
88 2
§ oo
- . 40
40
. 28
20
8 — s 1 [ 1 - L a
-58 8 S8 108 158 208 258 388 °C
Test Temperature '
NUREG/CR-6413
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‘Appmuﬁxzk
A533B HSST02 REFERENCE MATERIAL -

nit 1. Capsul

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

ANl C SHSS02 SRM LT : Fluence = 1.460E+19 , Irr. Temp. = 303

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 134.0 5.6 0.094

CVT at Midpoint (C) 74.3 7.7 0.255 0.543

1/slope (C) 55.8 9.8 0.197 0.332 0.333

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 0.819

5338 Reference Material (HSST Plate $2)

AN1 c SHSS82 SRM LT
2] 198 . 288 389 498 588 °F
143 L] | 3 1 L] | & | ¥ LS - lw
[=]
[»]
128 ]
- 88
188
= 1
£
5L 88 . 68 <
-3 -
[ R -] 4 Comy
-1
g 68
= - 49
48
- 28
28
a L 1 1 1 L - Y a
-58 e 58 168 158 268 258 388 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Arkansas Unit 1, Capsule E

USE= 166.5 J, LSE= 3.0 3, CcVT(1/2)= $0.C , Slope = 0.0230
CVT(41J) = 24. C , CVT(68J) = 41. C ,
Fluence = 7.270E+17 , Irr. Temp. = 304 C

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

c F J ft-1b - mm mil
*GG928 16. 6€0. 62. 46. " 0.74 29. 6.
GG917 28. 83. 65. 48. 0.94 37. 18.
GG924 3s8. 101. 61. 45. 0.81 32. 20.
GG930 44. 111. S5. 40. 0.69 27. 50.
GG912 61. 141. 106. 78. 1.30 sl. 50.
GG938 77. 171. 130. 96. 1.52 60. 85.
GG913 94. 202. 157. 11i6. 1.70 67. 100.
GG914 127. 260. 159. 117. 1.52 60. © 100.

A533B Reference Material (HSST Plate #2)

ANl E SHSSB2 SRM LT
a 160 208 300 400 °F
1sa i M L] L 4 . L]
168 L 128
148 . 108
g 120
g . 88
LT =
] <
g b S
=% 3@ 1 68
=
68
. 418
418
. 28
28
a L 1 1 2 . ] a
-58 7] 58 108 158 208 258 °C
Test Temperature
NUREG/CR-6413
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Appcndfx A
A533B HSST02 REFERENCE MATERIAL

Ark nit 1. Capsule E

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

ANl E SHSS02 SRM LT : Fluence = 7.270E+17 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 170.4 12.8 -0.029

CVT at Midpoint (C) 51.4 6.0 0.126 0.803

1/slope (C) 46.5 10.6 -0.206 0.665 0.443

CVT at 41 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

A5338 Reference Material (HSST Plate #2)

AN1 E SHSS8z2 SRM LY
8 188 288 388 468 °F
1% v ] L] 1 L} ] L]
168 . 128
148 ]l isa
§ 128
2o ) 88 ,
W= 188 -
+« O -
e o
E ‘
68
. 48
18
. 28
28
a I 3. 3 1 - L B
-58 8 58 1648 158 288 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
nal k Unit 1 ]

USE= 141.4 J, LSE= 3.0 J, CVT(1/2)= 65.C , Slope = 0.0202
CVT(41J) = 41. € , CVT(68J) = 62. C ,
Fluence = 1.800E+18 , Irr. Temp. = 304 C

Spec. ID . Test Tenp. Impact Energy Lat. Exp. % Shear
o F J ft-1b mm mil
R33 4. 40. 18. 13. 0.33 13. S.

" R37 28. 82. 25. 18. 0.46 18. 10.
R38 43. 110. 47. 3s. 0.81 32. 20.
R39 71. 160. 75. 55. 1.14 45. 40.
R40 99. 210. 117. 86. 1.68 66. 9s.
R34 149. 300. 136. 100. 1.45 57. 100.
R35 177. 350. 150. 111. 2.13 84. 100.
R36 204. 400. 131. 96. 2.13 84. 100.

A533B Reference Material (HSST Plate #2)

Ck1 1 SHSSBz SRM LT
168 m——— ] y ] . ® 8
a
148 |
///’/djfp a . 188
P
128 } ] v
B 188 | / { o8
g 0 / .
H-g / T
£S 88 / | s
g /A
j—%
£ /
68 | ;
I / ] .8
4
48 | y
d /ﬁ - m
Za - o /
-_,-—»—"'" //
a L 1 . . . a
-59 8 58 188 158 288 258 °C
‘ Test T ture
NUREG/CR-6413 est Temperatu
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.Appmuﬁﬁl\
AS533B HSST02 REFERENCE MATERIAL

Sonal k Unit 1 T

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
CK1 T SHSS02 SRM LT : Fluence = 1.800E+18 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 141.8 6.5 0.022

CVT at Midpoint (C) 65.1 5.6 0.160 0.510

l1/slope (C) 49.8 10.8 -0.140 0.475 0.135

CVT at 41 Joule (C) 40.7 7.3 0.214 -0.183 0.546 -0.739

CVT at 68 Joule (C) 61.8 4.9 0.184 0.051 0.872 -=0.220 0.816

5338 Reference Material (HSST Plate #2)

CK1 T SHSSB2 SRM LT
e 168 P} 388 408 °F
168 d T T v L3 v T i 1}
a
140
a { 188
128
=4 . 88
& 188
= O o=
< =88 - 68 ¥
s
5 <
68
. 48
40
- 28
28
] : . : 2 — 8
-58 8 58 168 158 208 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Donald C. Cook Unit 1, Capsule U

USE= 152.8 J, LSE= 3.1 3, cvr(1/2)= 105.C , Slope = 0.0281
CVT(41J) = 86. C , CVT(68J) = 100. C ,
Fluence = 1.880E+19 , Irr. Temp. = 288 C

Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
o] F J ft-1b mm mil
R44 38. 100. 19. 14. 0.30 12. 10.
R42 79. 175. 3s. 26. 0.51 20. 28.
R43 93. 200. 42. 31. 0.63 25. 30.
R48 107. 225. 92. 68. 1.24 49. 90.
R4S 121. 250. 110. 81. 1.50 59. 100.
R46 13s. 27s. 121. 89. 1.70 67. 100.
R47 149.  300. 1s2.  112. 1.78 70. 100.
R41 177. 350. 146. 108. 1.88 74. 100.

5338 Reference Material (HSST Plate #2)

CX1 u SHSS@Z2 SR LI
9 1609 200 300 408 °F
169 A ¥ v 3 ¥ v L4 o Ll
148 | 108
128 +
=h I J 80
£ 108 |
= U o=
o v —
-3 b
9= 88 | - 68 ¥
(=3
=
63 -
. 40
48 1
. 28
za -
a 1 1 P 1 L L a
-58 (7] 58 1808 158 200 298 °C
Test Temperature
NUREG/CR-6413
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: Appendix A
A533B HSST02 REFERENCE MATERIAL

nal k Unit 1 1

Impact Energy Uncertainty = 10.0 J
Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
CK1l u SHSS02 SRM LT : Fluence = 1.880E+19 , Irr. Temp. = 288

Parameter Mean Std.Dev. Correlation Coefficients

Lower sShelf Energy (J) 3.1 0.1

Upper Shelf Energy (J) 153.6 12.7 -0.249

CVT at Midpoint (C) 105.5 5.1 -0.10% 0.771

l1/slope (C) 36.5 9.5 ~-0.418 0.721 0.493

CVT at 41 Joule (C) 85.3 5.5 0.381 -0.381 0.125 =-0.780

CVT at 68 Joule (C) 100.1 3.4 0.192 -0.001 0.600 -0.275 0.811

A533B Reference Material (HSST Plate #2)

CK1 u SHSSB2 SRM LT
8 108 209 398 488 °F
168 v T ¥ v L] L 1] v
148 | 108
128 |
= 88
g 188 |
= O o
o w—
w3 -
g= 88 - 68 2
e
E
68 -
48
48 |
28
za L
a - n ] 1 1 - 1 a
-58 8 58 188 158 298 258 °C

Test Temperature
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Appendix A

AS33B HSST02 REFERENCE MATERIAL
nal k Unit | le X

USE= 114.5 J, LSE= 3.0 J, CVI(1/2)= 78.C , Slope = 0.0242
CVT(41J) = 64. C , CVT(68J) = 85. C ,
Fluence = 6.900E+18 , Irr. Temp. = 304 C -

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

c F J ft-1b mm mil
R25 24. 75. 9. 7. 0.15 6.
R26 43. 110. 20. 14. 0.38 1S.
R32 s7. 135. 31. 23. 0.58 23.
R27 71. 160. 55. 40. 0.89 35.
R28 99. 210. 78. 57. 1.35 53.
R29 121. 250. 107. 79. 1.78 70.
R30 149. 300. 117. 86. 1.8% 73.
R31 149. 300. 106. 78. 1.78 70.

#5338 Reference Material (HSST Plate #2)

CK1 X SHSS82 SRM LT
8 168 208 388 408 °F
m T —r T M T T T
o
o a N 8a
100
P
B oo o 1o
Q
£ a
oy o= -y
3 -
u—= 68 - -
g . 418
=
48
& 28
28 |
8 n 1 L 4 - [ I a
-58 a8 58 1608 158 280 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL

Donal k Unit ] le X

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

CK1 X SHSS02 SRM LT : Fluence = 6.900E+18 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Enerqgy (J) 3.0 0.0

Upper Shelf Energy (J) 117.8 11.7 ~0.054

CVT at Midpoint (C) 80.2 5.2 0.001 0.851

1/slope (C) 42.4 10.9 -0.028 0.727 0.669%9

CVT at 41 Joule (C) 64.9 5.3 0.045 0.262 0.659 -0.055

CVT at 68 Joule (C) 85.5 6.2 0.029 0.564 0.897 0.608 0.737

(3338 Reference Material (HSST Plate $2)

CK1 X SHSSa8z SRH LI
°F
129 r
] 88
186
z e 1 o8
S
£ a
| <] —
= 1
22 8 2
S. . 418
=
48
- 28
28
a N eetbem 1 el L B

-58 a 58 108 158 288 258 °C
Test Temperature '
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Appendix A

AS533B HSST02 REFERENCE MATERIAL
nal k Unit 1 le Y

USE= 144.2 J, LSE= 3.0 J, CVT(1/2)= 95.C , Slope = 0.0150
CVT(41J) = 69. C , CVT(68J) = 91. C ,
Fluence = 1.060E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. . Impact Energy Lat. Exp. % Shear
C F J ft-1b mm mil
RS0 24. 75. 12. 8. 0.18 7. 2.
R55 38. 100. 18. 13. 0.33 13. S.
RS2 49. 120. 31. 22. 0.53 21. 10.
R49 71. 160. 43. 32. 0.76 30. 1s.
R51 82. 180. 54. 40. 0.97 38. 25.
RS54 99. 210. 71. 52. 1.19 47. 60.
R53 121. 250. 114. 84. 1.80 71. 100.
RS6 149. 300. 127. S4. 2.06 81. 100.

5338 Reference Material (HSST Plate #2)

CK1 Y SH3S8z SRM LT

8 188 268 390 460 °F
1698 , . . —e——

148

120

168

Joule
g
ft-1h

80

Impact Energy

a A v I— 1 L - - a
-58 7} 58 108 158 208 258 °C

Test Temperature
NUREG/CR-6413
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) Appendix A
A533B HSST02 REFERENCE MATERIAL

Donal k Unit 1 leY

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

CK1l Y SHSS02 SRM LT : Fluence = 1.060E+19 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 148.5 24.1 -0.134

CVT at Midpoint (C) 97.5 11.8 -0.095 0.918

1/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

A533B Reference Material (HSST Plate #2)

CK1 Y SHSSB82 SRM LT
8 168 268 388 41088 °F
168 v L3 1] ¥ ¥ T M
148 188
129
a
5 188
= O o
[ —
= 5
g-% 88 68 &
="
£
68
48
48
pa
28
a 1 1 1 1 - s a
-59 e 58 169 158 208 258 °C

Test Temperature
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Appendix A

AS533B HSST02 REFERENCE MATERIAL
1 River Unit 3 1 :

USE= 144.8 J, LSE= 3.0 J, CVT(1/2)= 83.C , Slope = 0.017S
CVT(41J) = S5. C , CVI(68J). = 78. C,
Fluence = 6.560E+18 , Irr. Temp. = 303 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
C F J f£~-1b mm mil
NNS18 21. 69. 18. 13. 0.33 13. 5.
NNSO3 41. 105. 34. 25. 0.51 20. 20.
NNSO1 68. 155. » 56. 41. 0.84 33. 3s.
NNS11l 93. 200. 80. 59. 1.22 48. 60.
NN9O09 14S. 300. 142. 105. 2.03 80. 100.
NNS12 204. 400. 138. 102. 1.90 75. 100.

‘#5338 Reference Material (HSST Plate 82)

CR3 C SHSS82 SRM LT
8 189 208 308 4169 °F
163 A =} v =T T v T v T .
148
188
128
= 88
£ 100
aa :;
§-§ 88 68 2
S
=
68
18
48
pa
20
a - 1 1 ) - i a
-58 e 59 168 158 208 258 °C
Test Temperature -
NUREG/CR-6413
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- o Appendix A
A533B HSST02 REFERENCE MATERIAL

Crystal River Unit 3, Capsule C

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
CR3 o] SHSS02 SRM LT : Fluence = 6.560E+18 , Irr. Temp. = 303

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 146.7 9.6 0.174

CVT at Midpeint (C) 83.8 8.3 0.235 0.713

1/slope (C) 58.3 11.8 -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

5338 Reference Material (HSST Plate $2)

CR3 c SHSS82 SRM LT
8 168 268 308 488 °F
168 T T M N L] 1§ R
148 188
128
= 88
£ 198
5¢ 2
©sS 68 68 X
-4
E
68
48
48
28
28
8 - ! . . — 8
-58 (2] 58 168 158 288 258 °C

Test Temperature
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| Appendix A

A533B HSSTO02 REFERENCE MATERIAL
Davis-Besse Unit 1, Capsule A
USE= 131.5 J, LSE= 3.0 J, CVT(1l/2)= 100.C , Slope = 0.0150

CVT(41J) = 71. € , CVT(68J) = 101. C ,
Fluence = 1.290E+19 , Irr. Temp. = 303 C

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

c F J ft-1b mm mil
§8928 20. 68. 11. 8. 0.20 8. 0.
§8905 52. 125. 28. 21. 0.46 18. 20.
§5913 79. 17s. 49. 36. 0.76 30. 40.
$8930 93. 200. 61. 4S5. 1.02 40. 50.
$8901 149. 300. 106. 78. 1.60 63. 70.
§s921 204. 400. 127. 94. 1.85 73. 100.

