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ABSTRACT

Data concerning radiation embrittlement of pressure vessel steels in
commercial power reactors have been collected from available surveillance
veports, The purpose of this NRC-sponcored program is to provide the
technical bases for voluntary consensus standards, regulatory guides,
standard review plans, and codes. The data can also be used for the
exploration and verification of embrittiement prediction models. The data
files are given in dBASE 111 Plus format and can be accessed with any
personal computer using the DOS operating system. Menu-driven software is
provided for easy access to the data including curve fitting and plotting
facilities. This software has drastically reduced the time and effort for
data processing and evaluation compared to previous data bases.

The current compilation of the Power Reactor Embrittlement Data Base (PR-
EDB, version 1) contains results from surveillance capsule reports of 78
reactors with 381 data points from 110 different irradiated base materials
(plates and forgings) and 161 data points from 79 different welds. Results
from heat-affected-zone materials are also listed. Electric Power Research
Institute (EPRI), reactor vendors, and utilities are in the process of
providing back-up quality assurance checks of the PR-EDB and will be
supplementing the data base with additional data and documentation.
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PREFACE

This current compilation of the Power Reactor Embrittlement Data Base (PR-
EDB, version 1) will be updated periodically and released to authorized
users.
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1. INTRODUCTION

Regulatory and research evaluations of embrittlement prediction models and
of vessel integrity under load can be greatly expedited by the use of a
well-designed, computerized embrittlement data base. The Fower Reactor
Embrittlement Data Base (PR-EDB) is a comprehensive collection of data from
surveillance reports and other published reports of commercial nuclear
reactors. The uses of the data base require that as many different data as
available are collected from as many sources as possible with complete
references and that subsets of relevant data can be eas’ly recrieved and
processed.

The cbjectives of this NRC-sponsored program are as follows:

1. to compile and to verify the quality of the PR-EDB;

2. to provide user-friendly software to access and process the data;
3, to explore or confirm embrittlement prediction models; and

4. to interact with standards organizations to provide the technical Fises
for voluntary consensus standards that can be used in regulatory
guldes, standard review plans, and codes.

To achieve these goals, the data base architecture was designed after much
discussion and planning with prospective users. The PR-EDB is designed for
use with any personal computer using any DOS system above Version 24,
Updates will be issued periodically to authorized users. The data files in
the PR-EDB are in dBASE format and can be accessed with any version of
dBASE or compatible software, such as Clipper. A customized software
package (EDB-Utilities), which handles most routine tasks, has been
distributed with the data base and will be periodically updated. This
report assumes that the reader Las some familiarity with the use of
personal computers, preferably with DOS and dBASE (III or 1IV),.

The current compilation of the PR-EDB (Version 1) contains results from
surveillance capsule reports of 78 reactors with 381 data points for 110
different irradiated base materials (plates and forgings) and 161 data
points for 79 different welds. Results from heat-affected-zone materials
are also listed. The menu-driven software, EDB-Utilities, facilitates
maintenance, processing, and evaluations of the data. The time and effort
required to process and evaluate different types of data in the PR-EDB have
been drastically reduced from previous data bases.

Electric ®ower Research Institute (EPRI), reactor vendors, and utilities
ere in the process of providing back-up quality assurance checks of PR-EDB
and will be supplementing the data base with additional data and
documentatirn. Also EPRI, the Boiling Water Reactor Owner's Group (BWR-0G)
Supplementa. Material Surveillance Committee, and General Electric have
agreed to release boiling-water-reactor data for insertion into the PR-EDB.
This effort and coordination with the NRC research staff, EPRI, and
industry have led to the adoption of PR-EDB as the basis for an industry-
wide data base by the EPRI Reactor Vessel Embrittlement Management Project.



2. ARCHITECTURE

2.1 INTRODUCTION

The information in most data bases is contained in one or more “"data
files," with the data arranged in each file in the form of a table. Each
row of such a table is callad a "record," and each unit of information is
stored in its assigned "data field" that corresponds to a particular column
in the table. Older data bases, such as the ones published by MPC, consist
of just one table, which means that all different data fields are contained
in each record. 1In creating such a table. a decision must be made which
types of data fields are to be included before data collection starts, and
the data base must be redesigned whenever new types of data are added.
Since every record contains all possible data fields, there are many
duplications and a large number of empty fields, It is also fairly
difficult to accommodate irn such a table, multiple determinations of the
same quantity such as chemistry and to provide complete references if the
data in the same record come from different sources.

To avoid the problems of a single table data base, the PR-EDB is desipgned
as a collection of many different data files, each of which closely
resembles the data tables found in the original surveillance reports. For
instance, most reports have tables containing transition temperatures and
upper shelf energies for Charpy specimen before and after irradiation
and/or the shift in these values during irradiation, and these data are
collected in the file “SHF1_PR". Data are collected as reported (i.e.,
there are fields for unirradiated, irradiated, and shitt values, depending
on what is reported; fields are added for units because some reports use
U.S. units, others, the new international units, and still others, the
older European engineering units (see Table 1). Similarly, information
about tensile tests 1s collected ir the file TEN_PR, information about the
irradiation, such as capsule fluence and temperature, in the file REAC PR,
and so on. A complete list of the data files in the PR-EDB is given in
Sect. 2.4, This approach has many significant advantages:

1. The structure of the data files need not be predetermined; the data
files are designed according to what is available in the original
reports, and new data files can be added without disturbing the
existing ones.



2. Because every record in a data file originates frum a single report
and, in most cases, from a single table in this report, a unique
reference, including page number(s), can be given for each record.

3. Multiple determinations of the same quantity are given in different
records, each with its proper references. Such muitiple determinations
occur, for instance, if the chemistry is determined by the manu”acturer
2f the material as well as from broken specimens. Also, fluence
determinations’ are frequently updated in subsequent reports using
improved neutron physics calculations. All aifferent determinations
are kept in the PR-EDB, and it is up to the user to decide which
determination to use for a particular epp’ication or, perhaps,
calculate averages from several of them,

Table 1. Units used in PR-EDB files

Symbol
used in Type Conversion factors
Description PR-EDB of unit to U.S. unit to Int’l uni*

Mil MIL Length 0.001 inch 0.00254 cm
mm MM Length 0.03937 inch 0.1 cm
cm CM Length 0.3937 1inch 1.0 em
Inch IN. Length 1.0 inch 2.54 cm
Fahrenheit F Temperature F (F-32)/1.8 = C
Centigrade C Temperature 1.8 C + 32 «F C
Foot-pounds FT-LB Energy 1.0 ft-1b 1.3558 joules
Joules J Energy 0.7376 ft-1b 1.0 joules
Kilogram-meters KGM Energy 7.2330 ft-1b 9.8066 joules
mkp* MKP Energy 7.2330 fe-1b 9.8066 joules
mkp . cm?w* MK/C2 Energy 5.78 fr-1b 7.92 joules
Kilogram/mm? K /MM Stress 1.4223 ksi 9.8066  MPawww*
Kip/inch? KS1 Stress 1.0 ksi 6.895 MPadk ik
Pound/inch? PSI Stress 0.001 ksi 6.895 kPar¥*
Mega pascal MPA Stress 0.145 ksi 1.0 MPar*

*Same as kilogram-meters.
**Energy relative to the cross section of the Charpy minus notch =0.8 cm?
(reported for the Beznau reactors).
***kPA = kilo pascal = 10° pascal, MPa = mega pascal = 10° pascal.



Because the data in the FR-EDB are distributed over many different files,
means must be provided for combining deta from several files. This is done
with the techniques of "relational data bases," specifically dBASE by
Ashton Tate. The format for data and auxiliary files and the techniques
introduced by dBASE are now widely used in data base applications. The
choice of the dBASE format foo the PR-EDB allows the use of any versiou of
the dBASE software 1s well as any of the other software packages which use
the dBASE format, such as Clipper. The linkage between different data
files in a relational data base is provided by "key identifiers" which are
common to these files. For instance, all files with data concerning a
specific material such as results of material property tests, material
manufacture, heat treatment, and chemistry contain a field for the waterial
identifier HEAT_1D. Similarly, files with data concerning irradiations
contain fields for the identifiers of the reactor, PLANT_ ID, and the
surveillance capsule, CAPSULE. A detailed description of the key
identifiers is given in Sect, 2.2. Extreme care must be exercised to
assign the correcc identifier to each record since otherwise connection
between data frcam different records cannot be made or are made incorrectly,
To assure correct identifications, numerous cross checks are made which
have the additional advantage that many mistakes are caught in this manner
that have eluded conventional proofreading.

The best designed data base is useless without convenient software to
extract data for any given application. The dBASE-compatible software
provides the necessary tools but requires some expertise from the user for
succossful application. For this reason, £DB-Utilities has been written to
perform many processing steps such as retrieval and selection of data,
calculations, and display to the screen or printer. (Output to a plotter
is being considered for later release,) This software is menu-driven so
that it can be used without extensive training. A description of the EDB-
Utilities is given in Appendix A.

An overview of the data flow in the PR-EDB is given in Fig. 1. The source
data are first transcribed to "Raw Data Files" in dBASE format as
faithfully as possible with complete references. Data entry is currently
done through the keyboard. Direct transfer will be used whenever computer-
readable documents are available. Any deviation from the norm, which was
either reported or noted during transcription (such as the correction of
obvious typographical errors) is indicated in the NOTES field. Data from
every available report are included, except when the information in a later
report is simply a duplication of earlier data without any changes. The
dBASE format distinguishes between "character," "numerical," and "date"
fields, but all data in the PR-EDB are entered as characters. This
somewhat complicates the numerical manipulation of data that have to be
converted to numerical form first, but gives much greater freedom to data
entry. Information such as <0.001 for an upper bound or RT for room
temperature can be copied from the original report without change. Missing
information is always indicated bty a blank in the data field, which is not



INPUT:
REPORTS
DATA LOGS
OFFICIAL MEMORANDA

RAW DATA FILES

PROCESSED FILES

OUTPUT:
TABLES FOR MODEL FITTING
AND VERIFICATION
QRAPHS

Fig. 1. Data flow in the PR-EDB.

possible in numerical or date formats. The Raw Data Files are next
converted to processed files by the EDB-Utilities or other user-supplied
software. Processed files will typically be in dBASE format, but ASCII-
coded files can also be obtained from dBASE-compatible software for input
into scientific software (e.g., numerical analysis programs written in
FORTRAN), word processors, and spreadsheets. With the additional software,
tables and graphs can be created for the purpose of model fitting, model
verification, and other applications,.



2.2 KEY IDENTIFIERS

One or more fields in each data file are occupied by "key identifiers,”
which provide the means for combinin, data from several files through
"relations" that link the corresponding records in these files. These
fie'ds differ from other data fields in that the key identifiers are

a. ..y ied by the manager of the data base in a manner that the same unique
fo. . .ifiers are used to label the data among the various data files that
refer to the same experiments, materials, or source documents. The
identifiers used in the reports do not always provide such unambiguous
labelling. The following key identifiers are used in the current version
of the PR-EDB:

1. PLANT ID

Up to six characters are used to identify the reactor in which the
irradiation was performed. Only up to three characters are used at
present for the identification of commercial power reactors. A
list of these identifiers with full name and other information
about the reactor is given in the file REAC_LST.dbf (p. 20). The
reactor code in PLANT_ID is also used to identify the surveillance
program as a source of data, even if these data do not refer
specifically to irradiation (as in files about chemistry or heat
treatment; for details see Sect. 2.4),

2. CAPSULE

Up to six characters are used to identify the surveillance capsule.
These are mostly identical to the identifications used in the
surveillance program. Sometimes specimens are lumped together
which come from different capsules with similar fluences, and in
these cases special identifiers for data sets from combined
capsules are assigned.

3. HEAT ID

The material identifier can have up to ten characters. A simple
scheme was devised which works as follows: The coding used for the
PR-EDB assigns the first letter to the material type, namely
P_late, F orging, W_eldment, H_eat-affected-zone material, or
§_tandard reference material. The next 3 + 2 letters contain the
reactor identifier (first three letters of PLANT_ID) plus some
identification number, if more than one material is used in the
same reactor (e.g., 01, 02, etc; if practical, some correspondence
between the EDB and report identifications is retained, e.g.,
PCC101, PCC102, and PCC103 stand for D7206-1, D7206-2, and D7206-3,
respectively). For standard reference materials that are not
restricted to a particu.ar reactor, other identification letters




are used, namely, SASTM for the A302B ASTM reference plate and SHSS02
for the HSST plate (G2. The last four letters are reserved to
distinguish between different parts of the same material (e.g., between
surface and 1/2T, or between several sections of a plate) if different
parts show markedly different material properties as documented in the
reports. For instance, SASTM_S1 and SASTM_S2, denote pieces of the 6-
in. aSTM A302B reference plate used in the Garigliano and Yankee Rowe
reactors, respectively, whose baseline properties vary considerably
from the same material used in Westinghouse reactors, which is dencted
simply by SASTM. The file HEAT_LST.dbf (see p. 25) gives a complete
list of identifiers used in HEAT ID together with the correspending
identifiers in the surveillance reports.

It was first considered to use the identifiers given in the reports for
HEAT_ID, a practice used in the MPC Data base. This, however, has
proven to be impractical. Base mate-ial (plates or forgings) is
usually characterized by the heat numcer (assigned to the ingot) or a
manufacturer’'s number (assigned to the nlate or forging after
fabrication; see, for instance, BAW-1820, and one or the other, or
neither, is used in reports, frequently with different choices of
identification in different reports. For welds, a weld code such as
SA-1585 or WF-232 is sometimes used, but the same code may be applied
to different welds of the same type (BAW-1820). Alternatively, the
wire heat number has been used for identification or just the heat
nunbers of the two plates joined by the weld. A distinct
fdantification is rarely given for the heat-affected-zone material.

SPEC_ORI

Different orientations of the material test specimens may lead to
substantially different property test results, thus this identifier
is needed to correctly link the properties of irradiated specimens
to the corresponding baseline values.

Orientations are assigned in the now customary T-L-S system as
described in ASTM Standard E399%, with L the primary rolling or
forging direction, or, for welds and HAZ, the direction of the weld
seam; T is perpendicular to L and parallel to the plate surface, and §
is perpendicular to the plate surface. The first letter describes the
longitudinal directien of the specimen (perpendicular to the crack
surface, {f any), and the second letter describes the direction of the
crack propagation (perpendicular to the notch). The orientation for
each specimen set was determined as well as possible, preferably from

*Standard E399 applies formally only to CT specimens, but the extension

te other types of specimens {s straightforward (also see BAW-1820).



drawings, making sure that the same orientations are assigned to
corresponding specimen sets. SPEC_ORI is left blank i{f no information
is available.

5. REF_ID

In most files, each record is assigned a reference which indicates
the source of the data. This is done by means of & 20-character
field REF_ID. This identifier is usually a report number or a
similar code which links it uniquely to the complete bibliographic
information, i.e., author, title, and time of publication, which is
given in the file REF_TITL.dbf (p. 43).

2.3 ORGANIZATION OF THE FR-EDB RAW DATA FILES

The current version of the PR-EDB is organized in the manner shown in

Fig. 2. At the center is the file SPEC_LST.dbf (Table 2) containing a
complete list of test specimen sets which are used in surveillance programs
of commercial power reactors. Specimen sets are characterized by type and
size of the specimen, given in SPEC_TYPE and SPEC_SIZE, and the four key
identifiers PLANT ID, CAPSULE, HEAT_ID, and SPEC_ORI, which link the sets
to the other data files. Specimen sets for testing of the baseline
properties of unirradiated materials are characterized by leaving the
CAPSULE field blank. The data which are relevant for radiation
embrittlement are distributed over three sets of data files. The first
set, on the left of Fig. 2, consists of results of material property tests.
Charpy, both individual tests and results of curve fittings, and tensile
data are currently available (SHFT_PR.dbf, RAW_C_PR.dbf, and CV_RF_PR.dbf,
for Charpy data and TEN_PR.dbf for tensile, Tables 4 through 11). Other
test results, such as CT, WOL, hardness, and drop weight will be included
later. The second set, at the bottom of Fig. 2, containe data describing
the reactor and radiation environment for each surveillance capsule.
Currently available is the file REAC_PR.dbf containing the fluence,
irradiation temperature and irradiation time and the file REAC_LST.dbf,
which is a list of power reactors as mentioned above. Under consideration
{s the addition of more detailed files containing the irradiation history,
the group fluence spectra, and dosimetry to allow for fluence determination
by independent investigators. Finally, the set on the right of Fig. 2
contains the information about the chemistry and fabrication of the
materials used in the surveillance programs (HEAT_LST.dbf, CHEM_PR.dbf,
HEAT PR.dbf, WELD_PR.dbf, and HAZ_PR.dbf, discussed in pages 16-21).

The PR-EDB files with the suffix _LST are somewhat different from the other
data files in that they provide a sort of directery of the other files and
their relations to the key identifiers. SPEC_LST.dbf is a directory of
surveillance capsules and baseline specimen sets, REAC_LST.dbf is a
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directory of power reactors. And finally, HEAT LST.dbf is a directory of
the materials contained in the PR-EDB files. A more detailed description
of these data files is given below.

2.4 LIST OF PR-EDB FILES

1. File SPEC_LST.dbf

Table 2. Structure file for SPEC_LST.dbf

TAG Used for Internal Operation

PLANT_1ID Reactor Identification

CAPSULE Surveillance Capsule or Experiment Identification
HEAT_1D ldentification Code for Given Material

SPEC_TYPE Type of Specimen: Charpy (CV), TEN_sile, C_ompact T _ension, WOL
SPEC_SIZE Size of the Specimen

SPEC_ORI Specimen Orientation: TL, LT, T§, ete,

SPEC_POS Specimen Position: 1/4T, 1/2T, 3/4T, etc.

NO_OF_SPEC Number of Specimens in Capsule or Experimental Set

REF_ID Reference ldentifier
PAGES Page Number(s)
NOTES Pertinent Information Related to Data Entries, If Needed

The key identifiers PLANT_ID + CAPSULE + HEAT_ID + SPEC_ORI link the
specimen sets to the corresponding records in the other data files.
PLANT_ID + CAPSULE identify a particular experiment (i.e., the surveillance
capsule in a given reactor, and HEAT_ID + SPEC_ORI a particular material).
SPEC_TYPE indicates the type of specimen; its size, if nonstandard, is
listed in SPEC_SIZE. SPEC_POS indicates the layer(s) relative to the
surface from which the specimens were cut. (This is 1/4T in most cases;
1/4T + 3/4T means that the set consists of a mixture of specimens cut from
the 1/4T and 3/4T layers, 1/4T - 3/4T means the specimens are cut from the
whole range between 1/4T and 3/4T.) Also listed is the number of specimens
in each set, if available,.

A partial listing of the records in SPEC_LST.dbf is given at the end of the
section (p. 24).
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2. File SHFT PR.dbf

SHFT_PR.dbf (Table 3) lists transition temperatures and upper shelf
energles as determined by the evaluator of the report. It lists 30 ft-1b,
50 ft-1b, and 35-mil transition temperatures (irradiated and unirradiated),
and shift (difference between the two), whatever is listed in the report,
and similarly for the upper shelf energy with both absolute and relative
shift values. Included are also fluences (E > 1.0 MeV), taking into
account the differences within the capsule between different specimen sets.
Not included {s the transition temperature at 50% shear since it is seldom
reported and is difficult to be determined reliably. It can also be
readily reconstructed from the individual Charpy test data. Also not
included are transition temperatures at other energy levels or lateral
expansion such as 71 ft-1b or 54 mil, which are sometvimes listed in older
reports. Shift values listed represent the actual differences between
unirradiated and irradiated data; additional safety margins that are
sometimes included in reports have been subtracted. Shift values are
sometimes determined in separate graphs independent from the determination

Table 3. Structure file for SHFT_PR.dbf

TAC Used for Internal Operation

PLANT 1D Reactor Identification

CAPSULE Surveillance Capsule or Experiment Identification
HEAT_1D Identification Code for Given Material

PROD_ID Material Type: P_late, F_orging, W_eld, HAZ, or SRM
SPEC_ORI Specimen Orientation: TL, LT, TS, etec.