5338 Reference Material (HSST Plate #2)

DB1 A SHSSaz2 SRM LT
e 198 208 368 100 °F
140 T T v Y — - T 7 168
128 +
L { oo
188 |
=
g
Q
s 88 | 4 68 =
= 1
i 2
B 68 |
= - 48
48 +
- 28
28 =
D 9
a A 3 1 1 - i a
-58 %] 58 18¢ 158 288 258 °C
NUREG/CR-6413 Test Temperature
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Appendix A
AS533B HSST02 REFERENCE MATERIAL

Davis-B nit 1 le A

Impact Energy Uncertainty = 10.0 J
Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
DBl A SHSS02 SRM LT : Fluence = 1.290E+19 , Irr. Temp. = 303

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 135.4 14.3 -0.036

CVT at Midpoint (C) 103.9 13.4 -0.013 0.837

1/slope (C) 70.8 17.4 -0.05585 0.589 0.662

CVT at 41 Joule (C) 71.3 7.7 0.03% 0.107 0.440 <=0.297

CVT at 68 Joule (C) 102.3 8.1 -0.014 0.386 0.817 0.508 0.644

A5338 Reference Material (HSST Plate #2)

DB1 f SHSSB2 SRM LT
8 188 288 388 4180 °F
148 k] ¥ A L) k] . L] 1m
129
88
108
==
g
,§ L 88 68 ?
w B -
[3 8] Con
=
g 68
- 48
40
28
28
8 1 . " L : 8
-58 8 58 188 158 ‘288 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Diabl n Unit |

USE= 165.9 J, LSE= 3.0 J, CVT(1/2)= 71.C , Slope = 0.0222
CVT(41J) = 45. ¢, CVT(68J) = "~ 62. C, '
Fluence = 2.980E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1b mm mil
R43 -4, 25. 8. 6. 0.18 7. 1.
R42 24. 76. 26. 19. 0.51 20. 10.
R4S %2,  125. 42. 31. 0.76 30. 30.
R46 s2. 128. 64. 47. 1.09 43. 45.
R44 66. 150. 70. 52. 1.14 4S. 45,
R48 93. 200. 110. 81. 1.52 60. 60.
R47 121. 250. 169. 125. 2.13 84. 100.
R41 204. 400. 156. 115. 2.11 83. 100.

A533B Reference Material (HSST Plate $2)

pC1 S SHSS82 SRE LT
) 188 288 380 ‘408 °F
18a 1 ¥ . L] L |
168 o E 128
149 i 150
=4 120
g 1 &8
S< 108 =
- B +
9= e
=% B - 60
=
68
. 418
40
- 28
20
a K 1 1 1 s a
-58 (7] 58 168 158 200 258 °C

Test Temperature
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Appendix A
A533B HSST02 REFERENCE MATERIAL

Digbl n Unit 1 1

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
DC1 s SHSS02 SRM LT : Fluence = 2.980E+18 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.1

Upper Shelf Energy (J) 166.5 8.4 0.126

CVT at Midpoint (C) 71.8 4.6 0.308 0.666

1/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 0.3%0 0.208 0.814 -0.247 0.873

A5338 Reference Material (HSS! Plate #2)

DC1 S SHSSBz SRM LI
8 168 288 388 - 4100 °F
188 L] 1 ¥ i R}
168 a 1 128
148 i 188
§ 128
Sv ] 882
Ko 188 -
« 8 -
8'3 Come
E |
68 48
40
. 28
28
8 i i K 1 - 1 a
-58 8 58 168 158 288 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Diabl n Unit 1 Y

USE= 163.9 J, LSE= 3.1 J, CVT{1/2)= 96.C , Slope = 0.0234
CVT(41J) = 71. ¢, CVT(68J) = 88. C,
Fluence = 1.020E+19 , Irr. Temp. = 288 C

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

(o] F J ft-1b mm mil
R60 10. 50. 14. 10. 0.25 10. 10.
R62 38. 100. 19. 14. 0.36 14. 15.
R61 66. 150. 34. 25. 0.58 23. 25.
RS57 79. 175. 52. 38. 0.81 32. 40.
R59 93. 200. 73. 54. 1.07 42. 50.
R64 121. 250. 136. 100. 1.85 73. 96.
RS8 146. 295. 141. 104. 2.11 83. 100.
R63 l1e3. 328. 161. 119. 2.29 90. 100.

#5338 Reference Material (HSST Plate #2)

DC1 ¥ SHSS82 SRM LT
a 188 288 3008 . 400 °F
18a 1 L] A 14 1 L]
160 128
140 198
§ 128
88
5—3 188 =
=0 -
g Py
E = 0
68
18
410
- 28
20
8 - L s L —— a
-58 8 58 108 158 ‘208 258 °C
Test Temperature
NUREG/CR-6413

A-128




Appendix A
A533B HSST02 REFERENCE MATERIAL

Diabl n Unit 1 Y

Impact Energy Uncertainty = 10.0 J :
Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
joleh BEED 4 SHSS02 SRM LT : Fluence = 1.020E+19 , Irr. Temp. = 288

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.1 0.1

Upper Shelf Energy (J) 166.7 14.6 -0.285

CVT at Midpoint (C) 97.4 6.6 -0.136 0.836

1/slope (C) 43.2 11.1 -0.439 0.736 0.630

CVT at 41 Joule (C) 71.2 6.0 0.452 -0.353 0.012 -~0.748

CVT at 68 Joule (C) 88.0 3.9 0.264 0.090 0.568 -0.181 0.783

AS33B Reference Material (HSST Plate $2)

pC1 ¥ SHSS82 SRM LI
] 108 289 388 488 °F
188 M L d L] { R g R 3 B
168 i 128
148 | 1ipe
§ 128
g { 88
= L =
s 108 =
- Q -
2'1 o
Eow 1 e
68
{1 48
48
{ 28
28
8 ' ' . : - 8
-58 8 58 198 158 288 258 °C

Test Temperature

A-129 NUREG/CR-6413




Appendix A

AS533B HSST02 REFERENCE MATERIAL
Indian Point Unit 3, Capsule Y

USE= 135.9 J, LSE= 3.1 J, CVT(1/2)= 106.C , Slope = 0.0291
CVT(41J) = 90. C , CVT(68J) = 105. ¢ ,
Fluence = 8.0S0E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
R1S 52. 12s. 24. 18. 0.25 10. 26.
R1l1 93. 200. 38. 28. 0.58 23. 36.
R14 93. 200. 54. 40. 0.76 30. 44.
R16 107. 225. 61. 45. 0.94 37. s2.
R9 121. 250. 106. 78. 1.50 59. 67.
R10O 149. 300. 129. 95. 1.96 77. 100.
R12 204. 400. 131. 96. 1.85 73. 100.
R13 232. 450. 138. 101. 1.90 75. 100.

A033B Reference Material (HSST Plate 82)

IP3 4 SHSS82 SR LY
8 188 208 3008 4060 °F
1*3 1 A L] 1 L4 L
. 188
(o) =]
128 +
o ’ '
188
=
=
£
)
a8 88 1 €82
i =
F ea | o
g a _ m
18 - [a]
o - 28
28 =
a 1 1 1 I .
-56 a 58 1008 158 ‘288 258 °C
Test Temperature
NUREG/CR-6413

A-130




Appendix A
A533B HSST02 REFERENCE MATERIAL

Indian Point Unit 3, Ca Y

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

IP3 Y SHSSs02 SRM LT : Fluence = 8.050E+18 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.1 0.0
Upper Shelf Energy (J) 137.4 6.2 -0.141
CVT at Midpoint (C) 106.1 3.9 0.074 0.424
1/slope (C) 37.8 11.2 -0.495 0.463 0.174
CVT at 41 Joule (C) 88.3 6.3 0.485 -0.332 0.373 -0.833
CVT at 68 Joule (C) 104.7 3.5 0.207 -0.101  0.841 -0.187 0.694

5338 Reference Material (HSST Plate #2)

IP3 Y SHSS8z SEM LT
°F
148 168
128
168
=]
g
-3 -
[% R Come
-]
£ 68
- 48
418
28
28
8 ' . : : ’ 8
-58 8 58 188 158 - 288 258 °C

Iest Temperature

A-131 NUREG/CR-6413




Appendix A

AS33B HSST02 REFERENCE MATERIAL
K leP

USE= 143.4 J, LSE= 3.1 3, ¢cVT(1/2)= 114.C , Slope = 0.0251
CVT(413) = 94. C , CVT(68J) = 111. Cc ,
Fluence = 2.890E+19 , Irr. Temp. = 304 C

Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil '
R4l 3s8. 100. 12. 9. 0.23 9. 10.
R45 66. 150. 31. 23. 0.83 21. 20.
R42 93. 200. 34. 25. 0.61 24. 25.
R46 93. 200. 39. 29. 0.61 24. 30.
R47 121. 250. 81. 60. 1.22 48. 65.
R44 149. 300. 130. 96. 2.01 79. 100.
R48 177. 350. 146. 108. 2.08 82. 100.
R43 232. 450. 133. 98. 2.26 89. 100.

A5338 Reference Material (HSST Plate #2)

KWE P SHSS82 SRt LT
2] 1868 288 368 488 °F
168 L ) h 1 v 1] v L ¥ A
1 o ]
148 | ]
128 }
2 / { e
g 188 /
/ 2
*é,g 88 | /é 1 68 T
g /
= /
68 -
/ 1 48
418
L
. 28
28 /
-
a . 4 . . — 8
-58 8 ] 168 158 288 258 °C
Test Temperature
NUREG/CR-6413 P
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Appendix A
A533B HSST02 REFERENCE MATERIAL

Kewaunce, Capsule P
Impact Energy Uncertainty = 10.0 J

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

KWE P SHSS02 SRM LT : Fluence = 2.890E+19 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.1 0.1 '
Upper Shelf Energy (J) 144.2 7.6 -0.003
CVT at Midpoint (C) 113.9 5.3 0.142 0.501
i/slope (C) 40.1 8.8 -0.475 0.372 0.220
CVT at 41 Joule (C) 93.8 6.0 0.470 -0.075 0.593 -0.630
'CVT at 68 Joule (C) 110.6 4.6 0.232 0.088 0.895 -0.056 0.807

5338 Reference Material (HSST Plate $2)

KME P SHSSB2 SRM LT
8 189 209 388 4160 °F
168 + T 1 4 T ¥
148 | 188
128 |
=4 88
& 188 |
= 0 =
Bad o o
= -
vS 88 68 £
2 |
£
68 |
48
40 |
28
za =
8 1 L L 1 p a
-58 ] 58 168 158 288 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Kewaunee, Capsule R

USE= 131.2 J, LSE= 3.2 J, CVT(1/2)= 100.C , Slope = 0.0837
CVT(41J) = 95. C , CVT(68J) = 100. C ,
Fluence = 2.070E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
R13 26. 78. 10. 8. 0.13 S. 14.
R12 66. 150. 31. 22. 0.48 19. 25.
R9 93.  200. 44. 32. 0.76 30. 27.
R10 99.  210. 50. 37. 0.76 30. 3s.
R16 107. 225. 109. 80. 1.40 55. 70.
R1S 121.  250. 132. 97. 1.7% 69. 69.
R1l1 149.  300. 123. 90. 1.90 75. 100.
R14 177.  350. 134. 99. 2.36 93. 100.

AS33B Reference Material (HSST Plate #2)

KGE R SHSS82 SRM LT
e 108 208 308 400 °F
148 . . r T . .
o o s 188
128 } o
4 - 88
108 |
=]
=
St
v
mea 88 3 68 =
- B >
(S 0e] 4 Com
=
£ 68 |
= - 48
49 |
° { 28
za L
o )
a n L 1 q » a
-58 8 58 108 159 208 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
‘A533B HSST02 REFERENCE MATERIAL

K leR

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

KWE R SHSS02 SRM LT : Fluence = 2.070E+19 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.2 0.1

Upper Shelf Energy (J) 133.5 7.0 -0.043

CVT at Midpoint (C) 99.2 3.8 0.245 0.321

1/slope (C) 20.1 7.8 -0.534 0.326 -=0.319

CVT at 41 Joule (C) 90.1 5.7 0.480 =-0.142 0.752 =-0.854

CVT at 68 Joule (C) 99.0 3.3 0.285 -0.003 0.938 =0.475 0.861

AD33B Reference Material (HSST Plate #2)

KWE R SHSSB2 SRM LT
] 188 288 388 4188 °F
148 T L] v 13 U - 1] B laa
128 }
4 88
108 }
=D
2
oy
% es | { 682
- -
g'ﬂ [
=
3 68 |
- . 48
48 |
] 28
28 =
2 O
8 T : . . . e
-58 8 58 108 158 288 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
K leV

USE= 157.8 J, LSE= 3.1 3, CVI(1/2)= 83.C , Slope = 0.0272
CVT(41J) = 62. C , CVr(68J) = 77. €,
Fluence = 5.590E+18 , Irr. Temp. = 304 C

Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1b mm mil
R2 24. 75. 19. 14. 0.30 12. 10.
R7 66. 150. 52. 38. 0.66 26. 30.
R8 79. 175. 7. 56. 1.12 44. 40.
Rl 99. 210. 73. 54. 1.07 42. s0.
R3 104. 220. 144. 10s6. 1.80 71. 100.
R6 116. 240. i42. 105. 1.83 72. 100.
R4 127. 260. le6. 122. 1.98 78. 100.
RS 177. 350. 142. 105. 1.96 77. 100.

A5338 Reference Material (HSST Plate #2)

KVE v SHSS82 SAH LT
8 164 288 300 400 °F
180 Y — T - . T v — y
L a ,
160 | ‘ 1 128
a}
148 ) 108
2 128
] . 88
I
W= 108 =
- B8 +>
g e
E o 1 oo
68
: 418
490
. 28
28
a 1 L 1 1 R | a
-58 a 58 168 158 280 258 °C
Test Temperature
NUREG/CR-6413

A-136




Appendix A
AS533B HSST02 REFERENCE MATERIAL

Kew a \%
Impact Energy Uncertainty = 10.0 J
Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
RKWE V SHSS02 SR LT : Fluence = 5.590E+18 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.1 0.0
Upper Shelf Energy (J) 157.2 7.6 0.027
CVT at Midpoint (C) 8l.6 4.6 0.365 0.530
1/slope (C) 37.6 7.2 -0.314 0.410 -0.135
CVT at 41 Joule (C) 60.5 6.5 0.445 -0.072 0.688 -0.799
CVT at 68 Joule (C) 75.6 4.5 0.440 0.073 0.862 =-0.551 0.940
]
#5338 Reference Material (HSST Plate #2)
KWE v SHSS82 SRM LT
8 188 200 388 4808 °F
188 1 L4 L) L] L2
F ) o
168 - 128
148 ] 188
2 128
8 : 88
E0 1 o
=S 188 | o
« 8 ! +
g o
g 88 . 68
] 1
68
> 418
418
- 28
28 r
a 1 i [l L 1 a
-58 8 o8 188 158 288 258 °C

Test Temperature
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Appendix A

AS533B HSST02 REFERENCE MATERIAL
n nit 1 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 Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil

AR922 24. 75. 23. 17. 0.46 i8.
AA974 24. 75. 19. 14. 0.36 14.
AR950 46. 115. 26. 19. 0.46 18.
AR903 69. 156. 64. 47. 0.89 35.
AR920 107. 225. 8s. 65. 1.24 49.
AR946 150. 302. 134. $s. 1.90 75.
AAS61l 192. 378. 118. 87. 1.75 69.
AR948 287. 548. 133. 98. 1.96 7.

5338 Reference Material (HSST Plate $2)

A SHSS82 SRM LI

188

Impact Energy
Joule

L

158
Test Temperature

NUREG/CR-6413
A-138




Appendix A
A533B HSST02 REFERENCE MATERIAL

nee Unit | le A

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

ocl A SHSS02 SRM LT : Fluence = 8.950E+18 , Irr. Temp. = 303
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 131.2 6.9 0.018
CVT at Midpoint (C) 79.3 7.7 0.063 0.590
1/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

A533B Reference Material (HSST Plate £2)

oc1 A SHSSB2 SRM LT
8 108 208 388 480 588 °F
148 LY L] L4 v R o 3 L)
L1 168
128 1
-
188
p=1 ]
e
,.3.2 88 . 68 2
e B A
(3R] Cou
[ -]
& 68
- 4 48
48
. 28
28
a 3 1 1 1 - ¥ a
-58 8 58 188 158 288 - 258 388 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Oconee Unit 1, Capsule C

USE= 134.6 J, LSE= 3.0 J, CVT(1/2)= 78.C , Slope = 0.0161
CVT(41J) = 50. € , CVT({68J) = 77. €,
Fluence = 9.860E+18 , Irr. Temp. = 303 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1b mm mil

AAC949 14. 10. 7.
ARC931 37. 27.
ARC942 66. 49.
AAC939 86. 63.
AAC959 107. 79.
AACO956 122. 90.
AACI05 ‘ 140. 103.
AACSS54 134. 99.

A333B Reference Material (HSST Plate $2)

0C1 c SHSS@z SRM LT

168

T

Impact Energy
Joule

I i

108 158
Test Temperature

NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL

n it 1 1

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
ocl Cc SHSS02 SRM LT : Fluence = 9.860E+18 , Irr. Temp. = 303
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 136.4 8.1 0.112
CVT at Midpoint (C) 79.3 8.4 - 0.068 0.754
1/slope (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 at 68 Joule (C) 77.4 5.9 0.006 0.351 0.870 0.314 0.609

A533B Reference Material (HSST Plate #2)

oc1 SHSSB2 SRM LT
8 168 288 388 488 588 °F
140 - . T ' - — g — 188
128
.
180
b}
=1
St
o
S 88 1 68 =
e B A
[ 0] [
=
£ 68
- . 49
18 9
. 28
28
a 1 1 'l g 1 1 B
-58 8 58 188 158 208 ' 258 388 °C

Test Temperature
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Appendix A

-A533B HSST02 REFERENCE MATERIAL
on nit 1 le E

USE= 149.4 J, LSE= 3.0 J, CVT(1/2)= 61.C , Slope = 0.0147
CVT(41J3) = 25. Cc , CVI(68J) = 53. C,
Fluence = 1.500E+18 , Irr. Temp. = 309 C

Spec. ID Test Temp. Impact Energy Lat. Exp. $ Shear
o] F J ft-1b mm mil
ARE967 17. 62. 38. 28. 0.58 23. 2.
AAE971 37. 99. 49. 36. 0.76 30. 6.
ARE927 49. 120. 68. 50. 0.99 395. 30.
AAESO8 68. 154. 77. 57. 1.09 43. 30.
ARAE964 92. 197. 106. 78. 1.32 52. 65.
ARE9S66 127. 260. 133. 98. 1.78 69. 9s5.
AAE935 161. 321. 150. 111. 1.80 71. 100.
AAE929 220. 428. 141. 104. 1.88 74. 100.

A533B Reference Material (HSST Plate #2)

oc1 E SHSS82 SRM LT
8 198 268 308 400 °F
168 T 1 ¥ hd ¥ v L]
40
1 108
128 .
= 88
£ 100
58 2
22 oo 68 2
S
68
48
10
28
28
a '] 3 -3 ] - L 8
-58 e 58 1088 159 200 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL

nee Unit 1 leE

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C .

Number of Successful Iterations = 200, Maximum = 1000
OCl E SHSS02 SRM LT : Fluence = 1.500E+18 , Irr. Temp. = 309

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 149.3 8.5 0.147

CVT at Midpoint (C) 60.9 6.9 0.178 0.710

1/slope (C) 67.9 13.1 -0.040 0.593 0.397

CVT at 41 Joule (C) 25.1 7.9 0.156 -0.238 0.289 ~0.739

CVT at 68 Joule (C) 53.1 5.2 0.177 0.079 0.725 -0.1%0 0.796

A5338 Reference Material (HSST Plate #2)

.0c1 E SHSS82 SRM LT
8 168 268 388 41688 °F
168 T 1 L) L] T
188
=4 88
8
= O -
fad = v——
- >
[% R 68 [
[}
[=]]
E
48
28
8 L ! : . L 8
-58 8 58 188 158 208 258 °C

Test Temperature
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Appendix A

A533B HSSTO02 REFERENCE MATERIAL
nee Unit 1 le F

USE= 146.7 J, LSE= 3.0 J, ¢Vr(l/2)= 37.C , Slope = 0.0221
CVT(41J) = 14. C , CVT(68J) = 32.¢C , .
Fluence = 8.300E+17 , Irr. Temp. = 309 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
BBF936 -17. 1. 15. 11. 0.25 10. 2.
BBFS921 is8. 65. 47. 35. 0.74 29. 12.
BBF969 38. 101. 7. 57. 1.07 42. 30.
BBF968 54. 130. 10z. 75. 1.32 52. 35.
BBF958 71. 160. 122. 90. 1.42 56. §S5.
BBF901 923. 19%8. 134. 99. 1.60 63. 100.
BBF940 160. 320. 149. 110. 1.57 62. 100.
BBF910 211. 411. 145. 107. 1.57 62. 100.

A3338 Reference Material (HSST Plate #2)

oC1 F SHS582 SRM LY
8 168 208 388 4190 °F
166 7 Ll i L} L] T
a
[
. 168
2 & 88
&
£ v &
a3 = -
»8 +
g ] 68 L
=3
=
1 418
. 28
a L L. 3 A 1 a
-58 a 58 160 158 288 258 °C
Test Temperature
NUREG/CR-6413
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A Appendix A
A533B HSST02 REFERENCE MATERIAL

nee Unit 1 sule F

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

ocl F SHSS02 SRM LT : Fluence = 8.300E+17 , Irr. Temp. = 309
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 146.8 6.5 -0.047
CVT at Midpoint (C) 36.8 5.3 0.016 0.575
l/slope (C) 45.7 9.7 -0.181 0.493 0.121
CVT at 41 Joule (C) 13.3 6.9 0.152 -0.120 0.568 -0.734
CVT at 68 Joule (C) 32.2 4.7 0.075 0.141 0.876 -0.271 0.850

A533B Reference Material (HSST Plate £2)

oc1 F SHSS82 SRM LT
8 168 268 388 4988 °F
168 : . — . .
B
148 =
{1 108
128
= . 88
£ 108
So 2
- ]
£S 88 . 68 X
£
68
{ 48
18
{1 28
28
8 . ; — . - 8
-58 8 58 188 158 2688 258 °C

Test Temperature
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Appendix A

AS533B HSST02 REFERENCE MATERIAL
n it 2 |

USE= 138.2 J, LSE= 3.0 J, CcVT(1/2)= 63.C , Slope = 0.0285%5
CVT(41J) = 47. C , CVT(68J) = 62. ¢ ,
Fluence = 3.370E+18 , Irr. Temp. = 321 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1ib mm mil
EE950 22. 72. 17. 12. 0.25 10. 2.
EE942 43. 110. 35. 25. 0.53 21. 30.
EE903 49. 120. 45. 33. 0.76 30. 1s.
EE904 54. -130. 37. 27. 0.81 32. 30.
EE9234 60. 140. 84. 62. 1.35 53. 35.
EES19 96. 204. 115. 84. 1.63 64. 100.
EE914 159. 318. 140. 103. 2.13 84. 100.
EE9S35 227. 440. 139. 102. 1.98 78. 100.

5338 Reference Material (HSST Plate #2)

0Ccz fl SH3582 SR LT
4008 °F
148 — 3 188
128
. 88
180
RN
£
sS 88 1 68 =
» 8 b
L= Con
<
g 68
= - 48
418
- 28
28
a 1S i S 2 1 - 1 a
-58 a 1) 1680 158 288 258 °C
: Test Iemperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL

nee Unit 2 le A

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
oc2 a SHSS02 SRM LT : Fluence = 3.370E+18 , Irr. Temp. = 321

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 139.9 8.0 -0.023

CVT at Midpoint (C) €5.0 5.6 -0.071 0.650

1/slope (C) 38.7 9.4 -0.228 0.484 0.625

CVT at 41 Joule (C) 46.4 4.2 0.150 -0.045 0.395 -0.431

CVT at 68 Joule (C) 62.9 4.2 -0.065 0.274 0.900 0.456 0.598

A933B Reference Material (HSST Plate #2)

0c2 A SHSS82z SRM LT
8 188 208 388 469 °F
148 T a ] 198
128
.
198
=]
g
L
:513 88 . 68 =
- o
[S 2] Comp
e
3 68
= . 48
418
. 28
28
8 . . . . s 8
-58 2] 58 188 158 288 258 °C

Test Temperature
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Appendix A

A533B HSS5T02 REFERENCE MATERIAL

nee Unit 2 I
USE= 150.7 J, LSE= 3.0 J, CVT(1/2)= S51.C , Slope = 0.0193
CVT{41J) = 23. C , CVI(68J) = 45. C,

Fluence = 9.430E+17 , Irr. Temp. = 309 C

Spec. ID Test Temp. Impact Enerqgy Lat. Exp. % Shear
c F J ft-1lb mm mil
EE911 4. 40. 31. 23. 0.51 20. 4.
EE928 21. 70. 38. 28. 0.58 23. 12.
EE930 38. 100. 50. 37. C.66 26. i8.
EE939 49. 120. 79. 58. 0.99 39. 28.
EE912 60. 140. 8s8. 65. 1.22 48. 40.
EE941 88. 190. 125. 92. 1.37 54. 88.
*EE958 110. 230. 262. 193. 1.50 59. 95.
EE921 159. 319. 147. 108. 1.47 S8. 100.

53R Reference Material (HSST Plate £2)

0Cc2 C SHSS8Z SRM LT
0 108 200 308 488 °F
288 - T T " T A T 288
268 | L] |
248 _ > 180
. 168
2 . 140
= ]
g O o<
= .; 1 128 T
-8 -
8= 4 188 <~
S
)
- 4 o8
4 68
. 418
. 28
a - 1 3 '] L 1 a
-58 8 S8 1688 158 288 258 °C
Test Temperature
NUREG/CR-6413
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, Appendix A
A533B HSST02 REFERENCE MATERIAL

n nit 2 1

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
oc2 C SHSS02 SRM LT : Fluence = 9.430E+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
1/slope (C) §3.4 12.5 -0.297 0.464 0.4%5
CVT at 41 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

#5338 Reference Material (HSST Plate #2)

0c2 c SHSSB2 SRM LT
e 168 2688 3688 488 °F
288. i L 1 v L] ¥ . R B m
268 | -
248 | {1 188
228 | 1 168
208 1
= < 148
S 188 | .
L
w2 168 | ] 1282
+ O
8= 148 d 108 <
£ 128
— . 88
188
88 . 68
68 i 48
48
28 . 28
a . t 1 1 -1 a
-58 8 58 198 158 268 258 °C

Test Tenmperature
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Appendix A