CSP_F1 Fluence > 1 MeV at Charpy Specimen Location [n/cm?)
UTT30 CVT at 30 ft-1b, Unirradiated Charpy Specimen

UTTS0 CVT at 50 ft-1b, Unirradiated Charpy Specimen

ULE35 CVT at Lateral Expansion = 35 mils, Unirrad. Charpy Spec.
UUSE Upper Shelf Energy, Unirradiated Charpy Specimen

ITT30 CVT at 30 ft-1b, Irradiated Charpy Specimen

ITT50 CVT at 50 ft-lb, Irradiated Charpy Specimen

ILE35 CVT at Lateral Expansion = 35 mils, Irrad. Charpy Spec.
IUSE Upper Shelf Energy, Irradiated Charpy Specimen

DTT30 CVT Shift at 30 ft-1b

DTTS0 CVT Shift at 50 ft-1b

DLE35 CVT Shift at Lateral Expansion = 35 mils

DUSE_ABS Absolute Drop in Upper Shelf Energy

DUSE_REL Percent Drop in Upper Shelf Energy

TEMP U Unit used for Temperature Data

USE U Unit used for Energy Data (in Upper Shelf Energy)
REF_1ID Reference Identifier

PAGES Page Number(s)

NOTES Pertinent Information Related to Data Entries, If Needed
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of unirradiated and irradiated test data and may, for this reason, be
inconsistent with the latter. This is indicated in the notes. Fields for
temperature and energy units have been added to allow entering of data i
different units. (See sample output at the end of section.)

3. Files RAW C_PR.dbf and CV_RF_PR.dbf

RAW C_PR.dbf (Table 4) gives a complete list of individual Charpy test
results (see p. 26) at the end of the section for a partial listing. The
same key identifiers are used as in SHFT_PR.dbf and fluence and irradiatior
temperature are included which may be different for each specimen. Eac)
set is listed only once, even if {t appears in more than one report since
corresponding data originate from the same Charpy tent. An exception is
the sets in which specimens frem more than one capsule are combined; the
same specimen may be listed under a single capsule and in a combination
set, such as, under the capsules 1A and 1B and again under the combination
A/B in the LaCrosse reactor Fields for measuring units are again included
to allow entering of data in different units. No references are listed in
this file to save space since each specimen in the same set has the same
reference Instead, a third file, CV_RF _PR.dbf, is added to this set which
contains only the references which are uniquely assigned to the data in
RAW C PR.dbf by means of the key identifiers. The structure of this file
is listed below (Table 5) and a partial listing of the records is given
the end of the section (p. 27).

B
a

Table 4. Structure file for RAW C PR.dbf

TAG Used for Internal Operation

PLANT _1ID Reactor Identification

CAPSULE Surveillance Capsule or Experiment Identification
HEAT_1ID Identification Code for Given Material

PROD_1ID Material Type: P_late, F_orging, W_eld, HAZ, or SRM
SPEC_ORI Specimen Orientation: TL, LT, TS, etc.

SPEC_ID Specimen Identifier

TST_TEMP Test Temperature of Specimen

TST TEMP U Unit of Temperature used in TST_TEMP

IMP_E Impact Energy of Charpy Specimen

IMP_ E U Unit of Energy used in IMP_E

FRACT _APP Fracture Appearance Value [ % shear |

LAT EXP Lateral Expansion of Charpy Specimen

LAT EXP U Unit of Length used in LAT_EXP

CSP_Fl Fluence > 1 MeV at Charpy Specimen Location [ n/cm?
CSP_TEMP Irradiation Temperature of Charpy Specimen

CSP TEMP U Unit of Temperature used in CSP_TEMP
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Table 5. Structure file for CV_RF_PR.dbf

TAG
PLANT 1D
CAPSULE
HEAT 1D
PROD_ID
SPEC_OR |
REF_ID
PAGES
NOTES

Used for Internal Operation

Reactor ldentification

Surveillance Capsule or Experiment Identification
ldentification Code for Given Material

Material Type: P_late, F_orging, W_eld, HAZ, or SRM
Specimen Orientation: TL, LT, TS, etc,

Reference Identifier

Page Number(s)

Pertinent Information Related to Data Entries, If Needed

4. File TEN_PR.dbf

The file TEN_PR.dbf (Table 6) lists the results of tensile tests with
separate entries for each individual test. Averages from several exper-
iments are included if no other information is available, but are omitted
if individual test data are given, Such cases are indicated in NOTES.

Table 6. Structure file for TEN_PR dbf

TAG
PLANT_ID
CAPSULE
HEAT_1D
PROD_1ID
SPEC_ORI
TSP_F1
TSP_TEMP
TSP_TEMP_U
SPEC_ID
TST TEMP
TST TEMP_U
YSL

YSL U

YSU

YSU_U

UTS

UTS_U

ULG

TLG

RA

REF_ID
PAGES
NOTES

Used for Internal Operation

Reactor Identification

Surveillance Capsule or Experiment Identification
Identification Code for Given Material

Material Type: P_late, F orging, W_eld, HAZ, or SRM
Specimen Orientation: TL, LT, TS, ete,

Fluence > 1 MeV at Tensile Specimen Location [n/em?)
Irradiation Temperature of Tensile Specimen

Unit of Temperature used for TSP_TEMP

Specimen Identifier

Test Temperature of Specimen

Unit of Temperature used for TST_TEMP

Lower Yield Strength of Tensile Specimen

Unit of Stress used in YSL

Upper Yield Strength of Tensile Specimen

Unit of Stress used in YSU

Ultimate Tensile Strength

Unit of Stress used in UTS

Ultimate Elongation of Tensile Specimen [ % |

Total Elongation of Tensile Specimen [ & |
Reduction in Area of Tensile Specimen [ % |
Reference Jdentifier

Page Number(s)

Pertinent Information Related to Data Entries, If Needed
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Fluences and irradietion temperatures are included and may differ from .
specimen to specimen as {n RAW_C_PR.dbf, Units from the original reports

are used as specified in the unit fields, (See p. 28 at the end of the

section for a partial listing of the records in TEN_PR.dbf.)

5. File REAC_LST.dbf

For each reactor code given in PLANT_ID, the file REAC_LST.dbf (Table 7)
lists the ful! name of the reactor, the utility, the vendor, the pressure
vessel manufacturer, and the architect/engineer of the plant. (A complete
listing is given on p. 29 at the end of the section.) No references are
included since these data come from many different sources and are easily
verifiable,

Table 7. Structure file for REAC_LST.dbf

TAG Used for Internal Operation
PLANT 1D Reactor Identification
REAC_TYPE Reactor Type: PWR, BWR, or TR
REAC_NAME Reactor Name

LOCATION Reactor Location

PLANT_OP Reactor Cperator or Utility
PLANT_DES Rezitor Designer or Vendor
ARCH_ENG Reactor Architect/Engineer

VESSEL_MFG Reactor Vessel Manufacturer
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. 6. File REAC_PR. dbf

The file REAC_PR.dbf (Table 8) lists fluences in the form of E > 1.0 MeV,

E > 0.1 MeV, dpa, as well as fluence rates, irradiation temperatures,
startup and removal dates, and the full-power-equivalent irradiation times.
Additional information for subintervals of the irradiation time is provided
under the heading of CONFIG(uration), if the radiation environment has
changed drastically during the course of irradiation. Methods for the
determination of irrediation temperatures and fluence uncertainties are
also listed, if available. (A partial listing is given on p. 31 at the end
of the section.)

Table 8. Structure file for REAC_PR.dbf

TAG Used for Internal Opera*ion
PLANT_1ID Reactor Identification
CAPSULE Surveillance Capsule or Experiment Identification

START_DATE Date at Start of Irradiation [ MM/DD/YYYY ]
STOP_DATE Date at End of Irradiation [ MM/DD/YYYY )

CONFIG Indicator for Change in Irradiation Environment
EFP_TIME Effective Full Power Time of Irradiation
EFP_T U Unit of Time used for EFP_TIME

. CAP_T MIN Minimum Irradiation Temperature at Capsule Center
CAP_T MAX Maximum Irradiation Temperature at Capsule Center
CAP T U Unit of Temperature used for CAP_T MAX and CAP_T_MIN
TEMP_TAG Temperature Measured by: M_elt Wire, T hermocouples, N _ominal
CAP_F1 Fluence > 1 MeV at Capsule Center [ n/cm? |
F1_UNC Uncertainty of Fluence > 1.0 MeV [ & Standard Deviation |
F1_RATE Fluence Rate > 1 MeV at Capsule Center [n/(cm?:s))
CAP_FP1 Fluence > 0.1 MeV at Capsule Center [ n/cm? )
FPl_UNC Uncertainty of Fluence > 0.1 MeV [ & Standard Deviation |
CAP_DPA Displacements per Atom of Iron at Capsule Center
DPA_UNC Uncertainty of Displacements per Atom (% Standard Deviation)
REF_ID Reference ldentifier
PACES Page Number(s)
NOTES Pertinent Information Related to Data Entries, If Needed




7. File HEAT LST.dbf

The file HEAT_LST.dbf (Table 9) relates the material codes given in HEAT_ID
to the descriptions and heat numbers given in the surveillance reports and

in the MPC data base.
the supplier of the material, and the thickness.

It also includes the ASTM material classification,
SOURCE gives specific

information about the origin of the surveillance material (if available)
namely SCR-ap, if it was obtained from excess material during the
fabrication of the vessel (this applies also to welds), CUTOUT for nozzle

cutouts,

and SIM-ulated welds,

if the material was not obtained from an

actual weld seam but fabricated from excess plate material using the same

filler and flux.

Finally, FABR_icated means, that the material was

fabricated separately, as it is done for correlation materials (A
complete listing is given on p.

TAG
PLANT ID
HEAT 1D
RPT_ID
HEAT NO
PROD_1D
MAT 1D
SUPPLIER
THICKNESS
SOURCE

MPC_ID
MPC_HEAT
REF_ID
PAGES
NOTES

32 at the end of the section.)

Table 9. Structure file for HEAT_LST.dbf

Used for Internal Operation

Reactor ldentification

Identification Code for Given Material

[dentifier Used in Surveillance Reports

Heat Number of Material Used by Supplier

Material Type: P _late, F orging, W_eld, HAZ, or SRM
Material Classification: A302B, A5082, A533Bl, etc
Supplier of Material

Thickness of Base Mar:rial [ inches |
Source of Material: FABR_icated, SCR_ap, SIM_ulated Weld,
CUTOUT

Reference Number Assigned by Combustion Engineering (MPC]
Material Heat Number (MPC)

Reference Identifier

Page Number(s)

Pertinent Information Related to Data Entries, If Needed
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8. File CHEM PR.dbf

The file CHEM_ PR.dbf (Table 10) lists the chemistries for the given
materials together with information about the laboratory and method used,
if given, and whether it is derived from test specimens or represents

Table 10, Structure file for CHEM_PR.dbf

TAG
PLANT_1D
HEAT 1D
PROD_1D
MAT_ 1D
CHEM_LAB
METHOD
SPEC_1D
C
MN
P

8

S1

NI

CR

MO

cu

v

B

cs

T1

co

N

0

SB

AS

ZR

AL
AL_SOL
AL_INT
PR

W

SN

ZN

TA

b

NB
REF_1D
PAGES
NOTES

Used for Internal Operation

Reactor ldentification

Identification Code for Given Material

Material Type: P_late, F_orging, W_eld, HAZ, or SRM
Material Classification: A302B, A5082, A533B1, etc.
Chemistry Laboratory or Procedure Identification
Method for Determining the Chemistry

Specimen Identifier

Weight Percent Carbon

Weight Percent Manganese

Weight Percent Phosphorus

Weight Percent Sulfur

Weight Percent Silicon

Weight Percent Nickel

Weight Percent Chromium

Weight Percent Molybdenum

Weight Percent Copper

Weight Percent Vanadium

Weight Percent Boron

Weight Percent Cesium

Weight Percent Titanium

Weight Percent Cobalt

Weight Percent Nitrogen

Weight Percent Oxygen

Weight Percent Antimony

Weight Percent Arsenic

Weight Percent Zirconium

Welght Percent Aluminum

Weight Percent Aluminum in Solution

Weight Percent Aluminum Interstitial

Weight Percent Lead

Weight Percent Tungsten

Weight Percent Tin

Weight Percent Zinc

Waight Percent Tantalum

Weight Percent Hydrogen

Weight Percent Niobium

Reference Identifier

Page Number(s)

Pertinent Information Related to Data Entries, If Needed
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generic values given by the supplier of the material. Ceneric values arve
identified in SPEC_ID as LADLE, CHECK, or just HEAT, depending on what is
revealed in the reports. The term WIRE is used if the chemistry of the
filler wire rather than that of the actual weld material ias been reported
Other terms listed in SPLC_1D are the identifiers of the test specimen
whose chemistry was determined. Values are listed as reported without
regard to consistency, but obvious duplications are sometimes omitted. (A
partial listing is given on p. 39 at the end of the section.)

9. File HEAT PR.dbf

The file HEAT_PR.dbf (Table 11) lists up to eight different steps of heat
treatment with temperature ranges, duration, quench method, and an
indication of whether the particular step was intended for normalizing,
austenizing, tempering, or stress relief, as far as reported. The supplier
of the material and the facility performing the heat treatment as well as
the identification used for the ingot (HEAT NO) and the finished material
(SUPPL_1ID) are also included. (A partial listing is given on p. 40 at the
end of the section.)

Table 11. Structure file for HEAT PR.dbf

TAG Used for Internal Operation

PLANT 1D Reactor Identification

HEAT_ 1D Identificaticn Code for Given Material

Pk .0 _ID Material Type: P_late, F orging, W_eld, HAZ, or SRM

SUPPLIER Supplier of Material

HEAT _TREAT Facility Performing Heat Treatment

HEAT_NO Heat Number of Material Used by Supplier

SUPPL_1ID Identifier Used by Supplier

MINTEMP 1 Heat Treatment Minimum Temperature, Run 1

MAXTEMP 1 Heat Treatment Maximum Temperature, Run 1

RANGE 1 Heat Treatment Temperature Range, Run 1

HOURS 1 Heat Treatment Duration, Run 1 [ hours

QCHM 1 Quench Method, Run 1

ID 1 N _ormalizing, A_ustenizing, T empering, Stress R_elief,
Run 1

MINTEMP_2 Heat Treatment Minimum Temperature, Run

MAXTEMP 2 Heat Treatment Maximum Temperature, Run :

RANGE 2 Heat Treatment Temperature Range, Run 2

HOURS _2 Heat Treatment Duration, Run 2 [ hours

QCHM_2 Quench Method, Run 2

ID 2 N ormalizing, A_ustenizing, T empering,
Run 2
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Table 11 (continued)

MINTEMP 3
MAXTEMP 3
RANGE_3
HOURS_ 3
QCHM 3

MINTEMP &
MAXTEMP 4
RANGE_4
HOURS 4
QCHM &

MINTEMP_S
MAXTEMP 5
RANGE_5
HOURS_5
QCHM 5

MINTEMP_6
MAXTEMP 6
RANGE,_6
HOURS 6
QCHM_6
ID_6

MINTEMP 7
MAXTEMP 7
RANGE_7
HOURS 7
QCHM_7

MINTEMP 8
MAXTEMP 8
RANGE_8
HOURS_8
QCHM_8
ID_8

TEMP_U
REF 1D
PAGES
NOTES

Heat Treatment Minimum Temperature, Run 1

Heat Treatment Maximum Temperature, Run 3

Heat Treatment Temperature Range, Run 3

Heat Treatment Duration, Run 3 [ hours ]
Quench Method, Run 3

N_ormalizing, A_ustenizing, T empering, Stress
Run 3

Heat Treatment Minimum Temperature, Run 4

Heat Treatment Maximum Temperature, Run 4

Heat Treatment Temperature Range, Run 4

Heat Treatment Duration, Run 4 [ hours )
Quench Metiiod, Run 4

N ormalizing, A_ustenizing, T empeiing, Stress
Run 4

Heat Treatment Minimum Temperature, Rur 5

Heat Treatment Maximum Temperature, Run 5

Heat Treatment Temperature Range, Run 5

Heat Treatment Duration, Run 5 [ hours ]
Quench Method, Run 5

N ormalizing, A_ustenizing, T_empering, Stress
Run 5

Heat Treatment Minimum Temperature, Run 6

Heat Treatment Maximum Temperature, Run 6

Heat Treatment Temperature Range, Run 6

Heat Treatment Duration, Run 6 [ hours )
Quench Method, Run 6

N ormalizing, A_ustenizing, T_empering, Stress
Run 6

Heat Treatrent Minimum Temperature, Run 7

Heat Treatwent Maximum Temperature, Run 7

Heat Treatment Temperature Range, Run 7

Heat Treatment Duration, Run 7 [ hours )
Quench Methed, Run 7

N ormalizing, A_ustenizing, T_empering, Stress
Run 7

Heat Treatment Minimum Temperature, Run 8

Heat Treatment Maximum Temperature, Run 8

Heat Treatment Temperature Range, Run 8

Heat Treatment Duration, Run 8 [ hours

Quench Method, Run 8

N _ormalizing, A_ustenizing, T_empering, Stress
Run 8

Unit for Temperature Data

Reference Identifier

Page Number(s)

Pertinent Information Related to Data Entries,

R_elief,

R_elief,

R_elief,

R_elief,

R_elief

R_elief,

I1f Needed




10. File WELD_PR.dbf

The file WELD PR.dbf (Table 12) gives additional information for weldments
such as weld method, type and heat number of the filler material, and type
and lot number of the flux used. The weld code (e.g., WF-209, plus the
supplier of the weld) is also included. (A partial listing is given on

p. 41 at the end of the section.)

Table 12. Structure file for WELD_PR.dbf

TACG Used for Internal Operation

PLANT_TD Reactor ldentification

HEAT_1ID Identification Code for Given Material

WLD_TYPE Weld Type

WLD_CODE Identification Code used by Weld Manufacturer

HEAT 1 HEAT_ID of the Plate on one side of the Weld
HEAT_2 HEAT_ID of the Plate on the other side cf the Weld
WELD SUPLY Supplier of Weld Material

WIRE_TYPE Type of Weld Wire Used in the Weld

WIRE HEAT Weld Wire Heat Identifier

FLUX_TYPE Type of Flux Used in the Weld

FLUX_LOT Weld Flux Lot Identifier

REF_ID Reference ldentifier

PAGES Page Number(s)

NOTES Pertinent Information Related to Data Entries, If Needed




11. File HAZ PR.dbf

The file HAZ PR.dbf (Table 13) identifies the base material and weldments
used to prepare the heat-affected-zone specimens. (A partial listing is
given on p. 42 at the end of the section.)

Table 13. Structure file for HAZ PR.dbf

Used for Internal Operation
PLANT 1D Reactor ldentification
HEAT 1D Identification Code for Given Material
HEAT B HEAT ID of the Base Mr.ceria! Used in the HAZ
HEAT W HFAT_ID of the Weld Material Connected with the HAZ
REF_ID Reference Identifiex
PAGES Page Number(s)
NOTES Pertinent Infermation Related to Data Entries, If Needed

12. File REF_TITL.dbf

All PR-EDB files mentioned so far, with the exception of RAW C PR.dbf and
REAC_LST.dbf, contain a reference in the field REF _ID plus page numbers for
each record. The complete bibliographic listing, including author, titl:
report number, and date of publication, is located in the file REF_TITL. dbf
(Table 14). A complete listing of this file is given on p. 43 at the end
of the section.

Table 14, Structure file for REF_TITL.dbf

TAGC Used for Internal Operation

REF_1D Reference Identifier

CONT Continuation Tag for References Occupying More than One
REF_TITLE Bibliographic Reference




13, File REF_LST.dbf

The file REF_LST.dbf lists all references used in the PR-EDE arranged
according to the reactors for which the reports were written. The
references are given as REF_ID; detailed information can be found in the
file REF_TITL.dbf, The first two references describe the -302B ASTM and
the A533B1 HSST-02 standard reference materials, respectively, and are not
related to a specific reactor. A partial listing ot this file is given on
p. 54




Tables 15 through 28 give partial or complete listings of the PR-EDB fils
| discussed earlier
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Partiai listing of SHFT PR.dbf

Table 16.
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Partial listing of RAW

Table 17
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CV_RF_PR . dbf
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bl BBl B B B B 2 B B 2 2

1o
19
119
122
122
122
124
124
124
125
125

FADYDY
FADYOY
WAD 01
WAD 10
FAD101
FARIOY
MADYOY
WAD10Y
WAL201
PAL20Y
PAL2OY
wAL20Y
HANIOY
LLUR
HAN102
HANID2
PANIDY
PANIDY
PANIOR
PANIOZ
WANI01
HANTOY
PANIOY
PANIDY
$HES02
WANI0Y
WAN102
PANI0Z
PANIOZ
SHSS02
HANIOY
PANIDY
PANIOY
SHSS02
WAR10Y
HAS10Y
PASION
PASI0Y
WASION
HAS201
PAS201
PAS201
wAS201
HBR_01
PBR_01
Wik 01
HBR_0)
PER_01
wBR_01
HBR_01
PBR_01
Wik _01
HBR_01
PBR_01
wik_01
HBR_01
PBR_O1

LYo XELCWHL OO v e T
Z“3"TEETCE":

LT
B -
~ " ~ ~

XL < v L4 3 4
gcvgevge~g

8]
T

T
8
"

T
T
!
"
T
"
18
"
18
(8
T
8
T
"l
T
(8]
Tl
L\
T
"
L
T
(8
n
(8
T
LY
T
T
LY
i1
T
TL
Li
T
i
18
T
18
s
T
18
8
T
18
s
T
18
18
L

WCAP - 8957
WOAP - 8957
WCAP - B957
WCAP- BUS7
SwR |- 068976
SWRk1-06-8976
SWR1-06-8976
SWR1-06- 6976
WOAP-9228
WOAP-9228
VCAF 9278
WCAP-9228
BAW- 1440
BAW- 1460
BAW- 1440
BAW- 1440
BAW- 1640

AW 1440
BAW- 1640
BAV- 14640
BAW- 14640
BAW- 1836
BAW- 1834
BAW- 1836
Baw- 1836
BAW- 1836
BAW- 1698
BAW- 1698
BAW- 1698
BAW- 1698
BAW- 1440
BAV- 1440
BAW- 144l
BAW- 1440
BAW- 1440
WCAP-9308
WCAP - 9308
WCAP - 9308
WCAP - 9308
WCAP-9330
WCAP-9330
WCAN 9330
WCAP -9330
EPRI NP-2428
EPRI NP-2428
EPR] NP-2428
EPRI NP-2428
EPRI NP-2428
EPR1 NP-2428
EPR] NP-2428
EPR] NP-2428
EPR] NP-2428
EPRI NP-2428
EPRL NP-2428
EPRI NP-2428
WCAPR <9794
WCAP <9794
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Table 20.