AS533B HSST02 REFERENCE MATERIAL

n nit 2

USE= 133.6 J,

le E

LSE=

3.0 J, CVT(1/2)=

101.Cc , Slope = 0.0183

CVT(41J) = 77. ¢, CVT(68J) = 101. C ,
Fluence = 1.210E+19 , Irr. Temp. = 303 C
Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
EE944 21.  70. 16. 12. 0.30  12. 20.
EE937 66. 150. 43. 32. 0.66 26. 40.
EE947 93. 200. 38. 28. 0.61 24. 70.
EE916 110. 230. 85. 63. 1.24 49. 80.
EE959 127. 260. 102. 75. 1.57 62. 95.
EE9S5 l66. 330. 125. 92. 1.85 73. 100.
EE929 204. 400. 134. 99, 2.03 80. 100.
EE925 288. 580. 129. 9s8. 2.41 9s5. 100.
1]
#5338 Reference Material (HSST Plate #2)
(11074 E SHSS@Z SRM- LT
8 188 o8 300 400 508 °F
116 ¥ v T 1 L] s e T v
= 188
o
128 |
. 868
198 |
=
e
) a
=l 88 | . 68
-
Th]
-
] 68 |
= . 48
48 | °/ &
- 28
Za L
o
a 1 L ke ’l B S 1 a
-50 a 58 168 158 2680 * 258 308 °C
‘ Test Temperature
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Appendix A
AS533B HSST02 REFERENCE MATERIAL

nee Unit 2 le E

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

oc2 E SHSS02 SRM LT : Fluence = 1.210E+19 , Irr. Temp. = 303

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 134.6 7.0 -0.061

CVT at Midpoint (C) 101.1 6.4 0.242 0.467

1/slope (C) 56.8 13.2 -0.409 0.491 -0.092

CVT at 41 Joule (C) 75.3 9.4 0.433 -0.234 0.620 -0.820

CVT at 68 Joule (C) 100.2 5.7 '0.306 -0.043 0.855 =0.412 0.854

AS33B Reference Material (HSST Plate $2)

0c2 E SHSS82 SRM LT
2] 160 268 3008 4168 588 °F
148 1 * T ¥ i) L)
198
128
88
188
pee ]
=
h
-1 [}
©s &
=
3 68
= 48
48
28
28
a 1 i 1 1 [ § - 1 a
-58 8 58 188 158 288 258 388 °C

Test Temperature
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Appendix A

AS533B HSST02 REFERENCE MATERIAL

n nit 3

leB

USE= 135.4 J,

LSE=

3.0 J, CVT(1/2)=

§5.C , Slope = 0.0254

CVT(41J) = 37. C , CVT(68J) = 54. C ,
Fluence = 3.120E+18 , Irr. Temp. = 309 C
Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
Cc F J ft-lb mm mil
JJo18 22. 72. 29. 21. 0.43 17. 5.
JJo16 34. 94. 26. 19. 0.41 16. 10.
JJoose 43. 110. 62. 46. 0.89 35. 20.
JJo02 60. 140. 70. 52. 1.07 42. 40.
JJ914 99. 210. 127. 93. 1.85 73. 100.
JJo11 117. 242. 132. 97. 1.90 75. 100.
A533B Reference Material (HSST Plate £2)
0c3 B SHSSB82 SRM LT
8 168 288 388 488 °F
148 -1 - —- — ~ — Y
o— 168
=]
1Z8 | ///’
// 1 88
188 | /
= /
£ /
1)
&2 e8| / 1 ez
- g éﬂ -
L= h Gt
& o/
£ 68
= / i 48
48 | /
/
7 e 1 =
28 ///
3 -///'
a — ol L . 1 L a
-58 B8 58 168 158 298 258 °C
~ Test Temperature
NUREG/CR-6413 P
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Appendix A
AS533B HSST02 REFERENCE MATERIAL

n nit 3 leB

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
oc3 B SHSS02 SRM LT : Fluence = 3.120E+18 , Irr. Temp. = 309
Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 143.2 16.5 -0.013

CVT at Midpoint (C) 58.4 9.0 0.079 0.870

l1/slope (C) 42.5 11.2 -0.003 0.753 0.74%

CVT at 41 Joule (C) 37.0 4.8 0.172 -0.042 0.294 -0.360
CVT at 68 Joule (C) 54.9 4.7 0.178 0.450 0.820 0.441 0.664

5338 Reference Material (HSST Plate #2)

oc3 B SHSS82 SRM LI
e 188 288 308 4180 °F
168 r . - r -~ r -
.
{ 108
= - 88
o
g
s F-
fa o et
- 1
88 1 88&
-]
=
Z
- 48
. 28
a 4 1 Y 1 1 a
-58 2] S8 168 158 ‘288 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL

n nit 3 leD
USE= 133.9 J, LSE= 3.0 J, CVT(1/2)= 90.C , Slope = 0.0195
CVT(41J) = 67. C , CVT(68J) = 90. €,

Fluence = 1.450E+19 , Irr. Temp. = 292 C

Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
JJoo7 21. 70. 19. 14. 0.28 11. 10.
JJo04 52. 125. 37. 27. 0.56 22. 20.
JJ906 79. 17s. 42. 31. 0.74 29. 30.
JJo12 121. 250. 107. 79. 1.68 €6. 70.
JJ913 149. 300. 132. 97. 1.96 77. 90.
JJoos - 191. 37s. 123. 91. 2.08 82. 100.

A333B Reference Material (HSST Plate #2)

0C3 D SH3S82 SRN LY
] 188 280 300 41008 °F
14a ¥ M IR v ¥ v T v 1%
128
88
168
=N
g
= 88 68 =
w8 +
Q- o
-]
= 68
= 40
48
28
28
2] . : - L . e
-58 8 58 168 158 208 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL

n nit 3 leD

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C :

Number of Successful Iterations = 200, Maximum = 1000
0C3 D SHSs02 SRM LT : Fluence = 1.450E+19 , Irr. Temp. = 292
Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 135.5 10.0 0.060

CVT at Midpoint (C) 90.2 8.2 0.289 0.645

1/slope (C) ‘ 53.5 13.0 -0.419 0.511 0.149

CVT at 41 Joule (C) 65.6 9.2 0.517 -0.071 0.589 -0.686
CVT at 68 Joule (C) 89.0 6.4 0.361 0.171 0.856 -0.1%0 0.837

A533B Reference Material (HSST Plate #2)

oc3 D SHSS82 SRM LT
e " 108 268 308 4180 °F
149 d L] 4 R 1 ¥ 1%
128
88
1680
=)}
=
St
g (8] -]
=— 88 68,7
w3 -
|5 0] Con
-]
£ 68
- 48
48
28
28
8 'l L 2 3 : 2 a
-58 8 58 168 158 288 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Point Beach Unit 2 R

USE= 137.6 J, LSE= 3.0 J, CVT(1/2)= 114.C , Slope = 0.0230
CVT(41J) = 94. C , CVT(68J) = 113. C ,
Fluence = 2.010E+19 , Irr. Temp. = 304 C

Spec. 1D Test Temp. Impact Energqgy Lat. Exp. % Shear
o F J ft-1b mm mil
R14 - 24, 75. 6. 4. 0.05 2. 5.
R12 79. 174. 33. 24. 0.66 26. 23.
R13 99. 210. 46. 34. 0.71 28. 34.
R1l1 107. 225. 57. 42, 0.99 39. 38.
R10 123. 253. 72. 53. 0.76 30. 62.
R9 134. 273. 111. 82. 1.52 60. 52.
R1S 17s5. 347. 130. 96. 1.68 66. 100.
R16 204. 399. 136. 100. 2.01 79. 100.

Ab33B Reference Material (HSST Plate 82)

PB2 R SHSSBz2 SR LT
a °F
8 — v
14 - 198
1280
> 88
168 |
=
=]
&
Q
=St 88 | . 68 £
w3 o
Q= P
-]
g 68 |
= - 48
48 =
[ . 28
28 L
a 1 L 1 1 A . a
~-58 7] 58 180 158 208 258 °C
Test Temperature
NUREG/CR-6413
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_ Appendix A
AS33B HSST02 REFERENCE MATERIAL

Point Beach Unit 2, Capsule R

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
PB2 R SHSS02 SRM LT : Fluence = 2.010E+19 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 140.3 8.9 ~0.085
CVT at Midpoint (C) 115.6 5.8 0.115 0.708
1/slope (C) 46.1 i2.0 -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

5338 Reference Material (HSST Plate $2)

PB2 R SHSS82 SRt LY
8 1688 288 308 1808 °F
1&8 T T T T T R 188
128
, . 88
1808
=]
=
o
Q
SL 68 J 68 2
»B +
|2 e} e
=
e 68
= 9 48
468
1 2n
28
a I I L A - L a
-58 8 58 1088 158 288 258 °C

Test Teamperature
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Appendix A

AS33B HSST02 REFERENCE MATERIAL
Point Beach Unit 2, Capsule S

USE= 115.0 J, LSE= 3.0 J, CVT(1/2)= 110.C , Slope = 0.0185
CVT(41J) = $2. ¢ , CVT(68J) = 119. C ,
Fluence = 3.470E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1b mm mil
R18 52. 125. 16. 12. 0.25 10. 10.
R22 79. 175. 18. 13. 0.28 11. 45.
R20 93. 200. 48. 35. 0.76 30. 40.
R17 121. 250. 83. 61. 1.19 47. 60.
R21 149. 300. 76. 56. 1.24 49. 90.
R24 177. 350. 111. 82. 1.75 69. 100.
R23 204. 400. 117. 86. 1.80 71. 100.
R19 288. . 550. 114. 84. 1.78 70. 100.

A533B Reference Material (HSST Plate #2)

PBZ S SHSSB2 SRM LT
8 108 208 360 488 588 °F
128 T T T T ' T T
88
g 68
|
£y a
| A —
- i
+w« O g
(AR} Coms
s 48
=
28
a 'l 1 e L 1 L. a
-5a 8 59 108 158 208 258 388 °C
Test Te tu
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. Appendix A
A533B HSST02 REFERENCE MATERIAL

Point Beach Unit 2, Capsule S

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
PB2 s SHSS02 SRM LT : Fluence = 3.470E+19 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 116.8 8.0 -0.073

CVT at Midpoint (C) 111.2 8.6 -0.001 0.683

1/slope (C) 56.3 12.2 -0.012 0.603 0.456

CVT at 41 Joule (C) 91.6 6.9 0.034 0.020 0.643 -0.333

CVT at 68 Joule (C) 119.1 6.8 0.041 0.299 0.881 0.387 0.721

5338 Reference Naterial (HSST Plate £2)

PB2 S SHSSB82 SR LT
8 168 288 388 488 566 °F
120
88
186
S oo 68
8
) o
| K —
Y- »
o= 68 by
& 48
=
419
28
28
8 : : : . : . 8
-58 (] 58 188 158 208 © 2598 388 °C

Test Temperature
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Appendix A

AS533B HSST02 REFERENCE MATERIAL

Point Beach Unit 2, Capsule T

USE= 156.1 J, LSE= 3.0 J, cVT(1/2)= 102.C , Slope = 0.020%
CVT(41J) = 76. C , CVT(68J) = 95. C ,

Fluence = 9.450E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
o F J ft-1b mm mil
R30 21. 70. 9. 7. 0.08 - 3. S.
R32 66. 1s0. 46. 34. 0.66 26. 20.
R26 93. 200. 61. 4s. 0.86 34. 30.
R27 99. 210. 58. 43. 0.86 34. 40.
R31 121. 250. 119. 88. 1.57 62. 70.
R28 149. 300. 138. 102. 1.98 78. 100.
R25 177. 350. 157. 116. 2.13 84. 100.
R29 218. 425. 146. 108. 1.73 €8. 100.

AS33B Reference Material (HSST Plate #2)

PB2 T SHSS82 SRM LT
°F
160
146 180
128
=
=
5 1600
2o a
faJ = -
+ B ®
o- 80 68 ¥
&
=
60
48
40
28
28
a ) L L A 1 8
-58 8 58 188 158 - 288 258 °C
Test lemperature
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Appendix A
A533B HSST02 REFERENCE MATERIAL

Point Beach Unit 2, Capsule T

Impact Energy Uncertainty = 10.0 J .

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
PB2 T SHSS02 SRM LT : Fluence = 9.450E+18 , 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

1/slope (C) 48.7 10.1 -0.357 0.553 0.121

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

AD33B Reference Material (HSST Plate #2)

PB2 T SHSSB2 SRM LT
8 188 208 388 488 °F
169 L4 L 1 4 . n 1
148 188
128
= 80
£ 108
[ ) o
= p—
b1 ]
©S 88 68 2
=
=
68
48
48
28
28
8 e 1 1 L 1 8
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Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Point Beach Unit 2 A%

USE= 128.6 J, LSE= 3.0 J, CVT(1/2)= 83.C , Slope = 0.0182
CVT(41J) = 61. C , CVT(68J) = 8s5. ¢ , :
Fluence = 4.740E+18 , Irr. Temp. = 310 C

Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1lb mm mil
R7 24. 76. 13. 9. 0.36 14. 10.
R2 27. 80. S. 7. 0.28 11. 10.
R4 63. 14S. 53. 39. 1.12 44. 25.
RS 63. 145. 42. 31. 0.91 36. 30.
R6 - 93.  200. 75. 55. 1.40  55. 50.
R8 143. 290. 110. 81. 1.93 76. 90.
Rl 174. 345. 131. 96. 2.13 84. 100.
R3 174. 345. 123. 90. 2.24 88. 100.

45338 Reference Material (HSST Plate §2)

PB2Z v SHSS82 SRM LT
8 166 208 300 400 °F
1*0 T T T T . ad — .J 1
8a
==
£
s 68 2
= ]
- 0 -~
(£ R Con
[-]
S
[
= 48
z28
a L 1 1 1 3 a

-58 a 58 160 158 200 258 °C
Test Temperature '
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A533B HSST02 REFERENCE MATERIAL

Point Beach Unit 2 \Y

Impact Energy Uncertainty = 10
Test Temperature Uncertainty =
Number of Successful Iterations

.0J

4.0 Degree C
, Maximum = 1000

= 200

Appendix A

PB2 v SHSS02 SRM LT : Fluence = 4.740E+18 , Irr. Temp. = 310
Parameter Mean std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 132.4 12.6 0.105
CVT at Midpoint (C) 86.2 11.4 0.196 0.855
1/slope (C) 56.7 14.9 0.222 0.769 0.774
CVT at 41 Joule (C) 60.8 5.9 0.038 0.074 0.446 =-0.171
CVT at 68 Joule (C) 85.9 7.1 0.212 0.544 0.895 0.609 0.664

5338 Reference Material (HSST Plate $2)

PB2 v SHSSB82 SRM LT
8 100 260 388 499 °F
140 v y Y Y T . 188
128
88
188
=
=]
Suu
o 2
=T 88 68,7
s &
-]
g 68
- 48
10
20
28
8 1 1 1 Ao 3 a
-58 8 58 188 158 288 258 °C
Test Temperature
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Appendix A

AS533B HSST02 REFERENCE MATERIAL
Prairie Island Unit 1, Capsule P

UsSE= 115.7 J, LSE= 3.0 J, CVT(1/2)= 106.C , Slope = 0.0435
CVT(41J) = 98. €, CVT(68J) = 109. C,
Fluence = 1.250E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. . Impact Energy Lat. Exp. % Shear
o] F J ft-1b mm mil
R47 52. 125. 12, 9. 0.13 - S.
R44 93. 200. 34. 25. 0.53 21. 38.
R48 99. 210. 38. 28. 0.84 33. 34.
R43 107. 225. 67. 49. 0.91 36. 58.
R4S 121. 250. S1. 67. 1.47 58. 6S.
R41 149. 300. 119. 87. 1.19 47. 100.
R42 177. 350. 100. 73. 1.75 €9. 100.
R46 218. 425. 127. 93. 1.55 61. 100.