AN O
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o2
o
o
cry
(44}
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ey

(TR}
oR2
bed
(L
Fat
e
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LAR

LN
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Ll
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e
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L%
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Angra Dos Reis unit )
Alowrez Unit 2

Arkarmes Nuclear O, Unit
Arkanses Muclear One, Unit 2
Asco Unit )

Asco Unit 2

Browns Ferry unit §

Big Kook Point Reactor
Beaver valley Unit 1
Brovmwick Unit Y

Rrumswick Unit ¢

Berray Unit 1

Hernau Unit @

Jose Cabrers Reactor
Cotavbe Unit 1

Colvert CLifhs Unit
Culvert CLIffp Unit 2
Dorwid C. Cook Unit
boreld €, Cook Unit 2
Calloway Unit 1

Cooper

Crystal River Unit §

Haddan Nech

Davis-Beuse Nuclear Power Statiea Unit |

Diablo Canyon Unit Y
Diablo Canyon Unit 2

Dresden Nuclear Plant Station Unit Y
Dresden Nuciesr Plant “tation Unit 2
Dresden Nuclear Plant Station Unit §

Elk River

Joseph M, Farley Unit
Joseph M. Failey Unit 2
fort Calhoun Station Un't |
Jomes A, FitzPatrick
Garigliane

-

kebert £, Givve Nuclear Plant unit

Edwin |, Hetch Unit

K. B, Robinson Unit 2

Wi Lttt Bay Power Plant Unit 3
Ingdian Point Unit 2

Indian Point Unit 3

Kores Nuclear )

Lewauree Nuclear Powsr Plant
Lacrosse Solling water Reactor
Lemoniy Unit ¢

Voo B, MeGuire Unit 1

Wb Nehuire Unit 2

Midiand Unit 1

Ridlane Unit 2

Millstone Nuclear Power Station Unit 1
Millstone Nuclear Power Station Unit 2
Monticello Nuclear Generating Plant

Maine Yamhee Nuclear Planmt

Ttaorne, ko, wrapil
Almarar, Coceres, Spain
Rusae i sille, Arhaneas
Russelivilie, Arkanses
Asco, Tarragons, Spein
hsco, Terragona, Spein
Decatur, Alsbans
Charievois, Wichigan
Shippingport, Perrwylvanis
Southport, North Caroline
Southport, South Caroline
Doettingen, Switreriand
Doett ingen, Switzeriand
Radi id, Spain

Clover, South Ceroline
Lusby, Marylang

Lusby, Marylang
bridgman, Michigen
Bridgman, ®ichigen
Fulton, Missour |
Brownvilie, Nebrasks

ked Level, Floride
Vasam Neck, Connecticut
Osk Herbor, Ohio

Avile Beach, Californie
Avile Besch Californis
Morris, Iliinois

Morris, Lilinols

Borein, Hilinois

ELk River, Minnesots
Dathan, Alabems

Dothan, Al sbana

fFort Calhoun, Nebrasks
Dawego, New York

Sesse Aurunca, itely
Ontario, New York
Baxley, Georgla
Kartaville, South Caroline
Eurebn, Califournip
Indian Point, New York
Inciian Poirt, New York
ko-Ri, Kores

Carlton, Wisconain
Genoa, Viscon in
Lemoniz, Vizcays, Spoin
Cornelius, North Caroline
Cornelius, North Careling
Midiaw, kichigan
Migliend, Michigan
waterford, Connectiput
waterford, Comnecticut
Konticello, Minnesota
Viscasset, Maine

Furnas-Centrats Electrices 8.0,
Companis Seviliana e Electric
Arkansas Power & Light Company
Arkansas Power & Light Company
Fuerzes Electricns de Cotelure,
Fuerzes Electricns de Cotaiune,
Tervwssee Valley Authority
Conaumers Power Conpany
Dunuesne | ight Company
Caruling Poser & 1 ight Company
Caroling Power & Light Company
Nordostachwe 2ot ische Kraft |
Kordostachee | 2er ische Kraftuer
Union Electrice (UE) Fenosa SA
Duke Power Company

Beltimore Gos & Electric
Baltimore ues & Electric Comy
Indiona & Wichigan Electric C
indiona § Michigan Electric ©
Union Electric Company |
Nebraske Public Power District
Florids Power Corporation
Connecticut Yankee Atomic Powe
Toledo Edison Company

Pacific Ges & Flectric Company |
Pacific Goe & Electric Company
Commonwen! th Edison Comaany
Commorwea | th Edison Company
Conmorwes|th Edison Company
Rural Cooperative Power Assoc|
Alabana Power Company :
Alabema Power Company

Omaha #ublic Power District
New York Power Authority

Ente Nazionale per ['Energie £
Rocheater Gas and Electric Co
Georgia Power Compaty

Carolina Power & Light Comnany
Pacitic Gas & Electric Company
Consolidated Edison Company of
Consol idated Edison Company of |
Korea Electric Power Corporat
Wisconsin Public Service Corpo
Deiryland Power Cooperative
Iberduero §. &,

Duke Power Company

Duke Power (ompany

Consumars Power Compary
Consumers Power Company
Northeast Utilities Service Co
Northeast Utilities Service Co
Northern States Power Company
Meine Yoankee Atomic Power O




Listing of REAC LST dbf

PLANT BES ARCH_ENG VESSEL WiG
West i nghouse /EBE Glots & ®iLL/Promon Babcock and Wiloox
i Ve tinghouse Eapresar 108 Agrupedos/Gibbs & M1l Espanole Comtamt on Engineer ing

Babcock and Wilom
Comtastion Engineer ing
. west inghouse
. west inghouse
Goreral Electric
General Electric
Wost inghouse
General Electric
Genersl Electric
west inghouse
westinghouse
vestinghouse
west inghouse
Comtiust lon Engineer ing
Combustion Engineering
westinghouse
west inghouse
west inghouse
Generel Flectric
Babcock sl Wileox
Vest inghouse
Babcock et wileox
West inghouse
vest inghouse
Genersl Electric
General Eloctric
Generel Electric
fon AlLLis-Chalmers
went inghouse
vest inghouse
Combust ion Engineering
General Electric
General Electrie
west inghouse
General Electric
west inghouse
General Electrie
York west inghouse
York west inghouse
west inghouse
tion West inghouse
AlLLis-Chalmers
west inghouse
vest inghouss
westinghouse
Babcock andd Wilcox
Batcock and Wileon
General Electric
Comtumt ion Eng ineer ing
General Electric
Comtastion Engineering

AG (NDx)
AL (NOK)

trica, italy

Bechtel
Pechtel
Bechitel /Emprese Nocional de Ingenenay Tech (Spein)
Bechtel/Empress Nocionsl de Ingenenay Toch (Spein)
Termesser valley Auihority
Bochte!
Stone & webster Enginesring Corp.
United Engineers and Constructors
United Engineers ant Constructors
Gibbs & WiLL (US)/Brown Boven ot Cie (Switrerion)
Cikbw & WiLl (US;/Brown Boven et Cie (Switrerinnd)
Gibs & MiLl
Duke Power Company
Bachte!
Bechte!
Aot icen Electric Power Service Corporation
American Lleot ¢ Power Service Corporation
Bochite!
Burns & Roe, Inc,
Gilibart Associntes, Inc,
jone & websisr Engineering Carp.
Bechiel
Pacific Gos & Electric Company/Bechtel
Pacific Gos & Electric Company/Rechtel
Bechtel
Sargent b Lurly Engineers
Sargent & Luntly Engineers
Sargent & Lundy Engineers
southern Company %ervices, Inc. /Bechtel
Southern Company Services, Inc, /Bechtel
Gibbs & Mill
Stone & Metister Engineering Corp,
Ebasco Services, I,
Gllbert Associntes, Ing.
Southern Campany Services, Inc. /Bechtel
Ebasco Services, Inc,
Bechtiel
United Engineers angd Constructors
United Engineers andd Constructors
Glibert Associates, Inc,
fluor Engineers, Inc.
Sargent & Lundy Engineers
Therduero §.A. /Bechtal/Serer. S A 7INITEC
Duke Power Company
Duke Power Company
Bechte!
Bechtel
Ebasco Services, Inc.
Bechtel
Bechtel
Stone & webster Engineering Corp

Babcock wd W Lcox
Combaustion Engineering
vestinghouse

west inghouse

Gerwral Electric
Combustion Engineering
weost inghouse

Chicago bridge and lron
Chicaps Bridge and |ron
Societe des Forges et Ateliers du Crewsot
Societe des Forges et Ateliers du Creusot
Combustion Engineering
west inghouse

Combustion Engineering
Tombustion Engineering
Combuetion Engineering
Chicago Bridge ared Iron
Combustion Engineering
Combustion Engineering
Babe ok and Wilcon
Contustion Ergineering
Babcock and wilcox
Combustion Enginearing
Contaantion Engineering
Baboock and Wilcox
Babcock ang Wilcox
Babcock ant Wilcox
Pacific Comst Enginmering
Combust ion Engineerity
Combiust lon Engineering
Combustion Engineering

Combustion Engineering
Ternl \‘

:.'::T :':::::" APERTURE
CARD

Combust ion Engineering
Combustion Engineering :‘

Babcock o Wilcw

Combust fon Engineering Also Available On
SEB .. Aperture Card
Comtumtion Engineer ing
Combust lon Engineering
Babcock and Wilcox
west inghouse

west inghouse

Babcock and Wilcox
Batxock ane Wilcox
Combustion Engineering
Combustion Engineering
General Electric
Combnust fon Engineering

9006390154- 0|
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North AMvw unit |

North Mve Unit 2

Nire Rile Point Unit

Goorwe Nuc iear Stetion unit )

Doorwe Nucieer Station Unit 2

Ooorwe Nuciear Station Unit

Oyster Creek Nuciesr Gerwrating Liation
Palisaces Nucloer Plant

Point Beach Nuciear Plant Unit |

Point Beach Nuciear Plant Unit 2
Prairie Isiond Unit

Prairie Islad Unit 2

Pligrim Nucieer Power Station Unit |
Gunt Clties Nuciear Power Station unit )
Quad Cities Nuclesr Power Station Unit 2
Ringtais Unit 2

facho Seco Unit

Salem uni Y

bolem Unit 2

Sumaueharvie Unit |

St. Lucie Unit Y

S, Lucie Unit 2

San Gnofre unit

Sequoyer unit )

Sequoyah unit 2

Surry Unit

Surry Unit 2

Thres Mile Islond Muciesr Staiion Unit |
Thiee Mile Island Nuclear Station unit 2
Turkey Point Nuclesr Power Station Unit §
Tursey Point Nclear Power Station Unit &
Trojen Reactor

Virgil €, Summer Unit

Vermont Yankee Nuclear Power Staetion
watts Bar uUnit |

wolf Creek Unit |

Yoankee Reactor, Rowe, Massachusetts
2ion Nuclear Plent Reactor unit 1

Zion Nuclear Plant Reactor Unit 2

PLANT P

EFCESSEIBRREREREREERARRES

SANRSANEREERENRERES
Kineral, virginie
Rireral, Yirginia
Scribe, New York

Serwce, South Caroline
Serwea, South Carol ire
Serwmce, South Careline
Forked River, New Jersey
South Kaven, Michigen
Two Creeks, wisconsin
Two Creeks, Wiscomin
Rod Wing, Mimvwsots

Red Wing, Mimvwesots
Plymouth, Massachusetts
Cordove, Iilinois
Cordove, [1linois
Vearberg, Sweden

Cloy Station, Californie
Selem, New Jersey

Selem, New Jersey
Berwick, Pervsyivanie
Hutehinson |slandd, Floride
Wutehinson Island, Floride
Son Clemente, California
Soly Daisy, Tervwessee
Sty Daisy, Temessee
Gravel Neck, virginia
Grevel Neck, virginia
Londoraserry Tup. . Pervwylvanis
Thiwe Mile Island, PA
Florida City, Floride
Floride City, floride
frescott, Oregon

Parr, South Caroline
Vernon, Yermont

Spring City, Tervessee
Buriington, Kansas

Rowe, Massachusetts
ian, lilinois

Tion, Illinois

Virginia Electric b Power Compary
Virginie Electric & Power Company
Hingars Mohawk Pover Corporation
Duke Power Coepany

Duke Power Company

Duke Power Company

Gereral Publ s UtILIties Ml ear
Cormumors Power Comparny

Wisconsin Electric Power Company
Visconsin Electric Power Company
Rorthern States Power Company
Northern States Power I~y

Boston Edison Compeny

Commvwen | th Edison Company
Commormes | th Edison Company

Swedish State Power Board (55P8)
Soacraments Municinal Utility District
Public Service Electric and Gos Conpany
Fublic Service Electric and Ges Company
Pervwmy . vanie Power & Light Company
Floride Power & (ight Company
Floride Power & Light Company
Southern California Edison Company
Tervwssee valley Authority

Tervwssee Valley Authority

Virginie Electric & Power Company
Virginia Electric & Power Company
Netropolitan Edison Company
Netropoliten Edison Company

Floriae Power & Light Company
Floride Power & Light Company
Portiend Genersl Electric Company
Caroline Electric and Gas Company
vermont Yankee Nuciear Power Corporstion
Termessev Volley Authority

Konsas Ges & Electric

Yankee Atomic Electiric company
Commonwes ! th Edison Company
Commorwes | th Egisen Company



[Table 20 (continued)

PLANT DES

wost i nghouse
estinghouse
Gerwral Flectric
Babcoct o Wi lcox
Batcock o Wilom
Betcock end Wiloos
Gerwral Eloetric
Comtaustion Engirmer ing
west nghouse
West i rghouse
westinghouse
vestinghouse
General Electric
Genorel Flectric
Gereral Elsctric
West i nghouse
Babcock e Wilcox
west inghouse
vestinghouse
Genersl Electric
Combustion Engineering
Combaust lon Eng rwer ing
westinghouse
VRt i nghouse
Westinghouse

Wes i nghouse
westinghouss
Babcock e Wileon
Batcock and Wilcox
Vst inghouse

wes ) nghouse
west i nghouse
westinghouse
Gerers!l Electric
Vestinghouse

vest inghouse
westinghouse
westinghouse
westingnouse

ARCH_ENG

ESsEREEEAY Teeen

Storw & wobster Engineering Lorp.
Stone b webster Engirwering Corp,
Ningars Mohawt Power Corporetion
Duke Power Compary/Bechte!

Duke Power Compeny /bechtel

Duke Power Comparny /Bechite!

Burrw & Roe, Inc /General Electric Company

bechtel

bechtel

bechtel

Fluor Engineers, Ine,

Fluor Engirmers, I,

bechite!

Sargent & Lurdly Englirneers

Sergent & Luwty Engineers
SSPE/G s & WILL/ZBtel~Lovel Turbin AB
bechtel

Public Service Electric and Gas Company
Public Serviee Electric and Gas Conpany
bechtel

Ebasco Serviees, Ik,

Ebasco Services, Inc.

Bechte!

Tervwessee Valliey Authority
Terviessee Volley Autharity

Stone & Webster Engirwering Corp.
Stowe & Webtster Engineering Corp.
Clibert Associates, Inc.

burns & Roe, Ire.

Bechte!

Bechte!

bechtel

Glibert Associstes, Inc.

Ebasco Services, Inc,

Ternessee Valley Authority
Bechtel /Sargent § | wy Engineers
Stone & webster Engimmering Corp,
Sorgent & Luxly Engineers

Sargent & Lundy Engineers

30

VESSEL_WFG

BIRBTERTPYESREL .

Rottercamse Droogool Rediaschapp | | (hether (s )

Comastion Eng neering
Cmpstion brgineer ing
Babcock e Wilcom
Comtamt ion Engineering
Satroek and Wilow
Comtrust ion Engirneering
Combust ion Engirwering
Babcock awl Wilcox
Comtastion Engineering

Societe des Forges ot Atellers du Cremot
Societe des Forges et Ateliers o Creusot

Comtust ion Engineering
Babcock and Wileo
Babcock ano Wilcox

Rottervamse Droogool Madidechanp ! | (Nether | ands)

Babeock and Wilcox
Comastion Engineering
Combust lon Engineering
Chicege Bridge e |ron
Combustion Engineering
CF Avery

Comustion Engineering
vest inghouse
vestinghouse

Rotterdemse Droogaol Madtdschapp! | (Nether | ands)
Rotterdamse Droogdol Madtoschapp! | (Nether | ends)

Babcock and Wilcox
Batcock and Wilcox

west inghouse

batcock snd Wiloox
Chicape Brigge and lron
Chizago Brigge and Iron
Chicage Bricge arnd lron
vostinghouse

Comustion Engineering
Babcock and Wilcox
Babcock and Wilecon
Batxock angd Wilcox
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TRICANESS SOURCE

Listing of EEAT LST.dbf
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Table 22 (continue.)
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AV 1882 3 Progrem, BAW-1882, Babcock & Wilcox, Lynchburg, VA, September 1985,

BAV- 1898 1 A L. Lowe et al., Analysis of Capsule CRI-C Floride Power Corporation Crystal
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8CL-585-10 3 BCL-585-10, Bettelle Columbus Leboratories, Columbus, ON, May &, 1979,
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BCL-585 -4 1 J. 8. Perrin, D, R, Farmelo, B, G. Jung, and €. O, Fromm, Final Report on Zion
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BCL-585-84-3 1 Lo M, Lowry, et al,, Final Report on Examination, Testing, and Evaluation of
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810275 /083 2 Vessel Survelllance Programs: Unirradisted Mechanical Properties, Battelle
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o) -0372 1 Jo 8. Perrin, J. W, Sheckherd, and v. G, Scotti, Final Report on Examination end
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WML 037S/0R3 1 J. 8, Perrin et al., Finul Report on Dresden Nuclear Plant Unit No. 3 Resctor
O] 0375 /083 2 Pressure Vessel Surve!llence Program: Capsule Basket No, 13, Cepsule Besket
O -0378 /0R3 3 No. Y4, and Neutron Dosimeter Monitor, Battelle Columbus Laboratories, Columbus,
BN O3S /DRS 4 ON, March 1, 1978,

10375 700 \ J. 8, Perrin, D, R, Farmelo, R, §, Demning, ond L, M. Lowry, Tinal Report on
BM1-0375 /00 €  Ouad Cities Nuclesr Plant Unit Mo, 1, Resctor Pressure Vessel Surveillance
8103757000 3 Program: Cepsule Bastet No. 2, Capsule Besket No. 3, and Neutron Dos imeter
0378 7000 4 Monitor, Battelle Columbus Leboretories, Columbus, OW, March 1975,
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Sumary of Findings Reletive 1o Pelisndes Piant Reactor Vesse! Materials,
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Neteriel Surveillance Program, Floride Power & Light Company, Mismi, FL,
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LoCrosse Boiling Weter Reactor (LACBWR) Provisional Opersting License No. DPR-4S
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$. E. Yanichko, V. A. Perone, and W, 1. Kaiser, Analysis of Capsule T from the
Wisconsin Electric Power Company Point Besch Nuclear Plart Unit No. 1,

WCAP- 10736, Westinghouse Electric Corporation, Pittsburgh, PA, December 1984,

§. E. Yanichko, T, v, Congedo, and W. 1. Kaiser, Analysis (f Capsule U from the
Duke Power Compauny McGuire Unit 1 Reactor vessel Radistion .urveillance Program,
WCAP- 10786, westinghouse Electric Corporation, Pittsburgh, PA, February 1985,

R. S. Boggs, A. N. Feru, and W. 7. Keiser, Analysis of Capsule U from the South
Carolina Electric and Gas Company Virgil C. Summer Unit | Reactor Vessel
Raciation Surveillance Program, WCAP 10814, Westinghouse Electric Corporation,
Pittsburgh, P, June 1985,

§. . Yanichko, S, L. Anderson, andd W. T. Kaiser, Analysis of Cepsule X from
Portiand General Electric Compary T ojan Reactor Vessel Radiation Survelllsnce
Program, WCAP-10841, westinghouse Electric Corporation, Pittsburgh, PA, June
1985,

R. S, Boggs, S. L. Anderson, and W, T. Kaiser, Analysis of Capsule U from the
Duguesne | ight Company Beaver valiey Unit | Resctor Vessel Radiation
Surveillance Program, WCAP-10867, westinghouse Slectric Corporation, Pittsburgh,
PA, September 1985,

R. S, Boggs, 1. V. Congedo, and K. Gong, Analysis of Copsule R from the
Northern Stetes Power Company Prairie leland Unit | Reactor Vessel Radistion
Surveillance Program, WCAP-11006, westinghouse Electric Corporation, Pittsburgh,
PA, February 1986,

§. €. Yenichko, T. V. Congedo, and W. T, Kaiser, Analysis of Capsule Vv from
Duke Power Company McGuire Unit 2 Reactor Vessel Radiation Surveillance Program,
WCAP- 11029, Vestinghouse Electric Corporation, P.ttsburgh, PA, January 1986,

§. E. Yonichko and J. C. Schmertz, Analysis of Capsule R from the Northern
Stetes Power Company Prairie Island Unit 2 Reactor Vessel Radiation Surveillance
Program, WCAP-11343, westirghouse Electric Corporation, Pittsbur jh, PA,
December 1984,

R. G. Lott et ol., Analysis of Capsule U from the Union Electric Company
Cellaway Unit 1 Reactor Vessel Radiation Surveillance Program, WCAP-1137¢,

Rev. 1, Westinghouse Electric Corporation, Pittsburgh, PA, June 1987,

S§. E. Yenichko and V., A. Perone, Analysis of Capsule = + om the Virginia
Electric Power Company Surry Unit ) Reactor Vessel Rac ation Surveillance
Proyram, WCAP-11415, Westinghouse Electric Corporation, Pittshurgh, PA,
fabruary 1987,

R, P. Shogan et al., Analysis of Capsule W from the Alsbame Power Company Joseph
M. Farley Unit 2 Reactor Vessel Radiation Surveillance Program, WCAP-11438,
Westinghouse Electric Corporation, Fitt burgh, PA, April 1987,
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Table 27 (continued)

CONT REF_TITLE

VAP - 11499
WCAP - 11499
WCAP - 11499
WCAP - 11499
WCAP- 11527
WCAP - 11527
WCAP- 11527
WCAP 11553
s CAP- 11553
LCAP- 11553
WCAP - 11553
WOAP - 11563 /01
WCAP - 11563 /01
WCAP - 11563 /81
WCAP - 11567
WCAP- 11567
WCAP- 11567
WCAP - 11567
WCAP 11851
WCAP- 11851
WCAP - 11851
WCAP - 2834 /1
WUAP- 2834 /R
WCAP - 7036
WCAP - 7036
WCAP - 7254
WCAP - 7254
WCAP - 7254
WCAP- 7323
WCAP - 7323
WCAP- 7323
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§. E. Yonichko and V. A, Perone, Anslysis of Capsule V from the virginia
Electric and Power Company Surry Unit 2 Reactor Vessel Radistion Survelllence
’;:;fll. WCAP- 11499, westinghouse Electric Corporation, Pittsburgh, PA, Jure

1 ’

§. E. Yenichko and §. L. Anderson, Analysis of Capsule 2 from the Duke Power
Company Cetawbe Unit 1 Reactor Vessel Radiation Surveillance Program,

WCAP- 11527, Westinghouse Electric Corporetion, Pittsburgh, PA, June 1987,

§. €. Yenichko, E. P. Lippincott, L. Altertin, and J, C, Schmertz, Analysis of
Copsule U from the Woif Creek Nuclear Operating Corporation wolf Creek Reactor
Vesse! Radistion Surveillance Program, WCAP-1'553, westinghouse Electric
Corporation, Pittsburgh, PA, August 1987,

R, P, Shogen et eal., Analysis of Capsule X from the Alabame Power Company Joseph
M, Forley Unit | Reactor Vessel Radiation Surveillance Program, WCAP-11563,
Rev. 1, Westinghouse Electric Corporation, Pittsburgh, PA, Septenber 1987,

§. E. Yenichke, §. L. Anderson, J. C. Schmertz, and L. Albertin, Analysis of
Capsuie § from Pacific Gas and Electric Compeny Diablo Canyon Unit 1 Reactor
Vessel Radiation Survelllance Program, WCAP-11567, westirghouse Electric
Corporation, Pittsburgh, PA, December 1987,

8. E. Yenichko, §. L. Anderson, and L. Albertin, Analysis of Cepsule U from the
Pacific Gas and Electric Compeny Diablo Canyon Unit 2 Reactor Vessel Radiation
Survelllance Program, Westinghouse Electric Corporstion, Pittsburgh PA, May 1988
§. E. Yenichko, San Onofre Reector Vessel Radietion Surveillance Progrem,
WCAP-2834-R1, Westinghouse Electric Corporation, Pittsburgh, PA, November 1966,
§. E. Yenichho, Connecticut Yankee Reactor Vessel Radiation Surveillance Pro-
grem, WCAP-7N0é, westinghouse Electric Corporation, Pittsburah, PA, April 1967,
§. E. Yanichko, Rochester Gas and Electric Robert E. Ginna Un. - No. 1 Reector
Vessel Radiation Surveillance Progrem, WCAP 7254, westinghouse lectric
Corporation, Pittsburgh, PA, May 1969,

§. E, Yenichko, Consolidatec Edison Co., Indian Point Unit wo. 2 Resctor Vessel
Radistion Survelllance Program, WCAP 7323, westinghouse Electric Corporation,
Pittsburgh, PA, May 1969,

$. €. Yonichko, Carolina Power and Light Co., H. B, Robinson, Unit Ne, 2,
Reactor Vessel Radiation Surveillance Program, WCA2-7373, westinghouse Electric
Corporation, Pittsburgh, PA, January 1970,

$. E. Yonichko, Wisconsin Michigar Power Co. Point Beach Unit No, ) Resctor
Vessel Radiation Surveillance Program, WCAP-7513, wWestinghouse Electric
Corporation, Pittsburgh, PA, June 1970,

S. E. Yenichko, Florida Power and Light Co., Turkey Point Unit No. 3 Reactor
Vessel Radiation Surveillance Program, WCAP-7656, westinghouse Electiic
Corporat on, Pittsburgh, PA, May 1§71,

$. E. Yanichko andd G. C. Zule, Wisconsin Michigan Power Co. arvd the Wisconsin
Electric Power Co. Point Beach Unit No, 2 Reactor Vessel Radiation Surveillance
P;;ora, WCAP- 7712, Westinghouse Electric Corporation, Pittsburgh, PA, June
9.

S§. E. Yanichko, Virginia Electric & Power Co. Surry Unit No. ! Reactor Vessel
Rediation Surveillance Progrem, WCAP- 7723, westinghouse Electric Corporation,
Pittsburgh, PA, July 1971,

S. E. Yanichko andd D. J. Lege, Commonwealth Edison Co., 2ion Unit No. 1 Resctor
Vessel Radiation Surveillance Program, WwCAP -BO64, wWestinghouse Electric
Corporstion, Pittsburgh, PA, March 1973,

S. E. Yonichko and D. J, Lege, Virginia Electric & Power Co. Surry Unit Ne, 2
Reactor vVessel Radiation Surveillance Program, WCAP-BO8B5S, westinghouse Electric
Corporation, Pittsburgh, PA, June 1973,

S. E. Yonichko andd D. J. Lege, Northern States Power Co. Prairie Islang Unit
No. | Reactor Vessel Radiation Surveillance Program, WCAP 8086, westinghouse
Electric Corporation, Pittsburgh, PA, June 1973,

§. E. Yanichko, D. J. Lege, and G. C. 2ule, Wiscorsin Public Sarvice Corporation
Kewaunee Nuclear Power Plant Reactor Vessel Radiation Surveillance Program,
WCAP-B107, wWestinghouse Electric Corporation, Pittsburgh, PA, April 1973,

S, €. Yenichko and D. J. Lege, Commcnweslth Edison Co., 2ion Unit No. 2 Resctor
Vessel Radiation Surveillance Program, WCAP-8132, westinghouse Electric
Corporation, Pittsburgh, PA, May 1973,

$. E. Yanichko and D. J. Lege, Northern States Power Co. Prairie lsland Unit
No. 2 Reactor Vessel Radiation Surveillance Program, WCAP-B193, Westinghouse
Electric Corporation, Pittsburgh, PA, Seotember 1973,

$. E. Yanichko and D, J. Lege, Swedish State Power Board Ringhals Unit No. 2
Reactor Vessel Radiation Surveillance Program, WCAP-B2164, Hestinghouse Electric
Corporation, Pittsburgh, PA, November 1973,
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REFCID CONT REF_TITLE

WCAP - 8233 $. E. Yonichko, D, J. Lege, oand J. K. Phillips, Termessee Volley Authority

VCAP - 8233 Sequoysh Unit No. | keactor Vessel Radistion Surveillence Program, WCAP:B233,
WCAP - 8233 Westinghouse Electric Corporstion, Pittsburgh, PA, December 1973,

WCAP - 8249 €. E. Yonichko, B, J,. Lege, §. L. Anderson, and T, R, Mager, Aralysis of Cepsule
WCAP - 8249 $ from Carclina Power and Light Company K. B, Pobinson Unit No. 2 Resctor Vessel
WCAP - B24Y Redistion Surveillance Program, WCAP-B249, Westinghouse Electric Corporastion,
WCAP - 8249 Pittsburgh, PA, December 1473,

VCAP - 8421 §. E. Yenichko, 7. R, Mager, and 5. Keng, Aralysis of Capsule B from the

WCAP - 8421 Rochester Gas & flectric Corporstion R, E, Ginne Unit No. | Reactor Vessel

VCAP - B4 21 Rediation Surveillance Progrem, WCAP-BA21, Westinghouse Electric Corporstion,
WCAP - 8421 Pittsburgh, PA, November 1974,

WCAP -B457 J. A, Davidson, J. M, Phillips, and §. E. Yanichko, Ducuesne Light Company
WCAP- 857 Beaver Velley Unit No. 1 Reactor Vessel Radistion Surveillance Program,

WCAP - 8457 Westinghouse Electric Corporation, Pittsburgh, PA, Cctober 1974,

WCAP - B4d5 J. A, Devidson, J. K, Phillips, and 8, E, Yanichko, Pacific Gas and Electric Co.
WCAP - 8465 Diablo Canyon Unit No. 1 Reactor Vesse! Radistion Surveillence Program,

WCAP - BaéS WCAP-B465, Westinghouse Electric Corporaticn, Pittsburgh, PA, January 1975,
WCAP-B4 7S $. E. Yonichko and J, A, Devidson, Consclideted Edison Co. of New York Indian
WCAP - 8478 Point Unit No. 3, Reactor Vessel Radiation Surveillence Program, WCAP-BLT7S,

WCAP - 8475 westinghouse Electric Corporetion, Pittsburgh, PA, Januery 1975,

WCAP- 8511 J. A, Davidson, J. K. Phillips, and §. E. Yanichko, Public Service Electric ord
WCAP -85 1Y Ges Co. Salem Unit No, 1 Reactor Vessel Radistion Surveillence Program,

WCAP- 8511 WCAP-8511, Westinghouse Electric Corporation, Pittsburgh, PA, November 1975,
WCAP-8512 J. A, Dav. s0n, §. E. Yenichko, and J. K. Phillips, American Electric Power
WCAP- 8512 Company Donald C. Cook Unit No. 2 Reactor Vessel Radiation Surveillence Program,
WCAP-8512 WCAP-8512, Westinghouse Electric Corporation, Pittsburgh, PA, November 197%,

.
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J. A, Davidson, J, K, Phillips, and S. E. Yanichko, Tennessee Valley Authority
Sequoysh Unit No. 2 Reactor Vessel Radiation Surveillance Program, WCAP-8513,
Vestinghouse Electric Corporation, Pittsburgh, PA, November 1975,

§. E. Yanichko, J. M. Phillips, and S. L. Andlerson, Analysis of Capsule T from
the Florida Power and Light Company Turkey Point Unit No. 3 Reactor Vessel
Reclistion Surveillance Program, WCAP-8431, Westinghouse Electric Corporetion,
Pittsburgh, PA, December 1975,

$. E. Yenichko and §, L. Anderson, Anelysis of Cepsule § from the Wisconsin
Electric Power Compeny and Wisconsin Michigsen Power Company Point Beach Nuclear
Plant Unit No, | Reactor Vessel Raclisticn Surveillance Program, WCAP-8739,
Westinghouse Electric Corporation, Pittsburgh, PA, November 1976,

J. A, Davidsun and J. H. Phillips, Virginia Electric and Poxer Company North
A Unit No. | Reactor Vessel Radieation Surveillance Program, WCAP-8771,
Westinghouse Electric Corporation, Pittsburgh, PA, September 1976,

J. A, Devidson, virginie Electric and Power Company North Anna Unit No, 2
Reactor Vessel Radiation Surveillance Program, WCAP-B772, wWestinghovse FElectric
Corporation, Pittsburgh, PA, November 1974,

J. A, Davidson end §. E. Yenichko, Pacific Gas and Electric Company Diable
Canyon Unit No. 2 Reactor Vessel Radistion Surveillance Program, WCAP-B783,
Westinghouse Electric Corporation, Pittsburgh, PA, December 1976,

J. A, Davidson, J. K, Phillips, and §. E. Yanichko, Southern Alabama Power
Company Joseph M, Farley Nuclear Plant Unit No. 1 Reactor Vessel Radistion
Surveillance Program, WCAP-8810, westinghouse Electric Corporation, Pittsburgh,
PA, December 1976,

$. E. Yenichko, S, L. Anderson, and K. ¥, Scott, Analysis of Capsule V from the
Visconsin Public Service Corporation Kewaunee Nuclear Plant Reactor Vessel
Rediation Surveillance Program, WCAP-B8908, Westinghouse Electric Corporation,
Pittsburgh, PA, January 1977,

J. A, Davidson, §. L. Anderson, and K. V. Scott, Analysis of Capsule vV from
Northern States Pover Comper  Prairie Island Unit No. 1, Reactor Vessel
Redistion Surveillance Program, WCAP-8916, westinghouse Electric Corporation,
Pittsburgh, PA, August 1977,

J. A, Davidson andd §. E. Yanichxo, Alabame Power Company Joteph M. Farley
Nuclear Plant Unit No. 2 Reactor Vessel Radiation Surveiliance Frogram,
WCAP-8956, Westinghouse Electric Corporation, Pittsburgh, PA, August 1977,

J. A, Davidson and §. E. Yenichko, Furnas-Centrais Electricas S.A. Angre Dos
Reis Unit No. ! Reactor vessel Radiation Surveillance Program, WCAP-8957,
Westinghouse Electric Corporation, Pittsburph, PA, May 1977

J. A, Davidson and S$. E. Yenichko, Duke Power Compeny William 8. McGuire Unit
No. 1 Reactor vessel Radiation Surveillence Program, WCAP-9195, Westinghouse
Electric Corporation, Pittsburgh, PA, November 1977,

J. A. Devidson. §. E, Yanichko, and §. L, Anderson, Analysis of Capsule V from
Northern States Power Company Prairie Island Unit Ne., 2, Reactor Vessel
Radietion Surveillance Program, WCAP-9212, Westinghouse Electric Corporation,
Pittsburgh, PA, November 1977,

P. J. Fields, J. A, Devidson, and S. E. Yanichko, Central Nuclear de Aimaraz
Almeraz Unit No. 2 Reactor Vessel Radiation Surveillance Program, WCAP-9228,
Westinghouse Electric Corporation, Pittsburgh, PA, December 1977,
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WCAP - 9234 1
MCAP - 9234 2
WCAP 9234 3
VCAP - §234 «
WCAP - §296 1
WCAP 9298 2
YCAP - 9298 3
WCAP - 9308 1
WCAP - 9308 e
WCAP - 9308 3
WCAP - 0329 1
WCAP - 9329 2
VCAP - 9329 3
WCAP <9330 1
wCAP - 9330 2
WCAP -§330 3
WCAP - 9331 1
WCAF-933) 2
WCAP 933 3
HCAP - 9301 “
WCAP - 9339 1
9339 2
WCAP - 9339 3
‘9387 1
9357 2
WCAP - 9357 3
9357 “
‘B66y 1
WCAP - 9469 2
<9669 3
<9491 |
WCAP - %9 2
WCAP - 9491 3
1
2
3
4
1
2
3
o
1
2
3
.
1
P
3
\
¢
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1
2
3
-
1
2
3
\
2
3
|
2
3
1
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3
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J. A, Devidson and 8. E. Yanichko, South Ceroling Electric end Gas Company
Virgil €. Swmmer Wucisar Plant Unit NHo. 1 Reactor Vessel Radintion Survelllonce
Program, WCAP 9234, westinghouse Electric Corporation, Pittsburgh, PA,

January 1978,

J. A&, Devidson, Tervwssee Veolley Authority Watts Bar Unit o, 1 Besctor Vessel
Radistion Survelllence Program, WCAP-9298, Westinghouse Electric Corporetion,
Pittsburgh, PA, July 1978,

P, J. Flelde, J. &, Devidson, and 8. E, Yanichko, fuerzes Elactricas de Catelune
ASCO Unit Ho. | Beactor Vessel Radietion Survelllance Program, WCAP-9308,
Hestinghouse Electric Corporation, Pittsburgh, PA, July 1978,

P, J. Fields, J. A, Devidson, end £, E. Yanichko, lbarduare S.A. Lemoniz Unit
Ko, 2 Reacte. Vesse! Radiation Surveillence Progrem, HCAP-9329, westinghouse
Electric Corporation, Pittsburgh, PA, August 1978,

P, J, Flelds, J. A, Devidson, arnd §. £, Yanichko, Fuerzes Electrices de Ceteluna
ASCO Unit No, 2 Reactor Vessel Radistion Surveillence Program, WCAP-9330,
Vestinghouse Flectric Corporation, Pittsburgh, PA, August 1978,

J. A Daviagson, §, L. Anderson, and R, P, Shogan, Anelysis of Capsule T from the
Wiscornsin Electric Power Company Point Beach Nuclcar Plant Unit to, 2 Resctor
Vessel Radistion Surve!llance Program, WCAP-9331, westinghouse Electric
Corporation, Pittsburgh, 24, August ‘978,

P, J. Flelds andd §. L. Andderson, Anelysis of Capsule K from the Connecticut
Yonkee Reactor Vessel Radiation Surveillance Progrom, WCAP-9339, destinghouse
Electric Corpuration, Pittsburgh, PA, September 1978,

§. E. Yenichko andd §. L. Anderson, Anelysis of Capsule R from the Wisconsin
Electric Power Company Point Beach Muclear Plant Unit No. | Reector Vessel
Redietion Surveillance Program, WCAP-9357, Westinghouse Electric Corporation,
Pittsburgh, PA, August 1978

J. A, Davidson, §. L. Anderson, and W, T, Kaiser, Analysis of Capsule U from
Portiand General Electric Company Trojen Resctor Vessel Radiation Survelllence
Program, WCAP 9469, vestinghouse Electric Corporstion, Pittshurgh, PA, Hey 1979,
J. A, Davidson, §, L. Anderson, end W. T, Kaiser, Analysis of Capsule 1 (i e
indian Point Unit No. 3 Reactor Vessel Radiation Surveillance Program, WCAP-7491
vestinghouse Electric Corporation, Pittsburgh, PA, April 1979,

S, E. Yanichko, S, L. Anderson, and W, T, Keiser, Analysis of Capsule F from the
Southern California Edison Company Sen Onofre Reactor Vessel Radietion
Surveillance Program, WCAP-9520, westinghouse Electric Corporation, Pittsburgh,
PA, May 1979,