A533B Reference Material (HSST Plate #2)

PI1 P ~ SHSSB2 SRM LT
8 108 288 308 400 °F
48 L) 1) L L} T
1 - 168
]
128 o
/—
188 o
=
oy
o &
S2 88 1 %83
83 &
) 68 |
= - 48
40 |
- 28
29 -
[n}
a 1 1 1 ¢ 3 a
-58 a 58 106 158 . 208 258 °C
Test Temperature
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Appendix A
AS533B HSST02 REFERENCE MATERIAL

Praine Island Unit 1 P

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
PIl P SHSS02 SRM LT : Fluence = 1.250E+19 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 118.6 6.5 -0.058

CVT at Midpoint (C) 106.8 4.1 0.084 0.540

1/slope (C) 27.0 9.4 -0.244 0.492 0.303

CVT at 41 Joule (C) 97.0 4.5 0.271 -0.159 0.513 -0.637

CVT at 68 Joule (C) 110.0 3.6 0.045 0.237 . 0.914 0.354 0.486

15338 Reference Material (HSST Plate #2)

PI1 P SHSS82 SRM LT
8 169 288 388 4088 °F
148 ) R L4 L} ] 1 R 1%
a
128 + o
- 88
188 } o
=N
=3 !
8
& - 1 682
B »
[ 2 Bar-] [
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3 68 |
- - 48
48 | 1
- 28
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Test Temperature

A-165 NUREG/CR-6413




Appendix A

A533B HSST02 REFERENCE MATERIAL
Prairi¢ Island Unit 1, Capsule 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 = 4.030E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1b mm mil
R9 66. 150. 12. 9. 0.15 6. 13.
R14 93. 200. 14. 10. 0.25 10. 23.
R15 107. 225. 41. 30. 0.58 23. 32.
Rl2 121. 250. 42. 31. 0.46 is. 32.
R1l6 149. 300. 84. 62. 1.04 41. 59.
R13 177.  350. 98. 72. 1.42 56. - 100.
. R11 191. 37s. 107. 79. 0.99 39. 100.
R10 218. 425. 123. 91. 1.78 70. 100.

9338 Reference Material (HSST Plate $2)

PI1 R SHSS82Z SRM LI
2] 180 298 368 408 °F
148 d ) L] L3 v ¥ ] LS B lw
178 +
808
198 |
=
e
2 u <
Fad) peme 88 o w .—l.
38 z
-]
g 68}
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28
a 1 i 1 1 - A a
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Test Temperature
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Appendix A
A533B HSST02 REFERENCE MATERIAL

Prainie Island Unit 1, Capsule R

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

PI1 R SHSS02 SRM LT : Fluence = 4.030E+19 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower shelf Energy (J) 3.0 0.0 ,

Upper sShelf Energy (J) 130.6 18.2 -0.17%

CVT at Midpoint (C) 140.4 12.6 ~0.136 0.916

1/slope (C) 55.8 15.3 -0.129 0.833 0.822

CVT at 41 Joule (C) 115.8 .5 -0.008 -0.013 0.292 -~0.232

CVT at 68 Joule (C) 140.8 6.3 -0.086 0.522 0.810 0.578 0.633

A5338 Reference Material (HSST Plate #2)

PI1 R SHSS82 SRM LT
8 188 288 388 468 °F
148 ¥ 1] 1) 1 K 1] R 1m
128
89
199
=]
4
Q
-3 -
Q"2 o
-]
g 68
- 48
48
28
28
8 1 [] 1 1 - 1 a
-58 8 58 188 158 288 258 °C

Test Temperature

A-167 NUREG/CR-6413




Appendix A
AS533B HSST02 REFERENCE MATERIAL

Prairie Island Unit 1, Capsule V
USE= 126.8 J, LSE= 3.0 J, CVT(1/2)= 84.C , Slope = 0.0234
CVT(41J) = 66. C , CVT(68J) = 86. C , ’

Fluence = 5.210E+18 , Irr. Temp. = 304 C

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

' c F J ft-1b mm mil

R3 24. 75. 14. 10. ~0.05 2. 10.
R7 66. 150. 33. 25. 0.46 i8. 20.
Rl 79. 17s. 63. 46. 0.91 36. 35.
R2 99. 210. 89. 65. 1.19 47. 50.
*R8 121. 250. 71. 52. 1.17 46. 50.
RS 13S. 278. 114. 84. 1.50 59. 70.
R6 149. 300. 117. 86. 1.73 68. 100.
R4 177. 350. 131. 96. 1.93 76. 100.

A5338 Reference Material (HSST Plate #2)

PI1 v SHSSez2 SRt LY
8 160 260 308 490 °F
1&8 . T v L v T v T . ad T \a 1 m
[=]
128 p
- 88
180 |
D
=
[
[}
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Appendix A
AS533B HSST02 REFERENCE MATERIAL

Praine Island Unit 1, Capsule V

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
PI1 v SHSS02 SRM LT : Fluence = 5.210E+18 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 129.3 12.0 -0.127
CVT at Midpoint (C) 84.9 8.0 -0.074 0.809
1/slope (C) 44.5 14.1 -0.179 0.768 0.627
CVT at 41 Joule (C) 65.6 6.1 0.150 -0.252 0.220 ~-0.591
CVT at 68 Joule (C) 85.6 4.9 -0.007 0.395 0.846 0.338 0.547

5338 Reference Material (HSST Plate #2)

PI1 v SHSS82 SRM LT
8 108 268 388 4168 °F
148 : - : — " ' . ] 108
128
88
: 188
2
hl
‘E"E 3d 685;
s pot
-]
£ 68
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28
8 ‘ 8
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Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Prairie Is] nit 2 le R

USE= 117.7 J, LSE= 3.0 J, CVT{(1/2)= 126.C , Slope = 0.0228
CcVT(41J) = 110. C , CVr(68J) = 132. C ,
Fluence = 4.420E+19 , Irr. Temp. = 304 (o]

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
o] F J ft-1lb mm mil
R15 66. 150. il. 8. 0.25 10. 13.
R10 107. 225. 37. 27. 0.74 29. 33.
R1l6 107. 225. 45. 33. 0.66 26. 41.
R11 121. 250. 61. 45. - 0.86 34. S6.
RO 121. 250. ' 42. 31. 0.63 25. 46.
R14 149. 300. 84. 62. 1.42 56. 100.
R12 177. 350. 118. 87. 1.78 70. 100.
R13 232. 450. 111. 82. 1.37 54. 100.

A533B Reference Material (HSST Plate #2)

- PI2 R SHS382 SR LT
8 | 1806 268 380 488 °F
128 ad T T T T ﬂ T
88
188
= 88 - 68
g
©S 68 | &
§. 18
49
[ 28
za =
a 1 - 1 3 1 ot a
=50 a 58 1849 158 208 258 °C
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NUREG/CR-6413

A-170




Appendix A
A533B HSST02 REFERENCE MATERIAL

Prairie Island Unit 2, Capsule R

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
PI2 R SHSS02 SRM LT : Fluence = 4.420E+19 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 119.2 10.4 -0.029

CVT at Midpoint (C) 126.4 6.8 0.066 0.760

1/slope (C) 46.8 11.8 -0.158 0.497 0.395

CVT at 41 Joule (C) 109.3 5.7 0.233 -0.046 0.43%9 -0.585
' CVT at 68 Joule (C) 131.98 4.6 0.116 0.1%0 0.748 0.321 0.540

5338 Reference Material (HSST Plate #2)

Piz2 R SHSS8z SRM LI
] 160 268 308 4608 °F
1_28 T T T T a T
. 88
188
= 68 r { o8
S
g Q =
8 68 | b
8 { 48
=
48
. 28
28 -
8 rl Fl 2 o L e
-58 8 58 168 158 - 288 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Prairie Island Unit 2, Capsule T

USE= 120.0 J, LSE= 3.0 J, CVT(1/2)= 107.Cc , Slope = 0.0333
CVT(41J) = 96. C , CVT(68J) = 111. Cc ,
Fluence = 1.050E+19 , Irr. Temp. = 304 C

Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
R31 38. 100. 10. 8. 0.15 6. 14.
R32 93. 200. 28. 21. 0.46 18. 2S.
R25 99. 210. 45. 33. 0.71 28. 30.
R27 107. 225. 77. 56. 1.19 47. S3.
R28 121. 250. 74. S4. 1.04 41. 62.
R30 149. 300. 120. 88. 2.01 79. 100.
R29 177. 350. 122. 90. 1.75 69. 100.
R26 204. 400. 11s. 84. 2.01 79. 100.

#5338 Reference Material (HSST Plate §2)

Pi2 T SHSS82 SRM LT
g 188 208 3688 4108 °F
148 — Y Y - —— y — 188
128 i o _,./ = )
' /,// - 808
188 | /
a
& /
g /
=l - / . 68 <
= (n / o 1
- O bad
g -2 3 Com
g“ 68 - /
B . / 1 48
@ | 7
. // o - 28
28 = ) /'
o y
8 4 : e 3 : 8
-58 8 58 1968 1568 288 258 °C
Test Temperature

A-172
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A533B HSST02 REFERENCE MATERIAL

Prairig Isl nit 2 leT

Impact Energy Uncertainty = 10.0 J
Test Temperature Uncertainty =

4.0 Degree C

1000

Fluence = 1.0S0E+19 , Irr. Temp. =

Appendix A

304

Correlation Coefficients

Number of Successful Iterations = 200, Maximum =
PI2 T SHSS02 SRM LT :

Parameter Mean Std.Dev.

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 121.4 6.1 -0.060
CVT at Midpoint (C) 107.7 4.2 0.025
1/slope (C) 32.0 8.0 -0.184
CVT at 41 Joule (C) 95.6 4.9 0.148
CVT at 68 Joule (C) 110.8 3.8 0.015

0.455

0.402 0.131
-0.122 0.667
0.073  0.900

5338 Reference Material (HSST Plate #2)

-0.617
0.144 0.680

P12 T SHSSB2 SRM LT
8 198 2688 388 408 °F
148 : - , , —1 108
128 |
88
108 |
=2
o=n
I [
[
ég - 53.Ta
e 2
£ 68 |
- 40
49 |
28
28 L
8 , 8
-58 ) 58 188 158 .288 258 °C

Test Temperature

A-173
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Appendix A

AS533B HSST02 REFERENCE MATERIAL
Prainie Island Unit 2, Capsule V

USE= 141.1 J, LSE= 3.1 3, CVT(1/2)= 95.C , Slope = 0.0271
CVT(41J) = 77. ¢, CVT(68J3) = %3. ¢,
Fluence = 5.490E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
RS 21. 70. 16. 12. 0.18 7. S.
R8 60. 140. 24. 18. 0.41 16. 30.
R3 79. 178. 41. 30. 0.66 26. 40.
R2 99. 210. 89. 66. 1.02 40. s0.
R7 99. 210. 71. 52. 0.81 3z. 50.
R6 121. 250. 114. 84. 1.19 47. 80.
Rl 149. 300. 141. 104. 1.55 61. 100.
R4 177. 350. 13s. 99. 1.65 65. 100.

A533B Reference Material (HSST Plate $2)

| g 4 v SH3S8Z SRM LT
8 168 200 388 468 °F
168 L Ll ¥ ¥ LI
148 3 108
128 |
2 - 88
) 168 -
=X a
o) o= b -
-} |
t=S 88 | - 68 ¥
&
-
68 -
. 48
48
. pa
28 I
e 4 : L g 4 e
-58 e 58 1006 158 2088 258 °C
Test Temperature
NUREG/CR-6413

A-174




Appendix A
A533B HSST02 REFERENCE MATERIAL

Prainie Island Unit 2, Capsule V
Impact Energy Uncertainty = 10.0 J
Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
P12 v SHSS02 SRM LT : Fluence = 5.490E+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
CVT at Midpoint (C) 95.0 4.6 0.142 0.598
1/slope (C) 38.3 9.7 -0.284 0.494 0.173
CVT at 41 Joule (C) 76.1 6.2 0.313 ~0.211 0.444 -0.784
CVT at 68 Joule (C) 92.3 3.8 0.194 0.036 0.805 -0.260 0.798

A533B Reference Material (HSST Plate £2)

P12 v SHSSB2 SRM LT
;] 108 268 388 188 °F
168 v 14 ¥ L) L] 1] v
S
148 1  iee
128
E 100 |
Eu 2
Fad e =
= 1
©2 88 | . 68 £
&
£
68 +
1 18
48 |
. 28
28 +
B | i 2 A L 1 a
-58 8 58 188 158 ' 288 258 °C

- Test Temperature
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Appendix A

AS533B HSST02 REFERENCE MATERIAL
1 nit 1 T ‘

USE= 180.8 J, LSE= 3.0 J, CVT(1/2)= 87.C , Slope = 0.0156
CVT(41J) = 45. C , CVT(68J) = €69. C ,
Fluence = 2.560E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J  ft-1b mm mil
R2 i0. 50. 14. 10. 0.23 9. 1.
R1 27. 80. 28. 21. 0.36 14. 10.
R8 52. 1285. 50. 37. 0.81 32. 25.
R6 €66. 1s51. 72. 53. 1.04 41. 3s.
R3 99. 210. 85. 63. 1.37 54. 65.
*R7 99. 210. 57. 42. 1.09 43. 45.
RS 121. 250. 156. 11s. 2.18 86. 95.
R4 149. 300. 188. 114. 2.06 81. 100.