§. E. Yanichko, S, L. Anderson, R, P, Shogan, and R. G. Lott, Analysis of
Capsule R from the Wisconsin Electric Power Company Point Beach Muclear Plant
Unit No. 2 Reactor Vessel Radiation Surveillence Program, WCAP- 9635,
Westinghouse Electric Corporation, Pittsburgh, PA, December 1979,

S, E. Yanichko, §. L. Anderson, and W, 7. Kaiser, Analysis of Capsule 7 from the
Pub!ic Service Flectric and Gas Company Salem Unit No. 1 Reactor Vessel
Radiation Surveillance Program, WCAP-9678, Westinghouse Electric Corporation,
Pittsburgh, PA, February 1980,

§. E. Yanichko, §. L. Anderson, and W. T, xaiser, Analysis of Capsule Y from the
Alabama Power Company Farley Unit No. 1, Reactor Vessel Radistion Surveillance
Program, WCAP-9717, Westinghouse Electric Corporation, Pittsburgh, PA, June 1980
§. E. Yanichko, Duke Power Company Catawba Unit No. 1 Resctor Vessel Radiation
Surveillence Program, WCAP-9734, Westinghouse Electric Corporation, Pittsburgh,
PA, July 1980,

§. E. Yanichko, S, L. Anderson, R, P, Shogan, and R. G. Lott, Analysis of
Cepsule 125 from the Consumers Power Company Big Rock Point Nucleer Plant
Reactor Vessel Radiation Survelllance Program, WCAM ‘9794, Westinghouse Electric
Corporation, Pittsburgh, PA, September 1980,

L. R, Singer, Union Electric Company Callawey Unit Ko, ! Reactor Vessel
Radiation Surveillance Program, WCAP-9B42, Westinghouse Electric Corporation,
Pittsburgh, PA, May 1981

§. E. Yonichko et al., Analysis of Capsule V from the Duguesne Light Compeny
Beaver Valley Unit No. | Reactor Vessel Radiation Surveillance Program,
WCAP - 9860, westinghouse Electric Corporation, Pittsburgh, PA, January 1981,

S. E. Yanichko, S. L. Anderson, R, P. Shogan, env' R, G, Lott, Analysis of the
Kaine Yenkee Reactor Vessel Second Accelerated Survel!lance Capsule, WCAP 987%,
Westinghouse Electric Corporation, Pittsburgh, PA, Merch 1981,

$. E. Yonichko, §. L. Anderson, andd W. 1. Kaiser, Analysis of Capsule T from
Northern States Power Company Prairie Island Unit No. 2, Reactor vessel

Radiat ion Surve ance Program, WCAP 9877 westinghouse Electric Corporation,
Pittsburgh, PA, March 1981

<9520
WCAP - 9520
<9520
WCAP - 9520
WCAP - 9635
WCAP 9635
<9635
WCAP 9635
9678
WCAP - 9678
9678
WCAP - 9678
WCAP 9717
9717
9717
WCAP 9734
WCAP 9734
WCAP - 9734
WCAP 9704
HCAP - 9794
9794
WCAP - 9794
WCAP - 9842
WCAP -
WCAP -
9860
9840
WCAP
WCAP -
WCAP-987S
o87s
WCAP
WCAP

WCAP -
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Table 28, Partial listing of REF_LST.dbf

REF _LET . dbf: Page
TAG PLANT_ID REF_ID

. ASTM DS54

. ORNL-4313

b ADY SWR1-06-8976
¢ ADY WCAP- 8957

. AL2 WCAP-9228

¢ ANY BAW- 1440

. AN1 BAW- 1543/R2
. AN BAN- 1698

* Adl BAW- 1803

b AN1 BAW- 1820

" ANY BAW- 1836

» AN1 NUREG/CR-3319
. AN2 BM1-0584

* ASY WCAT-9308

. AS2 WCAP-9330

" BR EPRI NP-2428
’ BR GECR- 4442

¢ BR NERD 11(3)

" BR WCAP-9794

¢ Bv1 DOCKET 50-334
" BV1 WCAP- 10867

e Bv1 WCAP-B4ST7

. v WCAP - 9860

i Bw1 NEDO-24157.R1
» B! NEDO- 24141

b Bw2 NEDO-24157/R1
’ B21 PB-ME 75/02
v 821 PB-ME 75/03
e 821 PB-ME 78/06
» 822 NUREG/CR-3319
. 822 PB-ME 75/02
. CAg EPRI NP-2428
b CAB NCAP- 10185

¢ CAB WENX/76/64

" c8 WCAP-11527

w cs WCAP-9734

» o BMI-1280

8 e DOCKET 50-317
¥ cce DOCKET 50-31¢

cce SWRI-7524



55

APPENDIX A. PRELIMINARY SOFTWARE AND PROCESSINGC

A.l1 INTRODUCTION

The software described in this appendix is the curren’. implementation of a
system that provides the user of the PR-EDB with the necessary tools to
process the data and to create a variety of tabler, fits, and graphs for
reports and verification of irradiation embritt] :ment predictions. The
present version is far from complete; many impcrtant tasks remain which are
not yet part of this software package and must be performed through the
dBASE or compatible software. In particulsr, any direct editing of data
and the elimination of duplicate records can currently be done only through
calls to dBASE. Also, the combination of data from several different files
by means of key identifiers needs to be Jone through dBASE. Software to
facilitate these tasks will be part of later updates.

The current version of the software package EDB-Utilities has been written
in the Clipper language, which allows compilation of dBASE procedures and
has facilities for menu and help screens so that the user can usually run
the program without additional instructions. A detailed user's manual will
be available in the near future. The program package provides the means
for a number of file-manipulation tasks, including the display of duta on
the computer screen and hardcopy to a printer. The dBASE and related
software, such as Clipper, lack the facility for extensive
mathematics/statistics calculations and scientific graphs. Some plotting
and fitting programs are written in FORTRAN using the IMSL and GRAFMATIC
libraries and require ASCII files as input. The ASCII files for the
plotting program can be created through the EDB-Utilities file-manipulation
feature. Another ASCII file that is needed for input to the fitting of raw
Charpy data, RAW_C_PR.dat, has been created from the file RAW_C_PR.dbf and
is part of the PR-EDB set of diskettes. Also included is the ASCII file
RAW C_RS.dat, which contains the results ot the Monte Carlo uncertainty
analysis and can be used as input for the multiple fitting program.

The primary output device for graphic presentations by the EDB-Utilities is
the monitor screen in EGA format. (Other formats, e.g., VGA, are
considered for future releases.) Utilities are available to transfer the
screen picture to the printer, for instance, GRAFPLUS (Sect. A.7).

Creating output for plotting devices (e.g., HP plotters) is not part of the
current version of the EDB_Utilities but is being considered for future
releases.

A.2 EDB-UTILITIES SOFTWARE PACKAGE

The EDB-Utilities package has been designed to preovide the end user of the
Embrittlement Data Base with convenient means to manipulate, view, plot,
and fit the data that are given in dBASE format. There are four major
options that can be selected from the first menu (Fig. A.1).
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FILE l PLOT DATA | | r
MANIPULATION| |EXPORTED FROX| | FIT AND PLOT CALL RETURN
PROCEDURES | | mampuLATION | CHARPY DATA Lnaau " TO DOS

Fig. A.1. Major options selected from first menu,

1 File-Manipulation Procedures This option is not restricted to
PR-EDB files; any file in dBASE format can be processed
Specifically, the following operations can be performed:

a, Retrieve a file for manipulation

b, Add or delete fields

¢. Use numerical data for calculations and place results in user-
defined fields

d Add or delete records

e. Reorder records
Display or export data

g. Save working file

A detailed explanation of the different operations will be given in
Sect. A,.3J.

2 Plot Data Exported from EDB files. Numerical data from dBASE files
can be exported to ASCII files, as described in Sect. A.3.7, and
can be represented in scatter plots with automatic scaling and
labeling Specific curves can be added to the graph as an option
Details are given in Sect. A.4
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3. Eit and Plot Charpy Impact Data from EDB files. Raw Charpy impact
data from the file RAW C_PR.dbf, once in ASCII format, can be
fitted to a hyperbolic tangent curve and the results plotted. A
Monte Carlo uncertainty analysis program is included which
determines the uncertainties in the fitting parameters given the
uncertainties in impact energy and test temperature of the original
data. The following options are provided:

Single-curve fitting and plotting
Multiple-curve fitting and plotting
Monte Carlo uncertainty analysis
Extracting selected Charpy sets

a0 CoTe

Details are given in Sect. A.5.

4. Run dBASE 111 PLUS. This option allows the user to run the dBASE
program without exiting EDB-Utilities, provided dBASE III1 PLUS has
been properly installed. The user can, in this manner, easily
switch between different options and edit or perform other tasks in
dBASE for which no provisions are given in the EDB-Utilities
package. Note that all fields in the PR-EDB files are character
fields, and any numerical manipulation of data must first use the
VAL(...) function to obtain numbers, and convert the results back
to character strings using STR(...).

A.3 FILE-MANIPULATION PROCEDURES

File-manipulation procedures are shown schematically in Fig. A.2.

A.3.1 General Considerations

The PR-EDB consists of a number of data files in dBASE format. Each file
can be considered as a table of data; the columns of the table are called
Data Fields and the rows, Records. Each data field has a given length
FIELD LEN, a unique identifier FIELD NAME, and a FIELD_TYPE, which declares
the data as either "character," or "numeric," or "date" fields, and this
infermation is coded in a special manner at the head of the dBASE files.

All data fields in the PR-EDB are of character type; this allows one to use
blanks for missing data and also the introduction of scientific notation,
for which dBASE III PLUS has no provisions. However, the actual data types
must be provided ir. some way to processing codes in order to perform
caiculations, comparisons, and orderings. For this reason, a "structure
file" is assigned to each data file which has the same name but the
extension .str instead of .dbf (e.g., REAC_PR.dbf has the structure file
REAC_PR.str). A structure file has the same first five fields as a dBASE
structure file, but in aduition a field F_T for the actual field type,
which can be C for character, N for numeric, S for scientific notation, and
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D for date. It also has a field DESC which contains a detailed description .
of the data field plus the type of units used in brackets [...]. This

information is displayed in menu screens concerning data fields and is used

to labs' the axes in the plots that are generated in the plotting option cf
EDB-Utilities,

All file-manipulation procedures, such as changing data fields or records,
reordering, and displaying are never perfcrmed on the original data file;
the input file is first copied to a "working file" WORK.dbf, and the
associated structure file, to STRUCT.dbf. A dBASE-type structure file
TMPS .dbf is also needed for some file-manipulation procedures. After
performing the desired procedures, the working files may be saved to new
files, or the old files may be overwritten. The working files remain in
the directory and can be accessed again by the EDB-Utilities, even after
the program has been temporarily terminated. The original files remain as
they are unless overwritten by the user.

EDB FILE
MANIPULATION
) |
|
( r
SELECY ADD OR FERPO R ADD OR ASORDER SAVE
WORKING DELETE (-wmw. DELETE RECORDS |WORKING| | QUTPUT
FILE FIELDS [“‘“'-‘"“"‘ RECORDS FILES
APPEND DISPLAY
RECORDSE FROW SELECTED LATA
RELATED FlLE ON SCREEN

(oeLate azcomps| |CREATE ASCH

pER vsER'S | FILE FOR
SNTERIA | | PLOTTING
J RESTORE | | SEND DATA
— DELETED | TO LINE
| RECORDS _,' PRINTER

Fig. A.2. EDB.-Utilities file-manipulation procedures. '
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A.3.2 Retrieval of Files for Manipulation

Any dBASE file can be processed by the manipulation option of EDB,
including the structure files. The input files need not be PR-EDB files
(i.e., containing only character fields), but the working file WORK.dbf
has this property. A new structure file is created if an associated
structure file is not present or is incompatible with the input file.
Field names used in the EDB files are listed in a file STR_ALL.dbf, and
this file is used to put information in the new structure file for such
field names. Other information must be entered by the user, who can also
change the information from STR_ALL.dbf, {f necessary. The new structure
file is saved {f none was previously available, but old files are not
overwritten, even if they are incompatible. The working file WORK.dbf has
no associated index file. However, an index file can be used with the
input file to ensure the proper order in the working file.

A.3.3 Addition or Deletion of Fields

Fields can be added to the working file for storing the results of
calculations, and only these fields can be used for this purpose. However,
fields added in a previous run to a file that was subsequently saved can
still be used for results after later retrieval of the file. Any field can
also be deleted including ones that had been added previously. Both
additions and deletions become final only after the modification command is
given; tentative additions and/or deletions can be aborted, if necessary.

A.3.4 Addition and Deletion of Records

Records can be deleted from the working file according to conditions
entered by tiie user. This step is done using the option “Select Records
From Working File." Note that the deletion of records in dBASE is a two-
step procedure; first records to be deleted are marked and following that
the marked records are completely eliminated. The marked records can be
restored as long as the final elimination step has not been executed.
Consequently, there are two options in the selection procedure, namely
deletion (marking) of records and restoring (unmarking). All records can
be deleted if the restoration option is entered before deleting any
records., Both procedures are done for records that satisfy conditions
that are entered by the user in the menu screens provided. Using suitable
sequences of deletions and restorations, practically all selection criteria
can be satisfied (see Examples, Sect., A.6). After the selection procedure
is completed, all deleted (i.e., marked) records are removed (eliminated)
and can no longer be restored. Selections can also be aborted in case of
an error.

Records can be added to the working file by appending them from another
dBASE file. This file need not be a PR-EDB file or a saved working file
and may have numerical or date fields. All data are again converted into
character fields before appending. Data are appended according to the
field names, which must be the same in the working and the added file.
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A.3.5 Calculations ‘

A variety of numerical operations can be performed on fields of numerical-
or scientific-type data, with the results entered into user-defined
scientific fields. Only one operation a* a time can be performed, namely
addition, subtraction, multiplication, division, exponentiation plus
exponential function, and logarithm. More complicated formulas can be
calculated in a properly chosen sequence of operations using, perhaps, some
auxiliary fields for temporary storage. A warning is given for improper
operations such as division by zero, and a blank record is given as a
result. A blank is also given if one of the operations lLias a blank record,
indicating missing data.

A.3.6 Reordering

No index files are associated with the working file, but records can be
sorted in any manner by entering the ordering criteria in the menu screen
provided. The chosen arrangement can be saved in an output file, if
desired,

A.3.7 Disolay and Export

The data in the working file can be displayed on the screen or printed. A
menu is provided which allows the selection of fields to be displayed or
printed in any desired order. For printing, the user must supply the
number of characters per line and the number of lines per page. The fields
will be distributed over several pages if the width of the output exceeds
the nunber of lines permitted, and, of course, if there are more records
than the number of lines per page. The data can also be saved in an output
file that is formatted in a manner suitable for subsequent plotting with
the EDB-Utilities plotting program.

A.3.8 Save Working File

The working file and the associated structure file can be saved by copying
them under a user-specified name. A warning will be given if a file under
this name already exists, but overwriting an existing file is permitted,
destroying the »ld file in the process.




A.4 PLOTTING PROGRAM

The data input for the plotting program (Fig. A.3) is prepared by the file-
manipulation procedures and exported to special plot files as described in
the previous Sect. A.2. Data from up to ten different files can be put in
the same plot with different symbols assigned to each data set. Once the

plotting program has been called from the main menu, the following
information must be given:

The name of the structure file that was associated with the working
file from which the data set was prepared. The sole purpose of
this file is to provide the information about which data fields
should be used for the x- and y-coordinates, respectively. Thus,
any structure file may be used which has the corresponding
numerical data fields in it, even if another working file was used
to create the plot input. The field names used for cosordinates

must be common to all plot files for the same plot but other fields
may differ.

IThe plot title. he title will appear in large letters
the plot

on top of

Data fields for the coordinates. The user selects these fields
from an input screen that chows the numerical fieids in the
structure file The descriptions and units given in the structure
file will be used for labeling the coordinate axes.

Names of the plot files and associated descriptions. The data
descriptions will be used for (optional) legends that can be placed
at any desired location in the plot and will appear in the same
sequence as they are entered in the screen Blanks
will be ignored in the legend.

as descripticns

Curves. Certain types of curves can be placed on the plots in

addition to the data points. The user selects the desired type of
curves from the menu screen and may also enter legends
curves,

tor those

Symbols and colors. An option is provided for se’

eting symbols
and colors (for color monitors and printors) fo:

¢
the different data
sets and the curves. Dashes of different densities

s can be selected
for the curves,

Once the input is given, a picture of the plot will appear on the screen,
Scaling and labeling of the axes are automatic, using the information from
the input data and structure files The user will be asked to place the
legend at some lncetion in the plot where it does not interfere with the
data points and curves. The plot may then be sent to the printer if the
necessary connections are in place.
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PLOT DATA
EXPORTED FROM
EDB FILES

SELECT INPUT
FILES

SELECT DATA
FOR PLOTTING

ENTER TEXT
INFORMATION

SELECT SYMBOLS
AND COLOR

SELECT CURVES
TO ADD TO PLOT

CREATE PLOT
PLACE LEGEND
OUTPUT TO PRINTER

Fig. A.3. Flowchart for EDB-Utilities plotting program.

All input data for the plot, including informatiea about curves, symbols,
and colors, are saved and can be used with subsequent plots. The user can
choose to use the same plot data again, with a possible change in curves,
symbols, colors, and the placement of the legend. The input information
may also be changed selectively or completely erased (this applies only to
the information that is generated during the plotting procedure, such as

name of input files, title, and legends, but not to the data files which
remain intact).
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A.5 CHARPY FITTING AND PLOTTING

Procedures for fitting and plotting of raw Charpy data are shown
schematically in Fig. A.4.

FITTING AND
PLOTTING OF RAW
CHARPY DATA

SELECT AND VERIFY
DATA FILES
SELECT SPECIFIC
DATA SETS
|
1
SINGLE CURVE MULTIPLE CURVE MONTE CARLO EXTRACTING
FITTING FITTING UNCERTAINTY SELECTED
AND PLOTTING AND PLOTTING ANALYSIS CHARPY SETS

Fig. A.4. Procedures for fitting and plotting raw Charpy data.

A.5.1 GCeneral Considerations

The EDB-Utilities software allows the creation of fits and plots for any
given set of raw Charpy data using the hyperbolic tangent function. Each
set of raw Charpy data is uniquely identified by the keys PLANT ID +
CAPSULE + HEAT ID + SPEC_ORI,and all data points having the same
combination of these four identifiers are combined into the same set,
unless the sequence of data records is interrupted by a record that
contains different key identifiers. The program requires an input file in
ASCII format, RAW C_PR.dat, that was created from the PR-EDB file

RAW C_PR.dbf. All data are converted to U.S. units, the unit fields are
removed, and a one-character field is added in front of SPEC_ID. 1f this
field contains an asterisk, the record will be excluded from processing;
this feature is useful for removing outliers. No vutliers are tagged in
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this way in the attached files, but an example is given below (see Figs. '
A.7 and A.8). The modified file was then converted to ASCII format using
the dBASE command "Copy to RAW_C_PR.dat SDF."

The fitting procedure is completely automated. Upper and lower shelf
values are restricted by adding a penalty proportional to the deviation
from initial estimates to avoid unphysical fits. A first inspection of the
points is made to obtain a rough estimate for the initial values of the
curve parameters. A nonlinear least-squares fitting program ZSSQ from the
IMSL library is used to determine the best fit, which is then plotted and
appears on the screen, including data points with automatic scaling and
labeling of the axes in both U.S. and international units. The plots can
be sent to the printer, including a summary of transition temperatures and
upper shelf data (in international units). All internal calculations are
done in international units, centigrade and joule. Currently, no options
are available to fit and plot lateral expansion or fracture appearance
versus test temperature data. A detailed report of the fitting and
uncertainty analysis will be available in the near future.

As stated in Sect. A.2, Item 3, there are four options for this part of the
program.

A.5.2 $ingle-Cuxve Fitting and Plotting

In this option, the selected data sets are fitted and plotted, one at a
time, with optional printing of the results. Titles and subtitles for the
plots can be either given individually or at the start of the procedure,
with the key identifiers serving as subtitles. The user has the option to
skip any data set and to terminate the procedure without reading the whole
input file.

A.5.3 Multiple-Curve Fitting and Plotting

With this option, up to ten different fits can be placed into one plot
which is useful for comparing data before and after irradiation. The user
enters the overall title and legends for the individual fits. Default
legends can be used which contain the name of the capsule and the total
fluence (>1.0 MoV). Legends can be placed by the user at a suitaole free
spot in the plot.

A.5.4 Monte Carlo Uncertainty Analysis

Uncertainties for the fitting parameters are needed to determine accuracy

and credibility of the trancsition 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-Utilities. The unavoidable lineariration used for determining 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,
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and the results reflect more accurately the influences of nonlinearities.
The necessary computing time is, of course, increased by a large factor but
remains manageable for today's computers. Because this option is
completely automated, including printing the plots, a fairly large amount
ol data sets can ba processed overnight or over a weekend. Nonphysical
results and results that deviate substantially from the mean are eliminated
from the sampling. This has the added advantage that fits can be obtained
even after some tries have failed initially.

The user enters the (one-standard deviation) uncertainties for the impact
energy and test temperature and the number of iterations. Unsuccessful
iterations (i.e., the cnes rejected by the program as nonphysical or
inconsistent with the rest) are not counted; however, the total number of
tries may not exceed ‘ive times the specified iteration number. Also
needed is the number of sets to be skipped at the beginning of the input
data file and the number to be processed. Processing is done, one set at a
time, in sequence, starting after the specified number of sets have been
skipped. A more specific selection can be obtained by using, as the input
data file, the one cireated by the selection procedure (Sect. A.5.5).
Continuous plotting and printing can be chosen as an option, with the user
providing the common title and the key identifiers as a subtitle.

Three output files are created by the procedure, the names of which are
either entered by the user or assigned by default. The "Summary Output
File" (default name FORT15; the 15 in FORT15 is the unit number of the
FORTRAN output file) is a list which contains the set number, key
fdentifiers, fluence, irradiation temperature, transition temperature at

41 J and 68 J (30 ft-1b and 50 ft-1b), upper and lower shelf energy (all in
international units), the number of specimens in the set, and the number of
successful iterations for each processed set., The "Covariance Output File"
(defeult name FORT16) contains mean values, standard deviations, and
correlations for all fitting parameters which include the transition
temperature at the center of the curve and 1/slope, which is one-half of
the impact energy range of the transition region., The "EDB_dBASE Output
File" (default name FORT17) is intended for conversion to a dBASE file
whose data are an alternative to the file SHFT_PR. This file can also be
used as an "auxiliary" input file in the multiple fitting option

(Sect. 5.3). 1Its data are given in U.S. units. A "status report" listing
the results from all successful and unsuccessful iterations is placed on

the screen during the procedure. The screen output can be redirected to a
file as an option,

The complete file RAW C PR.dat has bee processed w! th this program, with
10 J and 4°C as input uncertainties for impact energ7 and test temperature,
respectively, and 200 iterations. The summary and dBASE output files,
RAW C PR.sum and RAW_C RS.dat, respectively, are included in the data
disks The dBASE version of RAW_C_RS.dat (RAW _C RS.dbf) is also included
in the package The covariance file, which is very large and of limited
usefulness, is not included, but a sample printout is given with the
examples




A.5.5 Extracting Selccted Charpy Sets

The raw data files for individual Charpy sets are quite large and thus
require long search times in sequential access. 1t is, therefore,
convenient and saves time to cnpy small subsets from a larger file, if such
subsets are processed repeatedly. This is accomplished through the data-
selection option. The user specifies the selection criteria and may, in
addition, skip certain sets and terminate the procedure without going
through the rest of the input file. No processing is done during this
option, but the user-specified output file (default FORT20) can now serve
as an input file for any subsequent processing step.

A.5.6 Selection of Input Files and Data Sets

The four options require essentially the same input information that is
requested in several input screens:

1. Names of input data files, primary and auxiljiary. The primary
input file is RAW_C_PR.dat which is included in the package and
given as default at the menu. Tie user may change this name to
that of any other data file that contains raw Charpy data in the
same format, for instance, one obtained from the selection
procedure described in Sect. A.5.5. The multiple-fitting option
permits the use of an addii ~nal, "auxiliary" input file that
contains the values of the fi ting parameters as generated by the
Monte Carlo uncertainty analysis as EDB-dBASE output file, The
file RAW C RS.dat is included in the package and appears as
default. Its use is optional and allows the user to bypass the
least-squares fitting, speeding up the process and avoiding
problems with convergence. The data sets in the primary and
auxilia-y files need not be identical or in the same sequence.

Selection criteria Reactors and materials can be selected for
processing by entering the selection criteria in the appropriate
menu screen., These criteria are not used in Monte Carlo
unceitainty analysis. The Monte Carlo uncertainty analysis is
designed to process a large number of data sets in seguence without
user intervention. Consequently, only the starting number and the
nunber of sets to be processed can be given. The number associated
with each set can be found in the (ASCII) file RAW _CPY.SUM. These
numbers are entered in the input screen as discussed in Sect

A.5.4,

Selection of symbols and colors This is essentially the same
procedure as for plots in Sect. A.4, Item 6. Data points that are
excluded from the fitting procedure can be plotted using different
symbols. Such points can also be completely eliminated from the
plot by using the empty symbol (zero symbol) for rejected data
points,
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A.6 EXAMPLES

The following examples are intended as exercises for the user of the EDB-
Utilities to gulde the user through the various options and to show typical
applications of these processing steps. It is assumed that the user will
try to duplicate the sequence of processing steps which are listed in the
following pages and to verify the results. The reader of this report whe
is only Interested in the capabilities of the EDB-Utilities may have
difficulty in understanding the listing of processing steps without running
the program and may safely skip these parts, concentrating on the general
introductions and resulting tables and graphs.

The EDB-Utilities program is started by typing EDB. The user then selects
the various options as indicated below,

A.6.1 File-Manipulation Procedures with Plots

In the following example, the relation between shift in transition
temperature and upper-shelf energy drop will be investigated. This example
was chosen because it makes use of most of the file-manipulation features
and needs only one PR-EDB raw data file SHFT PR.dbf. For more in-depth
investigations, chemistry data need to be added which would require
additional processing with dBASE software. Also, the proposed manipulation
of the data file could be done, perhaps faster, directly in dBASE by
someone familiar with the software. However, the creation of the plot file
and the actual plotting requires the EDB-Utilities software.

This example compares the values given in DTT30 for the shift of transition
temperature at 30 ft-1b with the relative upper-shelf drop given in

DUSE REL in percent. However in many reports, these values are not listed
directly and only the transition temperatures, UTT30 and ITT30, and upper
shelf energies, UUSE and IUSE, for unirradiated and irradiated conditions
are given, from which the shift values can easily be calculated. Thus, two
new fields are added to the input file, DTT and DUSE, which will contain
either the reported or calculated value, whatever is available, with
preference for the directly reported value. The values for base material
(plates, forgings, and standard reference materials) and welds will be
separated, Heat-affected-zone data will be ignored.

Using the file-manipulation option, the tollowing sequence of procedures
will be performed:

Retrieve: SHFT_PR.dbf
Delete records: PROD_ID = HAZ
TEMP_U <> F*

USE U <> FT-LB
(data with non-U.S. units are eliminated;
conversion to U.S. units is another possibility)

*The symbol <> (abbreviation for < or >) stands for "not equal”. Symbols are listed as they
appear on the menu screen (and JdBASE commands).
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Add two user-defined fields: Name and description as follows Q

DTT Shift in Transition Temperature @ 30 ft-1lb
[ degree F )
DUSE Upper Shelf Drop [ Percent )
(text in brackets [] are units for the plot)

Save working flle: to a temporary file (e.g., TMPO)

Delete records: DUSE_REL <= 0
(use reported USE_REL with positive drop only)

Calculate; DUSE = DUSE_REL + 0 (put DUSE_REL into DUSE)
Save working file: to another temporary file (e.g., TMPOl)

Retrieve: TMPO.dbf

Delete records: DUSE_REL © 0 (retain records without DUSE_REL)
UUSE <= 0

IUSE <= 0 (eliminate missing UUSE and TIUSE values)

Calculate: DUSE = UUSE - IVUSE
DUSE = DUSE / UUSE
DUSE = DUSE * 100

(put calculated values (UUSE - IUSE)/UUSE * 100 to
DUSE)

Delete records: DUSE <= 0 (eliminate negative USE drop)

Add records: From TMPOl.dbf

The working file now conrains both reported and calculated relative drop
values for USE with preference for reported values and negative drop values

eliminated. A similar sequence can be performed for shift in transition
temperature:

Save working file: to a temporary file (e.g., TMPl)

Delete records: DTT30 <= 0

Calculate: DTT = DTT30 + O (puts DTT30 into DTT)

Save working file: to another temporary file (e.g., TMP1l)

Retrieve: TMP1.dbf

Delete records: DTT30 < 0 (eliminate reported DIT30)

Calculate: DTT = ITT30 - UTT30 (put calculated shift into DTT)
Delete records: DTT <= 0 (eliminate negative shift)

Add records: From TMPll.dbf
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The working file now contains all the desired values for transition
temperature shift and upper shelf drop in the two newly created fields DTT
and DUSE. These values are ready for printing end plotting. Through the
processes of deleting and adding, the original sequence of records has been
destroyed. It may be desirable to put the recerds in some new order before
printing (the order of records is immatecial for plotting), for instance,
through:

Reorder records: DTT - ASCENDING

By sending selected fields of the working file to the printer, one obtains
the 1ist in Table A.1. For plotting, it may be desirable to have different
symbols for base materials and welds. This can be accomplished by
selecting subsets of records from the file before exporting them to the
plot files. First, the working file must be saved to a permanent file:

Save working file: to DTT_US.dbf

Delete records: PROD_ID = W (for base material)
Export to plot file: to BASE.dat

Retrieve: DTT_US.dbf

Delete records: PROD_ID <> W (for weld material)
Export to plot file: to WELD.dat

The data are now ready for plotting. After selecting the plotting option,
the fullowing input must be entered:

Title: Shift in Transition Temperature versus Upper Shelf Drop
Structure File: DIT US (any of the temporary files will do also)
Coordinates: DTT for x-coordinate, DUSE for y-coordinate

Input files and legends: BASE.dat - Base Material
WELD.dat - Weld Material

The present plot needs no additional curves, but suitable symbols and
colors may be selected. Following that, the plot is created automatically.
The last step is to put the legends at an appropriate place after
prompting. The finished plot is shown in Fig. A.5. There seems to be a
near linear relation between transition temperature shift and upper shelf
drop for low shift values, although the USE drop appears to level off at
high shift values. No obvious distinctions between base metal and welds
can be seen, The data scatter is rather large and suggests further
investigation of additional factors which may influence the relation
between CVT shift and USE drop.



Table A.1.
from example, Sect. A.6.1,
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cl [ ] WCR3O0Y v T 1.1706+18 36 b 28 2.800€+0" » n 1139600
08! A 08102 ¥ " 1. 2906419 16 a“ 28 2.800€+01 122 18 7.087€+00
oc2 13 WOC201 v T 1.6906+14 -30 0 3.000¢ +01 128 107 1440640
18} v PCLIOY . L1 3.2706+18 <20 10 30 3.0008+0! 104 93 1.0586+01
Gix 1 FaINO0Y ¥ LT 1.7506+19 40 <10 30  3.000€+01 183 143 2.186E+01
vs1 v wWs101 v 1 [ 6.390€+18 <55 25 30 3.000+01 91 87 4 . 396E+00
el v PwCi0 L LY 3.390¢€+18 +20 10 30  3.0008+01 “e 145 2.027€+00
ocl B FOC301 ¥ w 3.120€+18 -9 12 32 3.2008+0! 148 125 1.5548+01
ot A POC102 P n 8.9506+18 18 39 34 3.4008+01 108 106 1.852€+00
$1.2 w8l P20 L 8 1.600€+18 3 38 3.500€+01 133 1" 1.1286+01
AN " PANIO2 P L 4.280€+12 13 2 35  3.5006+01 %7 123 1.633€+01
L 2 w10 w 15 3.300¢+17 45 -10 35  3.500€+01 m » 3.304€+01
P82 L} PR201 ] LY 2.0106+19 45 10 35 3.500€+0! 148 140 34486400
PI2 | FPI201 ] " 1.050€+19 ] 3 35 3.500€+01 108 93 1.389€+01
xo! 1 o101 ¥ n §.800€+18 35 3.5006+01 168 139 173 1. 730€+01
Pl ’ FPI10Y ¥ " 1.2506+19 27 10 37 3.700€+0% 1“3 1% 4. 8958400
w2 ] PIN220Y ’ L 2.000€+18 k14 e ] 3.800€+01 128 i Fy) 5. 4498400
oR2 . POR20Y L LT 9.500€+18 0 39 39 3.900€+0! 153 1" 2.3538+01
NAY v Faatol ¥ Lt 24906418 -6 13 39 3.9006+0" 135 122 9.830€ +00
ocl [} $HSS02 SAM L 3.1206+18 56 L] 39 3.9008+0" 130 9 2.615€+01
e 127 SN SAM L 7.1008+18 0 40 40 4.000€+01 9 82 1.4586+01
w2 2 PQAC20Y 0 LY 1.2706+19  -15 ] 40 4.0C0E+01 135 13 8.889%+00
vs! v PVS101 » LT 6.396C<18  -20 20 40 4.000E+01 13 1.504E+00
oR! [ WoR101Y “ 15 1,000€+19 0 ~3 43 4.300€+0" 10 LAl 1.727%+01
oc2 18 wac201 ~ n 6.600€+16 43 4.300€+01 7.0 2.7D0E+01
oc2 4 wOC201 W n 1.0206+18 4 &9 4.500€+01 67 54 1.9406+01
L3 v PHC 101 P Lt 4. 1408418 5 50 45 4.500€+01 “o 133 5. 000 +00
2 X PSUR01 4 T 3.0206+18 5 " 45 4.500€+01 105 5 9.524E400
ocl A wocl0Y v n 8.1008+17 45 93 4. 8006+01 66 54 1.8188+01
A A PANIOY P L1 1.0306+19 1) 7 48 4.B00E+0" 132 108 1.8188+01
w2 v $HSS02 SR L 2.000€+18 50 100 5 .000€ +01 124 " 1.0486+01
oR2 ] POR20! » LY 1.900€+19 0 50 S0 5.000€+0! 139 127 8.6338+00
L y PHCI0Y v n 4. 1406418 0 50 50 5.000€+0" 101 100 9.901E-01
A2 A\l PsA20Y L L 2.5608+18 30 80 50  5.000€+0! 122 115 5.7388+00
L 1 PSUT0) 3 LT 2.5006+18 <10 40 S0 5.000€+01 125 120 4. 000E +00
N2 97 PAN20Y P T 3.3306+18 &0 50 5.000€+0) 126 1.2 1.200€+00
2 Y wex201 v n 5.950€+12 50  5.000€+01 9.0 9. 000€ +00
(44 - pcTYO? » Lt 17906418 -30 Al $3  5.3008+0! 120 1" 2.500€+00
" 19 wBR 01 . s 1.5006+18 70 15 55  5.500€+0! [} 20 1.579¢+0)
pi2 1 FP1301 ' L1 1.0506419  -2% 30 $%  5.500€+01 150 133 1.1336+01
ec2 (10 POC201 0 (8 41408419 15 40 55 5.500€+01 135 18 1.1856+01
2 X PSU201 P LT 3.020€+13 -5 50 55  5.5008+01 125 120 4. D00€ +00
cor 1 WePROY - n 2.300€+17 <10 45 55 5.500€+01 12 85 2% 2.4008+01
pLY \ w01 ¥ n 2.300€+17 $5  5.500€+01 18.0 1. 800€+01
(44 . PCTYD2 0 L 1. 7908418 50 4 57 5.700€+01 13 130 3.T04E+00
oR2 2 WOR202 ¥ n 1.870€419 13 13 5 .BOOE+01 n 7™ 1.40%€ +00
ok} 610 POR30Y P LY 9.250€+12 10 o8 $.800€+01 135 118 1.481E+01
NAY | PHADY ] L 2.400€+17 70 12 S8 5.800€+0" 139 13 5.795€+00
LIS 2 L0 3 (R ] 3.300€+17 3} n 58  5.B00€+01 106 ] 1.698E+01
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Table A.1 (continued)

Shift in Trensition Temperature ve, Upper Shelf: Page 2

SLANT 1D CAPSULE  WEAT_ID PR00_10  SPEC_ORI C¥_#) UTT30 11736 p1TIO OTY WSE  IUSE  DUSE_REL DUSE

LiN 4 PRSI0Y ’ " 6.600€+18 4 (%3 $8  5.800€+01 90 ) 2.222¢+00
cer 263 weein v " 6.000€+ 18 <50 A 59 5.9008+0 160 19 2.5636+01
bRl " PORIOY ’ 4} 1.020€+18 10 $0 6.000€+0) 135 1" 1. TOAE+01
w 1 PIx10Y 4 8} 1.8008+18 -5 5 . 000¢ +01 140 132 $ . 7148400
" 127 PeR_01 L " 7.1006+18 ] L] 60 6.0008+01 8 13 1.099€+01
(33} 263 pecios 2 8] 6.000€+18 [} 68 60 4.0006401 138 115 1.6678+01
oc) A pOC102 L] L 8.950€+18 5 55 60  6.0008+0" "W 137 2.7 +20
P2 1 wi N n 1.050€+19 - 15 60  6.0008+0" 103 92 1.068¢ +01
P2 v w20 . n 54908418 e 1% 60 6.0008+0 103 100 2.9138+00
A ! §#3502 ELL] 8 2.560€+18 50 10 0 6.0008+01 13 15 6.504€+00
02 i F56201 ¥ L1 2.2006+18 70 -0 o0 6.0006+01 134 118 1. 1948401
"2 X §H8502 SRM L 3.0206+18 40 100 60 6.000€+01 125 15 £ . 000k + 00
m "] PINIOY ] " 8.920€+18 ) [ ] 60 6.0008+01 1" 102 1.2828 +01
el 1 pCKI0Y v L 1.800€+18 5 65 60  6.0006+0) 130 108 6.0 1.600€+01
ol \J SNSS02 SaN (8 1.80G8+18 45 105 60 6.000€+0) 120 120 15.0 1.500€ +01
13 W PICIOY ’ LY 5.100€+18 2 [+ 60 6.0006+01 138 119 13.0 1.3C0€+01
oR2 . wRr202 v n 6. 40061 13 S0 &3 6.3008+01 n s 2.817%+0
ocl [ wOC30Y ~ " 3.1206+18 & 1w 6. A00E~0Y (" 49 2.576€+01
ocl ] WOC30Y v n 3.120818 L] 10 64 6.400€+01 [ 9 2.5768+01
W2 v FAC200 ! (8 3.080€+18 - 10 65 6.5006+0) 156 134 1.4108+01
oc2 v POC201 ¢’ LY 3.5106418 5 n 65 65006401 144 124 19 1.500€+01
m 1 $n$502 SRM LT 1.800€+18 a2 108 6.600€ +01 124 10 1 4528+00
AN A PANI0Y P A\ 1.9306+19 17 [ A) 6 6.6006+01 9 3] 1.3548+01
och L $HS5302 SRM LY 2.9808+18 LY "2 6 6.6008+01 124 123 3.065¢ -0V
cry » PCTYOL ’ LY 1.7906+18 -2 43 67  6.700£+0% 126 122 3.175€+00
A8 » PCABO2 L] (8] 1.4306+19 24 & 6 6.800F ) 12 123 1. 600€ +00
L 1) 7 PSLIOY 4 L §.500€+18 L] 1] o8 6.800% ! 139 107 23.¢ 2.300€ +01
(£ 283 wEC20Y v 8.060€+18 69 6 .9008+0" b4 2.3008 +01
[ L} 122 PoR_0Y L " 2.300€+19 3 [} 7O 7.000€+0" & 62 2.43% 01
e U weL 101 ¥ n 3.276418 <55 15 70 7.0006+01 112 101 9.821€+00
w2 v FRC201 ¥ " 3.060€¢18 -5 45 70  7.000€+01 9 85 §.274E+00
A2 1 PSA201 L3 n 2.560€+18 10 80 70 7.000€+01 97 ”® 8.247%+00
= 1 £50101 ¥ 8 2.7406018 <35 35 70 7.000€+01 116 98 1.5528+01
1 T $SHSS02 SRM Lt 2.500€+18 &5 1$ 70 7.000€+0) 123 108 1.4638+01
o 1 PCE 10 ’ n 1.800€+18 20 90 70 7.000€+01 9% & 10,0 1.000€+01
&2 X wex201 v n 8.530€+18 70 7.0008+01 1% 1.500€+01
w2 w7 U200 » 8] 3.780€+18 38 108 70 7.000€+01 A3 )] o 28.0 2.800€+01
[ (8] 97 PSLION P n 5.500€+18 16 8 70  7.000€+01 103 ™ 2.0 2.400€+01
[ U POC201Y 3 " 3.5106+18 3 »w 73 7.%06+01 » 9a 1 1.000€ +00
R 1 scpROY » L 2.300€+17 6 ] 74 7.400€+01 129 112 13 1.300€ +01
sl 97 wsL10! N " $.5006+184 53 21 74 7.4006+01 164 100 31.0 3.100€+01
opat e S SRM (8] 1.000€+19 10 85 7S 7.5008+01 7 58 1.7148+0"
8. 1 PHB203 P ! 4. 1108419 0 105 7S 7.5006+01 14 108 7.895¢+00
Q! v F50101 | nw 1.0808+19 45 120 7S 7.5008+01 n 58 1.9448 40"
U2 v PSU20Y 3 L 1.880€+19 -5 7™ 75 7.500€+01 125 21 3.200€ +00
U2 v PSUR0Y L n 1.880€+19 5 80 75 7.500€+01 108 Y 1,048 +0)
w2 1 PIN20Y L §) 8.7006+13 75 7.500€+01 1%.0 1.900€+01
N2 w7 wML200 v " 3.7806+18 30 o6 T6  7.600€+0" 132 9 260 2.600€+01
cry ] PCTYOL L] Lt 2. 2206419 -24 54 78 7.800€+0" 126 110 1.2708+0Y
och E e W n 1.500€+18 ] ] 8.000€+01 o 55 1.406€+01
! G wacio v 018 8.900€+18 10 % 8.000€+01 100 ] 1.500€+01
m v wEAIOY v " 1.650€+19 -80 0 80  8.0006+0! 1w 108 2.7528+01
Al Y wFAI0Y . " 5.830€+18 <80 0 80  8.000€+01 149 130 1.275€+01
P ] P10 ¥ 4] 4. 0308419 25 55 80  8.000€+0! 158 145 8.2286+00
862 T wsQ20! v n 2.2006+18 e ] ] 80  8.000€+0! "2 110 1. 786£+00
ext ' " 4§14 v 1.8008+18 -90 10 80 8.0008+0! 110 80 27.0 2.700€+01
m X pINI0Y L] I 1.500€+19 80  4.0008+0" 21.0 2.100€+01
€2 263 PCC202 4 8] 8.060€+18 84 8.4008+0) 2! 2.100€+01
Al Y PEAIDY B L1 $.8306+18 30 55 85  8.500€+01 140 128 B8.5718+00
pI2 L] 201 4 {9 4 L208419 0 85 85  8.5008+0" 108 98 9.25%¢+00
w v PINI0! » 8 8.920€+18 -5 80 85  8.500€+01 “wo 120 1.429€+01
&2 X PCK201 » \! 1.050€+19 85  8.5008+0! 13 3.300€+01
" vl SASTH §) San 0.220€+19 15 85 8.5006+01 87 62 17 1.700€ +01
() R R0 ¥ n 4.030€+1% 27 &0 87  8.700€+0) 145 129 9. 7906 +00
(44 263 SHSS0 M L 5.9006+18 3% 127 88 8.800€+01 135 109 1. 9268+0"
r3 1 P1930Y [ Lt 2.9206+18 2 87 89  B.900€+0) 132 119 9.8486+00
oR2 2 POR20! L \! 2. 9808419 0 %0 9 .000€ +01 153 109 2.8766+0
FAl U PEAIDY » [ 1.650€+19 15 10% 90  9.000€+01 $0 82 8.889¢+00
Gin v SASTH SN LY 4. 9006412 40 130 90  9.000€+01 78 65 1.6678+00
P8 $ PPR10Y p Lt 7.0506+18 45 45 90  9.000€+0! 107 92 1.4G2E+01
»82 v $HS502 Skn LT 4. 7406018 45 138 90  9.000€+0" 125 L] 2.400€+0)
"o X PiROOY 5 LY 1.770€+19 15 ™ 90  §.0008+0" 1e 102 1.2076+01
w X PINIOY v Lt 1.2008+19 90§ .000€+01 3.0 2.3008+0"
N 1 PIN20! v n 1.100€+19 90  9.000€+01 15.0 1.500€ 01
wr w263 pur 01 p " 6.6008+18 15 108 93 9.300€+0! 1% 9o 1.6526+0)
o v $H8302 San i1 5.5906+18 45 140 95 9 5006+01 123 109 1.1388+01
P! s SASTH L Lt 7.0508+18 40 133 95 9.5006+C1 ¢ ] &2 1.2822+01
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(continued)