A533B Reference Material (HSST Plate #2)

Sa1 T SHSSB2 SRM LT
B 1098 ' 208 388 480 °F
188 B R T T LI T
168 1 1728
148 i 100
2,' 128
- b 88 .
““; 1868 5
« O -
g': Comt
g- 88 1 68
68
~ 40
40
4 28
28
a . b 1 1 i a
~58 ) 58 168 1548 200 258 °C

Test Temperature
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Appendix A
A533B HSST02 REFERENCE MATERIAL

alem Unit 1 _Capsule T

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
sa1 T SHSS02 SRM LT : Fluence = 2.560E+18 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 182.6 18.9 0.237 _

CVT at Midpoint (C) 87.3 9.6 0.340 0.867

1/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

5338 Reference Material (HSST Plate £2)

SAa1 T SHSS82 SR LT
8 168 288 368 4160 °F
ma 1] v L] M T 1 1] v
! : s 140
188
168 128
g} 148 188
- 88
S 108 b
2
£ BE 68
68 18
418
28
28
a S L ol 1 1 a
-58 8 58 168 158 268 258 °C

Test Temperature

A-177 NUREG/CR-6413




Appendix A

A533B HSST02 REFERENCE MATERIAL

lem Unit 1 ule 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. 1D Test Temp. Impact Energy Lat. Exp. % Shear
C F J ft-1b mm mil
R62 38. 100. 14. 10. 0.23 9. 16.
RS9 ' 66. 150. 31. 23. 0.56 22. 24.
R57 79. 17s8. 38. 28. 0.79 31. 27.
R64 923. 200. 52. 38. 0.76 30. 33.
R58 107. 225. 73. 54. 0.94 37. 48.
R60 i21. 250. 115. 85. 1.58 61. 64.
R63 177. 350. 1s0. 111. 2.08 82. 100.
R61 204. 400. 127. 94. 1.83 72. 100.

45338 Reference Naterial (HSST Plate 82)

Sa1 Y SHSS8z2 SRM LT
8 108 208 3608 400 °F
168 ¥ L L3 T L]
" a
148
1688
128
= 1 g6
£ 188 |
£ u a
=3 i
©3 88 | 68 2
&
-
63 -
48
48
28
28 +
1 1 1 I I a
-58 8 58 108 158 2008 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL

- Salem Unit 1, Capsule Y

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
sal Y SHSS02 SRM LT : Fluence = 8.910E+18 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.1 0.0

Upper Shelf Energy (J) 142.0 7.8 -0.049

CVT at Midpeoint (C) 102.4 4.2 0.085 0.563

1/slope (C) 41.1 8.5 -0.294 0.283 0.271

CVT at 41 Joule (C) 82.3 4.9 0.337 -0.080 0.437 -0.709

CVT at 68 Joule (C) 99.7 3.4 0.189%9 0.009 0.815 -0.022 0.712

#5338 Reference Material (HSST Plate 82)

sSa1 Y SHSS82 SERM LT
B8 168 288 368 488 °F
168 L v 13 ] 1 1 L]
=
140 180
128
= 89
=
£ 180
g o &
fal o= —
= i
B2 oo 68 2
Sy
=
68
48
48
28
28
8 2 4 - . — 8
-58 ] 517 168 158 2808 258 °C

Test Temperature
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Appendix A

AS33B HSST02 REFERENCE MATERIAL
Salem Unit 1, Capsule Z

USE= 134.2 J, LSE= 3.0 J, €VT(1/2)= 104.C , Slope = 0.0220
CVT(41J) = 84. C , CVT(68J) = 104. C ,
Fluence = 1.330E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Enerqgy Lat. Exp. % Shear
c F J ft-1b mm mil
R3S 66. 150. 27. 20. 0.56 22. 15.
R33 79. 178. 37. 27. 0.76 30. 25.
R40 79. 17s. 33. 24. 0.63 25. 20.
R38 23. 200. 56. 41. 0.99 39. 35.
R39 121,  250. 89. 66. 1.78 70. €5.
R36 149. 300. 121. 89. 1.98 78. 95.
R37 204. 400. 140. 103. 2.26 89. 100.
" R34 232. 450. 126. 93. 2.03 80. - 100.

A533B Reference Material (HSST Plate £2)

Sa1 2 SH338Z SRn LI
8 100 280 308 400 °F
1 ] 1 4 L 1 4 —87
148 » 188
128
8o
108
b
=
$au
Q
:5.2 88 68 =
w8 o
o= -
g 68
= 40
40
20
28
a i X L 1. L a
-58 a 58 168 158 208 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL

lem Unit } ule Z
Impact Energy Uncertainty = 10.0 J
Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
SAl Z SHSs02 SRM LT : Fluence = 1.330E+19 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 135.7 8.0 -0.003
CVT at Midpoint (C) 104.9 5.6 0.122 0.682
1/slope (C) 47.2 10.4 -0.077 0.549 0.598
CVT at 41 Joule (C) 83.2 4.7 0.227 =-0.178 0.295 -0.543
CVT at 68 Joule (C) 103.8 4.2 0.173 0.197 0.843 0.368 0.568

5338 Reference Material (HSST Plate #2)

sAl z SHSS82 SRM LT
°F
148 188
128
. 88
188
=]
&N
[
4]
St g8 682
- ]
w8 »
[ 4 R Con
F -1
3 68
- 48
48
28
20
8 s : 1 : —s 8
-58 8 58 198 159 2088 258 °C

Test Temperature

A-181 NUREG/CR-6413




Appendix A

AS533B HSST02 REFERENCE MATERIAL

mt 1 Je T
USE= 148.2 J, LSE= 3.0 J, CVT(1/2)= 77.C , Slope = 0.0179
CVT(41J) = 48. C , CVr(68J) = 71. cC,

Fluence = 2.500E+18 , Irr. Temp. = 310 C

Spec. ID Test Temp. ‘ Impact Energy Lat. Exp. % Shear
C F J £ft-1b mm mil
R33 -9. 15. 5. 4. 0.18 7. 0.
R40 25. 77. i8. 13. 0.43 17. 20.
R38 49. 120. 45. 33. 0.94 37. 25.
R36 66. 150. 68. 50. 1.24 49. 45.
R39 100. 212. 92. 68. 1.57 62. 70.
R37 146. 29S. 145. 107. 2.26 89. 100.
R34 177. 350. 155. 114. 1.80 71. 100.
R35 199. - 390. , 133. 98. 1.88 74. 100.

AS33B Reference Material (HSST Plate $2)

su1 1 SHSSBZ SRt LT
2 168 208 308 408 °F
168 T v T M T T ¥ T r
IBBl
2 88
)
g
£ U =
A e ony
z s
88 68 2
=%
=
419
z8
a 4 . : . s 8
-58 a 58 168 158 208 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL

nit | T
Impact Energy Uncertainty = 10.0 J

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

sul T SHSSO02 SRM LT : Fluence = 2.500E+18 , Irr. Temp. = 310
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 148.9 6.9 0.067
CVT at Midpoint (C) 77.0 6.4 0.143 0.571
1/slope (C) 56.9 8.9 0.007 0.510 0.408
- CVT at 41 Joule (C) 47.2 6.1 0.118 -0.093 0.564 -0.494
CVT at 68 Joule (C) 70.7 5.2 0.137 0.137 0.879 0.072 0.827

A333B Reference Material (HSST Plate #2)

sut T SHSSB2 SRM LT
8 168 2680 388 4198 °F
168 1] 1 LI L] g u 1
148 * e
o . 168
128 |
g . 88
£ 1@8 |
(= ] a -]
A~ n
£tS 88 | 4 68 L
&
E
68 =
| - 48
48 |
- 28
28 r o
jw]
8 . . . . : 8
-58 8 58 168 158 208 258 °C

Test Temperature
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Appendix A

AS533B HSST02 REFERENCE MATERIAL
Surry Unit 1, Capsule V

USE= 136.4 J, LSE= 3.1J3, ¢cVT(1/2)= 106.C , Slope = 0.0250
CVT(41J) = 87. C , CVT(68J) = 105. ¢, :
Fluence = 1.940E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1ib mm mil
R41 38. 100. 14. 10. 0.25 10. 4.
R43 66. 150. 28. 21. 0.48 19. 10.
R47 93. 200. 45. 3. 0.71 28. 33.
R48 93. 200. 45. 33. 0.58 23. 26.
R46 121. 250. 99. 73. 1.14 45. 43.
R44 149. 300. 125. 92. 1.75 69. 92.
R4S 204. 400. 137. 101. 1.78 70. 100.
R42 232. 450. 133. 98. 1.85 73. 100.

A5338 Reference Material (HSST Plate #2)

Su1l v SHSSB2 SRt LT
e 1086 200 380 468 °F
148 T . T — - 188
128 }
p? sqE | 88
160 }|
=
oy
1]
=Y 88 | 68 2
o 3
g Cou
oy 68 |
= 48
40
' 28
28 |
8 R 1 L 1 1 8
-58 ) 50 168 158 208 258 °C

Test Temperature
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Appendix A
A533B HSST02 REFERENCE MATERIAL

nit ] leV

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
sul \'4 SHSS02 SRM LT : Fluence = 1.940E+19 , Irr. Temp. = 304

Parameter Mean Sstd.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.1 0.1

Upper Shelf Energy (J) 136.3 6.8 -0.109

CVT at Midpoint (C) - 105.8 5.4 0.105 0.626

1/slope (C) 40.7 9.9 ~0.459 0.392 0.283

CVT at 41 Joule (C) 87.0 5.7 0.488 0.018 0.541 -0.632

CVT at 68 Joule (C) 104.7 4.2 0.2086 0.282 0.919 0.112 0.693

(3338 Reference Material (HSST Plate #2)

Sui v SHSSAzZ SRM LT
8 168 288 368 408 °F
148 T T v — T 188
1728
88
186
=
=]
£
g ) 68 =
:Eg 88 2
- 8 +
o= o
[ -]
3 68
= 48
48
28
28
a 1 1 1 ki - i a
-58 8 568 168 158 288 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Surry Unit 2, Capsule V

USE= 140.3 J, LSE= 3.0 J, CVT(1/2)= 89.C , Slope = 0.0215
CVT(41J) = 67. C , CVT(68J) = 87. ¢ ,
Fluence = 1.880E+19 , Irr. Temp. = 304 C

Spec. 1D Test Temp. - Impact Energy Lat. Exp. % Shear
o] F J ft-1b mm mil
R15 24. 75. 16. 12. 0.43 17. 1s.
R12 52. 125. 34. 25. 0.51 20. 25.
R16 66. 150. 43. 32. 0.56 22. 25.
R11 79. 17s. 43. 32. 0.71 28. 35.
*R13 93. 200. 42. 31. 0.84 33. 4S.
R10 121. 250. 121. 89. 1.57 62. 50.
R14 177. 350. 140. 103. 2.06 81. 100.
RS 218. .42s. 136. 100. 2.06 81. io00.

5338 Reference Material (HSST Plate #2)

sSuz v SH3SSB2 SR LY
a 1608 208 308 4180 °F
160 k] L i L} L v L
o . 108
g; . 8o
[
v a
[ R —l.
58 { 682
~
S
=
. 48
. 28
a 1 'l i 1 i a
-58 8 1) 168 158 200 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL

nit 2 A%

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

suU2 v SHSS02 SRM LT : Fluence = 1.880E+19 , Irr. Temp. = 304

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 141.3 7.7 0.026

CVT at Midpoint (C) 89.2 6.6 0.197 0.540

1/slope (C) 48.2 10.3 -0.258 0.351 0.292

CVT at 41 Joule (C) 65.7 6.8 0.368 -0.018 0.601 -0.554

CVT at 68 Joule (C) 86.2 5.8 0.241 0.125 0.895 0.069 0.786

(5338 Reference Material (HSST Plate $2)

suz v SHSS82 SRM LT
8 188 289 388 4180 °F
169 ¥ ¥ o 1 4 . v 1]
148 108
126
= 88
£ 189
= O =
- N
$S 88 68 2
4
K
68
48
40
28
28
a 1 i ] 1 - 2 a
-58 | 58 198 158 208 258 °C

Test Temperature
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Appendix A

AS533B HSST02 REFERENCE MATERIAL
nit 2 le X

USE= 151.4 J, LSE= 3.0 J, CVT(1/2)= 67.C , Slope = 0.0214
CVT(41J) = 43. C , CVT(68J) = 62. C,
Fluence = 3.020E+18 , Irr. Temp. = 310 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
R32 -7. 20. 6. 4. 0.13 5. 3.
R28 27. 80. 33. 24. 0.63 25. 15.
R29 32. 90. 22. 1s6. 0.58 23. 1s.
R30 s2. 12S8. 56. 41. 0.97 38. 25.
R27 68. 155. 78. 57. 1.45 57. 35.
R31 102.. 215. 121. 89. 2.01 79. 100.
R25 149. 300. - 189, 117. 2.26 89. 100.
R26 174. 345. 141. - " 104. 2.11 83. 100.

A933B Reference Material (HSST Plate £2)

suz X SHSS82 SRM LT
8 100 200 3680 41080 °F
168 g 1 L F 1% o ]
4 - o
148 ) 108
128
2 4 80
& 168 }
= 0 -=
| 2> K -—
- 1
§.€ 88 | 4 68
_g_- !
63 L
- 48
40
- c
- z8
za N jmi
B 1 1 " 1 1 a
-58 3] 58 168 150 208 258 °C

Test Temperature
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Appendfx A
A533B HSST02 REFERENCE MATERIAL

nit 2. Capsule X

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
sU2 X SHSS02 SRM LT : Fluence = 3.020E+18 , Irr. Temp. = 310
Parameter Mean Std.Dev. Correlation Cocefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 153.3 9.% 0.000
CVT at Midpoint (C) 68.3 7.1 0.077 0.744
1/slope (C) 48.1 9.7 -0.133 0.619 0.606
CVT at 41 Joule (C) 42.0 5.4 0.231 -0.029 0.417 -0.441
CVT at 68 Joule (C) 61.6 4.9 0.154 0.333 0.855 0.234 0.764

5338 Reference Naterial (HSST Plate $2)

suz X SHSSB2 SR LT
8 108 208 388 488 . °F
168 - T T T - s | . 4
148 | -
128 1
= 5 88
£ 108
[ L} o2
Bl m=e —
= !
t= 8@ { 682
-4
£
68
. 48
49
1 28
28
8 . . - " — 8
-58 a 58 164 158 288 258 °C

Test Temperature
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Appendix A

A533B HSST02 REFERENCE MATERIAL
Three Mile Isl nit 1 1

USE= 133.4 J, LSE= 3.0 J, CVP(1/2)= 71.C , Slope = 0.0237
CVT(41J) = 52. C , CVI(68J) = 71. C,
Fluence = 8.660E+18 , Irr. Temp. = 303 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
CC945 - 21, 69. 18. 13. 0.36  14. 5.
cco21 41. 105. 37. 27. 0.58 23. 20.
CC915 52. 125. 34. 25. 0.58 23, 25.
CC961 66. 150. 56. 41. 0.86 34. 30.
cCco28 9. 175. 80. 59. 1.22 48. 50.
CcC937 93. 200. 106. 78. 1.52 60. 60.
CCS16 149. 300. 132. 917. 1.88 74. 100.
CC955 204. 400. 132. 97. 2.06 81. 100.

#5338 Reference Material (HSST Plate $2)

™M C Sissez - SRM LT
e 1688 208 308 168 °F
148 T T T T T ] lm
128
- 88
168
=
=
S
Q
S-S 8@ - 68 =
28 2
Q= S
=
e 68
= 1 40
18
- 28
ra:
a I} [l 'l 1 A a
—58 8 58 168 158 208 258 °C

Test Temperature

NUREG/CR-6413 A-190




Appendix A
A533B HSSTO02 REFERENCE MATERIAL

Three Mile Island Unit 1, Capsule C

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterationg = 200, Maximum = 1000
™1 C SHSS02 SRM LT : Fluence = 8.660E+18 , Irr. Temp. = 303
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 135.0 8.0 -0.050
CVT at Midpoint (C) 71.4 5.0 0.085 0.593
1/slope (C) 43.0 9.4 -0.365 0.382 0.257
CVT at 41 Joule (C) 51.8 5.5 0.369 -0.094 0.500 -0.669
CVT at 68 Joule (C) 70.6 4.0

0.142 0.076 0.840 0.034 0.709

0338 Reference Material (HSST Plate £2)

™1 C SHSS82 SRM LT
8 108 208 308 488 °F
148 ~ T T —— T ™ T 188
a
1Z8
- g8
188
=]
=
&
‘E 2 13! B 68 ﬁ
= 1
» 8 -
|5 R Come
(-]
3 68
- . 48
418
- 28
28
a 1 1 K3 L - 1 a
-58 8 58 186 158 288 258 °C
Test Temperature
NUREG/CR-6413

A-191




Appendix A

AS533B HSST02 REFERENCE MATERIAL

Three Mile Isl

. USE=. 153.3 J,

nit |

LSE=

le E

3.0 J, CVT(1/2)=

52.C , Slope = 0.0278

CVT(41J) =  32. C , CVr(68J) = 47. C ,
Fluence = 1.070E+18 , Irr. Temp. = 309 C
Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
CCE922 21. 70. 38. 28. 0.53 - 21. 12.
CCE948 41. 106. 46. 34. 0.61 24. 20.
CCES64 49. 119. 70. 52. 0.94 37. 20.
CCE919 60. 140. 100. 74. 1.37 54. 35.
CCES25 93. 199. 136. 100. 1.38 83. 100.
CCES62 94. 201. 146. 108. 1.40 55. 92.
CCE913 136. 277. 186. 11s. 1.65 65. 100.
CCE969 194. 381. 148. 109. 1.75 69. 100.
13
#5338 Reference Material (HSST Plate $2)
™ E SHSS8z2 SRM LI
| 168 288 300 488
168 ¥ T L] 1 1
a
(=] a
148 | r
Pl =} -
/
122 = /:/
2 / ‘
& 168 | 4
- ’
B /
o™ 88 / B
-3
3 F
L
68 /
/e
48 N a
/
28 //f -
,-'//A
8 " .
~-58 8 1) 108 158 288 258
Test Temperature
NUREG/CR-6413

A-192

°F

160

g
ft-1b.
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o Appendix A
AS533B HSST02 REFERENCE MATERIAL

Three Mile Island Unit 1 le E
Impact Energy Uncertainty = 10.0 J
Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000

™1 E SHSS02 SRM LT : Fluence = 1.070E+18 , Irr. Temp. = 309
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 153.8 . 6.8 0.112
CVT at Midpoint (C) 52.0 4.2 0.248 0.538
1/slope (C) 36.9 7.5 ~-0.116 0.548 0.274
CVT at 41 Joule (C) 31.9 5.1 0.272 -0.231 0.467 -0.707
CVT at 68 Joule (C) 46.8 3.6 0.278 0.037 0.834 -0.208 0.837

(3338 Reference Material (HSST Plate #2)

mi E SHSSBZ SRM LI
308 400 °F
168 T T v
a]
148 | 168
170
2 . 8o
5 188
v &
S 68 | eag
3
=
68
. 416
408
y 28
28
a L L L 1. '] a
-58 a 56 188 158 288 258 °C
‘ Test Temperature
NUREG/CR-6413

A-193




Appendix A

A533B HSST02 REFERENCE MATERIAL
Turkev Point Unit 4 |

USE= 132.0 J, LSE= 3.0 J, CVT(1/2)= 88.C , Slope = 0.0200
CVT(41J) = 67. C , CVT(68J) = 895. ¢ ,
Fluence = 1.250E+19 , Irr. Temp. = 304 C -

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft~1lb mm mil
R1 27. 80. 20. 14. 0.33 13. .
R2 43. 110. 28. 21. 0.43 17. 10.
R8 57. 13s. 26. 19. - 0.41 16. 15.
R3 71. 160. 46. 34. 0.74 29. 20.
R7 85, 18Ss. 61. 45. 1.02 40. 25.
R4 ' 99, 210. 5. S5. 1.22 48. 60.
RS 127. 260. 122. 90. 1.90 75. 95.
R6 154. 310. 118. - 87. 1.73 68. 100.

A333B Reference Material (HSST Plate £2)

IP4 S SHSS82 SRM LY
a 168 268 388 408 °F
18 , : . - R——
1 : 188
128
88
188
-
=
e
Q
Y- b
Q™ Cou
o
& 68
= 49
410
28
28
a L 3 5 ) L a

-58 8 58 188 158 200 258 °C
Test Temperature

NUREG/CR-6413 A-194




Appendix A
AS533B HSST02 REFERENCE MATERIAL

Turkey Point Unit 4, Capsule S

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000
TP4 s SHSS02 SRM LT : Fluence = 1,250E+19 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 132.9 13.1 0.068

CVT at Midpoint (C) 88.3 7.8 0.138 0.875

1/slope (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.

#5338 Reference Material (HSST Plate £2)

P4 S SHSS82 SRM LT
8 188 268 308 4188 °F
148 k) ¥ v L) € R v 1m
178
. 86
1080
=
[~}
Sy
Qo
:515 88 68 2
Iy o
o= P
-]
£ 68
= 40
48
28
28
a 1 - 1 1 1 1 a
-58 8 58 1889 158 288 258 °C
Test Temperature
NUREG/CR-6413

A-195




Appendix A

A533B HSST02 REFERENCE MATERIAL
Turkey Point Unit 4, Capsule T

USE= 128.0 J, LSE= 3.0 J, CVT(1/2)= 80.C , Slope = 0.0184
CVT(41J) = 58. C , CVT(68J) = 82. ¢,
Fluence = 6.050E+18 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b°  * mm mil
R62 -12. 10. 6. 4. 0.05 2. 0.
R63 4. 40. 11. 8. 0.13 5. 5.
R64 27. 81. 17. 12. 0.25 10. 10.
R61 43. 110. 32. 23. - 0.43 17. 15.
R6C 71. 160. 57. 42. 0.84 33. 20.
RS9 99. 210. 82. 60. 1.24 49. 50.
RS8 149. 300. 125. 92. 2.11 83. 100.
RS7 191. 375. - 124. 92. 2.03 80. 100.

5338 Reference Material (HSST Plate §2)

P4 T SHSS82 SR LT
8 - 168 298 388 168 °F

a o ¥ L] ] T T v

14 . 1 108

128

88

180
D
=
fo
£L se 68 =2
= !
ts &
s
& 68
- 48

410

28
28
a 1 —l 1 2 . a

-58 8 58 1688 158 208 258 °C
Test Temperature

NUREG/CR-6413 A-196




AS533B HSST02 REFERENCE MATERIAL

kev Point Unit 4 I

Impact Energy Uncertainty = 10
Test Temperature Uncertainty =
Number of Successful Iterations

.0J

4.0 Degree C
= 200, Maximum = 1000

Appendix A

TP4 T SHSS02 SRM LT : Fluence = 6.050E+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

CVT at Midpoint (C) 81.8 8.7 0.077 0.720

1/slope (C) 57.0 11.9 -0.090 0.501 0.486

CVT at 41 Joule (C) §7.5 6.7 0.170 0.088 0.591 -0.359

CVT at 68 Joule (C) 83.2 6.5 0.106 0.305 0.875 0.355 0.731

#2338 Reference Material (HSST Plate #2)

P4 I SHSS82 SRM LT
a 188 288 388 400 °F
a ¥ o L] 1] 1] i 3
14 . 188
128
88
188
= .
=
£
1)
éig 88 68 2
Iy o
(% Rar Cou
=
g 68
= 49
48
28
28
a 1 L 1 1 1 a
-58 8 58 188 158 208 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A

AS533B HSST02 REFERENCE MATERIAL
'Zion Unit | le T

USE= 143.6 J, LSE= 3.0 J, CVT(1/2)= 65.C , Slope = 0.0255
CVT(41J) = 45. C , CVT(683) = 62. €,
Fluence = 1.800E+18 , Irr. Temp. = 288 C

Spec. 1D Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
R34 -46. -50. 3. 2. 0.03 1. 0.
R38 22. 72. 9. 6. 0.20 8. 10.
R37 as. 100. 30. 22. 0.61 24. 25.
R39 56. 132, 64. 47. 1.02 40. 35.
R40 79. 17S. 106. 78. 1.57 62. 50.
R36 93.  200. 103. 76. 1.47 58. 5S.
R33 135. 275. 146. 108. 1.78 70. 100.
R35 177.  350. 142. 105. 2.08 82. 100.

#5338 Reference Material (HSST Plate £2)

2N1 T SHSSB82 SRM LT
2 108 268 398 400 °F
163 v k] L) 13 Ll LY T
148 | -
128
a . 88
& 186
= 0 =
S 88 ] 68 ¥
&
L]
68
- 48
40
. 28
20
a 1 1 1 3 n a
-58 2] 58 168 158 208 258 °C

Test Temperature
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Appendix A
A533B HSST02 REFERENCE MATERIAL

ZionUnit 1. Capsule T

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000

ZN1 T SHSS02 SRM LT : Fluence = 1.800E+18 , Irr. Temp. = 288
Parameter Mean std.Dev. Correlation Ccefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 143.7 8.0 0.113

CVT at Midpoint (C) 64.7 5.6 0.097 0.651

1/slope (C) 39.3 7.9 0.101 0.555 0.480

CVT at 41 Joule (C) 45.1 4.9 -0.022 -0.011 0.561 =0.429
CVT at 68 Joule (C) 61.6 4.4 0.037 0.285 0.90S 0.213 0.787

A533B Reference Material (HSST Plate #2)

ZN1 T SHSSBZ SR LY
8 168 208 388 468 °F
168 r Y T T T
148 i | 160
129
= - 86
£ 189
gy =
33 oo 1 8z
2
=
68
. 418
49
. 28
28
a 1 L 1 1 1 B
-58 8 1) 198 158 281 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL
Zion Unit 1, Capsule U
USE= 123.6 J, LSE= 3.1J3, ¢cVT(1/2)= 95.C , Slope = 0.0255
CVT(41J) = 79. €, CVT(68J) = 98. C ,

Fluence = 8,920E+18 , Irr. Temp. = 304 C

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

C F J ft-1b mm mil
R47 24. 75. 17. 12. 0.20 8. 17.
R43 66. 150. 36. 26. 0.56 22. 32.
R41 93. 200. 47. 34. 0.63 25. 39.
R42 93, 200. 56. 41. 0.97 38. 52.
R48 107. 225. S0. 66. 1.40 ss. s8.
R46 121. 250. 107. 79. 1.78 70. 81.
R44 149. 300. 117. 86. 1.96 77. 99.
R4S 177. 350. 120. 8s8. 1.96 77. 100.

5338 Reference Material (HSST Plate £2)

ZN1 U SHSS82 SEM LT
e 1608 288 360 468 °F
148 T T — v r v
' . 169
120
? »qgE 88
1008
=)
| —3
[
o <
m— 88 68 <2
-8 &
Q= o
)
= 48
48
28
28
a L = L . — 8
-58 a 58 160 158 288 258 °C

Test Temperature

NUREG/CR-6413 _ A-200




Appendix A
A533B HSST02 REFERENCE MATERIAL

Zion Unit | ]

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
ZN1 4] SHSS02 SRM LT : Fluence = 8.920E+18 , Irr. Temp. = 304
Parameter Mean std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.1 0.0
Upper Shelf Energy (J) 126.1 9.6 -0.088
CVT at Midpoint (C) 94.8 6.1 0.156 0.674
1/slope (C) 44.6 12.2 -0.387 0.476 0.148
CVT at 41 Joule (C) 76.6 7.0 0.425 -0.138 0.483 ~-0.760
CVT at 68 Joule (C) 97.1 4.3 0.209 & 0.121 0.793 -0.064 0.679

A533B Reference Material (HSST Plate #2)

ZN1 u SHSS82 SR LI
e 1688 ) 388 4180 °F
148 r T T T v T - '
: . 198
128
88
188
=
=
[
£ © 2
fas = BY 68 —
= !
-0 -
[ = ] Comt
&
£ 68
- 48
48
28
28
a L i 1 il 2 a
-58 8 56 pi: ) 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL
ion Unit 1 le X

USE= 124.2 J, LSE= 3.0 J, CVT(1/2)= 97.C , Slope = 0.0178
CVT(41J) = 75. ¢ , CVT(68J) = 101. C ,
Fluence = 1.400E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft~1b mm mil
R2S5 24. 75. 7. 5. 0.10 4. S.
R28 ‘ 49. 120. 16. 11. 0.25 10. 10.
R26 71. 160. 50. 37. 0.81 32. 1s.
R32 82. 180. 39. 28. 0.69 27. 30.
R27 99. 210. 77. 56. 1.19% 47. 25.
R31 121. 250. 81. 59. 1.37 54. 50.
R29 149. 300. 106. 78. 1.47 s8. 100.
R30 177. 350. 122. S0. 1.63 64. 100.