Shift In Trensition Tempersture va. Upper Shelf: Pege 3

PLANT_ID CAPSULE WEAT_ID PROD_10  SPEC_ORI CSP_F1 UTI30 11130 BTI30 DIT WSE  IUSE  DUSE_REL  DUSE

o2 2 w201 v " 1.2506+19  -30 6 ¥ 9.5006+01 128 [ 2.8806+01
" x VSO v n 3.0206+12 .18 ”» 9 9.500€+01 0 rn 2.222640)
™o X PTROOY 1 n 1. 7706419 @ 103 95 9.5006+0% " 76 9.524€+00
¥ w? 201 ’ e 3.780€+18 1713 96 9.600€+01 108 ™ 270 2.700€ +01
o 0 PCR3O1 3 n 7.500€+18 16 113 97 9.7006+01 w n 2.3406+401
" w263 Py 0) . 8] 6.6008+ 18 0 97 97 9.706+01 140 113 1.929%+01
(1} 1 wsio v n 39906418 <14 [T} 9.900€+01 of 51 2.500€ 401
s i ws101 " n 39906418 4 8 9 9.9006+01 o 51 2.500€+01
") X WFAY0! v n 2.800641% <80 20 100 1.0006402 149 115 22828401
" 1 PPR101 » %] 21106419 48 53 100 1.0006+02 107 o 1.121€+01
’2 (1 P1201 ’ L1 44206019 <28 7S 100 1.0006+02 150 127 1.5336401
P2 N w1201 v " 44208419 -7 25 100  1.0006+02 103 91 1. 165€+01
iy T PSA101 v L 2.560€+12  -20 8 100 1.0006+02 108 89 1. 7596401
Al 1 P3AI02 » Lt 2.560€418 <25 7S 100 1.00GE«02 116 103 1.1218+01
o2 Y PCX201 3 " 7.0106+18 100 1.000€+02 20.0 2.000€+01
w2 1 SHSS02 san L1 1,000€+19 100 1.000€+02 2.0 2.900€+01
w 1 N 101 v T 1.800€+18 7 108 1.010€+02 & s 1. 1116401
or2 4 w201 v " 9.500€+18 10 93 103 1.030€+02  10) 80 2.079%+01
a2 v PFA20Y 3 L1 5.6106+18 <23 80 103 1.0306+02 130 9 2. 7496401
o2 X PCK201 » " 1.050€+19 103 1.030€+02 b1 2.700€+01
AN [ VAN101 v " 7.2706417 5 1m0 1.050€+02 n 58 2.05%€+01
o3 6 POR3O1 3 L1 2.0606+19 10 9 105  1.0506+02 133 106 21486401
AL v PFAIDY » L 1.6506419 30 85 105  1.0506+02 140 110 2.1438+01
A X PFATOY » n 2.8008+19 15 120 105 1.0506+02 %0 8 1. 1118401
" r PPR101 ¢ %] 2.2206419 <48 60 105 1.0506+02 107 100 65426400
"2 T $HS302 SaM LY 9.450€+ 18 49 154 105 1.050€+02 124 109 1.210€+01
o) Y PCK10Y P LY 1.340€+19 105 1.050€+02 20.0 2.000€+01
" w2 SASTM S1  SRM 0.2546+19 15 105 1.0508+02 8 e 17 1. 7008401
() v we101 v " 3.5006+18  -4F 65 1.100€+02 65 54 1.6928401
A8 X WCABO! . " 1.400€+1% <20 90 110 1.1008+02 102 85 1.667E+01
cry [ Yol v fn 2.200€+19 50 60 110 1.100€+02 105 a 2.0958+01
oct s wC101 v n 2.9806418 67 &3 110 1.100€+02 o8 87 1.1226+01
Pt v $HS502 Sam Y $.2106+18 49 159 110 11006402 124 91 2.6818401
A Y PSA103 ’ Lt 8.910€+18 50 60 110  1,1006+02 130 113 1.308E+01
w1 v PSUI0) ° Lt 19406419 <10 100 110 1.1006+02 125 116 7.2008 +00
X1 Y SHSS02 e Lt 1.2006+19 110 1,100€+02 28.0 2.800€+01
™ w1 PYR_O1 ? L1 0.220€+19 10 110 1.100€+02 n 62 18 1.800€+0"
n w2 pYR 01 v L1 02548419 10 110 1.100€+02 o o6 1 1,B00E+01
oc2 A woc 301 v n 3.5706+ 18 4 18 1.1406+02 67 &7 2.9856+01
oc2 A WOC201 v n 3.3706+18 4 118 116 1.1408402 67 48 28366401
e Y PCK101 P n 1,060€+19 115 1, 1508402 19.0 1.900€+01
m 1 w2101 v " 3.0606+18 A 116 116 11608402 64 (% 1,250€+01
P 2 w1101 v n 4.0306+19 <57 o0 117 1.1708402 ™ ” 5. 0636 +00
1”3 T P1P304 3 n 2.9206+18 60 178 118 1,180€+02 % 58 1.3436401
o3 ) wer3ol v " 7.5006+18 3135 119 1.1906402 » o 1.3928+01
o3 610/11  WOR30Y v 1 86406418 O & 1.200€+02 by 0 1.429€+01
" v PAVI0Y ¢ L 6.540€+18 5 115 120 1.2006402 134 % 2.6126+01
(1] » PCASO! ] Lt 1.4306419 50 70 120 1,2006+02 103 85 1. 7488401
ca3 ¥ WCR30Y v n 1,0808+19 3 156 120 1.2006+02 ™ o 1,899 +01
pe: 1 SASTH SN Lt 2.1106+19 40 160 120 1.2006+02 7 69 1.154€+01
01 ¥ 80102 © LY 5.140€+19 10 130 120 1,200€+02 97 n 2.680€+01
w2 v $43302 SaM Lt 1.8806+19 45 165 120 1,2006+02 125 102 1.840€+01
uY 1 Y _01 » Y 1.3006+19 0 120 120 1,2006+02 140 9% 31.0 3.100€+01
m X $NS302 SRM ! 1,400€+19 120 1.200€+02 32.0 3.200€+01
o ¢ WeR301 W n 6.5606+18 36 158 122 1.2206402 » & 2.0256+01
™ . VINIO! " n 1.0806+18 <36 a 1.2406+02 8! 64 2.099€+01
(3] w225 SHSSO 1 san L1 5.100€+18 27 151 126 1.2408402 128 102 21.0 2.100€+01
3 i PAC101 3 LY 1.1906+19 <30 9 1.2506+02 108 [ 3} 1.9056+01
081 8 w8101 " T S.9206+18 <1 114 125 1.250E+02 n 57 18578401
P2 v $H3502 SAN L1 $.4906+18 45 170 125 1.2506+02 123 102 1. 7078401
A Y SHS502 SRM § 8.9106+18 50 175 125 1.2%06+02 123 103 1.6268+01
"3 v SASTM san LT 1.229+19 35 160 125 1.250€+02 7% 60 2.105€+01
08! F w101 ¥ n 2.2906+18 11 116 1.270€+02 n 65 97228400
08! ¥ Wwe 101 v n 2.2906+18 <11 116 1.270€+02 7 ¢ 8.5716+00
08! ¥ w8101 ¥ n 2.2006+18 -\ 116 127 1.2708+02 b} 65 1.3336+01
oR1 62 POR1OT ’ s 1.200€+19 85 212 127 1.2708+02 7 56 2.000€+01
w2 v WIN20" v 4] 2.0006418 <10 118 1. 280€+02 69 50 2.7548+01
o3 ¥ PCR30Y » n 1.080€+19 16 144 128 1.2806402 % 7 2. 447401
cc2 263 SH3S01 SR Lt 8.0606+18 128 1.2806+02 14 3. 700€+01
»82 1 w8201 " T 94708418 0 1% 1.300€+02 o 56 1.515€+01
m v L2 VAL 13 (%4 2.550€+18 -5 125 130 1.300€+02 134 14 1.4938+0"
o3 614 welot v " 1.7%08+19 40 170 130 1.3006+02 7 59 1.5716+0"
01 ¥ SASTH S L1 5. 1408419 40 170 130 1.3008+02 7 62 2.0518+01
801 U ¥5a101 ¢ Lt 1.0806419 3% 9% 130 1.3006402 116 9 2.069%+01
w v $H$502 SAM Lt 8.5206+18 42 72 130 1,3006+02 124 8 2.9038+01
FA2 v PFA20) v 1, $.6106+18 <13 120 133 1.330€+02 95 69 2.737%+01
or! G2 POR10" v Ls 1.200€+19 60 194 134 1.3406+02 110 80 2.727%401



Table A (continued)

Shift in Tremsition Teaparature v, Upper Suelf: Page 4
PLANT 1D CAPSULE WEAT 1D PROD_ID BPEC ORI CSP ¥ 17130 01130 oMt IUSE  DUSE _REL DBUSE

(-] 27 e 0
avi u pavio
a1 prAIDY
(3] P1I9304
A $ASTH
Gin G in0!
a paviIOY
AR PCABO"
cn SASTH
Gy SASTH
L) WGINDY
1”3 SH8S02
[ Suss0?
%! wsa10!
"3 wiP30!
(L)) W
w2 wIn201
w2 WIN20)
re2 we20!
80! B
L O $48802
w2 wsu201
192 piIR20Y
Gin AL
[ PR_0)
m wavio!
Gin WG IO
(LN SASTH
3 PIPIOL
Y $HSS01
Ant WAN10Y
2 $M$802
as wesion
oR3 WoR30!
3 Vac102
LY wevI10)
Cas PCARD!
CAB IASTH
PPALDY
WSA20!
$18502
WC 101
SHSS02
¥$Q101
AL
WGINO!
w0l
wai0
we20!
PFA2OY
PFA20S
w101
w8101
we20!
wsA10Y
wsu10!
wsuU10!
wac2m
WoCc20
a0
W
PPALODY
wac 101
wIN201
wip3ol
wa 101
SHSSL2
PQC10!
WTP30!
puY 01
SHS302
waniot
wBR 0!
w10
pur 01
wi1p301
wXO10!

\E] A00E+ 18 . 5 135 1.350€+02
n 5408418 155 135 1.3506+02
(8] BOOE+19 . 108 135 13506402
4 9208418 1 137 1, 3706002
\! AN 7% 13 130802
n 9805+ 18 ’ 15 1,400 +02
n S50E+12 160 140 ) 400802
LY A00E+ 19 . ) 140 1,4008+02
LY 2008+ 19 180 140 1.4008402 2.17%5+01
L7 50619 180 140 1.4008402 2. 1700\
T 9008 + 18 . 1"s 140 1.400€+02 3.62%8+00
L L0506+ 18 ) 190 140 ). 400€+02 2.033+00
L1 0706419 185 140 1,4008+02 2.2768+00
" TAOE+12 55 160 V. ADOE+02 2.9736+00
" S20€+18 . a8 143 1. A00ee02 « A1TE00
1 S00E <18 . 1% 1440602 2.2088+01
\! B20E+ 18 . R 1.4506+02 2.9418+00
\1 B20€+18 . R 1.4508+02 2.96V600
n 4506418 145 14506402 1.385€+01
" 1406419 . 125 1.4508 <02 1.9196+01
L1 08419 190 1.4506+02 1.8702401
n (8806419 . 125 1.4508+02 3. 533801
LY T20€+18 1. 6506002 . 2.900% 01
n TS0+ 19 . 12¢ 1.500€ +02 3.3758+00
n 0706420 ' 148 1.5006+02 1. 6836400
n 550€+18 . 90 1.500€ +02 2. 636401
T TS0E+19 . 125 1.500€ +02 3125601
" AL T30 215 1.500€ <02 7.500¢ +00
" 050€+18 210 1.500€+02 1.4938+01
8 3008+ 19 16% 1.500€ +02 . 2.300¢ 01
" 0306419 156 1.5106+02 3.8365 401
LY D10€+19 200 1.5106+02 2.097§+0\
" 6 .800€+18 . 158 1.520€+02 2.2088+0)
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T 7.200€+18 . 12% 1.550€+92 2. TTGE 01
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PLAKT 1D CAPSULE

9506402
990€ <02
000€ +02
050€+02
.O50€+02
050¢ «02
.050€+02
. O80€ +02
.080€+02
1008 +02
. 200€+02
L2208 +02
2408 +02
250€+02
2508 +02
300€ +02
300€ +02
350€+02
350€+02
. 380€+02
600 +02
. S00€ +02
600E+02
.600E+02
.650€ 02
. TO0€ +02
. SO0€ +02
100€ +02
100€ +02
100€+02
200€+02
200€ +02
450K +02
$00€+02
6006+~
600
000€ +u2
000€ +02

fable A.1 (continued)
Shift in Trom'*ion Teaparoture ve. Uppar Shalf: Dege §

KEAT_ID PROD_10 SPEC O CSP_F) UTT30 (17130 BTI30 pTY
BRI IRERARNS - an -
wm X H2N101 = n 1.5008+19 19
w v wu10 " n 1.0208+19 4 203
< 3] Y 0 v 1.080841% 200
oal % W32 ¥ n 6.1508+18 45 160
PAL A240 FPALDY ’ \! 4.500€+1% 0 205 205
PAL A240 PPALDY ’ " 6, 6008+19 2 230 205
o2 Gle w202 ¥ " 2.6308+19 15 220 205
bal 62 HDR302 1 n 2.0808+19 45 163
or2 ] €DR202 v " 4.6002419 13 1% 202
ac2 ” Hc202 v T 9.000¢+ 18 15 i) 210
CaB W weARO! ) " 3.6808+19 -20 200 20
oy w263 w01 v " 6.8006+18 30 W2 2
e \l WIPa0 U] 7.580¢+18 0 224
" 08 BASTH § san $.006&+19 15 240 225
m 08 SASTH §1 san 5 000E+19 15 22
] 124 wea 01 v 15 1.0706+20 N 160 30
] 2 w0 v [ 2.0108+19 0 W W™
L R a0 w n 2.5408419 [ 25
[ * W01 n " 2.0706+19 -50 189 b
L4 w25 wre ¥ " 5.1006<18 28 210 %
U1 v wsU0 o T 1.9408+19 15 225 240
(L3 Gle woa3l ) " 1.2008+19 -45 205 250
e [ SAS™H §1 SRt 7.0008+19 15 F s 280
" 06 SASTH §1 san 7.000€+19 15 260
o G wac 102 . " 2. 3708419 ‘30 2B 265
HY 1 w01 v n 1.3002+19 ‘30 0 2™
PAL w290 wWalo! v LY 1.0906+19 -8s 205 290
" 01 SAS™™ §) san 9 .000€+19 15 32 310
AL 02 SASTH §1 SRM 9.000€+19 15 325 310
" 02 SASTK §1 san 9.0006+19 15 310
" 08 pYR_91 3 8 $.D00E+19 10 330 320
" 08 PYR_01 » ! 5 .000€+19 10 320
Y 2 iy 01 w " 8.840€+19 ‘30 3% M5
PAL A240 WALDY v LY 4. 600419 -85 265 350
" 08 PYR_O! » LY 7.0008+19 10 3 360
" [ PIR_0! » L 7.000€+19 10 360
"W 01 PYR_OY ] L 9.000€+19 10 40 600
" 02 PYR_ 01 ’ LY 9.000€+19 10 410 400
" [ M) PYR_O! ® oI 9.0008+19 10 400

WSE  JUSE  DUSE_REL DusE
RN AR AR AN TN SRR NSRS AR PN NGANENE S
3.0 3.100€+01
o 52 1.875¢+0"
3.0 3. 600¢ +01
65 45 3.077%+01
165 L] 42028400
108 62 3.5248401
87 4 5,287+
63 2 3.5388+01
n 52 2.676840"
90 51 43338401
102 62 3.922¢+01
105 59 4.3816+01
62 43 3.6766+01
a7 &6 4. 713601
| 14 66 a7 4 . TO0E +01
" 65 3.158€+01
65 A7 2.769% 401
[ &8 2.T7+00
126 g ] 3.8108+01
9e 4 3400 3.4008+01
7 se 2.857% 01
63 % 3.6928+0"
87 “ 6 936000
87 o oy & . 900€ <01
n 9 3. 196E+01
10% 57 45.0 4.500€+0"
18 o 4.5768+01
87 42 5. 172601
87 62 $.1RE+01
87 &2 52 S . 200€ <01
(- a8 3.947%+0!
” k6 40 4 .000€+01
$ 50 $.327 00
54 5.500€+0"
.9 45 & .079€+01
” o &2 4. 200601
76 &5 407900
76 45 4.079¢+01
n &2 & 4.500€+0"