5338 Reference Material (HSST Plate £2)

Znt X SHSSBzZ SRM LI
8 1848 200 388 468 °F
148 L] ¥ L] 4 v 1
1 188
128
88
1809
=
=]
[
2513 88 68 2
1
38 2
£ 68
= 48
48
28
28
a Ny 1 1 2 1 a
-58 a 58 100 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL

Zion Unit 1, Capsule X

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C -
Number of Successful Iterations = 200, Maximum = 1000
ZN1 X SHSS02 SRM LT : Fluence = 1.400E+19 , Irr. Temp. = 304
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 127.8 16.7 0.066
CVT at Midpoint (C) 98.4 13.0 0.083 0.926
1/slope (C) 57.6 15.1 0.053 0.816 0.791
CVT at 41 Joule (C) 74.0 5.6 0.055 0.165 0.439 -0.142
CVT at 68 Joule (C) 100.3 6.5 0.074 0.630 0.868 0.637 0.645

5338 Reference Material (HSST Plate $2)

ZN1 X SHSS82 SRM LT
8 198 288 388 41008 °F
43 M T T T v T v =1 v
1 . 188
-]
=
=
S
- 68 2
= i
- O «»
o= P
-]
S
£
= 418
28
8 : . — : —t 8
-58 B 58 188 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
AS533B HSST02 REFERENCE MATERIAL
ion Unit 1 le Y
USE= 132.1 J, LSE= 3.0 J, cVT(1/2)= 100.C , Slope = 0.0183
CVT(41J) = 76. C , CVT(68J) = 100. C,
Fluence = 1.560E+19 , Irr. Temp. = 304 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
RS3 - 66.  150. 30. 22. 0.46  18. 20.
RSS 79.  175. 50. 37. 0.81 32. 40.
R50 93.  200. 55. 40. 0.86 34. 40.
R52 107.  225. 74. 54. 1.12 44. 60.
R56 127.  260. 103. 76. 1.55 61. 100.
R51 149.  300. 109. 80. 1.68 66. 100.
R49 177.  350. 126. 93. 1.96  77. 100.
RS54 288.  550. 133. 98, 2.13 84. 100.

533D Reference Material (HSST Plate #2)

ZN1 ¥ SHSS@2 SRM LI
_ 8 1688 288 300 488 588 °F
a L] M 1 1 bl ¥ v L]
14 ~ 1 188
128
. 80
108
b=
=
Sy
[ 3]
l’s—:- 88 4 68 ?
g :
g oo
= 4 10
48
1 28
20
a 1 1 1 . N 1 1 a
-58 8 58 188 158 288 - 250 388 °C
Test Temperature
NUREG/CR-6413
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Appendi_x A
A533B HSST02 REFERENCE MATERIAL

Zion Unit 1 leY
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 = 1.560E+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
1/slope (C) 5.0 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 0.631

5338 Reference Material (HSST Plate #2)

ZN1 ¥ SHSS82 SRM LT
8 108 288 390 100 588 °F
148 ¥ 1 1 T MR v : E 188
128
] 88
168
2
e
1]
=o 88 . 68 2
wB .
[ a1 d Con
~
3 68
— ] 48
48
- 28
28
8 . e
-58 8 58 168 158 288 258 388 °C
Test Temperature
NUREG/CR-6413

A-205




Appendix A
AS533B HSST02 REFERENCE MATERIAL
Zion Unit 2, Capsule T

USE= 120.3 J, LSE= 3.0 J, CcVT(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 Test Temp. Impact Energy Lat. Exp. % Shear
od F J ft-1b mm mil
R40 20. 68. 13. 9. 0.20 8. 10.
R39 57. 135. 30. 22. 0.53 21. 20.
R33 71. 160. 54. 39. 0.86 34. 30.
R38 82. 180. 62. 46. 1.14 45. 30.
R37 113. 235. 100. 73. 1.63 64. 80.
R36 149. 300. - 119. 8s8. 1.93 76. 100.
R35 177. 350. 107. 79. 1.80 71. 100.
R34 204. 400. 128. 94. 2.08 82. 100.

ﬂ5333 Reference Material (HSST Plate #2)

ZN2 T SHSSB2 SRM LT
8 168 208 388 4108 °F
lia 1 v k] L) A T . ¥ T 1m
=]
128 | ju]
a - 89
168 |
=]
o
28 ea | { 8=
w8 b
g'ﬁ Come
& 68 |
- . 48
49 |
- 28
Za o
8 . ! . . : 8
-58 e 508 160 158 ‘208 258 °C

Test Temperature
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Appendix A
AS533B HSSTO02 REFERENCE MATERIAL

Zion Unit 2 sule T

Impact Energy Uncertainty = 10.0 J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000

ZIN2 T SHSS02 SRM LT : Fluence = 1.000E+19 , Irr. Temp. = 304

Parameter Mean std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.0 0.0

Upper Shelf Energy (J) 121.8 7.3 -0.120

CVT at Midpoint (C) 80.7 6.7 -0.007 0.620

1/slope (C) 46.1 12.7 -0.314 0.614 0.502

CVT at 41 Joule (C) 63.1 5.9 0.290 -0.165 0.481 -~0.483

CVT at 68 Joule (C) 84.8 5.6 -0.008 0.292 0.916 0.441 0.562

A3338 Reference Material (HSST Plate #2)

ZN2 1 SHSS82 SRH LI
8 188 289 388 400 °F
148 T I L v L) ] .‘ ¥ T i 1%
o
128
. - 88
i6a
=3
&
E )
ES 88 ] 68 2
oy ®
[ Rar] o
o
e 68
= - 48
48 1
: - 28
28
a i 3 1 1 - 1 a
-58 2] 50 1688 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A
A533B HSST02 REFERENCE MATERIAL
Zion Unit 2, Capsule U

USE= 146.8 J, LSE= 3.0 J, CVT(1/2)= S8.C , Slope = 0.0227
CVT(41J) = 35. Cc , CVT(68T) = 3. ¢,
Fluence = 2.000E+18 , Irr. Temp. = 288 C

Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1b mm mil
R46 -32. -25. 5. 3. 0.18 7. 0.
R42 23. 73. 18. 13. 0.43 17. 1s.
R48 38. 100. 42. 31. 0.66 26. 2S.
R4l 52. 125. 79. 58. 1.22 48. 45.
R47 93. 200. 110. 81. 1.65 65. 70.
R43 13s. 27s5. 157. 116. 2.24 88. 100.
R44 174. 34S. 134. 99. 2.03 80. 100.
R4S 204. 400. 152. 112. 2.03 80. 100.

A5338 Reference Material (HSST Plate £2)

Z2N2 u SHSSez SRH LI
8 ' 188 208 3068 4188 °F
168 k] Sy 14 ¥ M D R k)
]
- ' .-""—-—
148 P D | B
128 | /,.-
/f ayr
5 188 / ,
s / -
= I
’é% - o / . 68 X,
(=1 4
£ /
68 | / / ] 0
40 | A
| /,// . m
28 | s
- L
s~
a 1 1 1 i - 1 a
-58 8 50 168 158 288 258 °C

Test Temperature
NUREG/CR-6413 A-208




. ‘Appendix A
AS33B HSST02 REFERENCE MATERIAL

Zion Unit 2, Capsule U
Impact Energy Uncertainty = 10.0 J
Test Temperature Uncertainty = 4.0 Degree C
Number of Successful Iterations = 200, Maximum = 1000
ZN2 U SHSS02 SRM LT : Fluence = 2.000E+18 , Irr. Temp. = 288
Parameter Mean Std.Dev. Correlation Coefficients
Lower Shelf Energy (J) 3.0 0.0
Upper Shelf Energy (J) 147.9 6.8 0.065
CVT at Midpoint (C) 59.3 6.7 0.010 0.635
1/slope (C) 45.7 10.0 -0.050 0.525 0.612
CVT at 41 Joule (C) 38.5 5.2 0.047 0.001 0.488 -0.369
‘CVT at 68 Joule (C) 54.5 S.1 0.004 0.329 0.92S 0.385 0.713
[3
A533D Reference Material (HSST Plate #2)
2N2 u SHSS82 SRM LT
8 188 269 388 160 °F
168 T L] L 0 1 L]
- u
49
1 o 4 168
178
=] . 88
E’ 188
0 -
oy -
8= 88 1 68 L
a
{3
—
68
1 48
1)
. 8
28
a L 1 ol 1 1 a
-58 8 58 188 158 288 258 °C
Test Temperature
NUREG/CR-6413
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Appendix A

AS533B HSSTO02 REFERENCE MATERIAL
Zion Umit 2. Capsule Y
USE= 151.9 J, LSE=

3.1 J, cvr(l/2)= 106.C , Slope = 0.0235

CVT(41J) = 84. C , CVT(68J) = 101. C ,
Fluence = 1.480E+19 , Irr. Temp. = 288 C
Spec. ID Test Temp. Impact Energy Lat. Exp. % Shear
c F J ft-1ib m mil
R55 23. 74. 19. 14. 0.28  11. 10.
RS1 66. 150. 24. 18. 0.38 1s. 1s.
RS54 79. 175. 31. 23. 0.53 21. 20.
R49 93. 200. 58. 43. 0.79 31. 35.
RS0 93. 200. 53. 39. 0.74 29. 35.
RS6 121. 250. 102. 75. 1.38 53. 65.
R53 177. 350. 153. 113, 1.88 74. 100.
RS2 232. 450. 146. 108. 1.78 70. 100.
[}
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AS33B HSSTO02 REFERENCE MATERIAL

Zion Unit 2, Capsule Y
Impact Energy Uncertéinty = 10.0 J
Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 200, Maximum = 1000

ZN2 Y SHSS02 SRM LT : Fluence = 1.480E+19 , Irr. Temp. = 288

Parameter Mean Std.Dev. Correlation Coefficients

Lower Shelf Energy (J) 3.1 0.1 _

Upper Shelf Energy (J) 183.2 7.4 0.025

CVT at Midpoint (C) 107.6 5.3 0.039 0.584

1/slope (C) 43.7 9.8 -0.239 0.363 0.566

CVT at 41 Joule (C) 83.9 4.8 0.293 -0.069 0.272 -0.613

CVT at 68 Joule (C) 101.6 3.8 0.118 0.171 0.857 0.226 0.627

5338 Reference Material (HSST Plate #2)
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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 from 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 from 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 Program,” BAW-2075, Rev. 1, Babcock & Wilcox, Lynchburg, Virginia, October
1989.

L. M. Lowry et al., “Summary Report on Examination, Testing, and Evaluation of Irradiated Pressure Vessel Surveillance
Specimens 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 Rock Point
Nuclear Plant,” GECR-4442, General Electric, San Jose, California, December 1963.

C. Z. Serpan, Jr. and H. E. Watson, “Mechanical Property and Neutron Spectral Analyses of the Big Rock 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 from 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. Ullrich and B. Burgisser, “Nachbestrahlungsuntersuchungen an NOK-Reaktordruckgefass-material der Kernkraftwerke
Beznau 172 - Kapsel R,” PB-ME-75/03, Eidg. Institut fiir Reaktorforschung, November 1975.

G. Ullrich, B. Burgisser, E. Hegedues, and T. Aemefjem, “Nachbestrahlungsuntersuchungen an NOK-
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S.E. Yanichko, K. C. Tran, R. P. Shogan, and R. G. Lott, “Analysis of Capsule N from the Union Electrica, S.A., Jose
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Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, May 1971.
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Reactor Vessel Radiation Surveillance Program,” WENX/76/64, Westinghouse Nuclear Europe, Brussels, August 1976.
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J. S. Perrin 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 Reactor Vessel Material Surveillance Program,” Baltimore 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-001, Combustion Engineering, Inc., Windsor,
Connecticut, January 31, 1975.

E. B. Norris, “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.
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E. B. Norris, “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. Norris, “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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E. B. Norris, “Reactor Vessel Material Surveillance Program for Donald C. Cook, Unit No. 1, Analysis of Capsule Y,”
SwR1-7244-001/1, Southwest Research Institute, San Antonio, Texas, January 1984.

E. Terek et al., “Analysis of Capsule U from 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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1973.

E. B. Norris, “Reactor Vessel Material Surveillance Program for Donald C. Cook Unit 2 Analysis of Capsule T,” SwRI
Project No. 02-5928, Southwest Research Institute, San Antonio, Texas, September 16, 1981.
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of Capsule X,” SWRI Project 06-8888, Southwest Research Institute, San Antonio, Texas, May 1987.

E. B. Norris, “Reactor Vessel Material Surveillance Program for Donald C. Cook, Unit No. 2, Analysis of Capsule Y,”
- 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-8512, Westinghouse Electric Corporation, Pittsburgh,
Pennsylvania, November 1975.

Crystal 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
CR3-B Florida Power Corporation Crystal River Unit 3, Reactor Vessel Material Surveillance Program,” BAW-1718,
Babcock & Wilcox, Lynchburg, Virginia.

A. L. Lowe, Jr. et al.,, “Analysis of Capsule CR3-D Florida Power Corporation Crystal River Unit 3 Reactor Vessel
Material Surveillance Program,” BAW-1899, Babcock & Wilcox, Lynchburg, Virginia, March 1986.

A. L. Lowe, Jr. et al., “Analysis of Capsule CR3-F Florida Power Corporation Cristal River Unit-3, Reactor Vessel
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D. R Ireland and V. G. Scotti, “Final Report on Examination and Evaluation of Capsule A for the Connecticut Yankee
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J. S. Perrin, J. W. Sheckherd, and V. G. Scotti, “Final Report on Examination and Evaluation of Capsule F for the
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Reactor Vessel Radiation Surveillance Program,” WCAP-10236, Westinghouse Electric Corporation, Pittsburgh,
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Unit 1, Reactor Vessel Material Surveillance Program,” BAW-1701, Babcock & Wilcox, Lynchburg, Virginia, January -
1982 (Rev. 1, Toledo Edison, August 1).
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