000€ +02
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Shift in Y:ansition Temperature versus Upper Shelf Drop

+ Basa Matariasl
O Wold Hatarial

A o

248 460
dogroe ¥
Shift in Transition Temparature ® 38 e-1b

Fig. A.5. Graph of transition tomperature shift versus
uyper shelf drop from example, Sect. A.6.1,

6.2 Charpy Fitting and Plotting

in this example, the Charpy fitting and plotting procedures will be applied
te the weld data for the Zion Unit 2 reactor The corresponding raw Charpy
data are at the end of the file RAW C PR.dat, resulting in long waiting
times when these sets a'e processed., For this reason - and, of course, to
demonstrsote this feature - these sets are first copled to a file ZN2.dat
with the aid of tl: option "Extracting Selected Charpy Sets." After
choosing this option, the cutput file name ZN2 .DAT is entered, followed by
entering, in the menu screen for selecting sets, the key ZN2 for PLANT 1D
and the letter W for PROD_ID (or HSAT_ID). During the run of the program,
the three sets baseline (CAPSULE is blank) and capsules T and U appear on
the screen for confirmation The output file (with a modification, see
below) is listed in Table A.2




Table A 2 File ZN2 dat obtained from RAV C PR dat
Note the added asterisk at the front of
specimen W40 tagping it as an cutlierx

WZN? WZN201 ] 43 « 10( 10
WZN? WZN201 i L1 + 100 11
WINZ WZN201 LT - 6( 17
WZIN2 WZN201] LT «60.0 20
WZN2 WZN201 ] &3 -6 14
WZN?2 WZNZ01 LT «25.0 35
WZN2 WZN201 ] &3 «25.0 25
WZIN2 WZN201 W 11 '
WZN2 WZN201 W 11

WIN2 WZN201 LT

WZN? WZN201 S ¥

WZN?2 WZN201 W 11

WZN?2 WZN201 W LT

WZN2 V/h 01 R 5

WZN?2 WZN201 LT

WZN2 WZN201 LT

WZN? WZN201 W L1

WZN2 WZN201 LT

WZN2 WZNZ20] S

WZN? WZN201 L1

WIN2 WZN201 L1

WZNZ WZN201 | LT

WZN?2 WZN201 L1

WIN? WZN201 )
WZN2 T WZIN20]
WZN2 T WZN201
WZN2 T WZN201
WZN2 T WZN201
WZN? T W2ZN201
WZN2 T WzZN2D?
WZN?2 WZN20.
WZN2 T WZN20]
WZN? ] WZN201
WZN2 U WZN201
WZN2 ) k \ 01
WZNZ U 201
WZN2 U V’\ 01
WZN2 U W2ZN201
WZN2 U WZN20)
WZN2 U W2ZN201

—

100E+419
100E+19
100E+19
100E+19
OE+19
100E+19
100E+419
100E+19
BOOE+1¢8
) . BOOE+]18
BOOE+18
BOOE+18
BOOE+18
800E+18
BO0OE+18
800E+18

P g e gt
g vl D g 3 S 3 e =)

PRSP p—

P e el et e i
3 =3 o3 =3 =3 o3 3
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The user can now test the other three options using the newly created file
as an input file instead of the given default RAW C_PR.dat. Figures A 6,
A.7, and A.8 shovw the resulting plots for the three sets, with appropciate
titles and subtities entered by the user on prompts from the screen. Note
that the fit for capsule T did not converge; inspection shows an outlier of
88-ft-1b impact energy at 180°F, which is inconsistent with the rest of the
data. This point can be eliminated from the fitting by placing an asterisk
in front of the specimen identifier W40, as shown in Table A.2. This can
be done with any editer tha. works on ASCII files (2.g., EDLIN) if no
better is available. Figure A.9 shows the resulting fit after tuls change.
Note that the excluded point appears as a black square at the top of the

graph.
e wZN201 v LT: Fluence = 0. 000E-0Y , Irr, Temp, = O, C
CVIGA1Y) & 29, C, CVI(68)) » 0. C,UsE» 93,
Zion Unit 2
Veld Material ~ Baseline
-58 58 158 250 450 Deg .F
t“ - 4 . 2 —— Y ye—
9 8
108 o a
|i 88 s 1 60
2 5 P
g e i |
] ‘ “ :
40
P'—*'/’{r/ q i
28
1
. A A >y - -\ A .
~-1688 -58 [} 50 188 158 288 Deg .C

Tost Tomporature

Fig. A.6. Charpy fit for Zion Unit 2 weld material - baseline.
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VIR0 wonce & ) VUDE P | Irr, Temp, o BN,
.- - :\‘eum.--ﬂz . M:"J)?”"" L, e %
Lion Unit 2
Veld Matorial ~ Capsule ¥
¥ 108 08 we beg .1
128 v v o - v
9 e
108 |
f . | ‘ u
N * 2
3 -3 o o )
48
].l 1] e <
48 )
R - 28
o ) -
] - - - . - e
~58 L] He 160 158 288 250 Deg . C

Test Temperature

Fig. A.7. Charpy fit for Zion Unit 2 weld material - Capsuie T,
Fit has not converged due to an outlier. ‘

m v NIKR0Y Voo AT Fluere o 2 000818 , 1r7, Temp, « 208, ¢
EVTCaNI) & &0, €, CVI(aBY) wo™oes C Ust & 6.

Zion Unit 2

Vold Matorial ~ Capsule U
] 188 280 £

-
E
e

- " w r

{ 4 ‘-‘!
§ ¢
4}
{ 2
20 ;'/
" - . . . 3
-8 v 58 Lo 158 200 258 Deg.C

Tost Temparature

Fig. A.8. Charpy fit for Zion Unit 2 weld material - Capsule U, ‘
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mwe wZNZ01 W LT Fluence = 1 100E+19 , Irr. Temp, = BN, C
CVI(41J) = 70, C, CVI(GBY) wo*ooee ¢ USE » 58, 4

Zion Unit 2

Yeld Material - Capsule 7

] 108 268 308 400 Deg .F
126 " v - - -
b “e
180 |
8 ) 4 (2]
2 4 <
“ 0
l o . 1 40 é
(3]
4 !
- 20
20 ¢
S
' e ol e X ok A .
~-58 ] 58 166 158 263 258 Deg.C

Test Tomperature

Fig. A.9. Data from Fig. A.7 after the outlier
at the top of the graph is eliminated.

The modifisd input file can now be used for the two other options., On the
input screens for the Monte Carlo uncertainty analysis, several default
options are already provided including the input file, title, iaput
uncertainties, number of iterations, and output files. To process all the
sets, the number of skipped sets must, of course, be 0 and the number of
prucessed sets 3, Please make sure that the correct input file 2ZN2.dat is
chosen. During the run of the program, a summary of each single fit
appears on the screen including a parameter “INFO" which indicates whether
the fit was successful or not and the reason for failing. A list
explaining the different INFO values ig¢ given in Table A.3. Sample screen
outputs are shown in Tables A.4 and A.5. The first output at the start for
the set in capsule T shows the failure to determine CV™ at 50 ft-1b. Such
data are first rejected for 20% of the prescribed iterations; once it
becomes established that this is due to the low upper shelf, CVT at

50 ft-1b is ignored, as shown in the subsequent screen output; there is
still a high failure rate due to other causes, as indicated in Table A.5.
The three output files are listed in Tables A.6, A.7, and A.8. The
EDB-dBASE file may be¢ used as an avxiliary file for the multiple-curve
fitting and plotting procedure. The user may choose to obtain a plot for
each processed set. A sample is shown in Fig. A.10,



Table A.3.
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Key to the information tag INFO in the

screen output for Monte Carlo uncertainty analysis

INFO >

. . »
WO O

v

: Regular Output
¢ Fitting did not converge

¢ Inconsistent with previous values, skipped
! Inconsistent with first value, first value ignored
¢ CVT @ 30 ft-1b or 50 ft-1b could not be determined

(ignored after failure in 208 of the {terations)

: Failure to find initiel value for fitting, fitting aborted
¢ Fit not physically possible, rejected

Table A 4,

Sample screen output from the Monte Carlo
uncertainty analysis - start.
The first 20 fits are rejected because of failure to
obtein transition temperature at 68 J (50 ft:1b), INFO = .3

ZN2

LSE=
LSE~
LSE=
LSE=
LSE=
LSE~
LSE~
LSE~
LSE=
LSE=
LSE=
LSE~
LSE=
LSE=
LSE=
LSE=

T

10.
10,
9.
10,
9.
10.

11

10.
10.
10,
10,
10.
10,
10,
10,
10,

ZN2 T

wWZxX201

USE=
USE=
USE~
USE=
USE=
USE=
, USE=
USE=
USE=
USE=
USE=
USF«
USE=
USE=
USE=
USE=

58. .

59,
59,
62.
61,
bb
56.
53.
62.
64 .
55,

- e w wm wm W W wm ow o=

76vl

57.
56.
56.
49,

WZN201

L %

SLOPE=
SLOFE~
SLOPE=
SLOPE~
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE=
SLOPE~
SLOPE=
SLOPE~
SLOPE=
SLOPE=
SLOPE=
SLOPE=

W LT :

Fluence = 1. 100E+19 , Irr. Temp. = 304,

COCOOCO0CO00DO0OO0DOO0OCOO

0286,
0213,
.0252.
0146,
0741,
0002,
.0587,
0203,
0167,
0083,
. 01‘01 '
.0000,
0147,
0198,
0198,
0340,

TMIDe
TMIDw
TMIDe
TMID= 76.,
TMID= 71.,
TMI Dbk
TMID= 51.,
TMID= 67,
TMID= 86.,
TMID= 41.,
TMID= 18.,
TMIDmkkkkn
TMID= 54,
TMID= 31.,
TMID= 31,
TMID= 46,

60,
4s.,
64 .,

Iteration number

CVT4]l=
CVT41=
CVT4l=
CVT4l= 90, ,
CVT4l= 73,
CVT4lmwknd
CVT4l= 57,
CVT4l= 91.,
CVT4l= 97,
CVT41l= 59,
CVT4l= 46,
CUT4Lmikkd |
CVT4l= 75.,
CVT41l= 55,
CVT4le SO, ,
CVT4) « 65.,

70.,
58.,
3.,

CVT6 Batkskkok
CVT 6Btk

CVTE Btk .
CVTEBmthdd .
CUTEBmtihrn .

CVTEBmkdksewnr

CUTEHBmihkks .

CVTHBmbkhnk

CVTHBmtkk st .

CVT6Bwhkssn
CVT6Bukkdhskn

CVT6Buthkn .

CVTEBmwkkhnk
CVT68-**Q'*

CVTEBwkhhkn .

CVTEHBwk ks

0 out of 100

. .

. .
N W W W W wo ww W iew

.

.

. r .
W W W w
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. Table A.5. Sample screen output from the Monte Carlo
uncertainty analysis - continuation. Failure to obtain
transition temperatures at 68 J (50 ft-1b) is now ignored

LSE~ 11., USE~ 63., SLOPE= 0.0204, TMID= 65., CVT4le 65., CVTEBewwwwn 2
Lik= 9., USE~ 68., SLOPE= 0.0184, TMID= 76., CVT4le 76., CVT6Bewwwdn 2
LiE~ 10., USE= 61., SLOPE= 0.0147, TMID= 60., CVT4le 60., CVTGBanwwwx 2
LSE« 9., USE~ 56., SLOPE= 0.0703, TMID= B2, , CVT4le 82., CVI6Bwwhwis .|
LSE= 17., USE= 53., SLOPE= 2.9786, TMID= 60,, CVT4le 60., CVT6Bmwkswn .5
LSE~ 30., USE= 51., SLOPE=19.1053, TMID= 110., CVI4le 110., CVT6Bawwwswn .5
LSE= 10., USE«~ 61., SLOPE= 0.0207, TMID= 56., CVT4le 67., CVTGBwww#w 2
LSE~ 23., USE~ 56., SLOPE=67.3105, TMID= 68., CVT4le 6B8., CVI6Bwkswdn .5
LSE=~ 10., USEe 69., SLOPE= 0.0160, TMID= 97., CVT4le 68,, CVT6Bwkdwwx 0
LSE= 10., USE= 51., SLOPE~ 0,0412, TMID= 40,, CVT&ie 54,, CVT6EBmwdws .]
LSE= 9., USE« 51., SLOPE= 1.7939, TMID= 41,, CVT4le 41., CVTEBewwdwk .5
LSE= 10., USE~ 59., SLOPE= 0.0424, TMID= 50., CVT4la*dS56%, CVUT6Bwwddww .]
LSE= 10., USE= 59., SLOPE~ 0.0169, TMID= 59., CVT4le 75., CUT6Bmthuww 3
LSE= 10., USE~ 76., SLOPE=~ 0.0118, TMID= B80., CVT4le 75., CVT6B= 164. 2
LSE~ 9., USE= 76., SLOPE= 0,0118, TMID= 80., CVT4le 75., CVT68= 164. 2
LSE= 9., USE= 60., SLOPE= 0.0632, TMID= 63., CVT4le 67., CUTEBwiwkdw .|
LSE= 23., USE~ 49, , SLOPE= 2.0703, TMID= §4., CVT4le 94., CVT6Bwhwhkk .5
LSE~ 10., USE= 54., SLOPE= 0.0195, TMID= 49., CVT4le 70., CUT6Rmtdksx 2
LSE= 10., USE~ 76., SLOPE= 0,0125, TMID= 73., CVT4l= 68., CVT68= 152, 2
LSE« 10., USE= 58., SLOPE= 0G.0318, TMID= 43., CUT4l= 53, , CVT6Bwwwiws .]
LSE~ 10., USE~ 57., SLOPE= 0.0226, TMID= 4&B., CVT4le 63., CVT6B=thkdn 2
LSE~ 10., USE~ 59., SLOPE= (,0252, TMID= 59., CVT4le 70,, CVTSBewkwis

ZN2 3 WZN201 W LT : Iteration number 59 out of 100

Table A.6. Sample output of the summary file

PR-EDB - Hyperbolic Tangent Fits of Raw Charpy Data
Impact Energy Uncertainty « 10.0J

Test Temperature Uncertainty = 4.0 Degree C

Number of Successful Iterations = 10, Maximum = 50

SeL Reactor Caps Material Fluence Irr.Temp. CVI(41J) ' CVT(68)) USE LSE Spec Iter
No 1D Type Or. Deg C Deg . C Deg C Joule Joule No. No.
1 IN2 WIN20I W LT C©.000E-01 0. ~21.62 7.2 1.62 3.4 92.023.2 10.122.524 10
2 IN2 T WIN2CI W LT 1.100E+10 304 71.8 211.0 0.0 21,0 61.5286.0 10.4 2 0.7 ? 10
3 N2 U WIN2OL W LT 2.800E+18 288, 52.6 214.4 0.02-1.0 70,52 06.86 102200 8 10




Table A.7.
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Sample output of the covariance file

PR-EDB -

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

ZN2 WZN201

Parameter

Lower Shelf Energy
Upper Shelf Energy
CVT at Midpoint
1/slope (degree C)
CVT at 41 Joule
CVT at 68 Joule

ZN2 7 WZN201

Parameter

Lower Shelf Energy
Upper Shelf Energy
CJVT at Midpeint
1/slope (degree C)
CVT at 41 Joule
CVT at 68 Joule

ZN2 U WZN201

Parameter

Lower Shelf Energy
Upper Shelf Energy
CVT at Midpoint
1/slope (degree C)
CVT at 41 Joule
CVT &t 68 Joule

v LT:

Mean
10,
92.

<16,
42.

«27,

s i

VNN O

R B

Mean
10.4
61.5
59.8
52.0
71.8

0.0

Mean
10.2
70.5
50.6
82.6
52.6

0.0

Hyperbolic Tangent Fits of Raw Charpy Data

10,0 J
4.0 Degree C
10, Maximum = 50

Fluence = 0.000E-01 , Irr. Temp. = 0. C
No. of Specimen = 24, No. of Iterations = 10

Std.Dev. Correlation Coefficients
2.%
.8 0,258
6.5 0.341 0.460
9.4 0,793 0.248 -0.634
7.2 0.415 0.1RS 0.953 -0.786
3.4 +0.332 0.332 0,632 -0.006 0.585

Fluence = 1.100E+19 , Irr. Temp. = 304, C
No., of Specimen = 7, No. of Iterations = 10

Std . Dev. Correlation Coefficients
0.7
8.9 -0.055
16.9 0,056 0,707
15.4 -0.188 0.281 0.10¢6
11.9 -0.039 0.048 0.657 0,278
«1.0 0.000 0.000 0.000 0,000 0.000

¢ Fluence = 2.800E+18 , Irr. Temp. = 288. C

No. of Specimen = 8, No. of Iterations = 10

Std.Dev. Correlation Coefficients
0.3
8.8 -0.030
22,2 -0,113 0.800
22.6 -0.220 0.504 0.490
14.4 0,146 0.411 0.873 0,348
-1.0 0.000 0.000 0.000 0.000 0.000
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Table A8, Sample output of the EDB-dBASE fi.ie

ZN2  WZN201 W LT 0.000E-01 O 1713 35 6 68 2 7. 2.0.0130 24 10
ZN2 T W2N201 W LT 1.100E+19 579 161 21 0 -1 45 7 8. 140.0.0107 7 10
ZN2 U WZN201 W LT 2.800E+18 550 127 26 O -1 52 6 7. 123.0.0067 8 10

w2 1 WINZOY Vo LT: Fluence = 1,100E+19 , Irr, Temp, = 304, C
CVIZANY) = TR, C, CVT(68)) = 0.C, USE = 62, 4

PR-EDB - Hyperbolic Tangent Fits of Raw Charpy Data
ZN2 T WZN281 v LY

(2] 160 200 368 400 Deg .F
128 . v - Y v
. )
1“" +
8o | {1 8
3 ; 4
68 ol a2 |
g.! o o 1 48 &
0
48 A
0 ] 28
ﬂ*‘/
P'— 4
. A v’y A A A .
-5 2] S8 160 158 208 2580 Deg.C

Yest Temperature

Fig. A.10, Same data as in Fig. A.7. Note the slight difference
in the fitting curve as a result of the Monte Carlo Procedure.
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11 three fitting curves and the corresponding data points can be comhined
in one plot with the multiple fitting and plotting procedure. Figure A.1ll
shows a sample output for appropriately chosen text in title and legends
No auxiliary input file was used for this example

wZH201 LTt Flyamee = 0, 000601 , Irr, T, o 0. ¢
CVI(4Y)) = <29, C, CVT(&B)) = 0. C, USE

wINzm LT: Fluence = 1,100E+19 , Irr, Temp, = 304, €
EVIC(4YY) = T0, C, CVI(68J) woo0eee C  USE

wiNzom LT: Fluence = 2.B00E+18 , Irr, Temp, = 288, C
CVI(41J) = &8, C, CVT(68)) woo**er C USE »

Zion Unit 2 - Veld Material
]

158 258 358
- . V- T T

(%]

D Baseline
O Caps.¥ -~ F = 1.1 E19
oCaps.U - F = 2.8 E18

o e o A .
o8 188 186 25 258 Dag.C
fest Temparaturs

Combination graph of Zion Unit 2 weld material,
baseline plus Capsules T and U
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A.7 INSTALLATION

Running the EDB-Utilities with data files requires an IBM-compatible PC,
preferably with 80286 (AT) or 80386 processor, and a hard disk. At least
512 kb RAM is recommended. A matching co-processor 80287/80387 is also
required. The graphics programs are written for an EGA screen with 640

x 350 pixel resolution. Versions for monochrome and color monitors are
available. For hardcopy of the graphics, a utility is necessary which
transfers the EGA screen to the printer on the Shift-PrtScr command. (This
command is part of the software, and it does not need to be given
externally.) The GRAFPLUS utility by Jewell Technologies, Inc., is used in
our installation.

The PR-EDB package consists of two disks for the software including the
essential data files for running the EDB-Utilities labeled System #1 and
System #2, Four disks contain the data files of the PR-EDB, two of which
contain the large raw Charpy data file RAW_C_PR.dbf and its ASCII
equivalents RAW_C_FR.dat and RAW_C_RS.dat which are the primary and
auxiliary files, respectively, for use in the Charpy fitting and plotting
programs. The System disks and Data disks should be copied into a suitable
directory on the hard disk. Also loaded should be the ABASE programs
(dBASE 111 PLUS or IV) or a path specified so that dBASE can be reached
from the EDB directory. About 10 Mb disk space should be available for
running the EDB-Utilities plus data, but less may be needed if only part of
the data files are used. A disk containing the results o the examples is
also included. These data should be loaded after all other input data, and
the plots and fits can be obtained without the preprocessing steps
described in Sect. A.6,
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